FUAA

WAV D Sad G ol B "0, 0" 1 0 0 0'0 2000 0" 8%0 24 25 % oVl o\b ot gie Jus Jhi (MR NNE- i Me devd o80T 0k e iu v

IME rick GOk

AFAL-TR-88-070 : AD:

¢
Special Report AFAL Technical Objective

for the period

30 Semtembar 1990 Document FY 90

AD~A197 761
E“‘\Tic

August 1988

Approved for Public Release
. ___________ |

Distribution is unlimited. The AFAL Technical Services Office has reviewed this report, anditis releasable
to the National Technical Information Service, where it will be available to the general public, including
foreign nationals.

Air Force
Astronautics
Laboratory

Air Force Space Technology Center
Space Division, Air Force Systems Command
Edwards Air Force Base,
California 93523-5000

88 9 ¢ 180

..ﬁf( « < t'-’ R A P Tl S T Wl S S RN \_-‘.A‘-\-_‘-,_'.
y N "~" o ""Jl" S e .F - . 1\.‘ e "r,'f_ A PO LA
..... A DA Al

¥

e e T 2 ‘o T T

» Ty

L 4

ZLRLLE

T e o e gin A

2 P PPN AP

LA R



-

L

‘. e.g 0. g " ale AUu AR aLs ! JNE AT Nt Sl Bt gaW gl Bl 9.0 8.0 '9.8°8 8% " * e ‘g “28. "2l $ab Vah A9 ¢ "8

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 has been reviewed and is approved.

JAMES R. NUNN Colonel, USAF

Commander, Air Force Astronauhcs Laboratory

[f 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 inteyral part of
the arocess by which the Air Force plans and formulates a detailed technology program to
support the development and acquisition of Air Force weapons systems.

Tach Air Force laboratory annually formulates its Science ard Technology (S&T)
srograan in response to available guidance based on USAF requirements, the identification
of scientific and technological opportunities, and the needs of present and projected
systems, These plans include proposed efforts to achieve desired capabilities, to resolve
“aowa technical problems, and to capitalize on new technical opportunities. The proposed
efforts undergo a lengthy program formulation and review process.  Generally, the
criteria applied during the formulation und review are responsive to stated objectives and
known requireinents, scientific content and rnerit, prograrm balance, developmental and
life cycle costs, and consideration of payoff versus risk.

it is fully recognized that the developiment and accomplisiunent of the Air Forrce
technical program are products of the teamwork on the part of the Air Force laboratories
and the industrial and acade nic research and development comimunity. The TOD program
is Jesigned to provide to industry and the academic community, necessary inforimation on
the Air Force labsratories' planned technology programs. Fach laboratory's TOD is
extracied from its S5&T planning activity.

Specific objectives are:

a. To provide planning information for independent research and develonment
DOrOsrams.

. To improve tie quality of the unsolicited proposals and R&D procurernents.

c. To encourajge face-to-face discussions between non-Governinent scientists and
engineers and their Air Force counterparts.

One or more TODs have been prevared by each Air Force laboratory that has
responsibility for a portion of the Air Force 5&T programs. Classified and limited
Adistribution TODs are available from the Defense Technical Information Center (DTIC)

anid unclassified/unlimited TODs are available from the National Technical Information
Service (MTIS).

The AFAL TO! contains a general overview of the Laboratory and its planned
program. The appendix contains a program listing of our FY-89 and 20 expected new
competitive contracted prograqns.  These program listings are extracts from preliminary
internal planning docunents and should be viewed in that light. It is also important to
remenber that at the time this program list was prepared, it was a "snapshot-in-tirne" and
is subject to change.
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HOW TO USE Ti415 DOCUMENT

Unsolizited proposals to conduct programs leading to the attainment of ony of the
objectives vresented in this document nay be submitted directly to an Air Force
laboratory.  However, before submitting a formal proposal, we encourage you to discuss
vour approdch with the laboratory point of contact.  After your discussion  or
correspondence with laboratory personnel, you will be better prepared to write your
proposal.

As stated in the "AFSC Guide for Unsolicited Proposals,” elaborate brochures or
nresentations are definitely not Jdesired {copies of this infor:native guide on unsolicited
proposals are available from the Air Force Systems Command/DAPE, Andrews Air Force
Base, Washington, DC 20334-5000). The "AB3Cs" of successful proposals are accuracy,
brevity, and clarity. [t is extremely important that your letter be prepared to encourage
its reading, ta facilitate its understanding, and to i-npart an appreciation of the ideas you
desir2 to convey. Specifically, your letter should include the following:

b Murne und address of your organizatior.
2. Tyne of organization (profit, non-profit).
3. Concise title and abstract of the proposed rescarch and the staternent

indicating that the subimission is an unsolicited proposal.

4. An outline and discussion of the purpose of the research, the method of attaci
npon the problem, and the nature of the expected results.

it
h

Mame and research experience of the principal investigyator,

N

o

A suggestion as to the proposed sturting and completion lates.
7. An outline of the proposed budget, including inforination on equipment,
facility, and personnel requirernents.

3. Mames of any other Federal agencies receiving the proposal (this is extreinely
imoortant),

. Brief description of your facilities, particularly those which would be used in
7oar oroposed research effort,

1. Brief outline of your previous work and experience in the field.

th. 1f available, vou should include a description brochure and a financial
statement,

As vou read through the pages that follow, you may see a field of endeavor where
yoac organization can contribute to the achievement of a specific technical goal. If such
i5 the case, 700 are invited to discuss the objective further with the scientist or enginecr
identifiedt with that objective.  Further, you may have completely new ideas nol
considered in this Jocument which, if brought to the attention of the sroper organization,
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can make a significant contribution to our military technology. We wiltl always iaintain
an open mind in evaluating any new concepts which, when successfully pursued, would
inprove 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.

The Air Force Astronautics laboratory's technology program 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
fundainental 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

Space Systems Propulsion Technology Mr Melvin Rogers
Space Vehicle Technologies AFAL/ARX

Avutovon 525-5344
Commercial (805) 275-5344

Ballistic Missile Propulsion Technoiogy Mr Luciano Sedillo
Air-Launched Missile Propulsion Technology AFAL/XRX
Autovon 525-5341
Commercial (805) 275-5341

Fundamental Technologies Mr Nayne Roe
AP ALY
Autovon 525-5206
Comimercial (805) 275-5206

Strategic Defense it ative Technology Col Thomas W. Redmond
AFAL/CIR
Autovon 525-5324
Com.nercial (305) 275-532
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LABORATORY MISSION

The Air Force Astronautics faboratory (A AL) is the principal AFSC organization
charged with planning ant executing USAT  research, exploratory and  advanced
development programs for interdisciplinury space technology and rocket propulsion.
Space technology includes spacecraft technology, launch vehicle technology, launch and
in-space operations, and loyistics technology. Rocket propulsion includes propellants,
combustion, plume phenomenology, rocket pronulsion materials and stroctures, solid
propeliant, rocket inotors, tiquid propellant rocket feed systems and engines, electric
propulsion, hazard phenomena and  assessment, and rocket test techniques and
instrumnentation. There are two parts to the AFAL mission - first to develop new
technology for the Air Force missiles and space systerns of the future; and second to
provide technical support to other organizations within the Air Force, particularly the
Systems Programn Offices (SPOs) that produce the end items. This mission is graphically
depicted in Figure . .

The technology advancement programns cover the complete spectrum of detailed
basic research (6.1), exploratory development (5.2) and udvanced development (6.3). The
Laboratory is respensible for maintaining a superior technical base in all types of rocket
propulsion and interdisciplinary space-related disciplines which will provide options for
the development of future ".igh perforinance Air Force systerns and to prevent
technological surprise.  The technical nanugenent assistonce includes engineering and
scientific consultation, technica! direction of programs, managing contractual efforts and
execyting in-house analytical and experimental programs,

