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FCREWORD

To further the dissemination of new knowledge is one of the
objectives of the Alabama Section of the American Institute of Aero-
‘nautics and Astronautics; the Space Industrialization Symposium
attained this objective in the finest sense. This forum offered the
opportunity to view some’ approaches of specific actions that mankind
may pursue to utilize his ability to industrialize ép_ace. The advent
of the Space Shuttle Transportation system opens the way to "easy'
access to space, and the industrial use of this ab11‘ty is the logical
sequence. : :

The achieved magnitude of this symposium could not have been
attained without the support of the Marshall Space Flight Center. The
Alabama Section of AIAA is grateful for the cosponsorship of this Cen-
ter. To all! of those who participated in the planning, conduct, and
presentations of this symposium, a sincere appreciation is offered.
The outstanding quality and success of this.event were the direct
results of the willingness and personal efforts of thesc participants.

] The proceedmgs included herein reflect the thoughts and ideas.
of rnany of those intercested in man's advancements in space. We all
ook forward to these ideas becoming a reality.

Alfred G. QOrillion, _
) Chairman, Alabama Section,
AIAA - 1975-1976

i . - Pt s b - S s o - ~ Greeernao

L




mmMAﬂ" l
SPACE INDUSTRIALIZATION
Preface
: Ry o
General Chaxrman James A Downey \MSFC) ' .

Space Industrialization basically involves the effective utiliza-
tion of the extraterrestrial environments to produce products or to
prov1de services of value on Earth. Inherent in such a program
scope a.re the following objecnves 4

1. The development of the capﬁbility for the commercial proc-
essing in space of unique and valuable materials and phar‘naceuu—
cals.

2. The support of future public sérvice projects in space tﬁat‘_
will provide significant social and economic returns. For example‘,
large public platforms in space offer cpportunities for a variety
of low cost communications, including.TV, and electronic mail ser-
vices.

3. The introduction and development of new techniques and con-
cepts to satxsfy naticnal needs, such as the conversion of solar energy
to electrical energy in space and its transmission to E.arth for publlc
use.

4. The development cf significant advancements in the extended
space capabilities required to-accommodate future new space initia-
tives, including the development of a space operations and construc-
tion base needed to fabricate and erect the large structures needed

. for accomplishing future public services missions.

5.. The development of permanent occupancy of space by man, an
essential ingredient in truly explciting the potential use of space for
industrial purposes. - : ‘

‘The above nbjectives are based on current planning. Future .
studies and symposia will be needed to aid in collectively identifying
and understanding the full potential and opportunities offered by Space
Industrialization and in dev eloping an imaginative long range plan’
that will make such an undertaking & beneficial reahty to all of us
here on Earth. This Symposium-will serve as a springboard for provid-"
ing a clearer 1n51ght into current and projected technologics as they
affect our long range planmng and a better agreement and understand-
ing of what our needs, goals, priorities, and oxrc—ctatlons should be-
relatlvc to a pt‘OJCCth Space Industnalwc.tlon program for the future.
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] R . : . SYMPOSIUM AGENDA’
Wednesday morning, May 26, 1576

General Chairman: James A. Downey 111, Marshall Space thht Center

E . Co-Chairman: - Komad K. Dannenberg, American Institute of Aeronautics and Astronauucs
SN " 8:00  Registration Lobby of Bldg 4200
‘ 8:45 Welcome . William R. Lucas,. Due"tor, Marshall Space Fllgh' Ccnter
~9:00 ‘Keynote Address John Disher, NASA Headquarters
9:30  Opening of Sessions - Alfred G. Orillion, Chairman, Alabama Section AIAA

SPACE HABITATS

Session Chairman: . ‘William G. Huber, Ma‘rs;hall Spacé_Flight Center
Session Co-Chairman: David C. Cramblit, Marshall»Spape, Flight Center

9:35 Introduction : ' Wiliiam G. Huber, _
. - Marshall Space Flight Center
9:40  Evolution of Space Station Systems  George V. Butler, :
e - _ ~ McDonnell-Doiglas Astronautics Company
10:10 Space Station Hatitability Issues " Richard L. Kline,

Grumman Aerospace Corporation

20:40  COFFEE BREAK

11:00  Orbital Assembly o _ Shepard B. Brodie,
' : ~ Martin-Marietta Aerospace Corpoiation
11:30 - New Space Initiatives Ivan Bekey, '
' ' . _ Aerospace Corporation
12:00 Space Settlement Planning. ~ C. William Hamilton, '
~ Methodology ' : Battelle Columbus Laboratories

12:‘30 LUNCH - Cafeteria of Bldg 4200

ORIGINAL PAGE
OF POOR' QUALIT




Wednesday afte(noon. May 26, 1976

SPACE TRANSPORTATION

Session_Qhairman: Gerald W. Driggers, Southern Research Institute
Session Co-Chairman: Peter Paul Plank, Martin-Marietta Aerospace Corporation

1:30 Overview Les Fefo.
NASA Headquarters
1:45 Advanced §pace Transportation Gordon Woodcock,
. _ System Requirements Boeing Aerospace Co,
2:10 Shuttle Booster/ Pmpulsxon Growth’ Luther T. Spears, Jr..
L Concepts Maishzil Space Flight Center
2:35 Advanced Earth Orbital " John Decker, B. Z. chry. and C. Eldred,
‘ Transportation Syslem= ng!cy Research Centcr
Technology
3:00 Single-St2ge-10-Orbit Vehicles Using Rudi Hacfels,
' Technology Projections Martin-Marietta Aerospace Corporation
3:25 Liquid Propulsivn System Lffects on . Rudi Beichel,
Design of Large Vehicles - Aerojet Liquid Rocket Company
3:50 Orbital Transfer Vehicle Concepts ~ R. Eugene Austin,
_ : : Marshall Space Flight Center
4:15 Aeromaneuvering Orbit Transfer J.P. Hethcoat,
Vehicles for the Space Marshall Space Flight Center
. Transportation System 5. White

Lockheed Missiles and Sp?ce Co.

6:30 - AIAA BANQUET - Redslone Arsenal Officers Club - Speakcr Kmfft ‘A. Ehricke,
) Rockwell International .-
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Thursday morning, May 27, 1976
o . MATERIALS PROCESSING IN SPACE
Session Chairman: =~ Henry Gutsche, Monsanto Cdmpany

Sessivn Co-Chairman: Brian O. Montgomery, Marshali Space Flight Center

8‘:“;5. ' Ptogram Overview Eugene C. McKannan,
: . - Marshall Space Flight Center
8:55  Rescarch Resources and Priorities - Gus Witt, - ;

Massachusetts Institute of Technology
9:20 Biological Materials - Grint Barlow,
) : Abbott Luboratorics
9:45 Factories in Space. Wiiliam Marx, .
Co : McDonnell-Douglas Aerospace Corporation
10:10 COFFEE BREAK -

10:25 Metallurgical Materials .' Kichard Oriani,

. U.S. Steel Cor';;t:.\iation
10:50 lnvestments in Space — When . Leo Steg,
and How? , General Electric Co. -
11:20 Uses of Uhra Vacuum in Space : Len Melfi,
' . ' Langley Research Center
ll;:SO_ Extraterrestrial Mining und_ i Philomena Grodzka, '
Industrial Processing . : Lockheed Missiles and Space Co.

