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NOTICES

THIS DOCUMENT IS FOR INFORMATION AND GUIDANCE ONLY

This document is furnished for information and general guidance only; it is not to be
construed as a request for proposal, nor as a commitment by the Government to issue a
contract, nor as authority from the undersigned to incur expenses in anticipation of a
Government contract; nor is it to be used as the basis of a claim against the Government.
The furnishing of this document by the Government is not to be construed to obligate your
company to furnish to the United States Government any experimental, developmental,
research, or production articles, services, or proposals, or comment with respect to such
document, the TOD program or any aspects of either.

When US Government drawings, specifications, or other data are used for any purpose
other than a definitely related Government procurement operation, the Government
thereby incurs no responsibility nor any obligation whatsoever, and the fact that the
Government may have formulated, furnished, or in any way supplied the said drawings,
specifications, or other data is not to be regarded by implication or otherwise, as in any
manner licensing the holder or any other person or corporation, or conveying any rights or
permission to manufacture, use or sell any patented invention that may in any way be
related thereto.

This document hns been reviewed and is approved.

JAMES R. NUNN, Colonel, USAF
Commander, Air Force Astronautics Laboratory

If you wish to remain on our mailing list, please notify AFAL/XRX, Edwards AFB, CA
93523-5000. Those recipients not notifying us of your desire to continue receiving this
document will be removed from our distribution list.
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INTRODUCTION

The Air Force Technical Objective Document (TOD) program is an integral part of
the process by whici the Air Force plans and formulates a detailed technology program to
support tho development and acquisition of Air Force weapons systems.

t, ah Air Force laboratory annually formulates its Science and Technology (S&T)
)pjrgran in response to available guidance based on USAF requirements, the identification
of scientific and technological opportunities, and the needs of present and projected
svit'ns. These plans include proposed efforts to achieve desired capabilities, to resolve
:.,,owN technical problems, and to capitalize on new technical opportunities. The proposed

efforts .ndergo a lengthy program formulation and review process. Generally, the
criteria applied during the formulation and review are responsive to stated objectives nod
known requirements, scientific content and ,nerit, program balance, developmental and

.life cycle costs, and consideration of payoff versus risk.

It is fully recognized that the development and accomplishment of the Air Force
technical progran are products of the teamwork on the part of the Air Force laboratories
and the industrial and acude nic research and development community. The TOD progran

• is designed to provide to industry and the academic community, necessary infornation on
the Air Force la!boratories' planned technology programs. Fach laboratory's TOD is
e:< triie, frorn its 5&T planning activity.

Specific objectives are:

a. To provide plannin,j information for independent research and developrenit
ir,)jrcimns.

1). To improve the qualit7 of the unsolicited proposals and R&D procurements.

c. lo encourage face-to-face discussions between non-Govern:nent scientists and
engineers and their Air Force counterparts.

One or more TODs have been prepared by each Air Force laboratory that has
responsibility for a portion Df the Air Force 'ST programs. Classified and limited

distribution TODs are available from the Defense Technical Information Center (DTIC)
and ,,lssified/unlirnited TODs are available from the National Technical Information

S 'er/,i(', (NTIS).

The AFAL T-!) contains a general overview of the Laboratory and its planned
program. The appendix contains a program listing of our FY-89 (Ind 90 expected new
"0' ripett ive contracted )rojrans. These program listings are extracts froin preliminary
internal planning docu,nents and should be viewed in that light. It is also important to
r.,menber that at the time this program list was prepared, it was a "snapshot-in-time" and
is ' Juje A to change.

1/2
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HO'-W TO USF TIlS D)OCUMENT

JosoliIted propos(1ls to conduct prograins leading to the it tuinm(nent of any of the
objec tives presen'ted in this documnen t nna/ '-e submnit ted directly to) (it Air Force
Iohor 1 to)ry. loiwever, he for e ,(u')rnl It t i rg a for ina I proposalI, we encouroge youj to discu'
.wr 'i~wru~i(h with tihe laiboraitory point of (:ontoct. After your discussion or

corrmosporidemv'e with laboratory personnel, you will be better prepared to write your
proposal.

As stated in the "AFSC Guide for Unsolicited Proposals," elaborate brochure .s or
-presenta':onls Ore definitely not desired (copies of this informnative guide on unsolicited

proposals (ire availoble from the Air Force Systemns Cornmand/DAPE, Andrews Air Force
Base, Waoshing ton, DC 2033'4-5000). The "A3Cs" of successful proposkils are ac.curacy,
brevity, und clarity. It is extremely important tho t your letter 'be prepared to encourage
ts- reu'l~g, to facilitate its unlerstanding, and to i nipar t (in appreciation of the ideas you

desirc to convey. Specifically, Your letter should iniclude the following:

I . 4urc und address of your organizatior..

2Type of organization (profit, non-profit).

3. ~ Concis;e Itie and abstrnic t of the proposed reseoirch and the stateinent
itigthat the sub~niision is ain unsolicited proposafl.

!J. Ati outline and discussion of time purpose of the research, the method of ait tack
o 'yn) the problem, and the nature of the expec ted results.

3Iame and res, anr h -xperieic e of the prinicipl)J investigator.

A suggjestion -is to the p)roposed sturting and completion Jates.

7. An outline of the proposed budget, inicluding informnation on equipment,
ficili ty, (ind personnel relujire nents.

2. lames uf an,/ other Federal aigencies receiving the proposal (this is extrem ely
a vo r ta t0.

?. 3rief description of your fucil it jes, particularly those which would be used in
i r :)ro;!)os(.f research effo-rt.

0. Brief out line of you)r previous work am d experience In the field.

I I .If ivuilihle, you should inc lude ai descrip tioa) brochure aInd a financial
* sttilernent.

*A, Irio reudl through the pages that follow, you may see a field of endeavor where,
/r ir orjioitation canit contrimj e to the achievement of a specific tec-hnical goal. If such

i- 'he ('/o ) (ire inviled to disc iss the objective fmorther with the scientist or engineer
identifiedl with that Objective. Fur th-er, you may have completely new ideas riot

,ons imere--d in this kloc mren t which, if brought to the at tent ion of th~e )roper organization,

S3
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can nake a significant contribution to our military technology. We will always maintain
%" an open mind in evaluating any new concepts which, when successfully pursued, would

t_% i:nprove our future operational capability.

On behalf of the United States Air Force, you are invited to study the objectives
listed in this document and to discuss them with the responsible Air Force personnel.
Your ideas and proposals, whether in response to the TODs or not, are most welcome.

.0 , The Air Force Astronautics Laboratory's technology progran is organized into
applications oriented major thrusts; one for each of the three major rocket propulsion
applications areas, i.e., space systems, ballistic missiles, and air-launched missiles. Two
other major thrusts make up the remainder of the Laboratory's program; one for
fundamental technologies which is (or will be) applied to several application areas, and
one for, generally, non-propulsive space technologies which can best be described as Space
Vehicle Technology. The points of contact, should you desire additional information, are:

Research and Technology Plans Dr Daweel George
AFAL/XRX
Autovon 525-5342
Commercial (805) 275-5342

* Sace Systems Propulsion Technology Mr Melvin 'logers
Space Vehicle Technologies AFAL/XRX

Autovon 525-5344
Commercial (805) 275-5344

,3-ullistic Missile Propulsion Technology Mr Luciano Sedillo
Air-Launched Missile Propulsion Technology AFAL/XRX

Autovon 525-5341
Commercial (305) 275-5314

F.rdarnental Technologies Mr Wayne Roe

AFA/ X RX
,%, Autovon 525-5206
.'. Cominercial (805) 275-5206

Str iteji; )-f, ;)sI I it -i've Technology Col Thomas W. Redmond
* AFA_/CIk

Autovon 525-5324
- Com nercial (305) 275-532'

%-
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LABORATORY MISSION

The Air Force Astronautif', Laboratory ,A.A) is the principal AFSC organizatio
chirted with planning andt e-xec t ing US AF research, exploratory und idvriced

-' .,. develo) ment prograons for interdisciplinary space technology and rocket propulsion.
Spae technology incltiles spacecraft technology, launch vehicle technology, launch and
n-spoce operations, and logistics technology. R.ocket propulsion includes propellants,

combustion, p lune phenomenology, rocket prou' lsi(cn rnaterials and structures, soli
-)proellait, rocket notors, liquid propellant rocket feed systens and engines, electric

propolsion, hapr phenorena and assessment, and rocket test techniques and
instrijnentution. There are two parts to the AFAL rnissioi - first to develop new
techno>hg for the Air Force rninsiles and spa:e systens of the future; and second to

provide technical stuoport to other organizations within the Air Force, particularly the
Systems Proqra.n Offices (SPOs) that produce the end items. This mission is graphically
depicted in F'gure I.

The technology advarce'nen t programns cover the complete '.jectrum of detailed
-)"3sic research (6.1), exploratory development (S.2) and advanced development (6.3). The

, Lahoratory is responsible for maintaining a superior technicoil base in all types of rocket
propulsion and interdisciplinary space-related disciplines which will provide options for

* the development of future igh perfornance Air Force systems and to prevent
technological surprise. The tejhrical inonage nent assistance inclwies engineering and
sclen tif-ic consultation, techn :iI direction uf programs, managing contractual efforts and

'". exe,-oti:ig in-house analyticol o-i expe!rimental programs.

. Ih'L ," rIT Sfl{A -EGY

1 Lh Lhoratory strives to have a balanced investment strategy that takes into
a,.count (I) Air Force needs as stated by the system users, (2) Air Force mission capability
deficiencies as identified in docunents such as the Air Force Space Plan, Military Space
Systems Technology Plan (MSSTP), and the Logistics Long Range Planning Guide, (3)
AFSC Forecast II, and (4) btjsic technological advances, otherwise known as "Technology
P;s," .e use an in-house ncnagernent council, made up of the Commander and eight
senior Liboratory meinibers, to mhake th, decisions on where we will make an investment.
)ecisioris are n(,Je within the limitations of the Laboratory's h,,tlget, nanpower and

,fach ities. Our planning process is shown in Figure 2. We take into account the "ig

Picture" it the start of the pr''cess, tissessing the Air Force needs for each of our major
thrust , irs. Resource tillocations are issued for (,cmch of our technology clusters. We 'jo
.itrough a- process of internal compet ior at tie clos:,-, ;evel evau ,,;;.i, ideas for new

0 pr)ijrijatrs on ,, also eviontir Ij tI e on-going cluster levels of investnent. We always
Jernud of oor.,elves whether we have a valid rationale that answvers, "What's in it for the
Air Force?"' We consider whether the program is inswering a valid Air Force requirement
or whether it is a furndarnental effort that will exploit technology to ,chieve increased or
new c.i;)i:ilities, such as efforts highlighted by Forecast 11, etc. We realize that there are
tines when we should strive to e-xtend technological boundaries, and we do invest in these

* ireas, ::)t we also don't do technology for technology's sake - we do it for the Air Force's
sake. 'Ne do it because we helieve that with this new technology it will find application in
Air Force Systems of the future and, therefore, it ii ,i jood investmert.

% %
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The Air F orce Ash moatics Laboratory's prograin is organized into five Technical
I~ i ,t s: )m-~ for eoch of th~e th ree major rocket prop ilsion appi)Icat ions ireais, i.e.,

1)4111"11 imissilles, Jt -louiclhed missiles mid spact propulsion syst'-ns; ),w for fundorrentiil
te( 'moloqy which is (or vil !,e~) useable In several appl ica tion areas; and one for noin-

p. 4~u si''cspcf ve! tick technologies space systemns. The AFAL/AFOSR Basic Research
* '~J.]f rlem--ent 61 l')27) Ipru(rain summary description is shown in Figure 3. The five

Ic ifl IThrusts ire conjracn t with the five projects under the Laboratory's Exploratory
iXvu~emtProgram -Vle-nent (062302F). A summiary of the 6.2 programn is shown in

Fi1gju r t4 Our Space cild Missile Rocket Propulsion Advanced Technology Development
(633021') 1rojects )rt- aligned with our applications-oriented Technical Thrusts.A
serirnairy if the 6.3 programn is sh)own in Figure S.

A reai4 _mt of the exploratory development prograin to the subthrost, or cluster,
l te I l> Wt oAfl It golre ). The area of the 5oxes is proportional to the ainount of 6)2302'7
fwids jllit. !t.ir eaich cluister.

Ir ,n r>), t' devel,'e1 applicable tte trutegjic Defense fnitiaive (SOI
it rmicer 'teasie of o separate SD I Techinology O)f fice. The focal points,

;i, t'-Ir - e t .'e a ;) f responsibility, within the SDI Fechnolojy Off ice aire shown In

N % %
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TECH"OLOGY PROGRAMS

A ditission of each of tile Loboratory's Technical Thrusts is provided in the following
puragr~iphs. The Technical Thrusts will be discussed in the orJer shown in the upper right
quadrani of Figure 4.