INVESTIENT STRRATEGY

Tre lahoratory strives to have a balanced investment strategy that takes into
aceount (1) Air Torce needs as stated by the system users, (2) Air Force mission capability
Jeficiencies as identified in docuinents such as the Air Force Space Plan, Military Space
Systems Technology Plan (IASSTP), and the iogistics Long Range Planning Guide, (3)
AFSC Forecast I, and (4) basic technological advances, otherwise known as "Technology
Pust"  We yse an in-house nanagement council, made up of the Commander and eight
senior {_aboratory members, to inake the decisions on where we will make ana investinent.
Decisions are malde within the lirnitations of the Laboratory's budget, manpower and
faciiities.  Our planning process is shown in Figure 2. We take into account the '"Jig
Pictyre” gt the start of the process, assessing the Air Torce needs for each of our najor
thrust arcas. Resource allocations are issued for cach of our technology clusters. We ‘jo
througi a process of internal compertition at the clusicy ievel evalvaiing ideas for new
programs and also evatuating the on-going cluster levels of investiment. We always
demand of ourselves whether we have a valid rationale that answers, "Nhat's in it for the
Air Force? We consider whether the program is answering a valid Air Force requirerment
or whether it is a fundamental effort that will exploit technology to achieve increased or
new crpanifities, such as efforts highlighted by Forecast 1, etc. We realize that there are
tines when we should strive to extend technological bounduries, and we do invest in these
areds, wut we also don't do technology for technology's sake - we do it for the Air Force's
sake. ‘Ne do it because we believe that with this new technology it will find application in
Air Force Systems of the future and, therefore, it is a jood invesiment.
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The Air Force Astronautics Laboratory's program is organized into five Technicul
Thrasts: One for each of the three major rocket propulsion applications areas, i.e.,
ballistic missiles, g -launched missiles aod space propulsion systeins; ooe for fundamental
technology which is {or will be) useable in several gpplication areas; and one for non-
2oopulsive space vehicle technologies space systerns. The AFAL/AFOSR Basic Rescarch
Drogran Tlement S11927) program summary Jescription is shown in Figure 3. The five
Tecanical Thrusts are conyruent with the five projects under the LLaboratory's Exploratory
Development Program Elenent (62302F). A sumrnary of the 6.2 program is shown in
Figure 4. Our Space and Missile Rocket Propulsion Advanced Technology Development
(63302F) »rojects are aligned with our applications-oriented Technical Thrusts. A
summary of the 6.3 program is shown in Figure 5.

A reakout of the exploratory development program to the subthrust, or cluster

_ ‘ t Y | . ) -1Us1er,

fevel s shown i ligure 6. The area of the boxes is proportional to the armount of §2302¢
funds allocated for each cluster.

Tecninolojy development applicable to the Strategic Defense Initiative (SO s
accoeplhhed under the aaspices of a separate SDI Technology Office. The focal points,
D tieir seshective areas of responsibility, within the SDI Technology Oftice are shown in
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TECHMOLOGY PROGRAMS

A discossion of each of the Laboratory's Technical Thrusts is provided in the following
paragraphs. The Technical Thrusts will be discussed in the order shown in the upper right
quadrant of Figure 4.

1. Space Systems Propulsion Technology

The Space Systems Propulsion Thrust provides technology for all future USAF space
systerns: launch vehicles, orbit transfer/maneuvering vehicles, and satellites. In addition,
as in the past, techinology from ithis thrust will be applied by the Navy, NASA and
cominercial industry to their spuce systerms. This thrust is summarized and illustrated in
Figures 8 through 12,

a. Objectives

The overall Space Systeins Propulsion Technology Thrust is broken into the
five clusters shown in Figure 8. Fach of these clusters represents an area in which USAF
requirenents 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 larsger, heavier payloads to orbit on a low cost, routine, and assured
gceess to space basis through improved rmonufacturing and design utilizing advanced
aterials 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 systerns having high
perforinance, long life, and increased thrust.

. Clusters

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

(1) Launch Vehicle Propulsion

This cluster is summarized in Figure 2. 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 require|
increases 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
materials. Low cost for the expendahle 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 iinproved
performance/reduced weight and reduced acquisition/operations cost for both types of
propulsion. The major goals for liquid systerns are to develop and demonstrate component
technologies for an advanced liquid oxygen/liguid hydrogen enyine which delivers high
trajectory effective specific impulse while being light weight and having long operational
fife with minimum maintenance. Performance irnprovement and weight reduction will be
achieved by the application of advanced naterials. The major goals for solid systeins are
to reduce recurring costs for both expendable and recoverable boosters by developing
nazzleless concepts,
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(2)  Orbit Transfer and "“aneuvering Propulsion

This cluster is summarized in Figure 10.  The objective of the orbit
transfer and maneuvering propulsion cluster is to develop and demonstrate the technology
for advanced orbit transfer and inaneuvering propuision for future Air lorce space
applications. The projects in the cluster are grouped according to the three major type of
propellants used:  Storable liquid Systems, which contains both Modular Storable and
Advanced Maneuvering Propulsion, Cryogenic Liquid Systems and Solid Motor Propulsion.

The Storable Liquid Propulsion area is dedicated to a high performance
pump fed NTO/MMH 3750 Ibf engine and associated feed system. This engine is part of
the Modular Storable subgroup since the engine and tank arrangements can be modified to
custa.aize the propulsion system for diverse iission requirements. The technology offers
a 50 percent reduction in cost per pound for orbit transfer of large payloads to GEO and
increased naneuvering capability of 40 percent over state-of-the-art pressure fel
systemns.  This engine and feed system is also very compact und would be optimal for the
integral propulsion syste'ns of current Air Force interest. The other subgroup in the
Storable Liquids area is Advanced Maneuvering Propulsion. This effort is dedicated to
improving maneuveriag capabiiity for low thrust (10 to 100 Ibf) inaneuvering systeins. The

major work presently being done in this area is in long term oxidizer storability and its
effoct on fend crgta-n components.

The Cryogenic Liquid Systemns arec is directed toward the develonirent
of a compact feed system and a high performance LO2/LH2 500 Ibf pump fed engine. The
compact feed system uses a toroidal liquid oxygen tank to achieve a very short staye
lenigth. The resulting propulsion system wusing this tank will have an on-orbit storage
capability of 30 days with a 36 percent reduction in stage length conpared to the present
Centaur stage. The low thrust cryo engine will provide a low acceleration delivery
capability for large space structures.

The Solid Motor Propulsion area has its primary emphasis on
demonstrating space storage of solid rocket motors.  Areas of investigation include
radiation, temperature and vacuum effects over the long-term on solid propellants. The
technotlogy Hdeveloped will allow the use of solid rocket motors for on-orbit storage and
rocattb of satellites.,

) Advanced Space Propulsion

This chuster is suinmarized in Figure 11, The Advanced Space Propulsion
claster puTSIe gr syalsion concepts that offer performance capabilities much greater than
Dresent Cheriical systeoas, /\Hummg specific iinpulses greater than 800 seconds and
g Droad throst ranges for a variety of mission applications are primary goals.
Cose Higher perforinunce technologies increase payload capabilities while helping reduce
el costss The elastor's Drimary emphasis is on electric and solar propulsion, and
et foation of new advanced concepts.

I lectric oropulsion, the near-terin einphasis is in arcjet propulsion. A
VI amynonia arcjet advanced technology development (ATD) program just beginning
vl e TN and contaminagtion inoa 1293 space test. Contractual efforts are
ander s to deveion advanced arcjet concents, and work continues on an in-hous2 arcjet

rescnre b facilitze THforts in the area of magnetoplasinadynamic (MPD) thruster research
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continee with an in-house effort to characterize pulsed thruster performance. Steady
state MAPD developiment is being funded at the University of Stutt jart in West Germany,
with in-house steady state work contemplated in the near future. In 'Y 89, research will
begin on the pulsed electro thermal engine (PETE). This device proinises to develop 1500
sew s at 60 percent efficiency using water as a propellant.  Out vear efforts include
consideration of Hall type thrusters,

In solar propulsion, parallel technology developments of thrusters and
concentrators continue. In the thruster areq, in-house testing and evaluation of the one-
pound, 00 sec Isp rhenium will be completed this year. Work on a second generation,
heat exchanger-tv, e thruster is expected to begin late next year. The last phase of
thruster research will explore a directly heated gas concept labeled the volumetric
absorber.  furctamental cheinistry research on this alkali inetal seeded hydrogen gas
throster is nearing completion in the AFAL's unique high temperature (2,000 K) and
priessure (up to 100 atm) cell.  In the concentrator area, work continues on light (.4
wgheN), intlataole, off-axis, parabolic mirrors. Fabrication and optical accuracy testing
of 10,000 to | concentration ratio irrors in the 10 meter class is underway, with a
concentrator flight test planned for the early 1990's.

The closter's Tuture Techaology explorations have led to o number of
non-conventional pronolsion concepts being adopted for research by the AFAL. Recent
advanced concepts investigatiors have identified fusion propuision as the next major area
to be =vatuated for applicabiiity to Air Force propulsion needs.

. Payoffs

Figures 2, %, 10, and 1] show sore of the poyoffs that cun be reolized through
the apntication of rocket propntsion technoiogy to future Air Dorce space systems. Figare
"2 lists representative syste:ns to which the techinologies in this thrust can transition,
There are nany technologies involved, from advanced engines (o thermal analysis for
cryogenically-fueled OTVs, 1o gas dynamics und radiation physics for exhaust plume
signature characterization.

A Fur\dinq

Table 1 shows the total funding that we plan to devote to the Space Systeins
Propuision Technology Thrust through FY 20, Program Dlement §1102F is AFOSP
Researh, Program Clernent 623028 is for Cxploratory Developinent, and Prograin
Flement 53302F is for Advanced Technology NDevelopment.