Ron L. Nichols,
Marshall Space Flight Center

12:20 Summary Henry Gutsche, _
Monsanto Compary

12:30 LUNCH - Cafeteria of Bldg 4200
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Session Chainman: |
Session Co-Chairman:

1:30

1:40 .

2:40

3:10.

3:40

4:40
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Thursdsy afternocn, May 27, 1976 .

SOLAR SPACE POWER .

Introduction

Potential of Satellite Solar Power
Stations :

. Space-Bused Sol.u Power Lonversnon

and Delivery Systems
Therm Engine Power Satellites

Microwave Power Transmission’

" Performance Records and
Applications

Cust, Uncertainty, and Risk Analysis

Critical Development Areas for Solar

.‘/,'

Space Power

Adjournment of Symposium

R.qlph L.:Ro«.l». NASA Headguarters
Charles H. Guttman, Marshall Space Flight Center

Ralph LaRock,
NASA iHeadquarters

‘Peter E. Glaser,

Arthur D. Liule
Rudolph Adornato,

Grimman Aerospace Curporation
Dan L. Gregory,

Thé Boeing Co.
Richard L. Dickinson,

Jét Propulsion Laboratory

George U;izclrig,
ECON

Georg von Tiesenhanusen,
Marshall Space Flight Center

- James A. Downey I, Chairman,

. Marshall Space Flight Center
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Dr. W. R. Lucas

Welcome

AIAA/MSFC Symposium_ - .

on Space Industrialization

It is my pleasure this morning, on behalf of the MSFC and the : -

~ Alabama Section of the AIAA, to welcome you to the Marshall Cenier

and to this jointly-sponsored Symposium on Space Industrialization. g
To those of you from out-of-town, ‘1 also bid you welcome to Huntsville

and our North Alabama community.

Because of the present stéttz's of the spacc program, 1 think
this is a most opportune time for this sympoéium. Perhaps .there are
thosé who would say that the thril! and ad\./er:xt‘u‘re of 'the space program
are passed -- that the program is only the remains of a previous era
of space exploration. Obviously, such thouéhts are iartherest from
our minds. As éreat a§ have been the thrills and héartaches, and the
great achiev_erﬁenté ‘o[- the pési, in most of \;/hic‘h I have been pxiiyil;éged
to_participéte .alcng with many of you, I look for\;/ard eage'_r-ly toi theg:
prospect of greater thrills fr'om the pr'aé:tical pay‘-”c;i:jf-‘ to all the pioheering

that has gone before,

I'i Apollo and previous programs,llwe developed the capacity to get

into and out of space séfely and to. ckplorc. -in Skylab we developed the

.
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‘capab'i'lj.ty to spend substantial time in space, to utilize man as the space

laboratory.director and plant manager, to revisit a semi-permanent space
station, to react with great flexibility in correcting adverse situations,

to take advantage of unanticipated opportunities, and to do things not

possible on Earth. [n the more recent Apolld-Soyuz miséion, there was

a continuation of useful experimeéntation and theé results tantalize us to

move aheéad. Now with the approaching availability of the Shuttle offering -

much more frequent and lower cost access to the unique arena oI space,

it behooves us to get down to serious planning for the fature -- to reaccess
what has been done -- to evaluate the prospects in the light of good, sound

science and technology, and to begin doing those things réquifed' to pree

pare us to utilize the unique aspects of space for the benefit of man on

‘Earth. It is important now, more than ever, that our planning be sound--

that we be guided by intellect rather than emotions -- that we select and

A emphasjze those things that can be uniquely beneficiated by the sp?.ce

environment and those things that have the promise of becoming

-economically attractive. Although there is time to plan, I believe

there is no time to waste, '

-

In the light of what ['ve said and my more extensivé_thoughts on

“the prospects, I am greatly pleased to know that there are gathered

ORIGINAL PAGE 15
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ﬁez{e' to'dayA sorhé of the best brains in the country -- that are mofivéted
b-y' a dream of gréat'ac'hievément for the benefit of ménkind_. I wish you
well in your déiiberationé. My hope is that this will truly be a forum
for thc;, exchange ..of ideas, that you will be frank and open in your
'd'i_scmgssiori;s, both formal and informal, and that all of us will consider
the time to have'i)een>wel‘l spent, I expect great ti]ings from this

symposidm.. My i-egret is that a trip to Washington shortly will prévént

my participation in all the symposium and the banquet tonight,

- We are honored, this mornirg, to have with us as keynote speaker -

.a man who is already an established space pioneer and who now is also ---

a forward-looking analyst of our space future.

Mr. John H. Disher first joined NACA, predecessor of NASA, in

l‘|943_ as an azronautical research scientist in the Flight Research Division

‘of the Lewis Flight Propulsion Laboratory, Cleveland, Ohio.

He has served in NASA Headquarters as Assistant Director for
Apollo Spacecraft Development, Director of Apollo Test Programs,

and as Deputy Director of the Skylab Program,

For the past two years, Mr, Disher has been Director, Advanced

Programs, in NASA's Office of Space Flight. In this capacity, he

" analyzes and evaluates concepts for future manned s,pacé activities,

e e e - o T e L
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: defining their benefits, and detérmining costs and technical feasibility
as they. relate to changing national needs and priorities, . He provides
NASA with guidance in formulating the orderly transition from present
i .
. to future manned space flight systems and programs.
5 '
Pl . . . - ~ .
o In looking at the purposes of this symposium and the background
. . and present assignment of Mr. Disher, it is readily evident that he is
a most fitting person to keynrote this meeting. : . .
I present Mr. John H. Disher. -
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KEYNOTE ADDRESS

SPACLK INDUSTRIALIZATION

By: ~Johr H. Disher, Director
’ Advanced Programs
Offige of Space Flight
NASA Headquarters -
Washington, D.C.

What do we mean by Space Industrialization? [ believe a simple

© straight-forward definition wiil suffice.  Space Industrialization is the

" use _o( space to produce a salable/profitable product or service which
companies, as a business expense, or citizens, thro:gh tneir tarxes,' are
willing to pay for. Other basic wees of spé\ce of course include Scientifiz
ﬁeécarch and Exploration, typiﬁed"by 'the Vovager and Aééllo programs
and Na;tional Security. Bu-t. \yé're here today to talk about' SpaceIndus-

tria:lization and I believe the prospects are bright enough to say that they

may form the nucleus ifor a 3rd industrial revolution - some of which were

alrelad‘; seen,

Where do we stand today in the Industrialization of Space? Cei-tainly
-communications satellites are the outstanding examples to date. ;\'eces-
sary R&D on COMSATs was c_arried vout in the early 1960's, and by the

mid-60's cornmercial firms had made substantial commitments to their

“development. Today the commercial investment in COM$A Ts totals well
“over a billiQn dollars, and substantial returns on investment are being ,

.realized. Sporting events and important news happenings are routinely

relayed from contiitent to continent on a commercial paying basis. Inter-

- g L e v e s
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estinély,_ this revolution in communications has come on ’sé smootﬁly and
effectively that thé general public has taken it for granted.Aas a routine
é.ctivity that just sqmdﬁw evolved ix; the x';ormal course of events. Actually, -
of coﬁrse,*_ i‘t habpeped because the nec‘essary R&D gxpe;u_iitures anc.}; investi-
gations were carried out in the early 1960' s to show the way, validate the

feasibility and thereby encourage the commercial investments necessary

" to muke it-all happen.