I. Space Systems Propulsion Technology

The Space Systems Propulsion Thrust provides technology for all future USAF space
,.* systems: launch vehicles, orbit transfer/maneuvering vehicles, and satellites. In addition,

(as In the past, te,-inology from this thrust will be applied by the Navy, NASA and
comrnercial industry to their spice systems. This thrust is summarized and illustrated in
Figures 8 through 12.

a. Obectives

The overall Space Systems Propulsion Technology Thrust is broken into the
five clusters shown in Figure 8. Each of these clusters represents an area in which USAF
require nents for advanced propulsion technology are being addressed. The efforts within
the clusters are oriented toward achieving the overall thrust objectives shown in the upper
right quadrant of Figure 8. The objectives of the various clusters include: (a) the

* transportation of larger, heavier payloads to orbit on a low cost, routine, and assured
access to space basis through improved manufacturing and design utilizing advanced
materials and engine concepts; (b) affordable space propulsion systems through improved
performance, lighter weight and increased life orbit transfer and maneuvering capability;
(c) advanced electric, solar, and radically new propulsion systems having high
perfurnance, long life, and increased thrust.

b. Clusters

The three major clusters shown in Figure 8 will be discussed, with the
exception being Signatures.

(I) Launch Vehicle Propulsion

This cluster is summarized in Figure 9. The purpose of this cluster is to
develop the propulsion technology needed to enable affordable fully reusable launch
vehicles as well as low cost expendable or partially reusable vehicles. The requireJ
incre-ases in the engine thrust/weight ratio and specific impulse to enable single stage to
orbit will be achieved through innovative design approaches and application of advanced

S. materials. Low cost for the expendable and partially reusable systems will he achieved
through automated manufacturing as well as innovative design. There are technology
areas unique to both liquid and solid propulsion which will focus on improved
performance/reduced weight and reduced acquisition/operations cost for both types of
propulsion. The major goals for liquid systems are to develop and demonstrate component

0 technologies for an advanced liquid oxygen/liquid hydrogen engine which delivers high
trajectory effective specific impulse while being light weight and having long operational
life ith ninimurn maintenance. Performance improvement and weight reduction will be
achieved by the application of advanced naterials. The major goals for solid systens are

- to rfeduce recurring costs for both expendable and recoverable boosters by developing
nr)/z lehss ,_unl' p ts.

0

.
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(2) Orbit Trnsfer and ',AVneuvering Propulsion

This cluster is suminkirized in Figure 10. The objective of the orbit
transfer and maneuvering propulsion cluster is to develop and demonstrate the technology
for aidvanced orbit transfer and maneuvering propulsion for future Air Force space
applications. The projects in the cluster are grouped according to the three major type of
p)) ,yellurits used: Storable Liquid Systems, which contains both Modular Storable and
Adva ed Maneuvering Propulsion, Cryogenic Liquid Systems and Solid Motor Propulsion.

The Storable Liquid Propulsion area is dedicated to a high performance
pump f,, NTO/MMH 3750 Ibf engine and associated feed system. This engine is part of
the Modt lar Storable subgroup since the engine and tank arrangements can be modified to
coustonize the propulsion system for diverse nission require?nents. The technology offers
a 50 percent reduction in cost per pound for orbit transfer of large payloads to GEO and
incre,,ased maneuvering capability of 40 percent over state-of-the-art pressure fe I
systems. This engine and feed system is also very compact and would be optimal for the
integral propulsion syste-ns of current Air Force interest. The other subgroup in tle
Storable Liquids ajrea is Advanced Maneuvering Propulsion. This effort is dedicated to
improving rnaneJveri.ig capaonbiiity for low thrust (10 to 100 lbf) maneuvering systens. The
najor Nork presently being done in this area is in long term oxidizer storability and its
eff,,, t ,,, fe-, i ',st,'q comrponents.

The Cryogenic Liquid Systems urea is directed toward the develpneat
of a compact feed system and a high performance L02/LH2 500 lbf pump fed engine. Thle
c,)mnp' I feed s/stem uses aI toroidal liquid oxygen tank to achieve a very short stage
I ength. T'ie resulting propulsion system using this tank will hove an on-orbit storage
ci, ,ability of 30 days with a 36 percent reduction in stage length comnpared to the present

-ntaur staje. The low thrust cryo engine will provide a low acceleration delivt.ry
c(iUbi I t v for large space structures.

The Solid ,votor Propulsion area has its primary emphasis on
jemos lt Itil'g s; m,ce sturaqe of solid rocket motors. Areas of investigation include
rn 'i'; on, tempera tre and vacu im effects over the long-term on solid propellants. The
techr-~yv '1,veloped will jillow the ,lse of solid rocket motors for on-orbit storage and

() ,Adva' cf. Sp.ice P ropmIsion

T is ;ls r s sk;innr mrzed in Figure II. The Advanced Space Propulsion
Ist,-r )tuirsue- pr )) o nci o epts thait offer perfortnance ca;):JhiIi ties much greater than

* . u.-'- 'e " o.,-Ka s'si,, L. Attoiningj specific inpulses greater than 800 seconds and
fu:n 'r,uid ',hr ,st rui : for a variety of ;nission applications are primary goals.

, r efir IJ technolog es increase payload (:apabilities while helping reduce
th. T - I'tr' i r Mary emphasis is on electric and solar proplsion, and

i, ) f u vi d ,,vrinced concepts.

I-' o trirIc propulsion, the near-tern enl Thusis Is i) irejet propulsio-. A
no(1 ir J dvarced technolIgy de veloprent (AT D) ,)rogram just beginning

v5.- I,. ,i J L. nt, niqt2on in a I ?1 3 space te-e t. .Contractual efforts tire
Si,, I,,r I,' t , advancI] jrcjet concep)ts, and work continoes on an in-housi arcjfe1

fuJn Itt/. ff.urt s ir the irea uf rnui wt,)i) lasi nadynamic" (MPD) thruster research
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C~ritilik"C with an in-house efott hrceieple thruster pefrac.Steady
Nkt !Ddvlplt'l she ing 'i( J(tte nvriyo tiitJ nWs Germnany,

with iii-!ioiose steady state- work cui temp o 1ted in tIe e o(r fu tore. In I -Y 89, research will
* .,~,begin on the pillsed electro thermal engine (PlE TE). This device proinises to develop 1500

se, Is;p at 60 percent efficiency using water (is ai propellant. '),t year efforts include
- considieration of Hall type thrusters.

In) solar propulsion, parallel technology developments of thrusters and
concenitrators continue. In the thruster area, in-house testing and evaluiation of the one-
pound, 200 sec Is!) rhenium will be completed this year. Work on a second generation,
heat exchornjer-t,e,t thruster is expected to begin late next year. The last phase of
thrister rescurch will explore i directly heated gas concept labeled the volumetric

ahsrb~.For, ari-ental chemnistry research on this alkali inetal seeded hydrogen gais
th rj-,f-r 'I, nr iii comnple tion in the AFAL's uinique high tempera tore (2,000 K) and

ae- re(up to 100 utto) cell. In the conicentrator area, work continues on light (.A
ii utueoft-axis, parabolic inirrors. Fabrication and op~tical orcuracy testin

of 10,000 to I concentraition rutio i nirrors In the 10 'ne ttr cIISS1, i'~uderway, with a
0 rircen~rt!_rfih test planned for the early I199 0's.

The clus-ter's, -uture Techniolog/ ex 'plorations have led to ai number of
noI Om-) r I., e,) tIo na apa ia Qo tpts b)eing udop ted for research by the AFAL. Recent
advanrced! concepts IrviestGjit Yr-s hove, Ident ified fusion propulsion as the next major uremi
to h~e -- 'ulloated fur aipplicaib ii tv to Air Force propulsion needs.

c. Payoff S

Fig,;!re ,r 0, tlfk I I ShOW 50ome of the payof fs thu t con be reulized through
the of roclvet tinechnoiog;y to future Air Force space systems. riglire
!2 lit, represenitutlye syste 'is to which tlie technologies in this thrust can trunsi tion.

mwr, ire nofny 'echnologies involve 1, fromn advanced engines (o thermal analysis for
- ~c r /ojeniculI I-fueled O D'.s, to jas dynamnics aind radliation phys~cs for exhaust plume
-. sin i tore hra ter i ,a ton.

F.urnd inq

Table I sosthme total fonding th mat we plan to devote to the Sp ace 'yst5n
Prpi~uTechnology Thrust thirougqh FY ?0. Programn E lement 6 1 1 02F is AFQSP.

' escajr h, P rojrain FlIc'nent 62 30?F is for FI-xflora tory Devte lop, Tien t, and Progra n
'A'ni 6 012F Is for Advanced Technology Development.

%. F A:)-' I. Space Sy ,,stem us P ropuimson Funid nj ($ K)

F)~(A, [Li NMJI f FY388 FY 89 FY9'10

,I 1102F -237 210
.2302i ,6 4 2 4,050
6 33021F 3,28 3 4,515 ",51 5

V 6

.1 1 1 * - r . % -r -'.21
%
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e. Future Plans

Planned future areas of work within the Space Systems Propulsion Technology
Thrtisl are listed in Figures 13 through 15.

'2.. Spce Vehicle Technologies

The Space Vehicle Technologies thrust provides the integration of key propulsion and
nonpropulsion disciplines necessary to develop enabling technology for future Air Force
space systems. This technology is being developed in the following sub-thrusts: space
vehicle materials applications, spacecraft structural control, spacecraft operational
logistics, space power, and technology assessnent and integration. This thrust is
illustrated and summarized in Figures 16 through 20.

a. Objectives

As shown in Figure 16, the intent of this thrust is to provide advanced
technologies which will allow the U.S. to do a great many -nore things in space and to do
these things at lower cost and free of obstruction from aggressive enemy action. The
objectives of the various clusters include: applying advanced materials to space vehicles;
developing control technologies for precision space structures; developing advanced
spacecraft power and therinal management technologies; developing propellant
management, servicing, and resupply technology; and the identification and development

* of critical spacecraft integration technologies.

The technologies being pursued will provide significant payoff to the
survivability and affordability of future Air Force space systems. For example, the use of
advanced materials and control techniques could provide future spacecraft with up to a 50
:), rcent weight savings over today's approaches. This could enable a new class of space
structure for advanced missions.

b. Clusters

The three najor clusters shown in Figure 8 will be discussed, with the
exceptions being Space Power and Technology Assessment and Integration.

() Space Vehicle Materials Applications

The Space Vehicle Materials Applications program is directed towardexanin th AF sroei the')i

-expanding the AFA-s role in the Sa-e Vehicles Technology area. The challenges
nddr,,- se.l a(re as shown in Figure 17. The projects chosen were based on USAF needs for
"lightweight, dirnensio n.ll/-stable, controllable spacecraft structures, and lower launch

) costs. They were (ilso chosen because they represent extension and transition of
fte:cnrnt)cloci es arid in-hotuse capabilities developed for rocket propulsio,, application. Thus,
the ild,/anced spacecraft itructures area was selected as the .najor emphasis for this
cluster. Xe recojri/e thkit the Flight Dynanics and Materials L-aboratories have efforts
in this ,irea as does rIASA. We continue to work with these organizations to ensure that
Olr v.o does not dujplicate but complenent ani extends their efforts. We are aiming at

* tih :Ij dvantage of A vancemnents in both aircraft und rocket structures and applying
t!err, t,) spacecraft structures.

24

% ,, "++, ,, !:m] +" += _° r ++" ," r:+,+ ±++r * *.*5."" . . -"u ' -5.% :



00 c

a, 
CD

C.-O)

CA am=
a. =

C CO
00. no o

0c Q C
CI

CO

Emp~

C CD 'o C
*~ alo Q1L

25

0 q



nwrwnnln u-n

0o

U 8

d~CL)

o E D

zu Z

E -m ~ m -ncu

CL- CLP. 0

__) 0

) .cc~ ' .0., m Em C

SCL-- C

E~ ccC"A. Lm LLEu
Q~ c.n c.m 0.' 0 00

EC E o.'. 0

1~ 0>

co 0

CL LLIi.

26



< 

c

CC

0
E4CD

CD-L

~ci

D= = cm

cz-cow
C1

CL 0 . 0 0.

E o cm cD

:I% z .. I cE

CL. CO) LA

02



LL.