TAZLE 1. Space Systemns Propulsion Funding (514)

PROGRAM ELEMET FY 88 FY 89 FY 20
SLT02F - 237 210
A2302+ 5,766 4,125 4,050
533020 3,283 4,595 6,515
21
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Future Plans

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

2. Space 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 assessinent and integration.  This thrust is
illustrated and summarized in Figures |6 through 2.

Q. Objectives

As shown in Figure 16, the intent of this thrust is to provide advanced
techinologies which will allow the 1).5. to do a great many more 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. [or example, the use of
advanced materials and control techniques could provide future spacecraft with up to a 50
percent weight savings over today's approaches. This could enable a new class of space
structure for advanced inissions.

b. Clusters

The three mnajor clusters siown in Figure 8 will be discussed, with the
exceptions being Space Power and Technology Assessinent and Integration.

(1) Space Vehicle Materials Applications

The Space Vehicle Materials Applications program is directed toward
expanding the AFAL's role in the Space Vehicles Technology area. The challenges
addressed are as shown in Figure V7. The projects chosen were based on USAF needs for
lightweight, dimensionall/-stable, controllable spacecraft structures, and lower launch
costs, They were also chosen because they represent extension and transition of
technologies and in-house capabilities developed for rocket propulsion application. Thus,
the advanced spacecraft structures area was sclected as the 'najor emphasis for this
cluster. Ve recognize that the Flight Dynamics and Materials {_aboratories have efforts
in this area as does NASA. We continue to work with these organizations to ensure that
our sork does not duplicate but complements and extends their efforts. We are aiming at
taingg adventage of advancements in both aircraft and rocket structures and applying
them to spacecraft structyres,
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\:" Our work in composites for spacecraft structures initially concentrates
;': on the applications of composite materials to structures which require light weight
Yy coupled with high stiffness and minirnal outgassing on orbit.  Analysis, fabrication, and
- testing hHeing done in-house as well as on contract. We are also exploring the application
{ of composites to large booster payload shirouds. We will extend the thin film technology
L 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
B compact and dense, and forming it into a very lightweight structure in space. Srnart
:-(‘ structures employing embedded sensors and actuators to provide control and/or health
&S assessinent of spacecraft structures will be developed. Coatings and adhesives will be
\ developed to provide longer life and more reliable structures which will be easier to repair
v, in space.

i,

::‘ (2)  Spacecraft Structural Control

o

\' in Spacecraft Structural Control, we are working on technologies to
' enable future 1JSAF space systems. The challenges are as shown in Figure 18. Several
N proposed space systems will suffer performance degradation caused by environmental
::-: disturbances and interaction between the spacecraft structure and the spacecraft control
o systemn; we must demonstrate that structural vibrations caused by these interactions can
\_ be controlled, and that precise structural shapes and positions can be maintained in the
oy presence of disturbances.  Methods available for controlling structures generally require
Ll nanv sensors and actuators and large amounts of computer power; we need to mininize
?_ theae r:equire-nenrs. Developing structural control technologies often entails performing
n experi-neats; finding ways to make structures behave in the presence of gravity as they do
h>. i the weightlessness of space is another of the challenges we face. To meet these
:j coallenges, we have set the goals shown.

N

oo We wili develop new methods for modeling and controlling precision
( stractares, We will continue establishing ground facilities and developing experimental
- tecihiniques to demonstrate stractural control technologies. We will build upon our already
N co npleted work in the Flexing Structure Control Lab, in the Antenna Shape Control
- teathad, and in our in-house labs to demonstrate medeling, identification, and control of
o srecizion space stroctares. Achieving these goals enables the payoffs shown.

7 ) Accurate sending and reliable control of vibrations, shape and position
3 il enabie large space stroctures such as those envisioned fer space-hased surveillance
A ard space-vased defenses For some spacecraft, implementation of uctive structural
Q::: aatrol will redioe tne stroctoral mass by as much as 50 percent. Mew experimentation
:-'. techoigaes  owil rehiee t e oember of  expensive  space  expediments necessary  to
:': cftee oty deensostrate de s stros taral control technologies.  ower weight and  less
'.‘ oo b nnotosy de uns it ons ot to lower cost space systemns fur the Air [orce.
jf- T5) o Lpacecratt erational agistics

The paccoraft  operational  logistics  cluster  covers  technology
:-::: by ety thie areas ot long-ter 1o ryog«-nic storage and fliuid inanagernent in space. T
- T ST ; we o cvearize o Figure 1900 The overall goul of the cluster is to
..—‘ canit e oA systern on-orbit opoerational capasitity and service 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
meet the in-space storage requirements, Key technologies include thick muiltilayer
insulution blanket, thermodynamic vent systems, and low heat leak structural supports.
These are being aggressively pursued.,  [merging technologies, such as survivable
fightweight outer shield and integrated active-passive cryogenic therimal controf systems,
also are being planned for developm=nt 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 the fluid management area, 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
svsterns of a toroidal tank. The demonstrated performance data will be used in the
development of a high perforimance, compact cryogenic propulsion systemn for transferring
space assets to higher orbits.  Flight type system venting components will also be
fabricated and performance demonstrated to transition the technology to the user
comimunit/,  The goal is to demonstrate flight type components prior to applying the
technology to resupply system designs or missions.

c. Payoffs

Figures 16, 17, 18, and 12 show some of the payoffs that can be realized
through the application of the space vehicle technologies of this thrust area, Figure 20
lists representative systeins to which the technologies of this thrust could transition.
vany of the technologies are high risk, high payoff creas. However, without these
technologies, many of the complex future systeins that are projected today will not be
possible.  Their advancement will require the participation of a broad spectrum of
govern.nent and industry organizations and people.

. Funding

Table 2 shows the total funding for this thrust through FY 90. Program
Tleinent $2302F is for Zxploratory Develupment.

Future Plans

Planned future ureus of work within the Space Vehicle Technologies Thrust are
heted in Figures 21 through 23,

TABLT 2. Space Vehicle Technology Funding (61€)

sl
~<
O
(e}

DROGR AN VAT £ 38 Y 39

62302% 3,770 4,290 4,540

13
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3. Air-Launched Missile Propulsion Technology

The Air-Launched Missile Propulsion thrust develops the propulsion technology
needed for dir-to-air and air-to-surface missiles. This technoloyy will provide future
missile systems with the following benefits: increased survivability, increased lethality,
increased reliability, increased age life, and increased cost effectiveness. [he principal
areas of emphasis are understanding and anipulating 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 overcoine the nu.nerical superiority and increased threat our forces
are facing. By reducing our missile signatures (infrared, ultraviolet, visible and radar) and
improving missile performance we will increase missile flexibility and lethality. These
missile i.mprovements equate to increases in aircraft survivability and mission
perforinance (e.g., more unitions on target, more kills per pass, higher sortie rates,
etc.). As the above operational benefits are being provided, it is also a major objective to
provide logistics benefits in reliability, age life und costs. The work in this thrust is
performed under four subthriosts or clusters as outlined in Figure 24,

b. Clusters

The first cluster involves "Low Signature Motors.” This cluster addresses low
signature propellant developiment and plume analysis for air-launch systems.  The
objectives are to predict, analyze and minimize plume signatures, to immprove the
performance and reduce the costs and hazards of minimum signature propellants, and to
establish meaningful hazards criteria for determination of detonable/nondetonable
propeltants.  As missile airframes become "stealthier,” the radar cross section (RCS) of
the plume plays a greater role in enemy detection of the missite. To enable prediction
and advantageous manipulation of the plume RCS, measurements need to be accomplished
to validate RCS codes. Thus, the missile's kill probability is enhanced, as is the launching
aircraft's survivability. Currently, ininimum 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
visible 50 percent of the time below 20,000 feet in the same theatre. A solid rocket
motor ray have a propellant web thickness greater than the propellant's critical diameter
(that diarneter which will support a steady-state detonation), be Class 1.3 by the Nava!
Ordnance Laboratary's card gap test, and yet have the propensity to detonate. An ability
to clearly distinguish detonable/nondetonable propellants is greatly needed and will
improve safety of handling and use of missiles. [t will also aid in the determination of
numbers of missiles to be stored near the faunching aircraft and will enhance joint service
weapons deployment and NATO theater use of advanced weapons. Technology areas being
investigated to provide improved plume prediction and analysis are experimental
acyoisition of plurne radar cross section, purticulate, and shock structure data to validate
and upgrade existing plume computer codes. Technology areas being investigated to
i'nprove the performance und reduce the hazards of minimum signature propellants are
the development of propellants capable of operating at high pressiures, and demonstration
of propellants possessing Class 1.3 hazards classification.
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oy 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 prograins in
:‘ # this cluster will result in motors with more efficient propulsion packaging than the
U 4 current state-of-the-art, improved aerodynamic performance, an order of magnitude
'y reduction in observables, and increased overall imotor performance. As a bottom line, this
Lo e means more missile range for less motor weight as well as increased survivability and
\ lethality of the missile.