Oin what I believe to be a fairly conservative basis, annual world-

wide business rates of several billion dollars a yea: are projected for
. N - . ‘. - . i N

this business by t'n.c'mid-1980's. Further, I believe th.e-projection; to
date for the most part inclﬁdg ohly growth of the type of}'xses. expéfienced

to date -- conventional telephone and TV r'e'l,éiyr‘, etc.,, and don't adequately

reiiect the potential for new uses such as electronic mail, video tele-

conferencing, fa;:simile relay, pers‘énal.point to point communications.
etc. Communications by‘itself conjstitufes a multi—bi.llic?n.dgllar Space
.Indust‘ry. To meet .fﬁture needs we'll iikel;/ need quite large, sophisti-
cated systerﬁs’ in spaée -- systems large enough and expensive ewnoug.h'
fo require or benefit stfohgly from man's direct partimpat:lon 1n space
in their assembiir, che_ckou_t, pericdic maini%eﬁance ai}d reﬁaif and up'-'-

dating -- extension of the conventional ground r'b’le for construction.

wortkers, electronic technicians and trouble shooting engincering into

' space. Hapﬁily, the shutﬂg‘ with its routine access to space capability

will pave the way and in due time make such operations routinely

feasiblé. .- | ‘
ORIGINAL PAGE 15 .
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'Weathéi‘ satellites arc a good exampléAo‘f the scrvice aspect of
Space Induétr'ializ.étion. Their use hz;g become indisfaenSible iﬁf’World~
widé Qe_atfxer monitoring and long range forecasting. ‘Their value to
tﬁose el.er_negts‘ of world-wide economy dependent on weather is incalcu-
lablev.' I.f -it could be reduced to moneté.ry terms, it would I'm sure, be
staggefing. In any event, use of sbéce'for meteo;‘ological purpnses
n;)w cgﬁétitgtes aﬁ over 50 million dollar 'a.yea;‘ service for whiéh '
ursin'g agencies, on behalf of tax paying businesses aﬁci citizens are
w.i‘xling to pay. The loss of that sérviée to'fa.rmers, shippers and all
the myriads to whom weathér is-a $ or ¢ matter would be intolgfgble.
A; to the future u.ses ofhséace for meteorological purposes, ad-

_ vanced operational systems, with their sophisticated surface and ahi1oé—
‘pher'ic sensors are bound to greatly enhance their usefuln;zss and ser-
vice oriented mark_et value. dver the longer term there exists the
po.tentia‘tl.for'weather.modifica:tion through use cf large solar reflectors
in space or by other mé‘ahs.

Other examples of the service oriented use of space include navi-
gat'ion, mépping and Earth resource survey. 'Ihe use of satellite pro-
‘vided.d‘at'a has quietly revoiutiqnizeci each of these areas ax’xél conﬁnuéd
expansion of their oi)erational use s is inevitéble. Just to give one small

example, the observation of sea and lake ice»-fi.elds_var‘;d_iééBergs has

extended shipping seasons and reduced shipping ha:a'rds to an extent

3
i

where financial savings each year to shippers far exceed the total R&D -

expenditure to date for such services.

b e . e e v v AR S

/-



s T e T T S T P N R T R P P e B e ST il

SOV T AT R T ST T UTY Ty

TR TSR TR

.

S Nov)._as t;o the fgtu?e in other almost completely untapped areas:
_,\First,A lgt's conside:." in the general sense, whgt are the unic’jue attri-
>bdtes of space.' that make it amenable to industrial use.

- F'irst_:, the;re is the 6vervie§v of Earth from thé vantage point of
. space. We c.;an have thi.s overview éontinuoqsly”of a a;elec'ted area as
1argev as a.‘hemi;phere, from .GEO, ‘or we can have a repetitive overflight
_.qf tl;le entire surface of the Earth from low altitude. Each of thesg
" orbits and \raria-tions; in ‘Jetwee.n have \'aluéb"le__ us'es. Generally, it is
the herﬁisphpre éirervielw fo-r GEO that has given us the COMSA’I‘s-and .
| the repr-:titiv; ové.rflig»hts at lew altitude that provide us the weather,

.navigation, mapping and Earth resource data. In many cases, data

for 'low and GEO orbit can be used to complenine_nt.each other and pro-

vide a gréatly enhanced capability. Qver\'ie\v is the dornj;r.lant attribute
we've used in our S;p'ace Industrialization to date.
'.Ah;)the'f vital chafactcristic of spéce is the '"zero g“ravity’-' effect.
The absence of gravitational effectg make_s pos’sible.i)rpc;esses that are
' unfeasible on the su-fa.ce’ of the Earth -- 01; on _time surfa\_:e'of thé moon.
A-_'for that matter. 'Although gfavify has many beneficial effects ;)n Earth,
such as keeping things in place‘, it prevents or makes very difficult -
mény industriallly valuablé processes. ‘In the absencéoﬂg‘ravitatiénal
forées. it is possible to -makg some prod_ué@s in Spa.-c:e that ar.é -cc_m'-
pletely ‘u.nfeasibie} to mgke on Earth -- such as alloys of materials that
are ixn'miscriblg 4in:the presence of gfavity -- or prbd\;c.ts that cannot

A} .

-~ beo separated out of a mixture in the presence of gravity, such as some

12 PAGE IS
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vaccines_and pharmaceuticals. - It is al'.so possible to make some thihgs

‘in space very much better than they can be made on Earth -- giving
Agre‘atl.y increased p_erforrnénce and greatly decreased c.ost of production.

Exampies here include cx;ystals for solid state ﬁé'.l?c;ctroni_c',devices and

L N ,

certain medicatious. .In addition. the al;sence of large gravitational
forces makes feasible the fabrication and'-assernbly of .very large,

extremely lightweight structures wAhich o_h Earth wox‘lid collapse. of their
o;.vn weigh;; This cl-'larac.te.rlibstic fits egtrerﬁely well with fhe-nged for
very lafge antennas in spéce (hundreds. of feet in extent) for future space .-

communications systems and for very large assembliés of reflcc.toz:;pr
" collectors of solaj;lf énergy for use in spac.e c;r cn Earth ~j; which wé'll.
a_ddress further a little lat;er on. The absence of gré.\-'ity a.?so provides
uhprecedented moﬁility for.work crews a‘nd construction eciuipmexfxt in
space. In addition, the absénce of gl;a\{i'ty with the asfsoéiate.d absenéé

of natu;al convective forces, enables resea rch.into physical and biologi-
cal processes they may have ex.tremely inaportaﬁt impact ro;n future -in:-
dustrial useéof spa-ce. For example, space hqspita'ls are ‘certaivr‘;ly not |
out of the c';uesfioﬁ over 'th-.é longer terxr;. |

An.other important attribute of space is the essenfially perfect‘ vacuum

it offers.” This can be in'llportant.: to- t':erta‘in‘indugvf';rial processés and:indced.
makeg feasible -increaséd-ef'ficiehcy"f:)f cer’ta'in la;gje.'g::lectron.ic‘ "devic.es .
.whic'h are impeded on Earth by the‘nveces_Si'ty' ‘of surrounding th'cm wi-th a’?-';

'evacua‘:t;ed shell. Associated with the perfect vacuum is thg acoustic isola-

tion possible in space. The acoustic isolation, combined with seismic iso-.
, , ’ v .

i3
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lation afforded by a freelv flving ‘bodyi can also be of critical importance to
certain résearch investigations and potentially to industrial processes.