C. E 0

z-
o C L

-m C,IC
0 w3 ccc

LJ 0 cr

r Q

L CL

CEL

660

> D

C/ zC



MIXI

V. -0

c. am~ =m =
>4 .. - = c

Z O CO) (
co Q. = CY

- CJ

C) ra CO) A
J 0. cj 

-
O

L) cc

aa

aa Q

0- c

-L CL) Z' .d0



Our work in composites for spacecraft structures initially concentrates
on the applications of composite materials to structures which require light weight
coupled with high stiffness and minimal outgassing on orbit. Analysis, fabrication, and
testing being done in-house as well as on contract. We are also exploring the application
of eo-nposites to large booster payload shrouds. We will extend the thin film technology
work done for other applications to structures which can be made in space. This can
provide a means of transporting the structural material as a liquid which can be relatively
comip)let and dense, and forming it into a very lightweight structure in space. Smart
structures employing embedded sensors and actuators to provide control and/or health
iassessnent of spacecraft structures will he developed. Coatings and adhesives will be

dow-vloped to provide longer life and more reliable structures which will be easier to repair
in space.

(2) Spacecraft Structural Control

In Spacecroft Structural Control, we are working on technologies to
er able future JSAF space systems. The challenges are as shown in Figure 1. Several
proposed space systems will suffer ;performance degradation caused by environmental
"(iistJrbntices and interaction between the spacecraft structure and the spacecraft control
ssten; we rntjst demonstrate that structural vibrations caused by these interactions can
1),e rontr,:IlAYd, and that precise structural shaipes and positions can be maintained in the
.pres,,nce of disturbances. Methods available for controlling structures generally require

1119V sensors and actjators and large amounts of computer power; we need to minimize
•_ t-, e r,., re nerits. Developing structural control technologies often entails performing

experi nti'its; finding ways to make structures behave in the presence of gravity as they do
ti wightlessness of space is another of the challenges we face. To meet these

" .:, u rs, we hive set the goals shown.

"We will develop new methods for modeling and controlling precision
t . 'le will continue e-stablishing ground facilities and developing experimental

•I',,-ir a e', t,) ,t uns trt Otr , hirt l C',-n.trol tehno kg ir's. We will build upon our aIre,,i/
*.e uphI- t(-d work in the Flexing Struotre Control Lab, in the Antenna Shape Control
. , (I nd ;n ur in-house lobs to demonstrate modeling, identifieaition, and control of

-. . e ' r, IC t jr s S. Jieving these goals enables the payoffs shown.

\ccor-ite send;ng and reliable control of vibrjtions, shape and position

HVII ena i e large sp)ee ,tr)( lu,)res s,11h as those envisioned fcr space-) sed surveillance
S- -baed dif,,,,,. -or so ne spacec:raft, impleinentotion of active structural

,rol ril re jpe to <retur,il rmass by (is much (is 50 )ercent. rJew experimentation
". m.U , vil ii, . ,' iir ')f expensivc space ,-xp(,'tnents necessary to
% / t, t tr< trIl ontrol technologies. Vower weight and less
. " .'', I .* i o ,:v e .. ,.,. u , ut to lover ,ost spoen Sb-mIS for the Air Force.

"i) .- Lac '( att l,' r~ti~lal'-ngistics

Tt i " rift -per at o a I logisties fIuster covers techinalo jy
.r 's )t !ouj-'r ryogfnic stora o, and Il,id 'n enrm nt. itt space.

.II .. :'lr2,' , -iguru 12. Thf overall gou! of the cltuster is to
, , , re ' r or-)rit o)" ,tiuor] 1 ea l it, a ln, sI rice life.
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The long-term cryogenic storage technology development is the main
focus ot the cluster. The current program plan focuses on passive thermal control to
ineet ti-e in-space storage requirements. Key technologies include thick multilayer
insulation blanket, thermodynamic vent systems, and low heat leak structural supports.
Trues: (ire being aggressively pursued. Emerging technologies, such as survivable
lightweight outer shield and integrated active-passive cryogenic thermal control systems,
also are being planned for developmnt and demonstration in the early 1990's. To meet
the expanded responsibility for astronautics technology, the AFAL will emphasize
conducting cryogenic storage technology demonstration programs in-house while
coordinating key technology developments through joint government-contractor efforts.

Under tile fluid management urea, the lab will concentrate on fluid
dynamics control and space system propellant venting and resupply. A space flight
experiment waiting to be launched aboard a Space Shuttle will evaluate the in-space
performance of the propellant acquisition, pressurization, and fluid dynamics control-'stens of a toroidal tank. The demonstrated performance data will be used in the

d veloprnent of a high performance, compact cryogenic propulsion system for transferring
s,)ace assets to higher orbits. Flight type system venting components will also be
fabricated and performance demonstrated to transition the technology to the user

ScoMITnunit/. The goal is tc demonstrate flight type components prior to applying the
technology to resupply system idesigns or missions.

c. Payoffs

Figures 16, 17, 18, and I? show some of the payoffs that can be realized
tbrough the application of the space vehicle technologies of this thrust area. Figure 20
lists represent(ative systens to which the technologies of this thrust could transition.
"..Many of the technologies are high risk, high payoff creas. However, without these
technologies, many of the complex future systems that are projected today will not be
p,,)s sbl 1e. Their advancement will require the participation of a broad spectrum of

*govern nent and industry organizations and people.

I. Fundin-g

Table 2 shows the total funding for this thrust through FY 90. Program
-. :nnt 62302F is for Exploratory f)evelopment.

Future Plur,s

Planned future arcis of work within the Space Vehicle Technologies Thrust are
Ii t(d r) Figures 21 thruugh 23.

T.V_L ?. Space Vehicle Technology Funding (.K)

* V'2(d- A,. -"!JIPK IT FY 38 FY 8? FY 90

62 3 021r  3,770 ?0 14,5110

0%
% % .
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3. Air-Launched Missile Propulsion Technology

The Air-Launched Missile Propulsion thrust develops the propulsion technology
needed for air-to-air id air-to-surface missiles. This technology will provide future
missile systems with the following benefits: increased survivability, increaed lethality,
increased reliability, increased age life, and increased cost effectiveness. rhe principal
areas of emphasis are understanding and manipulating plume signatures, improving
performance and providing energy management. Technology from this thrust has also
been adapted by the Navy and Army in their tactical missiles. This thrust is illustrated
and summarized in Figures 24-26.

a. Objectives

The overall objectives of this thrust are presented in Figure 24. The
operational benefits being provided in signature, survivability, range, and fire power are
necessary in order to overcone the no nerical superiority and increased threat our forces
are facing. 3y reducing our missile signatures (infrared, ultraviolet, visible and radar) and
improving missile performance we will increase missile flexibility and lethality. These
missile inprovements equate to increases in aircraft survivability and mission
performance (e.g., more munitions on target, more kills per pass, higher sortie rates,

* etc.). As the above opemntional benefits are being provided, it is also a major objective to
provide logistics benefits in reliability, age life (and costs. The work in this thrust is
performed unler four subthrsts or clusters as outlined in Figure 24.

b. Clusters

The first cluster involves "Low Signature Motors." This cluster addresses low
signature propellant developnent and plume analysis for air-launch systems. The
objectives (ire to predict, analyze and minimize plume signatures, to inprove the
performance and reduce the costs and h'zards of rninimum signature propellants, and to
establish meaningful hazards criteria for determination of detonable/nondetonable
pro)ellants. As missile airframes become "stealthier," the radar cross section (RCS) of
the plume plays a gre ater role in enemy detection of the missile. To enable prediction
and advantageous manipulation of the plume IRCS, measurements need to be accomplished
to validate R.CS codes. Thus, the missile's kill probability is enhanced, as is the launc-hing
aircraft's survivability. Currently, ninimun smoke propellants are more hazardous than
reduced smoke propellants. However, minimum smoke propellant contrails are not visible

below 27,000 feet in the European theatre, while reduced smoke propellant contrails are
visi'hl& 51 percent of the time below 20,000 feet in the same theatre. A solid rocket

motor may have a propellant web thickness greater than the propellant's critical diameter
(that diameter which will support a steady-state detonation), be Class 1.3 by the Naval
Ordnanc, Laboratory's card gap test, and yet have the propensity to detonate. An ability
to clearly distinguish *Jetonable!nondetonable propellants is greatly needed and will

improve safety of handling and use of missiles. It will also aid in the determination of

n ombers of missiles to be stored near the launching aircraft and will enhance joint service
weapons deployment and [IATO theater use of advanced weapons. Technology areas being
invstigated to provide improved plume prediction and analysis are experimental
acq isit'on of plune radar cross section, pairticulate, and shock structire data to validate
and upgrade existing plume computer codes. Technology areas being investigated to
inprove the performance und reduice the hazards of minimum signature propellants are
the development of propellants capable of operating at high pressures, and demonstration

* •of )ropellants possessing Class 1.3 hazards classification.

39
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The goal of the second cluster "Improved Performance Motors" is to
investigate and develop new technologies, or optimize the use of current technologies, in
order to improve the performance of motors for air-launched missiles. The prograns in
this cluster will result in motors with more efficient propulsion packaging than the
current state-of-the-art, improved aerodynamic performance, an order of magnitude
reduction in observables, and increased overall motor performance. As a bottom line, this
means more missile range for less motor weight as well as increased survivability arid
lethality of the missile.

Future air-launched missiles such as those mentioned in Project Forecast II
and the Aerospace Defense Initiative may have propulsion requirements well beyond
current capabilities. In an effort to look for the revolutionary performance improvements
which may be needed to perform somhe of these missions we have begun looking at
Advanced Propulsion Concepts for Air Launch. Ignition of tactical motors must be
reproducible and highly reliable, and the shock of ignition must not damage the motor's
propellant. We have programs to develop low shock igniters. This cluster also includes
projects to integrate these emerging component technologies into high performance
motors is part of its advanced technology development, including the "High

%- Performance/Low Observable Motor," and the "Future Missile Motor."

* The third cluster is support "Technology for Ramjets." Responsibility for the
development of ramjets lies within the Aero Propulsion Laboratory. However, ramjet
operations depend upon solid rocket boosters to provide initial missile acceleration before

%" ramjet takeover. It is the goal of this cluster to provide improvements in solid rocket
technologies and the interfaces between the rocket and ramjet components. A short term

* -. goal is to reduce the booster volume while maintaining or improving the thrust level. This
is being accomplished through the development of nozzleless boosters, increased
performance propellant, and improved insulation.

The fourth cluster is "Component Assurance." The purpose of this cluster is to
ensure that major new components under development can function reliably in the harsh
air-launched environment. We also investigate ways to reduce cost so that advanced
rocket motors can more readily be integrated into full-up systems. The programs in this
cluster ! :nphasize the "iities," and successful completion of the programs will increase
missile systems availability and reliability and could lead to longer service life. Since use
of advanced composite materials can reduce rocket motor case weight by up to 40 percent
over metal cases, we are studying the applicability of these materials to the air-launched
environment. We are designing and building composite cases that will survive the air-
launched captive carry and eject loads. We are also studying the effects of damage to
compositf s that may be caused by in-process and field handling. We are integrating
composite cases and other advanced technologies and demonstrating them in Advanced
Technologjy Development programs. We've also successfully demonstrated the "Laser
Initiated Arm/Fire Device," which uses fiber optics and lasers to provide safer, more

. reliable safing, arming, and firing of tactical rocket motors. We have successfully
transitioned loser ignition and arm/fire devices to industry where they have been

* demonstrited in numerous tactical systems. It is important to accurately predict the
-use-ful lifetime of rocket notors in order to ,inimize logistics and surveillance
reluirenenits; our ,rograms address this need. We are increasing our prediction nd
surveillance efforts on AMRAAM and SPARROW. We plan to initiate programs to
identify low cost processing techniques and to integrate low cost components into
complete rocket motors.
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c. Payoffs

Specific payoffs available from air-launched missile propulsion are
su~unarized in Figure 24. The increase in loadout is very important for more missiles per
so tie. This will be achieved with reduction/elimination of fin controls; development of

%, thrlist vector controls will negate the necessity for large fins. Decreased signatures
ru-sult from advances in propellant formulation technology. In addition, the component
,ssorairice urea will result in greater reliability, maintainability and lower O/M costs.

All of the above technology advances need to be demonstrated in flight tests.
A joint AFATL-AFAL-AFWAL program is designed to do this and is shown in Transition
Tarjets (Figure 25). This is a very important program for all future air-launched systems.
The modular features of the Advanced Missile Technology Integration (AMTI) test bed
allow new conponents to be tested alone or in combination with other new components.
1I" the rocket propulsion area, the leading edge technology to be tested in AMTI Phase I
'Vill ".e mnotors with a two-pulse capability to validate serviceability. Propulsion
technologies for Phase II AMTI will include 1.3 minimum smoke propellant, advanced TVC,
1'jier initiated AFD, filament wound graphite composite case with high temperature resins
.':ine of 2,000 psi operating pressures, multi-dimensional carbon-carbon integral throat
entry nozzle, and optimal energy management logic. These technologies are the
forerunrners of spectacular gains that will be achieved in future air-launched missile
"/'4um,,' t any of whic! have been identified in FORECAST II.