¥
_.::: Future air-launched missiles such as those mentioned in Project Forecast Il

'\ir‘ and the Aerospace Defense Initiative may have propulsion requirements well beyond
A current capabilities. In an effort to look for the revolutionary performance improvements
E - which may be needed to perforn soime of these missions we have begun looking at
x Advanced Propulsion Concepts for Air Launch. Ignition of tactical motors rnust be
‘ reproducible and highly reliabie, and the shock of ignition must not damage the motor's
propellant. We have programs to develop low shock igniters. This cluster also includes

T

«

.

- )
" projects to integrate these ernerging component technologies into high performance
:: motors as part of its advanced technology development, including the "High
-‘:;* Performance/Low Observable Motor," and the "Future Missile Motor."

N

° The third cluster is support "Technology for Ramjets." Responsibility for the
e development of ramjets lies within the Aero Propulsion Laboratory. However, ramjet
f_:.-::'. operations depend upon solid rocket boosters to provide initial missile acceleration before
ey ramjet takeover. It is the goal of this cluster to provide improvements in solid rocket
::"_:‘. technologies and the interfaces between the rocket and ramjet cornponents. A short terin
k... goal is to reduce the booster volume while maintaining or improving the thrust level. This
{ | is beiny accormplished through the development of nozzleless boosters, increased
G performance propellant, and improved insulation.

-~

: The fourth cluster is "Component Assurance." The purpose of this cluster is to
S ensure that major new components under developiment can function reliably in the harsh
e air-launched environment. We also investigate ways to reduce cost so that advanced
- rocket motors can inore readily be integrated into full-up systems. The programs in this
A cluster =:nphasize the "ilities," and successful completion of the programs will increase
Yy missile systerns availability and reliability and could lead to longer service life. Since use
SO 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
B -~ environment. We are designing and building composite cases that will survive the air-
o launched captive carry and eject loads. We are also studying the effects of damage to
L composites that may be caused by in-process and field handling. We are integrating

composite cases and other advanced technologies and demonstrating them in Advanced
Technology Development programs. We've ulso 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 inotors. We have successfully
transitioned luser ignition and arm/fire devices to industry where they have been
demonstrited in numerous tactical systems. 11 is important to accurately predict the
useful lifetime of rocket motors in order to rminimize logistics and surveillance
require nents; our vrograms uddress this need. We are increusing our prediction and
surveillunce efforts on AMRAAM and SPARROW. We plan to initiate programs to
identify low cost processing techniques and to integrate low coust components into
complete rocket inotors.
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':}-\ c.  Payoffs
A Specific payoffs available from air-launched nissile propulsion are
sun.narized in Figure 24, The increase in loadout is very important for more missiles per
sortie. This will be achieved with reduction/elimination of fin controls; development of
thrust vector controls will negate the necessity for large fins. Decreased signatures
result from advances in propellant formulation technology. In addition, the component
assurance area 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
Targets (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 coinponents to be tested alone or in combination with other new components.
I~ the rocket propulsion area, the leading edge technology to be tested in AMTI Phase |
~Hb ve (notors with a two-pulse capability to validate serviceability. Propulsion
\ rechnologies for Phase |1 AMTI will include 1.3 minimum smoke propellant, advanced TVC,
o laser initiated AFD, filament wound graphite composite case with high temperature resins
}.:f capahle of 2,000 psi operating pressures, multi-dimensional carbon-carbon integral throat
Lo entry nozzle, and optimal energy management logic. These technologies are the
- torerunners of spectacular gains that will be achieved in future air-launched missile
EN wrstems, many of which have been identified in FORECAST 11,
®
‘“r o, Funding
Total funds to be expended in the Air-Launched Missile Propulsion Technology
N throst from FY 3% through £Y 90 are shown in Table 3, Program element 62302F is for
o the sploratory develop nent efforts under Project 3148, Program Clement 63302F covers
oo compietion of an Advanced Technology Development (ATD) effort under Project 6339
- to dermonstrate advanced technologies in pulse motors, thermal barriers and composite
::' casess Also included in the §3302F area is the start an effort directed toward future air-
~ launched missiles that will be integrated into the Phase [l AMTI program. The 62203F
" cifort is all the worle supporting ramjet booster propulsion. Other funds are received to
N wmnart ongolneg system developments such as AGM-130, SRAM-II, CREST, and Hardened
44) Tor ot Wenpon (HTW),
- TABLS 3. Air-Launched Missile Propulsion Funding
. (§K)
CUOGDAN LM F* a8 FY 89 FY 20
AR 2,336 2,330 2,200
S0 700 2,100 2,320
522000 190 150 -
GILONE HTW ! 4 h )
i ST AP0 13 o -
LA eaT 3 5
SRS RSN 405 6! -
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e. Future Work

The broad scope of future work for the three principal clusters, LLow Signature,
Improved Peformance Motors, and Component Assurance are shown in Figures 26, 27, and
28, These are not specific programs but general areas of investigation that will be
investigated during the FY 88-92 time period.

f,

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/payload 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 aterials 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.

(1) Service Life

LY
The Ballistic Missile Service Life cluster is responsible for developing

e technologies that will increase booster reliability, enhance service life capability, and
&« reduce operation and maintenance costs. This is accomplished by investigatin

N T : P s

. identifying, and providing technology for ccntrolling the processes which may lead to a

-( high probability of failure in critical areas in a solid rocket motor. Bonded interfaces are

" beiny investigated to acquire technology to direct the development and evaluation of

P structurally superior bonded interfaces.  Many unidentifiable chemical interactions

] (poisonings) take plice during motor manufacture. Many more of these "poisonings" have R
' occurred in composite case motors than in metal case inotors. A clearer understanding of !
. the propellant/liner/insulation/case chemical activity is needed to predict reliable and 1
a age-stable rocket motor interface bonds. Manufacturing and processing variables of high |
.l encrgy propellants will be investigated in order to identify and develop procedures that ,‘
'. witl ensure the production of reproducible propellants, liners, insulations and bond
o systerms, To understand the interaction between the baliictics and the structural

- characteristics of g solid rocket motor, work is being done to understand how structural

A defects are initiated, how to identify these defects using computer tonography non-
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destroctive evaluation technology, and understanding the effects of these defects. This

cluster s summarized along with other fundarental structural integrity topics in Figure
39.
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(2) Advanced Booster and Front End Technology

v

The Advanced Booster Technology cluster develops solid rocket motor
components that provide growth capability for future ballistic rnissiles 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 have 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 (1SC)
technologies. This concept was then transitioned to an advanced technology development
programn which 1s being conducted through Y 91. Studies and analyses indicate that
applying the I1SC to the SIC3M can lower booster production costs 40 percent and increase
throwv-weight 18 percent or range |7 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
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s, develop:nent program in the out years. Front-end propulsion technologies are also
\{:-. included in this cluster. Two programs have been completed that explored both liquid and
NN solid technologies to reduce the weight of the post-boost propulsion system. Solid staged
o combustion (SSC) and gas driven intensifier technologies for advanced post-boost

iy propulsion systems were demonstrated. The SSC concept can reduce system weight by 32

percent less than present solid gas generators.

2,

l‘

ey (3) Nozzle and xit Cone Technology

N
f:') The MNozzle and Exit Cone Technology cluster summarized in Figure 31
- develops nozzle components for future ballistic missiles and space motors., The overall

RO

objective of this cluster is to increase the reliability of nozzles and exit cones. Work is
being parformed in the areas of nozzle materials, design and analysis, nozzle construction,
arocessing science, und nozzle characterization and inspection. In-house studies are

El

5y underway to develop a "proprietary free" carbon-carbon manufacturing process:  to
-.'_‘- understand the carbon fiber structure, surface properties, oxidation rates, and surface
o, morphology and porosity, and to develop a state-of-the-art thermal-structural anal/sis
J-:, capability.,  We are actively participating in the development of an Advanced Rocket
° Mazzle Inspection System (ARMIS).  The result of this program will be to employ the
s cornpater tomography (CT) inspection technique at a nozzle production contractor site.
e Two systeins are to be smade operational; one at Kaiser Aerotech and the second at
DA Hercules/Bacchus. A large effort, both in-house and contract, is on-going to understand
s the significance of the flaws detected by computer tomography machines. A najor effort
i to explore advanced image analysis for advanced CT inspection will be conducted. In the
.' area of nozzle fahrication, a new nozzle fabrication process was evaluated for use in the
. Small 1223M, The 3D French Novoltex advanced construction exit cone was selected for
_,-' SICEBM Stages 1 and 11l Nurmerous disciplines are required to explore the art of noszle
::.r and exit cone technology. This cluster helps imuch of the art become a science,
.r,:-;
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T The Ballistic Missile Propulsion Technology thrust provides propulsion
b, technology that enables the Air Force to maintain existing missile systems and to develop
(, , new missile systems to satisfy new mission requirements. Technical accomplishments in
SN 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
N systems. The Advanced Strategic Missile Systems Office depends on the technical
b accomplishments of the Ballistic Missile Propulsion Technology thrust and assists AFAL in

<o transitioning these technologies into systems.