. Another attribute of space is the unlimited reservoir it provides for

A
14

_ dispdsél of waste heat or storage or disposal of waste products. Over the

long t_erm@-the ability to locate selected heat and wéste-producing indus -
tries in space rather than polluting the Earth and its atmosphere may be-

come critically important. For instance, if all countries on Earth were

to z.,itt,a’m the level of Earth-bound industriali_zhtion of today's developed

' na‘ticjhs, thermal pollution could become a prob'lem of major consequence.

W"ith iﬂdustrial processing in space waste heat can be radiated harmles‘ssly.
to deep space, while ,\'vaste_ products can either be Astore_‘d indefinitely in_‘
lc.fmg term stable orbits or placed in Earth escape t-:_-_a.jectofies. Wasfe
prodju'cts generated on Earth can of .coursé.simila;.ly be stored or dis-
posed of to this space reserv‘oir,

Perhaps the most iinportanfcharacteristic Qanil of space is the essen-
'tiall}ir. uninterrupted solar ene'rgy a_\.'ailable t_h.er:e. . This energy can be col-

lected and used in space as we've done in a limited way in surveying many

of our satellites to date. Future in-space use of solar power will grow

expansively with the growing communications powef requirements and the

large power usage of materials processing facilities. However, the really

large potential for space generated solar power is its relay to Earth Ly

microwave for use on Earth. This subject will of course be discussed in
papers to be presented later in this conference. Suffice it here to say that

electric power between now and the end of the century is a trillion dollar

14
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business. Even a small percentage of ‘that market would dwarf total expen-

'.ditures on space R&D‘since 1958. The potential there requires that as a

" and the absence of étmosphere or other retarding forces, the operating life-.

na_tioﬁ we make the relatively modest R&D expenﬂiturg’s over the next
several y.eairs that v./i:ll be nécessary to verify technical and economic
féa_sibi!.ity of and ;ubseqhent gommerc;ial developrﬁegf.of .this potential .
for Spacé Industrialization.

‘A_final major attribute of space is the capability it offers for mechanics

time of a Isp‘acg system-need be .imited only' by our ingenuity in making its
systems reliable f'or op.ei-atién over long perioi:ls. Once the investme;’xt has
been made to .place our spacecraft 1n .prbit, eﬁergy_ costs thereafter‘aré nil.
As‘an.’example, the Légeos spacecraft recently orbited };as an -expected hfe-
ti-rhe of 8,000,000 years -- althougAh operations plan-s provide only for mon;
_itorir;g during the next 50.

So, with fi‘nat c‘a‘talog of space attributes, let's reviewhow we've used
‘therh 'to date .and how can we anticipate their fufther use, in the future. To

date, we've primarily confined our industrial use to the overview and ‘'per-

petual motion' attributes of space. The overview is of course essential to _

the corr.murilications, weatber, navigation mapping and Earth resource
‘uses while orbital mechanics and solar ‘en>e‘rgy have allower these satel-
li.tes'-to_ operate for long periods without further expenditure of -en:ergy
after the initial lqu,n'ch." A s we ‘px;oceed into the fxxtur e, large:r more

sophisticated systems will evolve to utilizé the ovesview function and will
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alsc utilize zero gravity to allow use of large lightWeight; structures.
These,Auses can be expected in both LEO and GEO to exploit the full 'over-‘>
view capahilities of future more sophist.icate‘d s.y.s.ten.’:s. |

'i’o date, 'usé of weightlessness for materials pro;:essing has been
°n>ly of a research nature, with lim_i;éd experixnents on Apo[l;, Skylab
and ASTP. With the onset of the sﬁuttlg and Spacelab we can expect

operational verification and limited pilot plant operations. Full-scale

" pilot-plant commercial operations can be expected by the mid-1980's.

Indusitlrial opportunities appear aleno‘Ast“unlinﬁit‘éd.-a'hd will Abe é;scuss'ed in
subseéuent papers at this ;ympdsium. Ce_:rtéinly, commercial oﬁerations
at -ie\:'e»ls of hundreds of niiliions of dqliafs pe.,r' yeér can be anficipéted over
the next two décade§. From what we l;now tc;day, first commercial opera-
tions can be expected in selve‘cted elect’ronicg prod.u,c‘ts and pharmaceuticals.

However, recalistically, the potential is probably greater in arcas we have

not even anticipated today.

The unlimited supply of energy from the sun will be an essential ingre- -

dient of large scale industrial operatio'ns-'iﬁ' spacc.‘ Poténtiall;r_of greater
importa%xce for the near term is collection and relay of solar,énerg); for
use on Earth.  This devel‘oprnent will likely require a la 1"12-e séale médel
deve1opment/verificéti.on' test in orbit bcfo.re any ‘co;nmitment to full scale '

development. Such a test would be part of the substantial R&D investment

necessary to bring this major .fag:ct of Space Indqsfrialfizat'ion into being.

The unlimited reservoir of spﬁce could find first lai;g,e-scale applic'a;' :

tion in safe long-term-storage or disposition.of nuclear waste material gen-

’
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erated on tﬁe surface of the Earth. Such use will depend on a continuing con-
sidéix‘é.tior; of all thg alternatives ar-ld-ti'adeoffs invdlvgd. QOver the long term,
':};xis attribnte p_ius the unlimited supply of pollut{oh "f;ee solar energy: could
. o
be the rﬁdst impertant to large-scale industrial use of space.
A further opportunity -for industrialization of space relates to tourism.

Surely the time is not far distant when tourists will have the opportunity to

é-xperie‘nc‘e the wonders of space through 6-day all eﬁcpense excursions to

A oi'bit;. "I'oday, peopie willingly pay $2, 000 to fly supersonically round trip

from France to South American.and pay $i0, 000 all expense cruise around
the world. Within the next two decades it should be p-ossible'to take a com-

mercial excursion to space for comparable rates and a whole new dimension

'to tourism will be born - no longer tied to the two dimension of the Earth's

g

surfacé.

Taken coliec‘t_ively, th_gpr.osp_ecf:s >for industrialization are almost stag-
gering in the bréad(ﬁh and dcptix. [ believe that most of £he things we've
talked about in a summary sense };ere today are inevitable - these things
will happeh. The questions are only whenv aiwd"\;vhom‘ will take the lead. I
belic;\.'e it is ess‘ential fhat we in the United Stages take the lead and insure

that our country continues as the industrial leader of the world.

i ,? i ’



INTRODUCTORY REMARKS

- The objective‘ of this Symposium on ''Space Indus‘t.riali:’.ation“ was to

‘focus attention on such an endeavor which promises to become a reality
" beginning -vith the era of the Space Shuttle. Presented papers and visual

. aids have 'amplyidemonstrated the advanced state in which many of the

e T

potential mgasufes are at this time. It was clearly shown that "Space

‘ Industri,alization"‘ can become a reality in the not-too-distant future.