Funding

Totol finds to be expended in the Air-Launched Missile Propulsion Technology
thr, st from FY 22 through FY 90 are shown in Table 3. Program element 62302F is for

_,x.dorator,. de',,vlonenlt efforts under Project 3148. Program Element 63302F covers
:tio' of an Advonced Technology Development (ATD) effort under Project 6339

, eri rmistrate ldvanced technologies in pulse motors, thermal barriers and coraposite
. I o included in the 63302F area is the start an effort directed toward future air-

vI,_, , rnissiles that will be integrated into the Phase II AMTI program. The 62203F
.. frt, nil the v-,rl, supporting ramjet booster propulsion. Other funds are received to
%. )W, T Yon uinj /iten developments such as ACM- 130, SRAM-II, CREST, and Hardened

0oo (I IN L).

TAB[_: 3. Air-Launched Missile Propulsior Funding

" ') AV 'F i FY 20 FY 89 FY 90

2,330 2,330 2,200
700 2,100 2,320
190 13 -

',,I V ,

3 5 5
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e. Future Work

The broad scope of future work for the three principal clusters, Low Signature,
Inproved Peforrnance Motors, and Component Assurance are shown in Figures 26, 27, and
28 . Th se (re not specific programs but general areas of investigation that will be
investig(Ited during the FY 88-92 time period.

4. 3allistic Missile Propulsion Technology

The Ballistic Missile Propulsion Technology thrust contains three clusters to develop
technology for future USAF ballistic missile booster systems, upper stages and payload
delivery systems. This thrust provides technology for improved performance in
range/;ayload capability, increased reliability, reduced development risk and increased
accuracy. This thrust is illustrated and summarized in Figures 29 through 33.

a. Objectives

The overall objectives include developing technologies that will increase
booster reliability, enhance service life capability, reduce operation and maintenance
costs, increase payload and range capability with reduced size missiles and enable new
missions. These objectives will be met by investigating critical areas of solid propellant
motor failure modes such as bonded interfaces, chemical migration and propellant aging.
Components are being developed that will reduce the weight and volume of future
ballistic missiles and that will enable high acceleration ICBM flight. Penetration-aids/re-
entry vehicle propulsion will also be developed. New and innovative nozzle designs,
simple and economic processing techniques, and characterization of nozzle performance
and materials will increase reliability and reduce costs for future nozzles and exit cones.
The work in this thrust is performed under four clusters as shown in Figure 29.

b. Clusters

The clusters shown in the lower left quadrant of Figure 29 will be discussed.

I) Service Life

The Ballistic Missile Service Life cluster ;s responsible for developing
technolohl(s that will increase booster reliability, enhance service life capability, and
reduce, operation and maintenance costs. This is accomplished by investigating,
identifying, and providing technology for controlling the processes which may lead to a
high p robability of failure in critical areas in a solid rocket motor. Bonded interfaces are
*eing invstiqated to acquire technology to direct the development and evaluation of
;-tocturally superior bonded interfaces. Many unidentifiable chemical interntions
(poisonings) take place Jiuring motor manufacture. Many ,nore of these "poisonings" have
uc),rrtmJ in composite case motors than in metal case notors. A clearer understanding of
the pro,)ellant!liner/insilution/cose chemical activity is needed to predict reliable and
ci~je-stuale rocket notor interface bonds. Manufacturing and processing variables of high
enemgy propellants will be investigated in order to identify and develop procedures that
oill ensure the production of reproducible propellants, liners, insulations and bond
s/stems. To inierstand the interaction between the balistics and the structural
,:hara,:teristics of u solid rocket motor, work is being done to understand how structural
lef, ts jre Initiated, how to identify these defects using computer tomography non-
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destrulctive evaluation technology, and understanding the effects of these defects. This
closter is summarized along with other fundarnental structural integrity topics in Figure
30.

(2) Advanced Booster and Front End Technology

The Advanced Booster Technology cluster develops solid rocket motor
components that provide growth capability for future ballistic missiles in terms of throw-
weight, range, increased basing flexibility, increased survivability, increased reliability
and maintainability, and lower life cycle cost. A major technical issue in this cluster is
the performance of motor cases. We 'iave discovered new fiber/resin combinations that
increase the case efficiency by up to 38 percent. Work is continuing in motor case
technology to further inprove case efficiency, reliability, processing, and damage
assessment. Feasibility was demonstrated of critical Integrated Stage Concept (ISC)
technologies. This concept was then transitioned to an advanced technology development
program which is being conducted through FY 91. Studies and analyses indicate that
applying the ISC to the SICBM can lower booster production costs 40 percent and increase
throv-weight 13 percent or range 17 percent. Critical technologies for the high
acceleration booster concept were identified. Propellant development for this type
booster will be accomplished first, followed by the start of a motor component

0 develop:nent progran in the out years. Front-end propulsion technologies are also
included in this cluster. Two programs have been completed that explored both liquid and

a. solid technologies to reduce the weight of the post-boost propulsion system. Solid staged
combustion (SSC) and gas driven intensifier technologies for advanced post-boost
propulsion systems were demonstrated. The SSC concept can reduce system weight by 32
percent less than present solid gas generators.

(3) Nozzle and Exit Cone Technolog/

The Nozzle and Exit Cone Technology cluster summarized in Figure 31
develops nozzle components for future ballistic missiles and space motors. The overall
objective of this cluster is to increase the reliability of nozzles and exit cones. Work is

being performed in the areas of nozzle materials, design and analysis, nozzle construction,

processing science, and nozzle characterization and inspection. In-house studies ire
underway to develop a "proprietary free" aron-carbon manufacturing process: to
understand the carbon fiber structure, surface properties, oxidation rates, and surface
norpholugy and porosity, and to develop a state-of-the-art thermal-structural anal/sis

capability. We are actively participating in the development of an Advanced Rocket
* >lrmzcle Inspection System (ARPIS). The result of this program will he to employ the

cut np-i ter tomography (CT) inspection technique at a nozzle production contractor site.
To s/steins are to be made operational; one at IKaiser Aerotech and the second at
Hercules/B3acchus. A large effort, both in-house and contract, is on-going to understand
the significance of the flaws let(c:ted by computer tomography machines. A major effort

.t, exlore advanced image onlysis for advanced CT inspection will be conducted. In the
area of nozzle fabrication, a new nozzle fabrication process was evaluated for use in the

5nall I(-3M. The 3D French Novoltex advanced construction exit cone was selected for
51CBPV Stages II and Ill. Nurtnerotis disciplirnes are required to explore the art of nozzIe

oam exit cone technolo.3y. This cluster helps nuich of the art become a science.

b'--:
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-C. Payoffs

The Ballistic Missile Propulsion Technology thrust provides propulsion
technology that enables the Air Force to maintain existing missile systems and to develor
new missile systems to satisfy new mission requirements. Technical accomplishments in
this thrust have given the Air Force the capability to predict the performance of the
missile systems, minimize operational failures, and improve the performance of existing
systems. The Advanced Strategic Missile Systems Office depends on the technical
accomplishments of the Ballistic Missile Propulsion Technology thrust and assists AFAL in
transitioning these technologies into systems.

d. Funding

Table 4 shows the total funds to be expended in the Ballistic Missile Propulsion
Technology thrust from FY 87 through FY 89. The following is an identification of the
Program Elements supplying funds +o this thrust:

11213F - Minuteman Squadrons
61 10IF - Laboratory Director's Independent Research Funds
61 102F - AFOSR Research
62302F - Rocket Propulsion Exploratory Development
63302F - Space and Missile Rocket Propulsion Advanced Technology

Development
: a. 6331 IF - Advanced Strategic Missile Systems

643 12F - Peacekeeper (MX)
% 64609F - Reliability and Maintainability Technology Insertion

Program
65502F - Small Business Innovative Research
651i 111F- (FWE)

TABLE 4. Ballistic Missile Propulsion Funding

- ($K)
PROGI AM ELEMENT FY 88 FY 89 FY 90

11213F 22 22 22
61101F ISO - -
61 1 02F 462 359 400
62302F 1,378 1,600 1,600
63302F 2,200 2,400 2,200
63311F 1,500 500 -

; 4312F 200 100 100
64609F 1,318 265 -
'5502tV 1,548 1,200 -

65111F (FWE) 250 465 195

e. Future Plans

Future work In the Ballistic Missile Propulsion Technology thrust will involve
-_ntinweJ efforts to improve the performance and reliability of propulsion systems.
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In the Service Life cluster, future work will concentrate on the understanding
of propellant aging characteristics and on the development of nondestructive inspection
techniques. Two specific efforts involved are studying high energy propellant/cose
interfacial bondlines and developing accept/reject criteria for the inspection techniques
developed. This cluster is summarized in Figure 30.

In the Advanced Booster and Front End Technology cluster, future work is
planned for improving component material technologies which include ceramic composite
polar bosses, high temperature cases and fixed nozzle TVC concepts. Technologies for
penetration aids, re-entry vehicle propulsion and high acceleration will be developed.
Integrated Stage Concept technologies will continue to be pursued.

In the N-zzle and Exit Cone Technology cluster future work is planned for
fully developing processing and failure criteria for current and advanced construction
carbon-carbon materials, implementing computer tomography inspection techniques
including the development of accept/reject criteria.

The AFAL Component Laboratory continues to grow and helps us to inprove
our in-house capabilities in the areas of carbon-carbon and case fabrication. Major goals
of the Component Laboratory are to develop nonproprietary processing techniques,
characterize advanced fibers and resins, develop material inspection techniques, and
establish nozzle and case failure criteria. The program is summarized in Figure 32.

5. Fundamental Technologies

This technical thrust is the germination bed of fundamental design and evaluation
techniques directed toward decreased development risks and life cycle costs, increased
design reliability of space systems, minimized impact on the environment of rocket
propellants and ingredients, and evaluation of the feasibility of advanced concepts for
energy conversion. This thrust is illustrated and summarized in Figure 33.

a. Objectives

ebn The Fundamental Technologies major thrust contains five clusters to provide
enabling technology to the laboratory major thrusts for rocket propulsion and space

.vehicle advancement. The five clusters are Spacecraft Sciences, Improved Propellants,
Combstion Technology, Strctural Integrity, and Applied Research in Energy Storage.
This thrust provides the core technologies that serve as the building blocks for propulsion
and space vehicle advancements. The thrust provides feasibility demonstration of energy

0 storage concepts, new ingredients, low cost processing methodology, improved safety
e , concepts. structural integrity methodology, means to improve performance, and means to

%S prevent combustion related problems in Air Force missile and spacecraft systems. Basic
research programs feed the exploratory development in nost areas such as energy
storage, combustion, fracture nechanics, chemica! -/nthesis and composite materials.

* Advances in this thrust may be incremental, providing a broad base of research
and applied technology that contributes to the solution of existing problems, or providing
step function inprovements and even technology breakthroughs. This thrust uses
knowledge from the fundamental physical sciences to generate engineeering problem
solving tools. The application of two or ,nore small technology advances can result in a
Lm rge improvement in syste;n capability. The energy storage cluster is evaluating the
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feasibility of radically new concepts which show potential for dramatic improvements in
propulsion capability. Emphasis is on applied research concepts highlighted in AFSC
Forecast II deliberations. Innovative means to store energy in atoms and molecules and
fundamental antimatter research are receiving primary attention. Spacecraft sciences is

*" a new cluster directed toward application of fundamental chemistry to problems
associated with systems in space. Polymer chemistry and chemical vapor deposition
techniques will be emphasized to provide improved coatings, lightweight structures and
tankage on spacecraft. Improved propellants will emphasize low cost ingredients
reproducibility and processing techniques to reduce the cost of propulsion while
maintaining or increasing performance capability. Thermoplastic elastomers, TPE, show
promise for low cost propellant applications. Life cycle costs can be reduced by carefully
developing new components to eliminate costly processing steps and identifying the life
limiting design weakest link. Bonded interface improvements and hazards mitigation will
be stressed. The combustion cluster will emphasize performance and liquid rocket
instability technology. All clusters emphasize working with peers in other organizations
to eliminate duplication and build upon technology advances. Transition of know how
fra)!n this thrust to Air Force systems is the ultimate payoff.

b. Clusters

* The clusters shown in Figure 33 will be discussed with the exception of
Spacecraft Sciences. This new cluster is currently focused on in-house research projects
hopefully leading to contracted efforts in later years.

(1) Improved Propellants

This cluster is summarized in Figure 34. As the name implies, the
purpose of this cluster is to develop the technology base for improving the properties of
propellants.

As a result of the need for low-cost access to space, major new emphasis
is being placed on low-cost propellant ingredients, such as am,nonium nitrate (AN)
oxidizer and low-cost!continuous processing techniques. The development and use of AN
as a propellant oxidizer in place of the currently used ammonium perchlorate oxidizer
could reduce the cost of solid propellants by as much as $0.50 per pound. Work in this
area is directed toward increasing energy, improving the combustion efficiency of AN
propellants, and investigating novel propellant processing methods including extrusion,
solution, and dry blend/melt. Not only do all of these methods have the potential to
reduce processing costs but they also enable the use of many energetic and low-cost
ingredienits not previously usable.