‘ 3

e d.  Funding

e

'\_f:-‘ Table 4 shows the total funds to be expended in the Ballistic Missile Propulsion
~f Technology thrust from FY 37 through FY 89. The following is an identification of the
A Program Elements supplying funds to this thrust:

A, 11213F - Minuteman Squadrons
LN 61101F - Laboratory Director's Independent Research Funds
5 _,\ 61102F - AFOSR Research
‘. 62302F - Rocket Propulsion Exploratory Development
) :-}':- 63302F . Space and Missile Rocket Propulsion Advanced Technology

-.’" Development
TR 63311F - Advanced Strategic Missile Systems
LT 64312F - Peacekeeper (MX)

‘;\; 64609F - Reliability and Maintainability Technology Insertion

o Program

;-.: 65502F - Small Business Innovative Research

"' 5111F - (FWE)

,;: TABLE 4. Ballistic Missile Propulsion Funding

o
‘ ) (5K)

; :::-3 PROGRAM ELEMENT FY 88 FY 89 FY 90
AN

) 11213F 22 22 22

A5 61101F 150 - -

- 611025 462 359 400
o 62302+ 1,378 [,600 1,600
TR 63302F 2,200 2,400 2,200
e 63311F [,500 500 -

54312F 200 100 100

A4609F 1,318 265 -

55502F 1,548 1,200 -

651 11F (FWE) 250 465 195
e. Future Plans

. Future work in the Ballistic Missile Propulsion Technology thrust will involve

RS continued efforts to improve the performance and reliability of propulsion systems.
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In the Service l.ife 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 enerqy propellant/case
interfacial bondlines and developing accept/reject criteria for the inspection techniques

—

Ll

\
:: developed. This cluster is summarized in Figure 30.
,:‘z 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
.r;‘_ penetration aids, re-entry vehicle propulsion and high acceleration will be developed.
o Integrated Stage Concept technologies will continue to be pursued.
N
j:. 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
.9 carbon-carbon materials, implementing computer tomography inspection techniques
:::» including the development of accept/reject criteria.
oy
3 The AF AL Component Laboratory continues to grow and helps us to imnprove
o 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,
e characterize advanced fibers and resins, develop material inspection techniques, and
b establish nozzle and case failure criteria. The program is summarized in Figure 32,
K" 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.
Id
o a. Objectives
P- v
) - . . . . .
- The Fundamental Technologies major thrust contains five clusters to provide
}_.- enabling technology to the iaboratory major thrusts for rocket propulsion and space
vehicle advancement. The five clusters are Spacecraft Sciences, Improved Propellants,
e Combustion Technology, Structural 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
.J_ storage concepts, new ingredients, low cost processing methodology, improved safety
N concepts, structural integrity methodology, means to improve performance, and means to
x.j prevent combustion related problems in Air Force missile and spacecraft systerns. Basic
',:.r research programs feed the exploratory development in inost areas such as energy
\j storage, combustion, fracture rnechanics, chemica! «/nthesis and composite materials.
‘&D
o Advances in this thrust may be incremental, providing a broad base of research
L. and applied technology that contributes to the solution of existing problems, or providing
v step function irnprovements and even technology breakthroughs. This thrust uses

L knowledge from the fundamental physical sciences to generate engineeering problem
solving tools. The application of two or more small technology advances can result in a
large improvement in systein capability. The energy storage cluster is evaluating the
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"' feasibility of radically new concepts which show potential for dramatic improvernents in
{ propulsion capability. Emphasis is on applied research concepts highlighted in AFSC
o Forecast |l deliberations. Innovative means to store energy in atoms and molecules and
e fundamental antimatter research are receiving primary attention. Spacecraft sciences is
W a new cluster directed toward application of fundamental chemistry to problems
)‘: associated with systems in space. Polymer chemistry and chernical vapor deposition
A techniques will be emphasized to provide improved coatings, lightweight structures and
D} tankage on spacecraft. Improved propellants will emphasize low cost ingredients
m . 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. LLife cycle costs can be reduced by carefully
fas developing new components to efiminate costly processing steps and identifying the life
oY limiting design weakest link. Bonded interface improvements and hazards mitigation will
. be stressed. The combustion cluster will emphasize performance and liquid rocket
X instability technology. All clusters emphasize working with peers in other organizations
Ay to eliminate duplication and build upon technology advances. Transition of know how
" from this thrust to Air Force systems is the ultimate payoff.
R
v b. Clusters
-l'_..:' —_——
- The clusters shown in Figure 33 will be discussed with the exception of
o Spacecraft Sciences. This new cluster is currently focused on in-house research projects
o hopefully leading to contracted efforts in later years.
-~
-1::; (1) Improved Propellants
"

q-

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

.

L)

B~ A"

'-".

N propellants.

,';.‘-:' As a result of the need for low-cost access to space, major new emphasis
s is being placed on low-cost propellant ingredients, such as ammonium 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 1s 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 inany energetic and low-cost
ingredients not previously usable.

Development of thermoplastic elastomers (TPE) for use as solid
propellant binders rmay be critical to the development of nove!l 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 polyiner chains at ambient temperature. This process is reversible at
elevated processing temperatures where the polymer chains dissociate, resulting in binder
(propellant) melting.  The other distinct advantages over current chemically cured
) propellants include indefinite pot-life and tailorability, reproducible mechanical and
- ballistic properties, low cost, and applicability to large-scale continuous propellant
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production.  Initial feasibility studies have demonstrated that acceptable propellant
mechanical properties can be achieved using low-cost, commercially available TPEs,
Small scale rocket motors containing TPE based propellants have been fired.

Efforts are continuing with glycidyl azide polymer (GAP), which is a low
hazards 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 candidate for Class 1.3 minimum simoke
and high burn rate propellant applications. In-house programs have demonstrated that
"clean" burning GAP/AN/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
system design. For the past 10-15 years, the emphasis has been on developing new solid
rocket motors.  The long term goal of this cluster is to immprove 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 internnt flow problems duiing the propulsion system design. For the past 10-15
years, the emphasis has been on developing new solid rocket motors. Over the next few
vears this emphasis is being reversed to support the developrment 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 charnber is treated in the Combustion
Stability subcluster. In the liquid stability area, several programs are addressing the
darmping of acoustic enerygy in liquid rocket combustion chambers. These programs end in
FY 20. Another prograin is attempting to control the damping process using adaptive
feedback techniques to vary the characteristics of the damping device to match and
cancel the disturbance. In FY 32 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.
Severual programs, ending in FY 90, will better define how the propellant combustion
process interacts with the acoustic energy generated within a solid rocket motor. These
programns will lead to better understanding and avoidance of these solid rocket rnotor
instabilities. Included in this effort is the AF AL portion of a TTCP effort to evaluate the
existing methodology for experimentally determining the combustion response of solid
propellant to acoustic pressure fluctuations. This new technology will help us avoid costly
nonlinear instability problems. Mo further work is planned in the solid stability area until
after FY 93,
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The Propulsion Performance subcluster treats bhoth combustion chamber
and nozzle performance. A program ending in FY 8% will develop a new performance
model that will accurately predict the perforinance for the new large area ratio nozzles
being designed for space applications. These new liquid engines will operate in a
performuance 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 a hiatus in FY 90 with the completion of the very successful joint AFAL/BMO
program in head end erosion. Future work dealing with advanced motor performance and
slag accumulation prediction will not resume until aiter 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
decrease the temperature sensitivity of solid propellants, improve combustion efficiency
of the inexpensive and environmentally safe ammonium nitrate propellants, and solve the
oroblem of propulsion system induced nutation of spin stabilized satellites. In FY 92 we
«~ill hegin a proyram that addresses the problems of high pressure combustion associated
with the proposed high acceleration weapons.

(3) Structural Integrity

This cluster is summarized in Figure 35.  This cluster develops
imchnoiogy reguired to assure the structural integrity and service life of solid rocket
notors and space related structures. Five subclusters address specific areas within this
sroad charter. The Structural Analysis subcluster has produced advances in linear finite
elernent agnalysis codes for solid rocket motors, and efforts continue to develop a
generally applicable constitutive theory, notably in the area of microstructural theory.
The najor emphasis in this subcluster, however, is now on non-linear analysis technology.
The major remaining problem is material non-linearity, and an intensive attack on this
probleae continves. An additional goal in this subcluster is the strengthening and
maintenance of AFAL's capability to perform in-house structural analysis of large space
boosters and other larce solid rocket motors (SRM).  The Consolidated Analysis Code
program (planned for FY 90) will give AFAL state-of-the-art analysis capability in the
area of large solid rocket boosters,

The primary ongoing effort in the Failure Analysis subcluster is research
on propetlant fractere, with emphasis on the effects of strain fields and property
gradients. This research will feed into work being done iv develop structural analysis
~odes based on propeliant microstructure and an effort to develop a unified propellant
failure theory (starting in FY 21).  Research on the failure characteristics of

Sera oplastie elastomers will also be conducted under this subcluster,

.r, l'l.l‘, £
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e efforts in the Structural Evaluation subcluster are aimed at
fn o ing problems in propellant surface strain measurement.  This technology is needed
fooevaiite analysis technigues as well as to directly evaluate notor structurol integrity.
The ctfects of the space environment on SRM components will be evaluated under this
Chcbaster also.
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The hazards subcluster provides the experimental efforts which rmaintain
the AN A!'s in-house capability to evaluate propetlant hazards.  Current in-house and
contracte ! efforts inclode characterizing the sensitivity of propellants to electrostatic

Jischurge {(ESD).