Participétion by the scientific and_engiheei_-ing' community was excel-

~ lent, as expected. A particularly pleasant surprise was rather strong

paftif:ipatigri from a._sizeable number of persons without an aerospace
background or .occup_ation.» Nationa.i-and international interest in space
activities appears to Be on the upgrad-e again.

Since one of the'vpurposes of the Symposium was to disseminate to

ti-ne scientific and technical community the latest infqrmaltion on the

: plé.nning of expanded space opcration, all p'resenters were asked to

‘supply a brief summary of tireir presentation as well as a set of prints 4

of fheir visual aids. VSession_ éhaijrmen provided, in a similar fashion,
overviews ‘or ‘summaries,

All this material has been compiléd a‘nd is Pc‘i_pg' published in the
_form olf thescA proceedings, which' also cont.ain the Welcome tc thé
Symé;)s.ium b’y 'f_.hle 'Diréctor of the Marshal? Slpa:cc Flig’htA‘Ccr\tve‘r, Dr.

N

W. R. Lucas, and the Keynotc Address by Mr. John Disher of NASA

18
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Headquarters. In the interest of rapidhly disseminating this data, no

editing of material submitted by the speakers has been undertaken.

’

‘Acxcor,dingly, it is suggested that any questions concerning the published

material be directed to the speakers.
All those chairing and supporting the Symposium wish to express
utmost gratification for the outstanding Assistanceé that was provided by

ail those who were called upon to contributc' to the preparations of the

Symposium, its actual conduct, and this publicatioh of the proc"éedings. :

‘A limited number of copies are available over and beyond those dis-

1

'tribute‘d to the participants on a first-come, first-served basis from:

Hugh Dudley, PS03
Marshall Space thht Centcr, AL 35812

Konrad K. Dannenberg o » James A. Downey, 1II
AIAA Co-Chairman : ‘General Chairman
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SPACE HABITATS

Introductory Remarks
) "~ W. Huber - Chairman
_D.' C. Cramblit - Co-Chairman '

As Dr. Lucas and Mr. ‘Disher havc indicated, he opportunities
for industrializing space appear substantial at this pomt in-tfime, As
we define it, space industrialization is ''the utilization of the extra- -

.. terrestrial environments to produce products or to provide services of .
~value on Earth or for Earth." The products or services are relatable
" to a wide variety of national needs and mission opportunities, including
‘such applications areas as conservation of encrgy and the development
of new energy sources, improved Earth resources management, im-
proved weather forecasting techniques, increased food production,

- advanced ocean navigation and national serv1ce/secur1ty systems,
1mproved and lower cost materials, medicines, and vaccines, and
advanced communications systéems. To support our planning efforts in
these areas, we will be releasing an RFP to industry on May 27 to
address mission opportunltlcs, needs, and concepts for a long ranbc
'1ndustr1ahzatxon program,

- Inherent in an overall SpaCt Inr‘u trialization pro'rram must be
(1) a mission or reasons for going, (2) a way to get there, (3) provisions
for the on-orbit facilities and capabilities needed to support the mission,
«and (4) a plan to cost effectively define and accornplish the program.
T}énsportation will be discussed as a separate topic this afternoon; '
tomorrow will be devoted to discussions of two specific reasons for going;
. energy and space processing, Our session this morning will address all
_ aslﬁects of the program with emphasis on the space habitats, facilities,
and operations associated with man's ability to live and effectively work
in space for long periods of time. Our first paper by Mr. Butler will
" review the conceptual design evolution of space stations or habitats that
has occurred with time; Mr. Kline will address some of the unigue environ-
mental problems associated with long duration mannec space habitats.
Mr. Brodie will address large structures assembly, an essential operational
support capability required of future space habitats, followed by Dr. Bekey
who will describe a few of the more promising mission opportunities, and
the resultant technological implications on future space systems and trans-~
pbrtation needs, Finally, Mr. Hamilton will discuss an approach for
methodically plannmg' and or gamzmg a long range space. mdustrlahzanon
prog,ram. »

We hop'e you will find these topics stimulating to your futurc assess-
" ments .of space industrialization mission opportumtles. Any suggestions
or comments you may have for guiding our future planning efforts in tl’us
arca will be welcomed. Lets now proceed w1th our first paper. :
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SPACE IN DUSTRI.-\LIZATION SYMPOSIUM
May 26 -"27

Huntsvitle, Alabama

“fvolution of Space Swation Systems”
6 . (George V. Butler
Program Manager, Space Station Systems
McDonnel Douglas-Astronautics Company
Abstract: R

‘Our nation’s rich legaey in manned spiace vehicle activities provides the technotogionl Base

for progrannning mankind’s next major space venture, the industrialization of space. The
Space Station wili be the principal support facility for industrialization activities, Space
Station concepts have beer studicd sinee 193G in support of a variety of mission objectives,

Incdddition. design and development programs undertaken have resulted ina first generation

spave station. Skvlab, and the genesis of a second generation in the Spacelaby program.

This paper reviews brictly the evolution of space station concepts as rebiected in previous
studdies and hardware progranis and discusses row early space stations will support the

development of operational bases necessary in the eventual industrialization of space.
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AIAA/MSFC SYMPOSIUM ON SPACE INDUSTRIALIZATION

May 26 & 27, 1976

Space Station HabitaBility Issces
By

Richard L. Kline, Grumman Aeérospace Corporation )

Spa.ice‘Station (willl capitalize upon tile ‘on-orbit opportimifiesv for
Space k;ldust.l-i'alization. .'L'he. advantages of liinitless vacuum, n'e‘ar:izero
gravity environment and éomrriand'mg location for earth cbservation and
comm‘unicati.ons offer a wide potential for ne\ymanhed ii;ltiatii}e‘s.

To make fhié 'practicablé we must consider the radiation environ}
ment in both low eaﬁh orbit a-nd geosynchronous orbit t-o preparei a'nd
plan for -manned participation in an effi'ciént and routine fashion.

Wlhile Sklyla.b has p_rovjded considerable experi,e‘r'lce'i'égarding habit-
ability of low-earth ofbits, no comparable experience exis"ts> on prolonged
residency in g_eosynchron,otvxs orbit suck as is planned for the Space Station.
This paper outlines the Héb;tational and oper.?.tional r’equ;xrﬁr.n%nfs_and -

restrictions imposed By the geosynchronous radiation environment. The

primary components of this environment compzrise trapped 'radiation,

galactic cosmic rays, and solar'ra_.diation. ' 'T'he avei'age daily doses from

these components behind 4 1b/ft? of aluminum shielding are compared in "

38




Figure l with corre,sponding_values encountered in low earth orbit

(at ZQV_O-iun). The much higher dose rates in geosynchronous orbit are
due to the higher intensity electron and associated bremsstrahlufxg

environmexit a‘:‘nd' the effective absence of gecmagnetic shielding against

‘solar flare particles and cosmic rays. On the other hand the geosyn-

chronous altitﬁdes are essentially free of trapped protons with energies
above 5. 0 MeV. | |

: .A;ssurhpti‘ons about maximum permissible éxposurc leveis for man
cvan be g',u-ided by the operational planniag limits used for the 56-day

Skylab mission: 250 rem skin dose and 25 rem to bloodfofmi.ng organs.