Development of thermoplastic elastomers (TPE) for use as solid
propellant binders may be critical to the development of novel low-cost
propellants/propellant processing techniques for space transportation. Therefore, new in-
house and contractual efforts are being initiated to develop TPE-based propellants. The

* TPEs are unique binders that do not chemically (irreversibly) cure, but cure by physical
association of the polyner chains at ambient temperature. This process is reversible at
elevated processing temperatures where the polymer chains dissociate, resulting in binder
(propellont) melting. The other distinct advantages over current chemically cured
propellants include indefinite pot-life and tailorability, reproducible mechanical and
ballistic ,roperties, low cost, and applicability to large-scale continuous propellant

55

6%
% % J



C\
(0

CO-

.- V) CS
lm, c ~cc a

C L

Lm w

* hI~i

U~~ c.cu U

0o

0,

I.CC > = *- 0 a Y

66 C.)

wit'.



'N

production. Initial feasibility studies have demonstrated that acceptable propellant
mechanical properties can be achieved using low-cost, commercially available TPFs.
Small scale rocket motors containing TPE based propellants have been fired.

Efforts are continuing with glycidyl azide polymer (GAP), which is a low
hazords energetic binder that offers unique improvements to propellant performance and
ballistic characteristics. This unique combination of low hazards and improved
performance makes GAP the most likely binder caindidate for Class 1.3 minimum smoke
and high burn rate propellant applications. In-house programs have demonstrated that
"clean" burning GAP/AIN/Al propellants can provide comparable theoretical performance
to current AP propellants. Current and future programs will finalize GAP modifications
and characterization techniques that will lead to the operational use of GAP in the near
future.

(2) Combustion

This cluster is summarized in Figure 35. The long term goal of this
cluster is to improve motor/engine performance and to reduce development risks by
developing predictive tools and guidelines which will allow the user to maximize
performance and stability, and to minimize internal flow problems during the propulsion

. systern design. For the past 10-15 years, the emphasis !as been on developing new solid
rocket motors. The long term goal of this cluster is to improve motor/engine
performance and to reduce development risks by developing predictive tools and
guidelines which will allow the user to maximize performance and stability and to
min, p intprnnl flnw problems du, hMg the propulsion system design. For the past 10-15
years, the emphasis has been on developing new solid rocket motors. Over the next few
years this emphasis is being reversed to support the development of new liquid systems for
use in space. In addition, we are responding to the need to apply our propulsion based
technology to new problems associated with future operations in space.

The coupling of the liquid or solid propellant combustion processes with
the acoustic characteristics of the combustion chamber is treated in the Combustion
Stability subcluster. In the liquid stability area, several programs are addressing the
damping of acoustic energy in liquid rocket combustion chambers. These programs end in
FY 90. Another program is attempting to control the damping process using adaptive
feedback techniqjes to vary the characteristics of the damping device to match and
cancel the disturbance. In FY 39 we are starting a program to characterize the source of
the acoustic disturbance that creates the instability and relate it to the performance of
the injector. Our goal is to design the most efficient stable liquid rocket motor possible.
Several programs, ending in FY 90, will better define how the propellant combustion
,,roes interacts with the acoustic energy generated within a solid rocket motor. These
progrums will lead to better understanding and avoidance of these solid rocket motor
instabilities. Included in this effort is the AFAL portion of a TTCO effort to evaluate the
existing methodology for experimentally determining the combustion response of solid
propelkint to acoustic pressure fluctuations. This new technology will help us avoid costly
nonlinear instability problems. No further work is planned in the solid stability area until
after FY 93.
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The Propulsion Performance subcluster treats both combustion chamber
and nozzle performance. A prograrn ending in FY 89 will develop a new performance
model that will accurately predict the performance for the new large area ratio nozzles
being designed for space applications. These new liquid engines will operate in a
perfornunce regime in which ground simulation is impossible and accurate extrapolation
of ground test results to predict performance in space is critical. A program starting in
FY 90 will treat unconventional nozzle designs. Our solid performance prediction effort
begins ai hiatus in FY 90 with the completion of the very successful joint AFAL/BMO
progruam in head end erosion. Future work dealing with advanced motor performance and
slag accumulation prediction will not resume until afler FY 93.

The Solid Propellant Behavior subcluster addresses the problems of

steady state combustion. Ongoing programs that end in FY 89 will determine ways to
,* a-. decrease the temperature sensitivity of solid propellants, improve combustion efficiency

of the inexpensive and environmentally safe ammonium nitrate propellants, and solve the
problem of propulsion system induced nutation of spin stabilized satellites. In FY 92 we
,itl heji, a program that addresses the problerns of high pressure combustion associated

-4-. with tihe proposed high acceleration weapons.

(3) Structural Integrity

This cluster is summarized in Figure 35. This cluster develops
• h_, olon ~required to assure the structural integrity and service life of solid rocket

tr . space related structures. Five subclusters address specific areas within this
, J ' :' rter. The Structural Analysis subcluster has produced advances in linear finite

S'. henent analysis codes for solid rocket motors, and efforts continue to develop a
(jenercl ly applicable constitutive theory, notably in the area of microstructural theory.

-,(. Ir emphasis in this subcluster, however, is now on non-linear analysis technology.
'-e major remaining problem is material non-linearity, and an intensive attack on this

lro,-., continues. An additional goal in this subcluster is the strengthening and
nmintenance of AFAL's capability to perform in-house structural analysis of large space

boost(_ers ,',.d othe " ir'e solid rocket motors (SRM). The Consolidated Analysis Code
"projram (planned for FY 90) will give AFAL state-of-the-art analysis capability in the
re-o of large solid rocket boosters.

The primary ongoing effort in the Failure Analysis subcluster is research
- x ;)ropeIlant fractor.e, with emphasis on the effects of strain fields and property

ir,.ioic fs. This research will feed into work being done io develop structural analysis
,(li-i housed on, propellant microstructure and an effort to develop a unified propellant
m.m iiru tmry (starting in FY 21). Research on the failure characteristics of

,..",: . tt m -, tom ers will also be conducted under this subcluster.

efforts in the Structural Evaluation subcluster are aimed (it
.i .. r,,ieins in propellant surface strain measurement. This technology is needed

Site ,nal-,sis techniques as well as to directly evaluate notor structural integrity.
e hf, ts of the spar:e environment on SRM components will be evaluated under this

06S''-,
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The hazards stbcluster provides the experimental efforts which rnaintiin
the At A' 's in-house ,lco ao il lv to ev, hj lote prop.olllt h(z(rdS. Curri it in-house find

.lnitr.i, t,! fforts inclutde chklircicteriWing tlw senlsitivity of j)ropellr]ints to electru it(l i,

e discharge (L-SD).

"" The 3onded Interface Technology subcluster is the most heavily
inphasized in the cluster. The goals are to understand and control the structural

integrity and service life problens related to the motor interfaces: propellant/liner,
liner/insulator, and insulator/case. One of the efforts is aiined at developing a computer
code which will predict the migration and chemical reaction of mobile ingredients within
a rucc'-<et notor, and to Jetermnine the resulting material properties for input to structural
and service life analysis. Another effort will demonstrate the effectiveness of
"insiliners" in solid rocket motors. The insuliner replaces the insulation and liner with (i

single naterial. This reduces the number of interfaces and greatly increases the
relialbilitv of the propellant grain through decreased complexity and fewer migrating
inredicrts. The AFAL is nlso establishing an ii-house capability in this ,rea.

(4) Applied Research in Energy Storage

High tE nergy Density Miatter Technology Area

This cluster is sumnorized in Figure '36. The long term thrust of the
'ligh Fnergy Density 'Aatter technology urea is to create, stabilize, characterize and
Jevelop high energy density natter for potential use as propellarnts, fuels, and explosives.
r)1,ring the 196O's, there was much interest in exploiting such high energy species is

* ..'. Ic u.G ,i 'rec radicals. Unfortunately, the necessary computational and diagnostic
cupabi ties were not available and most of the work ceased. With the advent of super
computers, much more accutrate computer solutions are being done. With the tremendous
advances in laser technology, not only are extremely fast selective, (and sensitive
diagnostics avai able bit also the knowledge of inetastables in laser plasmnas gives insight
that was previously lacking. These advances, along with new chemical bonding theories,
have generated a renewed interest in the area of high energy density matter.

Current eriphasis in this area is on theoretical and experimental studies
to ldentify candidate materials possessing very high energy densities to identify decay
mechanis;ns and to determine possible stabilization techniques. The long term thrust of
this techology area is to create, stabilize, characterize and develop high energy density
maftter for potential use as propellants, fuels, and explosives. During the 1960's, there
was much interest in exploiting such high energy species as metastables and free radicals.
Unfortunately, the necessary computational and diagnostic capabilities were not available
and most of the work ceased. With the advent of supercomputers, much more accurate
computer solutions are being done. With the tremendoos advances in laser technology, not
only are extremely fnst selective, and sensitive diagnostics available but also the
knowledge of mnetastables in laser plasmas jives insight that was previously lacking. The
availability of these new tools, along with new chemical bonding theories, have generated
m1 renewed interest in the (irea of high energy density matter.
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Current emphasis in this area is on theoretical anti experimental studies
to Identify candid te naterinls possessing ve y high energy dt-nsitie , and will ideitif'
,1tiety m.echanlisns aknd possible stahi lit lo teclrniqiles.' lIew cuildidates incIm.l
asymlmetric N202, a potential high energy oxidizer. Progress has also been made towaird
stubilizing4 high energy azides and high energy forms of frozen hydrogen. Stabilization
efforts parallel the creation efforts. Feedback among identification, creation and
stabilization efforts is enhanced by annual conferences held jointly with AFOSIR. As
stable products become available, they will move into characterization efforts to
determine physical and chemical properties. Since there is a high likelihood of some of
the end products being different than current propulsion systems, conceptual engineering
studies will be needed to determine how to best use the available energy.

* ~,2,Antimatter Technology Area

Antimatter represents the highest possible energy storage density known
to science. Microscopic amounts of antimatter could in principle be used to heat
propellunts to arbitrarily high exhaust velocities, enabling rockets for existing missions to

fe ouch snaller, and enabling new hiqh velocity missions. Currently, antimatter must be
'nude in high energy "atom smrashers" at very great expense and at rates too small for

practical use, however approaches to higher efficiency exist. It yields its energy
* whenever it is allowed to come in contact with normal matter, and thus must be produced

and stored in isolation from nor:al matter until needed.

AFAL and R4ALD Corporation organized an assessnent of antimatter
technology, needed to determine if antirnatter can eventually be produced, stored and
used in the qja.tities needed for propulsion (it a reasonable price. The AFAL/R!A.' LD
assess;nent included input fron national experts in all of the technologies required to take
nvtiinatter from production to a)plication. It concluded that there are substantial near-

V term scientific, engineering and medical benefits to having a U.S. source of low energy
antiprotons and that scaled-up production might be possible fro Ti this technology base.
The AFAL is working to encourage the creation of such a source at an existing national
accelerator and is investigating the theory of efficient antiproton production with

3rookhcven National Laboratory. The most promising way to store antiprotons in high
densities would be to combine the-n with anti-electrons (positrons) to nake antihydrogen,
forr,; ontihydrogen cluster ions, and then ,jow the cluster ions into charged crystals of
i,,tithvdr'lgen ice. AFAL has Muititled project to investigate technology for growing
hy.drogen cluster ions without contact wNith nornnl rnatter. These nethods would then be
uise--d for .ntihydrogen.

.. . Payoffs

Figures 3_-30 show some of thlie payoffs th at can be realized through
.v-l up nent of these fun .nen ta l te hnolo]ies. "Ilew, better, and cheaper ways to
providm, ,ore reliable space and rockut syste ns best describes the payoff of this thrust.
The .)r,).jramns in this thirust provide the basic ground work from which our understandinj

* of s,)ace anrd rocket propulsion technology evolves; these are our "core technologies." T! ,
Irnderstil'ding derived fron this thrust allows ,s to investigate innovative higher enerjy

" remvit'/ concepts, to develop improved propell ints for increased rockel performance, ,id
to pro'v'ide low risk, low cost concepts and approaches. -ff )rts ore under 'Nay tim i

pr, i- to reduce propellant proctssing costs. Improved knowl"dge of bonded interface
pherio nnra will result in higher perforinor,:e and .jrenter reliability for Air Force mi ssi ,s.
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Fi,rre 37 identifies the Fundomental Technologies thrust transition taJrg-t,
FI irnsi tion to the applicutin i Ihrusts is the sigtJificati output of technology fronr t I i I
thrust. We seek energetic, chemically stable and safe propellants. The coinbusliorj
pro,:ess nust be stable and efficient. Improved design tools are needed for structural and
c)!obtistion analyses. Advanced concepts for potential high energy density materials and

.. a timatter research ore needed to meet the requirements of AFSC Project FORECAST 11.
The concepts are high risk, hut have very high payoff potential. In a generic sense, all
i nprove nents riust be nade without compromising logistics requirements. We seek
before the fact imrprove nents and after the fact solutions.