The DBonded Interfuce Technology subcluster is the most heavily
ermphasized in the cluster.  The qoals ure to understand and control the structural
integrity and service life probleins related to the motor interfaces: propellant/liner,
liner/insulator, and insulator/case. One of the efforts is gimed at developing a computer
code which wili nredict the migration and chemical reaction of mobile ingredients within
a rocket motor, and to determine the resulting material properties for input to structural
and service life analysis. Another effort will demonstrate the effectiveness of
“insuliners” in solid rocket mmotors. The insuliner replaces the insulation and liner with o
single nuaterial.  This reduces the number of interfaces and greatly increases the
reliability of the propellant grain through decreased coinplexity and fewer migrating
ingredients. The AFAL s also establishing an in-fwuse capability in this area.

(4)  Applied Research in Fnergy Storage

High Cnergy Density Matter Technology Area

This cluster is summarized in Figure 36. The long term thrust of the
“igh Lnergy Density *datter technology area is to create, stabilize, characterize and
develop high energy density matter for potential use as propetlants, fuels, and explosives.
During the 1960's, there was much interest in exploiting such high energy species as
Tolasiabies Gaid frec radicals. Unfortunately, the necessary computational and diagnostic
cupabilities were not available and most of the work ceased. With the advent of super
computers, much more accurate computer solutions are being done. With the tremendous
advances in laser technology, not only are extremely fast selective, and sensitive
diagnostics available bit also the knowledge of metastables in laser plasmas gives insight
that was previously lacking. These advances, along with new chernical bonding theories,
have generated a renewed interest in the area of high energy density rmatter.

Current emphasis in this area is on theoretical and experimental studies
to identify candidate (aterials possessing very high energy densities to identify decay
rnechanisins and to determine possible stabilization techniques. The long term thrust of
this technology area is to create, stabilize, characterize and develop high energy density
matter for potential use as propellants, fuels, and explosives. During the [960Q', 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
comnputer solutions are being done. 'With the tremendous advances in laser technology, not
only are extremely fast selective, and sensitive diagnostics available but also the
knowledge of metastables in laser plasmas yives insight that was previously lacking. The
availability of these new tools, along with new chemical bonding theories, have generated
a renewed interest in the areag of high energy density matter.
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:S" Current emphasis in this area is on theoretical and experirnental studies
to identify candidate materials possessing very high energy densities and will identify
“.‘j decay oechanisins and possible  stabilization  techniques.  THew  cundidates  inclode
.nx,, asyinmetric N2072, a poteatial high energy oxidicer. Progress has also been made toward
"o stabilizing high energy azides and high energy forms of frozen hydrogen. Stabilization
v efforts parallel the creation efforts. Feedback among identification, creation and
,n‘:- stabilization efforts is enhanced by annual conferences held jointly with AFOSR. As
) stable products becorme available, they will move into characterization efforts to
WA determine physical and chernical properties. Since there is a high likelihood of sorne of
TN the end products being different than current propuision systemns, conceptual engineering
b studies will be needed to determine how to best use the available energy.
e Antimatter Technology Area
o . Antimatter represents the highest possible energy storage density known
iyl to science. Microscopic amounts of antimatter ceuld in principle be used to heat
KX propellents to arbitrarily high exhaust velocities, enabling rockets for existing missions to
. be nuch sinaller, and enabling new high velocity missions. Currently, antimatter must be
c.’. made in Aigh energy "atom sinashers' at very great expense and at rates too simall for
PAN practical use, however approaches to higher efficiency exist. [t yields its energy
.r whenever it is allowed to come in contact with normal matter, and thus rnust be produced
_"3: and stored in isolation from norinal matter until needed.
ads
N AFAL and RAND Corporation organized an assessinent of antimatter
Ny technologyv, needed to determine if antimatter can eventually be produced, stored and
% used in the quantities needed for propulsion at a reasonable price. The AFAL/RAMD
r assessinent included input fromn national experts in all of the technologies required to take
DO, antimatter from production to application. [t concluded that there are substuntial near-
ety termn scientific, engineering and redical benefits to having a U.S. source of low energy
! :{ antiprotons and that scaled-up production might be possible fron this technology base.
B T The AF Al 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

3rookhaven National Laboratory. The inost promising way to store antiprotons in high
densities would be to combine the'n with anti-electrons {(positrons) to mnake antihydrogen,
forii antihydrogen cluster ions, and then grow the cluster ions into charged crystals of
antibvdrogen ice.  AFAL has mitiated o project to investigate technology for growing
hy drogen cluster ions without contact with norinal matter. These methods would then be
vsed for untibydrogen.

c. Payoffs

Figures 32.36 show some of the payoffs that can be realized through
develop nent of these fundamental technologies.  lew, better, and cheaper ways to
fevelop t of t fund tal technolog Mew, better, d ch t
provide nore reliable space and rocket systeins best describes the payoff of this thrust.
The Droygrams in this thrust provide the basic yround work from which our understandin
of space and rocket propulsion technoloyy evolves; these are our "core technologies." The

B A onderstanding derived from tivis throst allows us to investigate innovative higher enerqgy
| "-ﬁ‘ density zoncepts, to develop improved propellants for increased rocket performance, and
1 . - ~
L~ to provide low risk, low cost concepts and approaches.  iZfforts are under way that
A P y o
- pro nise to reduce propellant processing costs.  lmproved knowledge of bonded interface
- phenomena will result in higher perforinance and greater reliability for Air Force missiles.
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Sigure 37 identifies the Tundamental Technologices thrust transition target..
Transition to the applications thrusts is the significant output of technology from this
thrust, ‘We seek energetic, chemically stuble and safe propellants.  The cornbustion
process nust be stable and efficient. limproved design tools are needed for structural and
combustion analyses. Advanced concepts for potential high energy density materials and
aatimatter research are needed to meet the requirerments of AFSC Project FORECAST 11,
The concepts are high risk, but have very high payoff potential. In a generic sense, all
i'mprove nents ‘nust be made without compromising logistics requirements.  We seek
before the fuct improve nents and after the fact solutions.

4. Funding

Table 5 shows the funding we plan to apply to this thrust. The Progran
Tleinent &1101F monies are from the Laboratory Director's Independent Research Fund,
The G11N2F monies are AFOSRR rescarch funds being applied to rocket propulsion goals,
Project 5730. The &2601F inonies are Advanced Weapons resources being applied to
enerygy storage goals. The exploratory development investiqations are accomplished under
Program Element 62302F, Project 5730, The 64312F funds ae for 1CBM modernization.
The 64609 funds are part of the Reliability and Maintainability Technology lnsertion
Program. The 65502 funds are from the Small Busiress Innovative Research program.
The 65307 funds are Test and Cvaluation monies fron AEDC, The 7801IF funds are
Industrial Preparedness montes for impraved manufacturing technology (MAMTECH) from
ATWAL.

TABLE 5. Fundarnental Technologies

(51K)
PROGRAM TLEMEHT FY 89 FY 89 FY 20
L0 319 100 -
SO0 2,015 1,217 1,751
526018 290 60 -
623024 6,666 6,542 4,500
Ga312F 530 - -
5h609F 200 600 500
6330”_ 300 1,200 250
55307+ 250 250 100
73‘01 g - 700 1,000

Future Plans

Cigures 2201 dentify the project eaaphasis in this thrust, They are presented
i the general order aecording to the cluster responsible for the worls,
J J i

,')\'/1 " '/\T!

AVAL organizational chart as of Ity 128305 shown in Figore 42,
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- APPENDIX
= FY 89 & 90 COMPETITIVE PROGRAM LISTING

Notes:

I. This list contains those programs we expect to award to industry
o8 competitively.

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

P ST

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 perforimance of vaneless turbines which will
allow high femperature 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 iridium chemical vapor deposition (CVD)
coatings can provide increased thermal and oxidative resistance. Simulated engine
cormponents 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
sirnulated components will be of various construction materials and will be coated with
Ir, Pt or allows of IR, 1Q90. These coated materials will be placed in chemically
aggressive environments to simulate engine operction. The value of diffusion limiting
interlayers will be assessed. Cu, Ni, and Niobium alloys will he the principal materials
of construction.