‘However, in extrapolating these limits o mission dose limits for

~gel"osync:hronous orbit operations, Figure 2, allowance should be made ..

for the qualitatively diff_erent composition of the sync}_\ron‘ousiradiation

B
i

_environment,

The assessment of total mission dose for geosynchronous orbit
operations must include the contribution from passage through the intense

radiation belts at intermediate altitudes as shown in Figure 2. For a

high-thrust, 5. 3-hr, Hohman transfer to synchronous altitﬁde the total

transit dose (fi'dm trapped protons, deutrons, and bremsstrahlung) is
modest, provided that shielding equivalent to at least 1.5 g/cm2 aluminum

is.provided. On the other hand a 170-day transfer uslin'g ion engine
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‘ thruste\rs,v as:en'v{sioned for ferrying large structures assembled in low
ez;rth (-)rbit, is clearls-‘r unacceptable tor carrying personnel,

A.s carliexj iﬁuplied, an inlport_ant aspect of Space Station design
rélatcs to prox‘risi.onsl for ;olar flare protection. Unless adequah_: advance
warning techniques can be deveioped (with acceptable false alarm %‘ates) ‘

“to ‘pcrmit deorbiting of péArsonncl to gconxagnetic;ily shielded altitudes,

the conce;': of‘a-"stor'rn sheltpr“ must bq used. The tissue dose from

the prcl)toin' component éfwan anomalously large sglar flare, approximating
the intensity of the Augusg 1972 ﬂax;é, rece.i,véd behind a range of aluminum '
'_ .s‘hield tl1ic!;ricsses’ is calculated, Figuré 4. The dése calculation includes
the.'cont;'ibution-frc')-m secondary-nucleons. The dose compoﬁ_ent due to

the alpha pairticle .ﬂux in the solér flare.is not included; its cbntribqfion

for shield thiéknessés _eﬁéeeding 30 g/c:rn2 is less than 20 percent of '

th‘e total proton rem dose. About 40 g/cm2 of allurpimurifshieldiné lxs
.;,éqlxired, Figure 4, to reduce the protdh dose from such a large event to

25 réms. (At;. such shielding depths the ratio of skin dose to blood-'{ofming
N organ dose from solar flares declines to nearly unity, Fig‘ure' 6. The
;hielding irequi_.rement, therefore, is dominated';by t.he AQSe limit.fd‘r the
blood-;fdrming organs., ) Thisvnshield thickx-tess&is u_é’éd to :'As‘s,es,s the total
shie.ld‘masé for a srolar. flare shgitgr. a;'s a function of the number of
bccupénts, Figure .7. ‘ 'Twenty seven thousand pounds 'of shic.lding"is‘ required’

for a crew of 10 at 50 ft3/occ£1pahtf Some of this éliiclding mass can bk}'
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supi:lied by stéructure, fuel, and app.ropriately positioned coﬁxponents of
the life support system. |

. For ext‘:-ravehicular.activities in geosynchronous orbit the radiation
componeﬁts of concern are the trapped electrons and as sociafed
bremsstrah;lung. The average daily rem dose from these. radiations is shown
as a functiozn of aleminum shield thickness, F-igure 8. Since for sh~iéld‘.-
t'hicki.'zesses greater than ty'picaliy 250 mils the dose is prima rily from
b;e:n;s-s'trah}ung, a dramatic dose reduction. ca;n be ach.ieved ;Dy filtering t,};e

. | : ,

brems strah]l;ung through a small thickness of tantalum or other high'atqmic
number materigl. Aiso, as éh_own in Figu;‘e_? the trapped ellectx.'on intensity
varies cyclically wi_,éh local ti.rne;l during 10. out of 24 hours t~he‘dose is less. A
than. 70 percent of the. daily average value. By c;)mparison, restrictions on’
EVA's in low earth or'b1’cs denve mainly from the energehc t«rapped proton
environment in the South Atl‘al;xtlc Anomaly,.Fxgure 10. With a 30 degree
inclinatioﬁ orbit the alnomaly is traversed-in only 30 percent of the orbits,

so that there are daily periods of about 16 hours during which EVA's can be

routine.

I would part1cu1ar1y like to acknowledge and thank M1cbac1 Stauter for hxs
contnbutlon to the p1 epa.ratv on of this paper. '
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ORBITAL ASSEMBLY

Shepard B. Brodie : SR
Martin Marietta Corporation :
Denver Division
Denver, Colorado 80201

This- abstract describes work* done at Martin Marietta Corporation on
the methods oud techniques for orbital assembly of large structures. An
example used in the study was a 1000-meter diameter microwave power trans-
mission system (MPTS) antenna. The MPTS is a part of a solar power station
satellite that-will be used to convert orbital solar energy into ground
electrical energy. The techniques developed for assembling tpe support
structure for this microwave antenna will be discussed here.

The MPTS is a flat antenna that is to be operated in geosyncﬁronous
orbit. A baseline design was developed by Raytheon and Grumman for NASA**
We have modified the baseline design to make the structure more readily

- transportable by the Shuttle aﬂd_more feasible to assemble in space.

Our design is made up of 2,520 60 ft cubes. Figure 1 shows the support
structure. A standard 60-ft cube is shown in Figure 2. This cube is com-
posed of triangular horizontal beams and square vertical beams. This
structure-is self-supporting and there is no limit to the number of.cubes
that can be added to it in elther direction. Adjustment points are built
into each joint to allow continuous alignment as the structure is built.

We have investigated several techniques for attaching the structural
mating joints., We have concluded that a permanent bond is required. Our
present concept utilizes welding for joining the beam member pads. Small,

- electrically activated charges are imbedded in each .attachment pad. After

final alignment, these are activated and metal is fused between the pads
at predetermined spots. Pyrotechnic devices are used to drive locking
pins into the sliding tubes which serve as tension members.

The antenna is assembled in two phases. Phase 1 is done in low earth
orbit with the use of the Shuttle Remdte Manipulator System (RMS) ‘Phase

2 is done in geosynchronous orbit using a mobilz assembler.

During Phase 1 a core assembly is constricted. Two' Shuttle flights

‘are required to bring a telescoping central secticn, sufficient beams to

construct a core section and several attaching cubes, and twec mobile
assemblers. Figure 3 shows the Shuttle RMS completing the assembly of the
core section. After this core section is completed, the mobile.assenblcfs
begia building adjoining cubes. Figure 4 shows the core section and one

-. completed adjoining cube. Two mobile assemblefs’ére shown in the. figure.

\

*  Orbital Assemblv and Maintenance Study, NA§9 -14319.

SEK Contract NAS3-17835,
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These assemblers work in cdnjunction with beam pallets whicﬁ store collapsed R

_ beams. Both the assembler and the beam pallets have similar mobile bases,

which are supported at each end by four legs. These legs have end-effectors
which g?asp the intersection of the vertical and horizontal beams for maxi-
mum strength To maneuver the base, the support legs on one end are retrac-
ted and the base 1s. pivoted about the opposite end. A 90 degree pivot brings
the end of the base over the opposite corner of the structure. Its legs are
then re-sattached to the structure. The assembler has a six-degree-of-freedom
manipulator with a 60-ft reach and 30-1b tip force. Elactrical power is
furnisheg from solar cells located on the manipulator or base. The manipu-
lator extracts beams from the beam pallet and places them on the ‘structure.
The beam pallets are on mobile bases which are used to follow the assembler
around during assembly. Figure 5 shows the mobile assembler and beam pallet,
Figures 6 and 7 show two steps in the assembly procedure.