.d. Fundin

Table 5 shows the funding we plan to apply to this thrust. The Programn
i-lkrnent 61 lOIF monies are from the Laboratory Director's Independent Research Fund.
The 6 11 02F monies ore AFOSI research funds being applied to rocket propulsion goals,
Project 5730. The 62601F monies are Advanced Weapons resources being applied to
enerjy storage goals. The exploratory development investigations are accomplished under
Projraum Element 2302F, Project 5730. The 64312F funds ae for ICBM rnodernization.
P The 6460?1 funds are port of the Reliability and Maintainability Technology Iisertion

* Program. The 65502 funds are from the Snall 1usiness Innovative Research program.
. The 65307 funds are Test andI. Evaluation roonies fron AEV)C. The 7801 IF funds are

P"'nd..strial Prepared:ness monies for improved manufactring technoloqy (MA'ITECH) from
A W AL.

FABLEi 5. Fundamental Tinchnologies

($K)
-:,(GKA,,, KKMFD IT FY 33 FY 39 FY 90

t11011 319 100 -
,I1 I 2 - 2,015 1,917 1,751

- 2601F 290 60 -
62302. 6,666 6,542 6,800
64,312F 530 -
60 09F 200 600 500
63 502K 300 , ?00 950
65307F 230 250 100
7301 IF - 700 1,000

'' " ", FLotuore P1,!

iir,!, 22-4l i !intif, thin prmje: t ,mphwsis i this t.rwst. They urn pres;ntd
ii tLi j :mwtril ordtr , , .:)r,!Hj to tha clmst r r sonsi)l,, for thw ,,,r .
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APPENDIX

FY 89 & 90 COMPETITIVE PROGRAM LISTING

Notes:

I. This list contains those programs we expect to award to industry
competitively.

2. The program work units are organized by Technical Thrust.

3. This program list was prepared as a "slice in time" and is subject to changes.
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FY 89 SPACE SYSTEMS PROPULSION PLANNED NEW STARTS

TITLE: Vaneless Turbine Eval

PERFORMANCE PERIOD: Aug 89 - Jul 92

OBJECTIVE: Evaluate the aerodynamic performance of vaneless turbines which will
allow high temperature operation (up to 2500F) while reducing the penalties associated
with turbine cooling. A preliminary design of the vaneless turbine will be accomplished
to establish overall configuration and cooling requirements. The design will be refined
through optimization studies to estalish the number and shape of the counter-rotating
turbine blades, ,naterials, and cooling requirements. Hardware will be fabricated for
air rig tests. These tests will verify turbine performance in simulated environments and
provide best transfer data to verify cooling capability.

TITLE: CVD Tech Demo

PERFORMANCE PERIOD: Nov 38 - Sep 90

OBJECTIVE: Assess the extent to which iridiurn chemical vapor deposition (CVD)
coatings can provide increased thermal and oxidative resistance. Simulated engine
components will be manufactured and coated by a chemical vapor deposition (CVD)
process. CVD) chamber shape and flow of the deposition gas will be optimized. The
simulated components will be of various construction materials and will be coated with
Ir, Pt or allows of IR, 1090. These coated materials will bc placed in chemically
aggressive environments to simulate engine ope.st;on. The value of diffusion limiting
interlayers will be assessed. Cu, Ni, and Niobium alloys will be the principal materials
of construction.

TITLE: High Thrust Injector Demo

PERFORMANCE PERIOD: Apr 89 - Sep 91

OBJECTIVE: Develop a stable injector configuration at the 10 - 20 K pound thrust level'I utilizing XLR-132 technology. Scaling that technology to a higher thrust level is most
difficult in the area of injector stability. A conceptual engine design will be developed,
an injector will be designed in detail and denonstrated. The injector design verification

* |will include significant stability analysis.

rITL_: Integrated ACS Study

PERF(_RMAi ,CE PELIOD: May 89 - Apr 90

03 J11:FIVE: Provide a technology plan for a high perfornance extended life ACS
thrster and feed system components design for integration with a primary storable
pump-fed (N204/MMH) orbit transfer ond maneuvering systen. Input fron the
Advanced Spacecraft Feed System and the XLR-132 storable engine development
prograns will be used to initiate studies and analysis to determine the feasibility of
intejrdting the primary, attitudie control, orbit transfer, and maneuvering propulsion
systens. The analysis will define the most effective ,neums for integrating these
syste ns and identify technology needs. Considerations for reducing cost and improving

d, reliability is also inchded.
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FY 89 SPACE SYSTEMS PROPULSION PLANNED NEW STARTS (Continued)

TITLF: 30-KWe Class Arcjet ATD

PERFOIMANCE PERIOD: Mar 89 - Aug 92

OBJECTIVE: Develop a prototype 26-kilowatt-electric (KWe) ammonia arcjet
propulsion system consisting of a thruster, a power conditioning subsystem, a propellant
storage and delivery subsystem, a thermal management subsystem, and a control
subsystem, and to demonstrate it in space. This project will have four major phases of
technical effort. In the first phase, the contractor will develop the thruster, the power
conditioning subsystem, the propellant storage and delivery subsystem, the thermal
nanagement subsystem, and the control subsystem. In the project's second phase, the

contractor will integrate each of these five subsystems into a single propulsion system
n-,d evaluate its performance under simulated space conditions. As part of the project's
third phase, the contractor will work with the Air Force to qualify the arcjet system for
a space test. In the final phase of the project, the contractor will support the Air Force
during the arcjet payload integration and the space demonstration mission.
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FY 89 SPACE VEHICLE TECHNOLOGIES PLANNED NEW STARTS

TITLE: Struct Eval of SBR Concepts

PERFORMANCE PERIOD: Mar 89 - May 90

OBJECTIVE: Perform a complete structural performance evaluation of two candidate
Spice Based Radar (SBR) concepts in the presence of environmental and on-board
disturbances. In task I, structural finite element models of the two SBR concepts
selected by the USAF will be developed for radar performance evlauation. The models
will be analyzed to determine the natural frequencies and the mode shapes of the
system. Task 2 will develop mathematical models for the mechanical disturbances
experienced in orbit such as temperature changes, returgeting and station keeping
forces, etc. The structural response of the system under both static and dynamic
loading conditions will be determined in task 3. If required by the mission, structural
vibrations due to mechanical slew maneuvers will also be determined. Task 4 will
integrate the structural response with an antenna performance code to determine the
distortions in the antenna far field pattern in the presence of structural vibrations. The
study will provide an estimate of the amount of structural vibration control required to
limit the distortions in the antenna pattern to an acceptable level.

TITLE: TVS Components Demo

PERFORMANCE PERIOD: Jun 89 - May 92

OBJfECTIVE: Develop and demonstrate the components of Thermodynamic Vent
Systems (TVS) for space storage of cryogenic fluids. A trade study will be performed on
the TVS flow and pressure control system design options to identify two or more design
approaches which satisiy requirements for long term space storage of cryogenic
systems. A simulated TVS system, capable of subjecting the flow and pressure control
components to the expected operating conditions will be fabricated. Tests will be
conducted to verify that the system provides the required flow and pressure control.
Reliability and potentici failure modes of the system will be addressed and the critical
components subjected to accelerated life testing.

TITLE: LDR System Design Model

PLHI--OR MANCE PERIOD: Mar 38 - Feb 89

OBJLC fIV-: To upgrade the Liquid Droplet Radiator (LDR) system design model. The
current LDR Jesign code will be evaluated for its adaptablity. Its weight and size
prediction algorithms will be assessed for their accuracy and adequacy to analyze a
wide range of possible LDR configurations. The current code will be modified or a new
c de developed based )pan the previous model evaluation. The new, more user friendly
code will have the capability to design and analyze building block LDR configurations.
It will also incorporate optinization algorithms which will allow the LDR system design
to be optimized for specified constraints.
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FY 89 SPACE VEHICLE TECHNOLOGIES PLANNED NEW STARTS (Continued)

TITLE: Space Heat Exchanger Ground Demo

PERFORMANCE PERIOD: Jan 89 - Jun 91

k OBJECTIVE: Demonstrate the operation of a direct contact heat exchanger in asimulated space environment. Analyses will be conducted to establish representative

heat exchanger designs for a selected number of potential applications. Detail design,
including operating conditions and test parameters, will be generated for the preferred
configurations. Test hardware will be fabricated and tested in a simulated space

'. 'environment to gather performance data. The data will then be correlated with
analytical predictions to assess concept feasibility.

TITLE: Adv Spacecraft Technology Integration

PERFORMANCE PERIOD: Mar 89 - Feb 90

OBJECTIVE: Outline the specific details of a program that will provide an effective
means of demonstrating advanced spacecraft technologies in the space environment.
The general approach to this effort is to identify candidate technologies for

* • demonstration and to investigate means by which the demonstrations could be
integrated into a flight experiment. After the technologies are identified, a search will
be performed to locate a planned satellite that could be used as host for the
demonstration experiments. If a host can be identified, methods for integrating the
demonstrations and collecting data will be studied and evaluated. If a host cannot be
identified, the feasibility of designing and building a dedicated statellite will be
evaluated.
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FY 39 AIR-LAUNCHED PROPULSION PLANNED NEW STARTS

TITLE: 1.3 GAP Propellant Bondline Aging

PERFOtRMANCE PI-ERIOD: Jun 89 - Sep 92

OBJECfIVE: The service life limiting reactions for Class 1.3 GAP propellant and
propellant/insulation bondlines are not adequately understood. This lack of
understanding precludes the selection of methodologies to improve structural and
chemical stability during aging. This project shall elucidate reactions occuring during
aging that are detrimental to 1.3 GAP propellant and propellant/insulation bondline
structural integrity. Results shall be used to improve the structural and chemical
stability of Class 1.3 GAP propellant and propellant/insulation bondlines. Extended
service life and reliable predictive methodology of Class 1.3 GAP oropellant solid
rocket motors shall be the results of this project. The technology can be transitioned to
any missile system using Class 1.3 GAP solid propellant rocket motors.

TITLE: Detonation Mitigating Liner/Insul/Case

PERFORMANCE PERIOD: Aug 89 - Jul 91

OBJECTIVE: Currently a i--Iounched sold roc<et ,uiors containing high energy, Class
1.1 hazards propellant can be detonated. This detonability requires that these Class 1.1
motors adhere to strict quantity-distance handling and storage regulations. This effort
will redce the shock-to-detonation sensitivity of solid rocket motors. This will enable
the Air Force to use hazards Class 1.1, high energy mininum smoke solid rocket
propellant. It will also allow the Air Force to have larger numbers of solid rocket
motors in current facilities because the motors containing the detonation mitigating
liner/insulation/case systens will be less apt to spontaneously or sympathetically
detonate. All users of solid rocket motors would benefit fron this project, especially
the Air Force, as it would enable the Air Force, TAC, to use high energy, minimum
smoke propellants; and the Army, as they already have Class 1.1 motors fielded. This
project will greatly reduce the hazards associated with handling storage and operation
of currently detonable solid rocket inotors.

TITL-: Advanced Tactical Missile Signature Study

PEIFORMANCE PERIOID: Jan 89 - Sep 90

OBJECrIVE: We are expending significant resources reducing the signature of t ctical
missile motors. We need to deternine if a further reduction of missile signatures is
needed or required. Since reducing motor signatures generally reduces motor
),erfornance, we need to determine the break even point between the two. We need to
oo it how this tradeoff effects missile lethality and aircraft survivability.
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FY 89 AIR-LAUNCHED PROPULSION PLANNED NEW STARTS (Continued)

fITLF: Low Shock Igniter

PERFORMANCE PERIOD: Jan 89 - Jun 90

OBJECTIVE: State-of-the-art rocket motor igniters cause a pressure spike upon
ignition. If this spike is significant enough, the propellant grain may be damaged
causing catastrophic failure upon motor ignition. This program is intended to develop a
foamed pyrotechnic igniter that will deflagrate instead of detonate in order to reduce

Sthe pressure spike. At the same time the i( iiter needs to generate ample heat flux to
r. the inner bore, adequate pressure for motor ignition, reduced smoke from ignition, and

adequate transit time for motor ignition. This effort will benefit the Air Force by
reducing the risk of propellant damage at ignition thus increasing reliability and will

W allow the motor case to be designed to a lower operating pressure due to the reduced
ignition spike. Users directly benefiting from this technology include TAC, SAC, and
all major weapon systeins.