TITLE: High Thrust Injector Demo

PERFORMANCE PERIOD: Apr 89 - Sep 21

OBJECTIVE: Develop a stable injector configuration at the 10 - 20 K pound thrust level
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 de nonstrated. The injector design verification
~ill include significant stability analysis.

TS Integrated ACS Study

PERIFORMANCE PERIOD: May 89 - Apr 20

OBJCTIVE: Provide a technology plan for a high perforinance extended life ACS
thruster and feed system components design for integration with a primary storable
pump-fed (N204/MMH) orbit transfer and naneuvering system. Input fromn the
Advanced Spacecraft Feed System and the XLR-132 storable engine development
prograins will be used to initiate studies and analysis to determine the feasibility of
integrating the primary, attitude control, orbit transfer, and inaneuvering propulsion
systerns.  The analysis will define the most effective meuns for integrating these
syste.ns and identify technology needs. Considerations for reducing cost and improving
reliability is also included.
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.:"‘ F\( 89 SPACE SYSTEMS PROPULSION PLANNED NEW STARTS (Continved)
b
N
'(" TITLE: 30-KWe Class Arcjet ATD
Ny PERFORMANCE 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
K- technical effort. In the first phase, the contractor will develop the thruster, the power
s conditioning subsystem, the propellant storage and delivery subsystem, the thermal
.::: management 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
.J and 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 systein 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 PLLANNED NEW STARTS

TITLE: Struct Eval of SBR Concepts

PERFORMANCE PERIOD: Mar 89 - May 90

OBJECTIVE: Perforin a complete structural performance evaluation of two candidate
Space Based Radar (SBR) concepts in the presence of environmental and on-board
disturbances. In task 1, 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 deteriine 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, retargeting and station keeping
forces, etc. The structural response of the system under both static and dynamic
toading 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 acceptabie level.

TITLE: TVS Components Demo

PLRFORMANCE PERIOD: Jun 89 - May 92

OBJECTIVE: Develop and demonstrate the components of Thermodynamic Vent
Systems (TV3) for space storage of cryogenic fluids. A trade study will be performed on
the TVS flow and pressure control systern design options to identify two or more design
approaches whicir satisiy requirements for long term space storage of cryogenic
systems. A sirmulated 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 potenticl failure modes of the system will be addressed and the critical
components subjected to accelerated life testing.

TITLE: LDR System Design Model

PLRIFORMANCE PERIOD: Mar 88 - Feb 89

OBJELCTIVE: To upgrade the iLiquid Droplet Radiator (LDR) systemn design model. The
current LDR Jesign code will be evaluated for its adaptablity. Its weight and size
prediction algorithhms will be assessed for their uccuracy and adequacy to analyze a
wide range of possible LIDR configurations. The current code will be modified or a new
code developed based upon the previous rmodel evaluation. The new, more user friendly
code will have the capability to design and analyze building block LDR configurations.
It will also incorporate opti-nization algorithms which will allow the LDR systein design
to be optimized for specified constraints.
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Y ‘{: FY 89 SPACE VEHICLE TECHNOLOGIES PLANNED NEW STARTS (Continued)
;“ y TITLE: Space Heat Exchanger Ground Demo
L
0 ol PERFORMANCE PERIOD: Jan 89 - Jun 91
i
: :::} OBJECTIVE: Demonstrate the operation of a direct contact heat exchanger in a
: o simulated space environment. Analyses will be conducted to establish representative
W 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
M environment to gather performance data. The data will then be correlated with
2 J o
23 analytical predictions to assess concept feasibility.
~
i"j TITLE: Adv Spacecraft Technology Integration
e PERFORMANCE PERIOD: Mar 89 - Feb 90
e
'{f. OBJECTIVE: OQutline the specific details of a program that will provide an effective
w7 means of demonstrating advanced spacecraft technologies in the space environment.
DA The general approach to this effort is to identify candidate technologies for
P demonstration and to investigate means by which the demonstrations could be
by integrated into a flight experiment. After the technologies are identified, a search will
ﬁt-; be performed to locate a planned satellite that could be used as host for the
e demonstration experiments. If a hest can be identified, methods for integrating the
A demonstrations and collecting data will be studied and evaluated. If a host cannot be
:"\-] identified, the feasibility of designing and building o dedicated statellite will be
' \ evaluated.
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FY 89 AIR-LAUNCHED PROPULSION PLANNED NEW STARTS

TITLE: 1.3 GAP Propellant Bondline Aging

PERFORMANCE PERIOD: Jun 89 - Sep 92

OBJECTIVE: 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 seclection 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 nropellant solid
rocket otors shall be the results of this project. The technology can be transitioned to
ary missile system using Class 1.3 GAP solid propellant rocket motors.

TITLE: Detonation Mitigating Liner/Insul/Case

PERFORMANCE PERIOD: Aug 89 - Jul 91

OBJECTIVE: Currcatly aiir-iaunched sulid rocket moiors containing high energy, Class
I.I hazards propellant can be detonated. This detonability requires that these Class .1
motors adhere to strict quantity-distance handling and storage regulations. This effort
will reduce the shock-to-detonation sensitivity of solid rocket motors. This will enable
the Air Force to use hazards Class 1.1, high energy miniinum smoke solid rocket
propellant. 1t will also allow the Air Force to have larger nuinbers of sofid rocket
motors in current facilities because the motors containing the detonation mitigating
liner/insulation/case systems will be less apt to spontaneously or sympathetically
detonate. All users of solid rocket motors would benefit fromn this project, especially
the Air Force, as it would enable the Air Force, TAC, to use high energy, minimum
sinoke propellants; and the Army, as they already have Class {.[ motors fielded. This
project will greatly reduce the hazards associated with handling storage and operation
of currently detonable solid rocket motors.

TITLE: Advanced Tactical Missile Signature Study

PERFORMANCE PERIOD: Jan 89 - Sep 20

OBJECTIVE: We are expending significant resources reducing the signature of tuctical
missile motors. We need to determine if a further reduction of inissile signatures is
needed or required. Since reducing rotor signatures generally reduces motor
verforinance, we need to determine the break even point between the two. We need to
[pow at how this tradeoff effects rissile lethality and aircraft survivability.
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'Y 8% AIR-LAUNCHED PROPULSION PLANNED NEW STARTS (Continued)

TITLF: 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
the pressure spike. At the same time the ic viter needs to generate ample heat flux to
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
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 systems.

TITI_E: LLow Cost Process Evaluation Motor

PERFORMANCE PERIOD: Sep 89 - May 92

O3JECTIVE: Many of the new technologies developed in recent years are costly to
fabricate. As part of a rocket motor. To help transition this technology into systerns
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,
ete. will be investigted. The overall objective is to cut costs while maintaining the high
verformance levels of the advanced technologies.
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FY 89 BALLISTIC MISSILE PROPULSION NEW STARTS

TITI_.C: Pen-Aid/RV Technology Development

PERFORMANCE PERIOD: Feb 89 - Jan 23

OBJECTIVEE: The increasing Soviet Anti-Ballistic Missile (ABM) threat will require the
U.S. reentry vehicles to have better penstration capability. Relocatable targets may
require mid-course trajectory changes. Powered penetration aids or reentry vehicles
could mid-course correct for relocatable targets, simulate or desimulate each other,
maneuver to avoid intercept exoatmospherically, or eliminate deployment buses by self-
deployment. A key factor against these concepts has been propulsion unit weights.
This prograrm would address the weight reductions possible in light of the recent
miniaturized units built for kinetic kill vehicle divert propulsion systems.

TITI_E: Fast Burn Missile Technology

PERFORMANCE PERIOD: Jan 89 - Dec 89

OBJECTIVE: Efforts in this area directed toward designing, analyzing, and building
specific propulsion technologies to be employed in future fast-burn inissile hoosters.
Fast-burn misslle technoloyy 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 system by completing the
boost phase while inside the atinosphere. The technology development effort is
expected to address propeliants, advanced materials, creative corponent 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-atmospheric
interceptors as well as space-based interceptors.

TITLE: Nuclear Propelled 1CBM Upper Stage

Pt RFORMANCE PERIOD: Jun 89 - May 21

OBJECTIVE: The objective of this effort is to develop nuclear propulsion technology
for application to future ICBM upper stage propulsion requirements. Present propulsion
capabilities linit 1CBM  throw weight for given total system mass and range
restrictions. A nuclear upper stage provides a high inission energy stage to increase the
throw weight or reduce total systein mass for a given throw weight. This effort focuses
on conducting the mission, integration, performance, and safety analysis required to
Jdevelop technology for this application. It also verifies, at the component level,
technology required to demonstrate nuclear propulsion engine operation. The end result
of this effort should be the ground work upon which the Ballistic Missile Office could
Huild the next generation |CB3M using a nuclear upper stage ercploying advanced booster
techinolony.
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FY 89 BALLISTIC MISSILE PROPULSION NEW STARTS (Continued)

TITLE: Defect Image Analysis

PERFORMANCE PERIOD: Sep 89 - May 93

OBJECTIVE: The eye can not adequately distinguish, position, and evaluate anornalies
present within current Non-Destructive Evaluation (NDE) data on nozzles. Advanced
computational image analysis would allow anomaly definition and positioning of defects
for engineering evaluation and corrective action. 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
minimize agonizing and costly delays and save cost parts. This program will support
improved imaging and evaluation of composite based nozzle components for initial part
acceptance and then for reappraisals of impacted and aging component assemblies.
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FY 89 FUNDAMENTAL TECHNOLOGIES PLANNED NEW START

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 vltimately 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 diagnastics; 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 and 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 materials selected for
oxidation resistance.