Phase 2 takes place in geoéynchronous orbit aftet the central core and
several adjoining cubes are boosted to the high earth orbit, There the re-
mainder of the assembly takes place with the mobile assemblers being operated
reaotely from the ground using TV, -

A method has been developed for foldino the triangle beams and the square

"beams in such a way that one Shuttle cargo bay can hold 92 square beams, 192

triangular beams, and 288 (telescoped) tension tubes.. Total weight of a
Shuttle load with beam pallet is 37,870 1bs.
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Fig., 7 Cgbe Assembly Sequence, Step 2
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ABSTRAC

. _ 'NEW SPACE INITIATIVES

. By

_ Mr, lvan Bekey
The Aerospace Corporation

‘A number of concepts for spéce applications illustrating the rahge‘

~ of satellite sizes and masses called for in orov;dmo ear*h-onented services

were identified and four e\camples were d*scussed. The characteuistics
of lt:he entire set of initiatives were then examined. _Correlatxons between
prdjected area (size), orbital altitude, and mass were discussed. Very
large and méssive satellites were shown to be needed, as well as large :
but low dens1ty satellites, with the range of densities varying from 0.0l to
60 1b per ft of progected area. Increases in pointing accuracy and control

difficulty were also addressed.

Commzan features of the support needs of the initiatives were
identified, consisting of their need for improved transﬁortation}' orbital
assembly, orbital servicing, and -reconﬁguration. Needs for several
candidate vehicles and facilities to provide the 6rbita1 support were
quantified, with needs for -orbi_tal transfer vehicles, orbital assembly and
servicing stages, and orbitzl support facilitiés for fabricati-on, viare- -
hous.ng, research and test shown to be most. needed by the entire set
of m1t1atxves. Manned habitats and life support systems would be an
1ntegral part of many of the needed systems, with the role of man belng
that >f assembly, 1mtxahzatxon, serv1cmg, and inodificaticn of the .

satelhtes which would provxde the earth- orlemed serviccs,

92
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SPACE IhDUSTRIALIZATIOV PLAhNING l”THODOLOGY
b'y-
A. N. Christakis, C. W. Hamilton and A. C. Robinson
Batcellé Columbus Laboratories

ABSTRACT

Industrialization of space consists of the production of economically valued

goods and services based on exploitation of extraterrestrial energy and materials
resources, an of the unique properties of the extraterrestrial environment itself.
Exemplory space produced goods and services include pharmaceutical, optics,
micro-electronics, allioys, solar energy, communications, and earth resources

and pheromologicdl information. It is envisioned that in the far-future course

of such industrialization, permanent habitaticns will be established on the

moon and in space. These habitats will be "industrial' centers supplying personnel;

logistic engineering and operations support; and materials mined on the moon and
asteroid belt. ’ :

Effective planning of this space industrialization venture offers challenges to

the planner parallellng those of industrialization to the technologist.. Gf special
note are problems of (1) quantitatively r~tioralizing near and far-future objectives
and. programs for achieving them, (2) building a credible plannlng data base out of
largely normative inputs, (3) creating effici»nt participative planning mechanisms
spannlng important industry, government and public interest interfaces, (4) matching

,hASA—promulgatlon of staged evolution of facilities and logistic capability with

concommitant growth and adjustment of lndustrj infrastructure required for pro-
duction of goods and services, and (5) seexirg affordable and equitable long term

- financing arrangements for what may be the world's most caplcal intensive veature.

To systematically treat these and relatcd aspects of the space industrialization,

a plan for planning is proposed which consists of two interlocking planning merhods.
The first methcd is systems dynamics - a tool for quantitatively modeling the time-
varying behavior of complex systems. For space industrialization planning, a suit-
able systems dynamic model will consist of three strata: (1) a forccasting stratum

‘describing variables such as ecopomic, resource, enviroument, industry output 1n a

two-secter world model, (2) an industrinlization requirements Stratum describing
industry ‘infrastructure capabilitice pertinent to space industrialization, and
(3) a RASA decision stratum describing the staged evolution of space facilitics
and logistic systems. - The second method consists of structural algorithms to

be used in generating and organizing & normative data base out of which the svstens

dynamics will. be derived. These algorithms include Interpretive Stluctural‘hodclxnh.
Delphi and Cross-Impact Simulation, and are well suited for interactive workshops

3
!
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use in intcgfating study resules and capert Judgement.  These weans will be wsed
to initially formulate and order objective hierarchies,. program clements, '
developmental requirements, and intra-and inter stratun reistionships. This
normative information in conjunction with related quantitative study finding
will be used to define and calibratc a dynamic model of the space industrialization
process. . ST

The planning knowledge captured by thesc methods will then make possible:

(1) assessment of the compatibility of short and long rauge objectives and their
implied programmatic sequences, (2) identification of "natural® plateaus in the -
staged industrialization process at ‘which points gains can be consolidated, future
direction reassessed, etc., {3) design of easily executed simulation experiments
to test alternative developmental options, and (4) efficient guidance of detailed
product/service-specific-investigztions and conscquent mission planning.

>
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ADVANCED SPACE TRANSPORTATICN OVIRVIEW.
By
Lester K. Fero '
Advanced Programs Office = =~ o
NASA Headquarters : Co
Future Space Transporiation was described:as a system

evolving from the present STS by exploiting orbital assembly and -

' reftieling of upper Qtages carried in the Shuttle bay. Shuttle Growth

i, . . * . : .
Studies were described as an exarnination of ‘booster options for
i . ’ . ) :

further cost reduction through full reusability' and possible replate-

ment of the Solid Rocket Boosters with Liquid Booste rs._" A Shuttle

derived Héavy Lift Launch Vehicle was a1520' described based on _
Shuttle Growth status in the mid - 1980's.
Comme rcial utilization of space was described as highly

dependent on reduced-v-t—ransportation' costs along the lines mentioned

“in the ""Outlook for Space' report. The importance of tecfmological

progress in propulsion, structural and ope: . tional sys{ems were cited

as keys to reduced transportation cost in addition to full reusability.

_A scenario for needed transportation developments was described
for earth orbit miésions; It included a family of Orbit Traasfer

Vehicles, Heavy Lift Vehicles, and an Advanced Vehicle which could be. A

a single ‘scage to orbit conceptv or '""Space Express' launched from and

landed at multiple sites for easy commercial access.
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FUTURE SPACE TRANSPORTATION REQUIREMENTS

This briefing provides a synopsis of transportation requirements for advanced
'space mission in the 1985-2000 time frame. It is based on the Future Space
Transportation Systems Analysis. Study, Contract NAS9-14323, being. conducted
for NASA-JSC.by Boeing Aerospace Company.  This study has-identified and
assembled data on transportation requirements for missions rarging from low
Earth orbit space stations to satellite power systems. T:z :iissions have
been grouped into four scenarios representing a range of puiintial space
futures. .