TITl_F: Low Cost Process Evaluation Motor

.r_,. PEI ,FORMANCE PERIOD: Sep 89 - May 92

.0 13JECTIVE: Many of the new technologies developed in recent years are costly to
o- -fabricate. As part of a rocket motor. To help transition this technology into systems

the cost of these technologies need to be reduced. This project will investigate, design,
develop, and demonstrate new and innovative processing procedures for producing air-

. launched solid rocket motors. Processes for reducing the cost of new propellants,
composite cases, carbon-carbon nozzles insulators, pulse motor separation techniques,
etc. will be investigted. The overall objective is to cut costs while maintaining the high
performance levels of the advanced technologies.

,
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Is FY 89 BALLISTIC MISSILE PROPULSION NEW STARTS

TITLE: Pen-Aid/RV Technology Development

PERFOIMANCE PERIOD-: Feb 89? - Jan 93

OBJEC rlVl{" The increasing Soviet Anti-Ballistic Missile (ABM) threat will require the
U.S. reentry vehicles to have better penetrotion capability. Relocatoble targets may
require mid-course trajectory changes. Powered penetration aids or reentry vehicles
could mid-course correct for relocaoble targets, simulate or desimulate each other,
rnaneuver to avoid intercept exoatmosphericailly, or eliminate deployment buses by self-
deployment. A key factor against these concepts has been propulsion unit weights.

This progrern would address the weight reductions possible in light of the recent
iniai~turized units built for kinetic kill vehicle divert propulsion systems.

TITLE: Fast B}urn MAissile Technology

PERFORMANCE PERIOD: Jon 89 -Dec 89

OBJECTIVE: Efforts in this area directed toward designing, analyzing, (Ind building
specific propulsion technologies to be employed in future fast-burn mnissile boosters.
Fast-b, '!,n mnisslie technology would enhance survivability to attack by a Soviet layered
defense system by providing the capability to (1) escape incoming warheads by rapidly
clearing the silo, and (2) defeat the boost-phase intercept systein by completing the
boost phase while inside the atmosphere. The technology development effort is
expected to address propellants, advanced materials, creative component design
approaches, and/or innovative manufacturing methodologies. This work will support Air
Force ballistic missile missions and will be applicable to SDI exo- and endo-atmospheri(-
interceptors as well (is space-based interceptor%.

TITLE: Nuclear Propelled ICBM Upper Stage

PC -FORMANC 'E!RIOD: Jun 897 May 91

OBJF('FIVE: The objective of this effort is to develop) nuclear propulsion technology
for application to future ICBM upper stage propulsio- , requirer-ents. Present propulsion
capabilities limnit IC13M throw weight for given total systein mass and range
restrictions. A roclear upper stage provides a high inission energy stage to increaise the
th:r,_, ,veight or reduce total syste,,n mass,, for ai given throw weight. This effort focuses
on onutiny the mission, integration, )erforinance, and safety analysis required to
develop technology for this application. It also verifies, it the component level,
techno logy required to detnonstrate nuclear propulsion engine operation. The end result
of this effort should be the ground work- upon which the Ballistic Missile Office could
-),(ilH t!ie n/ext generation 1(73,M uising a nuclear upper stage er,'ploying advanced booster

-'I°



FY 89 BALLISTIC MISSILE PROPULSION NEW STARTS (Continued)

IlILri: Defect Image Analysis

PERFORMANCE PERIOD: Sep 89 - May 93

OBJECTIVE: The eye can not adequately distinguish, position, and evaluate anomalies
present within current Non-Destructive Evaluation (NDE) data on nozzles. Advanced
computational image analysis would allow anomaly definition and positionin nf defects
for engineering evaluation and corrective act!on. The specific goal is to incorporate
advanced image processing techniques into representative NDE inspection methods
employed on solid rocket nozzle components. Rocket nozzle assemblies contain
composite components and bondlines in which 2 mil thick defect imaging and placement
is necessary to assess proper function. Advanced imaging of detrimental conditions can
mlinimize agonizing and costly delays and save cost parts. This program will support
improved imaging and evaluation of composite based nozzle components for initial part
ucceptance and then for reappraisals of impacted and aging component assemblies.
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FY 89 FUNDAMENTAL TECHNOLOGIES PLANNED NEW STARTV

TITLE: Liquid Stability Mechanisms

PERORMANCE PERIOD: May 89 - May 92

OBJECTIVE: Investigate the basic mechanisms causing combustion instability in liquid
rocket engines. Current technology has focused on damping out harmful pressure
oscillations, rather than preventing their occurrence, due to a fundamental lack of
understanding about how these combustion instabilities arise. Under this effort the
basic mechanisms will be investigated with a long range view toward understanding and
controlling the processes. A fundamental understanding of the causes of combustion
instability should ultimately permit the design of stable, high-performing liquid rocket
engines without much of the trial and error which is presently necessary. The approach
willl be to: conduct literature review to assess the state-of-the-art in experimental
techniques and diagnostics; determine type and extent of data which will be useful in
developing models of combustion mechanisms; develop experimental procedures and
devices for obtaining the necessary data; potential data may concern characteristics of
droplets and spray patterns, droplet und stream breakup, chamber flowfield, and
pressure measurements. Experimental devices will be heavily instrumented. Analysis
of the data should assist investigators to determine instability mechanisms.
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FY 90 SPACE SYSTEMS PROPULSION PLANNED NEW STARTS

TITLE: Dual O/F Ratio Combustor

PERFORMANCE PERIOD: Jul 90 - Jun 94

OBJECTIVE: Demonstrate the durability of thrust chamber materials in a range of
oxidizing environments. The engine baseline configuration will be defined on the High
Performance Oxygen/Hydrogen Engine Definition Studies to be completed in FY 89.
Combustion performance and stability analyses will be conducted to assess injector
concepts and provide design criteria. Candidate injector concepts will be evaluated in
the in-house Injector Spray Characterization facility. Existing sub-scale injectors will
be modified to provide dual O/F capability and tests conducted to demonstrate
combustion efficiency and stability at oxidizer rich and conventional mixture ratios.
Combustion chamber durability will be demonstrated with materia!s selected for
oxidation resistance.

TITLE: Standard Intelligence Engine/Motor Library

PEERFORMANCE PERIOD: Oct 89 - Sep 94

OBJECTIVE: Develop a standard set of nozzle exit plane conditions of ballistic missiles
for plume predictions. A standard set of nozzle/chamber conditions will be obtained
fron the propulsion and intelligence community and compiled into a standard format.
A standard nozzle code w1ll then be used to calculate exit plane conditions. These
conditions will be published and will provide consistent startline conditions for
intelligence assessment.

TITLE: Advanced Reduced Signature Concepts

PERFORMANCE PERIOD: Oct 89 - Sep 94

OBJECTIVE: Investigate missile and spacecraft system signature reduction methods.
Signature reduction would be effected by lowering radiant emissions to neur detection
background or shifting the peak radiance to a waveband that is more difficult to detect.
Advanced propellants, repackaging, and unique engine designs are methods that could be
applied to reduce signatures.

* TITLE: Porous Disc Solar Rocket

PERFORMANCE PE!IOD: Oct 89 -Sep91

OJE-CFIVE: Demonstrate the performance capability of a porous disc solar thermal

thruster concept. A computer model of the flow and heat transfer characteristics of
selected porous materiuls will be developed. Subscale testing will then be performed to
verify the analytical work. A full-scale porous disc will be designed and built based on
these results. Tests will be conducted to verify the temperature distributions and
pressure drops throughout the absorber, determine the energy losses through the walls
fron the nozzle, and throujgh re-radiation back through the window. Maximrnum

Z efficiency will be determined through the varying thickness of the discs.
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FY 90 SPACE SYSTEMS PROPULSION PLANNED NEW STARTS (Continued)

TITLE: Fusion Propulsion Analysis

PERFORMANCE PERIOD: Jun 90 - Sep 91

OBJECTIVE: Technology assessment of fusion for future rocket propulsion systems. An
in depth analysis of the fuel cycle and the plasma physics involved in the fusion process
in the geometry of interest will be conducted to be followed by an in-depth analysis of
the fusion propulsion system, including all of its components and their interactions.
Mission analyses and performance of the fusion propulsion concept with comparisons of
other advanced propulsion concepts that are planned or likely for similar Air Force
missions will be conducted.
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FY 90 SPACE VEHICLE TECHNOLOGIES PLANNED NEW STARTS

TITLE: Deployment Verification Experiment

PERFORMANCE PERIOD: Aug 90 - Jul 93

OBJECTIVE: Validate a spacecraft structural model computer program using data from
a host satellite during deployment. The general approach of this effort is to use the
deployment prediction code to simulate the deployment of actual spacecraft cnd
compare the results to data obtained from the host satellite during deployment. Afier
a host satellite is identified, any deployment processes it employs (solar panels,
antennas) will be modeled and simulated using the deployment prediction code. Data
required to sufficiently evaluate the code will be determined and the instrumentation
necessary to collect it will be identified and integrated with the host satellite. After
data retrieval, the performance of the code will be evaluated and modifications to the
code will be considered if necessary.

TITLE: System ID for Large Precision Structures

0PERFORMANCE PERIOD: Mar 90 -Apr 93

OBJECTIVE: Develop and test an integrated technique for ground-based and on-orbit
system identification of future precision space structures. An integrated approach for
determining an accurate mathemnatical model of large precision space structures will be
developed. The overall goal of identification will be split between system modeling,
ground tests and on-orbit identification tasks, each providing progressively higher
accuracy models. Recent results from USAF and NASA sponsored research in optimal
sensor location, data compression techniques and optimal input shapes for identification
as well as advanced actuation and sensing techniques will be incorporated in the plan.
Verification of the approach on a representative space structure will be undertaken.
This will include computer simulations and experimental verification tests on the
ASTREX facility currently under development at AFAL.

TITLE: Advanced Power Concepts

PERFORMANCE PERIOD: Aug 90 - Sep 94

OBJECTIVE: Identify and demonstrate new and innovative dynamic power cycles
optimized specifically for low mass and for reliable operation in the space environment.
A comprehensive review of previously completed space powered system studies will
establish the range of operating conditions for the dynamic power conversion
subsystem. Analyses will then identify candidate thermodynamic power cycles and
working fluids that have the potential for high cycle efficiency and reliablity at low
specific mass. The specific potential for reaching the power goal, and for having high
reliability will be determined. Necessary laboratory and follow-on testing will
experimentally verify the analytical results.
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FY 90 SPACE VEHICLE TECHNOLOGIES PLANNED NEW STARTS (Continued)
4•.

TITLE: Liquid Metal LDR Demo

PERFORMANCE PERIOD: Sep 90 - Feb 93

OBJECTIVE: Develop and demonstrate the technology necessary for operating liquid
metal LDR's. Initially suitable liquid metal candidates will be identified through
detailed literature searches and supporting laboratory tests. Studies which assess
system operating impacts and predicted performance will be used to select a family of
the most promising liquid metals for a range of heat rejection temperatures between
,00 and 100K. These studies will focus on all aspects of the LDR system including
droplet generation and collection, insitu metal purification, and interactions with the
power conversion system. Technology development efforts will be implemented for any
deficiencies associated with the selected liquid metals. The program will conclude with
appropriate testing to demonstrate the necessary technology is "in place" and confirm
the analytical performance predictions.

TITLE:; Belt Radiator Dynamic Characteristics

PERFORMANCE PERIOD: Sep 90 - Sep 92

OBJECTIVE: Develop and experimentally validate an analytical dynamics code capable
of evaluating various MBR concepts for a number of different operating conditions. An
evaluation will be conducted of the currently available dynamic codes and modeling
techniques for their suitability in modeling the MBR under zero "g" and microgravity
conditions. Both steady state and transient operating conditions need to be modeled.
The necessary cxperiments will be conducted to validate the code results and
demonstrate the code's ability to model the MBR under expected operating conditions.

S. TITLE: Heat Pump Assessment Study

PERFORMANCE PERIOD: Jul 90 - May 91

OBJECTIVE: Analytically assess the current and advanced heat pump concepts for
their potential operating improvements. Research and evaluation will be conducted of
all known or proposed heat pump concepts followed by selection of the most promising
for future study. Both thermally and electrically driven heat pumps will be included in
this study. An assessment of the current state of development as well as estimation of
ti,- potertial for future performance improvements for each of the selected concepts
vill be accomplished. Using these heat pump operating characteristics, the impact on
overall' systern performance will be made for several representative thermal
rr : )( j,-tient applications.