TITLE: Standard Intelligence Fngine/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
from the propulsion and intetligence community and compiled into a standard format.
A standard nozzle code will then be used to calculate exit plane conditions. These
conditions will be published and will provide consistent startline conditions for
intelligence assessiment,

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 PERIOD: Oct 89 - Sep 9!

OB3JECTIVE: Demonstrate the performance capability of a porous disc solar thermal
thruster concept. A cormputer model of the flow and heat transfer characteristics of
selected porous materials will be developed. Subscale testing will then be perforined 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
froin the nozzle, and through re-radiation back through the window. Maxirnum
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 cf 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 23

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) wiil 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 perforimance of the code will be evaluated and modifications to the
code will be considered if necessary.

TITLE: System ID for Large Precision Structures

PERFORMANCE PERIOD: Mar 90 - Apr 93

OBJECTIVE: Deveiop 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 mathematical 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
subsystern.  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)

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 betweer
400 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 dynarnic 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
dermonstrate the code's ability to model the MBR under expected operating conditions.

TITLE: Heat Pump Assessment Study

PERFORMANCE PERIOD: Jul 90 - May 91

OBXECTIVE: Analytically assess the current and advanced heat pump concepts for
their potential operating improvements. Research and evaluation will be conducted of
all known or propcsed 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 assessirnent of the current state of development as well as estimation of
the potertial for future performance improvements for each of the selected concepts
vill be ozcomplished. Using these heat pump operating characteristics, the impact on
overall system performance will be made for several representative thermal
menagerent applications.

TITLE: Minimum Time Propellant Constrained Orbit Transfer

PLEORMANCE PERIOD: Apr 90 - Mar 91

OBJLCTIVE: 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
wiil next he implemented in order to parametrically define solutions. The third phase

wivt ovide fast running algorithms that may be implemented in specific a plication
teies to quantify mission timeline benefits of propu!sion investments. his is an
" it dronsfer sicdy problem and is purely analytical.
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FY 90 BALLISTIC MISSILE PROPULSION PLANNED NEW STARTS

TITLE: Advanced Propellant/Bondline Evaluation

PERFORMANCE PERIOD: Aug 90 - Sep 93

OBJECTIVE: Bondline problems usually present themselves in new missile systems
after 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 @ 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 (Al) 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 | 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 |l 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
oropellants 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 missites. 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
wifl be related to a baseline propellant to assess feasibility. Specifically, advanced
binders and alternate oxidizers wouid be assessed with the inclusion of novel burn rate
additives. The metallo-organic modifiers would be tested by strand-burn as well as
small motor firings relative to baseline formulations. Task | will be to synthesize and
screen modifiers in this fashion. Task 2 will include scaling up the most promising
formulations for tradifional as well as clean-burn formulations.

TITLE: Boundary Layer Code Validation

PERFORMANCE PERIOD: 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 experimenta!l 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
AN

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
L computational fluid dynamics methods to predict the performance of the selected
noncoaventional configurations. Analyze the selected nonconventional nozzle
configurations to evaluate potential performance benefits.

k) TITLE: Advanced Studies

-;‘5; PERFORMANCE PERIOD: Oct 89 - Oct 92

.f,".r

o~ OBJECTIVE: To investigate the feasibility of a number of advanced concepts in
-".:4 propulsion and combustion technology to reduce the cost and increase the reliability and

performance of weapons systems. Specifically there are six tasks which look promising
at this time. The tasks and their objectives are: -Solid Propellant Catalysis Effects.

o Detennine the mechanisms which cause plateau and super rate burning and apply this
[ knowledge to the development of new propellants. 2-Steam Starter Cartridge
f,_‘}. 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

abnormalities in solid rocket motors using nonintrusive acoustic sensors. A4-Magnetic
Mozzle Studies. Continue the development of rnagnetic containment of hot gases to
reduce nozzle heat transfer and produce thrust vector control. 5-Oblique Detonation

> .

M Wave. 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
® combustion efficiency and stability by the use of innovative techniques. An intensive
oA in-house literature review shall be made, extensive discussions with industry and
Nt academic experts will be held, and preliminary calculations performed to select the
-:::{f most pro nising task(s). The contractor shall continue the literature review, determine
S0 feasibility, perform performance calculations and design, execute, and analyze
‘:.:: laboragtory experiments.
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FY 90 FUNDAMENTAL TECHNOLOGIES PLANNED NEW STARTS (Continued)

et et

TITLE: Application of Microconstitutive Theory

'.ﬁ-:-l PERFORMANCE PERIOD: Apr 90 - Jul 93

») OBJECTIVE: This program addresses the general problem of improving the accuracy of
Ko structural analysis and broadening the analysis applications to increasingly complex load
W histories for solid rocket motors. Current analysis codes are based upon generalizations
e of currected linear viscoelasticity theories and are usually in error when expanded to
A untested geometries, temperatures, and load histories. There is a significant payoff in
S 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

(O

.r}_.‘ previously developed microstructural theory to actual solid propellant problems, the
N following tasks shall be conducted: Task | - Refinement of the existing theory shall

N assess the importance of propellant structural details (i.e., crystallinity, cooperative
e motion, plasticization, flaw treatments and verification) and incorporate coded
SV 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, environinent, 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

q variables; Tas 6 - Validate calculations with analog testing and subscale motor

; A demonstrations.

\J_‘.

‘o TITLE: Motor Susceptibility to ESD

h_' L]

K.~ 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
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scenarios and result in supported recommendations for test standards. The program
shall be co:nprised of the following tasks: Task | - Mechanisms of ESD; survey current
O mechanisims and refine deficiencies such as electric field calculations and breakdown
A path statistics. Task 2 - lmproved ESD Testing; modify test apparatus to improve
AN electrode configuration, isolate instruments from high voltage transients, and develop
w hreakdown path detection capability. Task 3 - Propellant Microstructure; investigate
'{-:;: propellant/liner/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 Systemn Grounding; identify critical grounding procedures
P for mators during processing, handling, and deployment, including mobile and space-
e based 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 Gs composite case resins, metal case
adhesives and priimers, 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 | - 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 | interactions upon
bondline integrity of representative case/insulation/propellant regions of ballistic,
tactical, and space motors. Task 3 - using Task |l measurement techniques, sensitive
bondline mechanical property tests, and standard chemical analysis, develop a zero-
time data base. Task 4 - from analysis of data base, select new materials or processing
approaches to minimize suspected aging interactions. Task 5 - identify preliminary
aging models and verify to the extent possible.

TiTLE: HEDM Candidate Concentration

PERFORMANCE PERIOD: Jan 90 - May 93

OBJ:CTIVE: 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 HEDOM candidates identified in the initial phase of the HEDM
plan have been made in microscopic quantities. The projects initiated under this PRDA
will attempt to do this and to deterinine their properties. This effort answers the need
to create experimental quantities of potential new high energy propellants, eventually
leading to higher rocket payloads per dollar in most missions. The major tasks of this
effort are to verify predicted HEDM properties and determine how to synthesize bulk
quantities.  Innovative proposals will be sought under a PRUA and eight to ten will be
selected for funding. Typically these will involve efforts to maximize concentration of
previoesly entified HEDM candidates.
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FY 90 FUNDAMENTAL TECHNOLOGIES PLANNED NEW STARTS (Continued)

=)

';-E: TITLE: HEDM Applications Study
:-:'_::: PERFORMANCE PERIOD: May 90 - Nov 92
"’ OBJECTIVE: This program would exploit postive results that have come out of the
's HEDM research efforts. HEDM materials have been identified, botk theoretically and
NN experimentally, that appear to be good energy storage candidates and warrant further
:_,.: exploration. The objective of this program is te determine appropriate HEDM
\;\ applications. Near-term applications will be emphasized. Several HEDM materials
A have been identified as a result of ongoing HEDM research. These materials have
e tended to fall into a few general classes of materials; such as cryogenic solids, high
‘ energy odditives, dormant propellants (energized just before use) and externally
A stabilized materials. This program will assess and develop potential applications for
NS these classes of inaterials. 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
s evalugte the feasibility of these applications. The methodology used to perform the
N tasks will include data gathering, critical evalaution and verification.
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