Aggregate requiremerts, as well as traffic models, for each of the scenariocs
are shown in the briefing charts. A range of potential transportation options
have been considered, from use of the shuttle in its presently-planned or
uprated .configurations to large new systems.. A variety of orbit transfer
systems have been consid:red, with most effort on LO,/LH,vehicles; they are
found to be the most promising option in all but a f£W-C ses.

. The launching and orbit transfer of satellite power systems has been analyzed
separately, as this requirement merits uniqué treatment. The most economical

- system found by this stuZy has been a large fully reusable Earth launch vehicle

for freight transport to low Earth orbit and seif-powered electric transfer
(the satéllite modules th:mselves generate the electric power for the electric
propulsion) from LEO to GEO. The use of LO,/LH, orbit transfer vehicles for
LEO-GEO ‘transfer of payloads, with satellit coﬁstruction at GEO, was found to
be a higher cost. but lower technical risk, ernnomically acceptable option.
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SPACE INDUSTRIALIZATION SYMPOSIUM
SPACE TRANSPORTA TION SESSION
- MAY 26,1976 " :
"SHUTTLE BOOSTER/PROPULSION GROWTH CONCEPTS"

o - L.T. SPEARS
oo . NASA /MSFC

SﬁMMA RY
Th‘e-: Séace Shuttle is ;:ulrrehtly under developmeﬁt, to.be used in é, .
variety of sp2ce missions b'eginning' in 19‘80. This papez; digcusses
ut"Lliz’at_:i_'on of the S‘huttlé to support incre-_as."ing future activities ‘fm>
: Earth Orbit, '_withApa-lrticﬁl‘ar attention to potential for- growch/
‘irr'lprc;vver'nents beyond the current Shut_:‘;le configuration. . TAhis‘growth/
improvement can be in tbe form of f.urtbg; rgduétions in transp_o';‘tati‘vo.n.
_ costs, _poss'}bly ir; cémbiha'tion-"with in(;reé;s es in payload éelivery
» c‘apabilityg
| The Shuttle will be employed to deliver eiement5 of the Space Staition‘_sh_v

" to orbit, along with other equiprnent or cargo that will be used in

i
H

conhjunction with the Stations. A primary and continuing role for the
Shuttle will be passenger transportation &/from orbit, along with supporting
logistics,

Reusa;bility of transportation system hardware is 3 major means of

reducing or minimizing transpbrtation costs. The Shuttle Orbiter currently
under development ‘is to be reusable, as well as provide capability for ' 3
return and reuse of payloads. However, due'to budget and .o'i:her constraints,

“the ascent propella}lt ’tankage'. and boosters are to be expendable or partially -

159
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.

n

f‘euéable. The recui:xjin_q costs for these elements dr:e therefore relatively

e -

- High._ A log’ic-al pros pect fo;' further reductionsi in revc;'urring costs is to
'aéhi_éve a greater degrée.of reusability in the propellar¢ tankage and/or
bOOSt;é:..-s. : | R | .
Preﬁlifniﬂar*_ sfudies~ of iiéuid rocket, re.us.gble booster stages h;vq
béen Eéndu'gted as examble;, of such possibilities, Béosters configured for -
df;wn-rangé,.;ballistié:recovery are being stuciied, as well as configurations
employing v(:ings;for return to thé launch site, |
I needeé;fo'r'fu.;‘ure missions, 'mcrga.sés in} payload delivéry capaﬁility
-'c_an be inéo rporated in cohjunction with modif_j.'ci:ations to achieve greatér
re;ls:'ability/lp-wer costs. Confi_gurétioné sized 4f__or approximately lbOK
lp’ouhds. pay_lbad 1;0 Ol‘blt are beAin'g gxa.xr'riinec_l.' In the event that future.
. .missions reciﬁif,e much larger or hqavij_gr éafloads in érbit, the Shuttle ‘
“Could be“adapt‘ed by~'sub'st-{tu_ting a ”one.-v;ay” payload for the Orbiter
_Teentry vehic;e. Tl}ése 'Shuttle derjyat_i(rg heavy-}ift'? vehicles would , - i
provide 1}5()-2001{_ pound payload delivery ca;sabi1i£y?.
The flexibility and growth pote.ntial' inherent in -H;.e Shuttle wdl allow
effe;tive support for activitie’s iﬁ space m preparation: for space
ind.ustrializa‘.tion.and 'space‘ power, Possibilities: for future Shuttle - - i
._agéification to achieve reduced costs and /o; iaérgaged payload ﬁgpability
are to continue duripg thé next )r'ea;r,vto develop better understanding of |

configuration/operation options, development requirements, and economics,
\ B4 . i - i
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TECHNOLOGY PLANNING FOR FUTURE EARTH ORBITAL
TRANSPORTATION SYSTEMS -

by S
" Jom P. Decker, B. Z Henry, and Charles H Eldred
NASA-Langley Research Center -

ABSTRACT

‘The NASA is conducting coﬁtinuﬁng studies of fufure space transporta-
o tion concepts to providé directioh'for long term improvements in the
‘capablllty and efflclency of transportlng payloads for both Earth-to-
‘ orblt lauch and orbital. transfer. Such 1mprovements will greatly enhance
| fhe.possibility of fﬁll'utilization of tcpace.in the future. Cons1deratlon
- of the space éhuttle-based trénsportationvsystém gndjthe possible time
phaéing}of.fgture.sysfems 1éads to the conclusion,that now is the right-
ti@e to be bdilding the techﬁology base to meet these futﬁré needs, A
* broad spectrum of poténtialij attréctive ééncéptS‘is being examined in
sufficient detail to déte*mihe relative merits of concepts and to Aeter-_'
mine thelr assac1ated techn loglca_ drivers. Coals for these future
concepﬁs include significant reductions in recurring qoéts, fiexible
operat;cnal podes, and operatiqnai simplicity. Curfent studies aie
directed toward the identification of teéhnologies.which make the most_‘
cbst-effective contribution to these goals and then.t§ the establishment
of-proérams to provide the indicatud technology baée, N
Studies to daté have sﬁbstantiated fhat, if pushed aggresgively,

structural welght .reductions ‘of 250 and effectlxe propu131on system
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performarce improvements of 5-6% relative to current space shuttle _tech-
nology are achieveble in the 'mid-iggo “ime frame. With these improvements,
a single-stage-to-orbit vehicle, using liquid dnqrgen/liquid }iyd;ogen
(LOX/LH) rocket engines would- be attractive and feasible, g.nd offer -

significant improveaents in such areas aé‘opgratipnal flexibility, full

“vehicle reuse, and reduced operating costs. Design features such as cual

node prépulsioh systems, mogiified operafiona}_approaches such as aé;sisted
horizontal tval;eoff, and app_iica.tien of céntrbl. configured. design prin-
ciples ofi:‘er additional significant im;;rove'me_nts‘beyond.tihe_LOX/LH
systen dislicussed above, ' .

This paper sunm.xa,i:izes results from Langley Research Center studies: ‘
of singléfstagé-to-grbit concepts including.thé evalua'_tion of operational
x;\édes, thercal structural options, propulsion system optignizati&n, cost
analyses, and a current asseé.sm'ent of technologyr areas which sﬁpport

these vehicle systems.
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