TITLK: Minimum Time Propellant Constrained Orbit Transfer

PI)l 7r-()RMANCE PERIOD: Apr90 - Mar 91

.3JI CTIVE: Define the relationship between propulsion energy constraints and the
potential to reduce orbit transfer times for a broad range of missions. The problem to
solve will be formulated for the range of missions of interest. The problem formulation
will next -e implemented in order to parametrically define solutions. The third phase
,N )10vide fast running algorithms that may be implemented in specific application

S to quuntify mission timeline benefits of propulsion investments. IThis is an
,t rinsfi ,;i, dy problem and is purely analytical.
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FY 90 BALLISTIC MISSILE PROPULSION PLANNED NEW STARTS

TITLE: Advanced Propel lant/Bondline Evaluation

PERFORMANCE PERIOD: Aug 90 - Sep 93

OBJECTIVE: Bondline problems usually present themselves in new missile systems
Vafter selection and manufacturing commitment have been made, which indicates

insufficient earlier characterization. Adequate bondline characterization has been
limited by the lack of availability of meaningful tests. The most recent bondline tests
need to be assessed in an advanced missile system and any needed test changes or
developments used so that a thorough bondline characterization is possible. This will
result in a new advanced missile system that is cheaper and that can be operational in a
shorter time than normal. This is especially important for our strategic forces.

TITLE: Low Cost Artificial Intelligence Processing

PERFORMANCE PERIOD: May 90 - Aug 92

. OBJECTIVE: Recent advances in computer logic control techniques and in the use of
miniaturized instrumentation make the use of artificial intelligence (AI) techniques
attractive for the long-cycle, complex processing of composite material components
employed in solid propellant rocket motors. The objective of this program is to explore
and utilize the Al processing technology initiated by AFWAL/ML, in the construction of
representative nozzle composites and examine the cost savings potential of using such
techniques for nozzle fabrication in making parts now costing in excess of $200,000 per
unit.
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FY 90 FUNDAMENTAL TECHNOLOGIES PLANNED NEW STARTS

TITLE: Microencapsulation

PERFORMANCE PERIOD: Jul 90 - Oct 92

OBJECTIVE: To determine the feasibility of encapsulating solid ingredients and to
demonstrate the feasibility of using these ingredients in a state-of-the-art solid
propellant. A two phase effort is planned to demonstrate rnicroencapsulation of
ingredients for solid propellents. Phase I is a feasibility evaluation to select materials
for encapsulation to be formulated into a solid propellant. This phase will review
encapsulation methods and assess material availability for encapsulation. Encapsulated
ingredients will be formulated in pint mixes to evaluate propellant performance and
properties. Phase II is the propellant demonstration of selected ingredients in small
scale mixes and test motors.

TITLE: Low Slope/Extinguishable Propellants

PERFORMANCE PERIOD: Aug 90 - Nov 92

OBJECTIVE: There is a current need to develop methodology for restartable solid
propellants for use in orbit transfer vehicles as well as in tactical and strategic
missiles. Current solid rockets can be designed with a myriad of "pulses" but can not be
shut off and re-ignited. This program will address the specific area of propellant
extinguishment and re-ignition by tailoring the propellant chemistry. The payoff for
space applications is decreased take-off weight relative to current liquid thrusters and
trajectory "tailoring" for strategic and tactical missiles. Contract efforts would focus
on the use of thermoplastic and other advanced binders in conjunction with alternate
oxidizers to generate a zero burn rate (ZBR) at ambient pressure propellant. A study of
negative catalysis would be conducted to yield a ZBR. The catalyst type and amount
will be related to a baseline propellant to assess feasibility. Specifically, advanced
binders and alternate oxidizers would be assessed with the inclusion of novel burn rate
additives. The rnetallo-organic modifiers would be tested by strand-burn as well as
small motor firings relative to baseline formulations. Task I will be to synthesize and
screen nodifiers in this fashion. Task 2 will include scaling up the most promising
formulations for traditional as well as clean-burn formulations.

TITLE-: Boundary Layer Code Validation

PERFORMANCE PELRIOD: Oct 89 - Oct 92

OBJECTIVE: Large area ratio nozzles used in space engines cannot be accurately
analyzed to determine performance and heat transfer characteristics because the
boundary layer thickness and viscous flow losses are unknown. Codes under
development to analyze such high area ratio nozzles must be validated and anchored
with experimental data. This effort will validate the newly developed analytical tools
and result in more accurate performance predictions for developing future space
engines with improved reliability and reduced development costs. The effort will:
review current boundary layer experimental work. Evaluate and select experimental
techniques for collecting data in a simulated rocket engine environment. Develop
measurement methods and diagnostics for measuring local skin friction, heat transfer,
velocity, and pressure in the boundary layer. Collect data and use it to validate the
previously developed analytical models.
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FY 90 FUNDAMENTAL TECHNOLOGIES PLANNED NEW STARTS (Continued)

TITLE: Nonconventional Performance

PERFORMANCE PERIOD: Oct 89 - Mar 92

OBJECTIVE: Numerous types of nonconventional nozzles are being examined for use on
the next generation of launch vehicles. Current performance models are not capable of
analyzing these nonconventional nozzles. The development of models to predict the
performance of various nonconventional nozzle schemes will greatly assist the
evaluation of designs of heavy lift launch vehicles and other space boosters. The

%" developed models will allow the relative performance benefits of the various concepts
to be assessed. The effort will: review existing nozzle performance prediction models
for application to nonconventional nozzle configurations; identify nonconventional
nozzle configurations such as dual throat/dual expander or plug-type nozzles which
promise performance enhancement over conventional designs; select the most promising
schemes for performance model development; develop computer models using
computational fluid dynamics methods to predict the performance of the selected
nonconventional configurations. Analyze the selected nonconventional nozzle

.'..-" configurations to evaluate potential performance benefits.

TITLE: Advanced Studies

PERFORMANCE PERIOD: Oct 89 - Oct 92

OBJECTIVE: To investigate the feasibility of a number of advanced concepts in
%" propulsion and combustion technology to reduce the cost and increase the reliability and

perfornance of weapons systems. Specifically there are six tasks which look promising
at this time. The tasks and their objectives are: I-Solid Propellant Catalysis Effects.
Deternine the mechanisms which cause plateau and super rate burning and apply this
" now!edge to the development of new propellants. 2-Steam Starter Cartridge
Feasibility. Develop high performance pyrotechnic steam generator cartridge whose
exhaust is clean and non-toxic for critical applications. 3-Acoustic Emission Failure
Sensor. Develop automated system to detect hot gas leakage and burning rate
,)1mnormalities in solid rocket motors using nonintrusive acoustic sensors. 4-Magnetic
I lozzle Studies. Continue the development of magnetic containment of hot gases to
reduce nozzle heat transfer and produce thrust vector control. 5-Oblique Detonation
-Wuve. Use the recently developed oblique detonation wave computational technology
to determine the characteristics of oblique detonation wave tube launched vehicles. 6-
,iquid Combustion Enhancement. Perform a conceptual study of ways to enhance liquid
comnbution efficiency and stability by the use of innovative techniques. An intensive
in-house literature review shall be made, extensive discussions with industry and
(I"delnic experts will be held, and preliminary calculations performed to select the
F"ost p)o nising task(s). The contractor shall continue the literature review, determine
feasibility, perform performance calculations and design, execute, and analyze
-laboratory experiments.
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FY 90 FUNDAMENTAL TECHNOLOGIES PLANNED NEW STARTS (Continued)

TITLE: Application of Microconstitutive Theory

PERFORMANCE PERIOD: Apr 90 - Jul 93

OBJEC rIVE: This program addresses the general problem of improving the accuracy of
strctural analysis and broadening the analysis applications to increasingly complex load
histories for solid rocket motors. Current analysis codes are based upon generalizations
of corrected linear viscoelasticity theories and are usually in error when expanded to
untested geometries, temperatures, and load histories. There is a significant payoff in
improved design and more accurate prediction of safety margins translating into
improved motor reliability. This effort will build upon, apply, and verify a unique
structural analysis code developed during an earlier contract. In order to apply the
previously developed microstructural theory to actual solid propellant problems, the
following tasks shall be conducted: Task I - Refinement of the existing theory shall
assess the importance of propellant structural details (i.e., crystallinity, cooperative
motion, plasticization, flaw treatments and verification) and incorporate coded
descriptions of important effects; Task 2 - Build a material parametric data base for a

* wide range of binder chemistry and solids types; Task 3 - Imbed the refined propellant
microstructural theory and its parameter data base into a full structural analysis code;
Task 4 - Perform stress/strain filed calculations for arbitrary conditions of design
requirement, environment, and load histories as well as predictions of absolute failure
probability under critical conditions; Task 5 - Demonstrate theory's sensitivity to
complexities in design, age processing, material inhomogeneities, and formulation
variables; Tas 6 - Validate calculations with analog testing and subscale motor
demonstrations.

TITLE: Motor Susceptibility to ESD

'- PERFORMANCE PERIOD: Dec 89 - Jun 93

OBJECTIVE: Develop an ESD susceptibility analysis methodology to significantly
reduce the hazards of both traditional and unique procedures in solid rocket motor
manufacturing, transportation, and deployment. Analysis and iesting capabilities
developed here will provide accurate assessments of ESD susceptibility for specific
scenarios and result in supported recommendations for test standards. The program

[ shall be co;nprised of the following tasks: Task I - Mechanisms of ESD; survey current
,., mechanisms and refine deficiencies such as electric field calculations and breakdown

path statistics. Task 2 - Improved ESD Testing; modify test apparatus to improve
electrode configuration, isolate instruments from high voltage transients, and develop
breakdown path detection capability. Task 3 - Propellant Microstructure; investigate
propellant/Iiner/insulation/case additives to reduce susceptibility. Task 4 - Design
Factors; evaluate sensitivity of ESD buildup and discharge to solid rocket motor design
features. Task 5 - Effective System Grounding; identify critical grounding procedures
for motors during processing, handling, and deployment, including mobile and space-
bosJ scenarios. Task 6 - Verification; prediction of ESD susceptibility for propellant
-sensitivity, design examples, and handling scenarios.
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FY 90 FUNDAMENTAL TECHNOLOGIES PLANNED NEW STARTS (Continued)

TITLE: Propellant/Case Interface Aging

PERFORMANCE PERIOD: Jun 90 - Jun 93

OBJECTIVE: This program addresses the general problem of identifying and solving
propellant/case bondline variabilities due to manufacturing "poisoning" problems.
Currently, the industry has not been able to identify suspected adverse reactions
between propellant bondline layers and nearly undetectable levels of migrating
ingredients from motor case materials such as composite case resins, metal case
adhesives and primers, and case insulation by-products and additives. This effort will
provide significantly enhanced bondline analytical tools for propellant bondline
manufacturing trouble-shooting as well as improved aging models for currently unknown
interface reactions. The following is the program overview. Task I - identify zero-
time and potential age-induced chemical interactions for HTPB-based and NEPE based
propellants bonded to insulated composite case and adhesively bound steel case panels.
Task 2 - develop quantitative methods to assess the impact of Task I interactions upon
bondline integrity of representative case/insulation/propellant regions of ballistic,
tactical, and space motors. Task 3 - using Task II measurement techniques, sensitive
bondline mechanical property tests, and standard chemical analysis, develop a zero-
tirie data base. Task 4 - from analysis of data base, select new materials or processing
_ipproaches to minimize suspected aging interactions. Task 5 - identify preliminary
aging models and verify to the extent possible.

Ti -LE: HEDM Candidate Concentration

PERFORMANCE PERIOD: Jan 90 - May 93

OBJFCTIVE: To take promising compounds from the High Energy Density Matter
contracts and store them in high enough concentrations to determine their bulk
properties. None of the HEOM candidates identified in the initial phase of the HEDM
plan have been made in microscopic quantities. The projects initiated under this PRDA

viii atternpt to do this and to determine their properties. This effort answers the need
to c(reate experimental quantities of potential new high energy propellants, eventually
iead'nq to higher rocket payloads per dollar in most missions. The major tasks of this
e-ff£.rt are to verify predicted HEDM properties and determine how to synthesize bulk
rl; ntities. Innovative proposals will be sought under a PRDA and eight to ten will be
selected for funding. Typically these will involve efforts to maximize concentration of

.)rtvio)'sly iJentified f-IEDM candidates.
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NFY 90 FUNDAMENTAL TECHNOLOGIES PLANNED NEW STARTS (Continued)

TITLE: HEDM Applications Study

PERFORMANCE PERIOD: May 90 - Nov 92

OBJECTIVE: This program would exploit postive results that have come out of the
HEDM research efforts. HEDM materials have been identified, both theoretically and
experimentally, that appear to be good energy storage candidates and warrant further
exploration. The objective of this program is to determine appropriate HEDM
applications. Near-term applications will be emphasized. Several HEDM materials
have been identified as a result of ongoing HEDM research. These materials have
tended to fall into a few general classes of materials; such as cryogenic solids, high
energy ndditives, dormant propellants (energized just before use) and externally
stabilized materials. This program will assess and develop potential applications for
these classes of naterials. The major tasks of this effort will be to define the state-of-
the-art in HEDM manufacture, create a set of possible astronautics-related uses, and
evaluate the feasibility of these applications. The methodology used to perform the
tsks will include data gathering, critical evalaution and verification.
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