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Wright Laboratory Materials Directorate's
Aerospace Materials and Processes Technology

Reinvestment Workshop

Tuesday 18 May 1993

0730-0830 Registration
0830-1030
0830-0840 Welcome Mr Scott Theibert
0840-0910 Purpose Dr Vincent Russo

Overviews
0910-0930 Air Force Air Force Materiel Command
0930-0950 DOD Mr Jerome Persh
0950-1010 ARPA Dr Ben Wilcox
1010-1030 NIST Dr Lyle Schwartz
1030-1100 Break
1100-1130 Status of Current Activities - Mr Jerry Covert
1130-1230 Examples of Current M&P Partnerships
1130-1150 IHPTET Fiber Consortium Mr Stephen Strunck - GE
1150-1210 Modeling of Casting Flow and Solidification Dr Thomas Tom - Howmet
1210-1230 Intelligent Design of Aluminum Extrusion Mr Butch Dyer - Tech Dev Corp/YSU

Processes
1230-1400 Lunch Nutter Center
1400-1540 Industrial Perspectives Aerospace Industry
1400-1420 Northrop Mr Allan Freedman
1420-1440 Lockheed Mr Bill Hargrove
1440-1500 MCAIR Mr James Dorr
1500-1520 Pratt and Whitney Dr Bill Yee
1520-1540 Westinghouse Science & Technology Center Dr Dick Hopkins
1540-1600 Break
1600-1700 Industrial Perspectives (Cont) Suppliers & Industry

Associations
1600-1620 NCAT/AIA Mr Richard Hartke
1620-1640 QuesTech Research Division Mr Ned Maurer
1640-1700 National Automotive Center - US ARMY Capt Richard Brynsvold
1700-1830 No Host COD Bar Nutter Center

Wednesday i9 May 1993

0830-1000 Potential Topics for M&P Partnerships Air Force
0830-0850 Introduction and Objectives Mr Larry Hjelm
08J0-0930 Metals and Ceramics Division Dr Norm Tallan

Metals, 1ntermetallics and MMC Ms Katherine Williams
Ceramics Dr Allan Katz
Metal and Ceramic Material Processing Mr Jim Morgan



Nondestructive Evaluation Mr Charles Buynak
0930-1010 System Support Division Mr Tom Cooper

Pollution Prevention & Repair Mat'Is & Processes Mr Ted Reinhart
Aging Aircraft & Failure Analysis/Prevention Mr Ron Williams

1010-1030 Break
1030-1210 Potential Topics for M&P Partnerships (Cont) Air Force & Others
1030-1110 Nonmetallic Materials Division Dr Charles Browning
1110-1140 Electromagnetic Materials & Survivability Division Mr William Woody
1140-1210 Integrations and Operations Division Mr Robert Rapson
1210-1300 Lunch Nutter Center
1300-1630 Adjourn for Specialist Sessions/Discussions All
Berry Room 1 Metals and Ceramics Division
Berry Room 2 Nonmetallic Materials Division
Berry Room 3 Electromagnetic Materials & Survivability Division
Room 240 System Support Division
Room 226 Integrations and Operations Division
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DR. VINCENT J. RUSSO, DIRECTOR

AIR FORCE OVERVIEW

Aerospace Materials and Processes
Technology Reinvestment Workshop



Dr. Vincent J. Russo, Director
Materials Directorate

MATERIALS DIRECTORATE
MISSION

Plan and execute the USAF programs for

materials and processes in the areas of basic

research, exploratory development, advanced

development, and liamufacturing research.

Provide systems support to Air Force product

divisions and opuating commands to solve

"system related problems and to transfer

expertise In tim areas of materials, processes

and manufacturing.



MATERIALS DIRECTORATE
PHYSICAL PLANT

* ESTIMATED ILD!NGS REPLACEMENT VALUE $94,400,000

* ESTI•ATED SCENTFIC EQUIPMENT REPLACEMENT VALUE $122,200,000

* LABORATORY MODULES 209

* TOTAL AREA 579,000 FT

MATERIALS DIRECTORATE
MATERIALS & PROCESSE
EXPERTISE IN ML FACILTY

Q2MERMENT
TOrAL MS me

S--TIi ISTS & ENGINEERS .29 123 70
TECIMAN 9 - --

OTHER 43 -

SUITOTAL Z11 123 70

NRC POST DOCTORATE FMLLOWS 11 - 11
ML VISINQ SClENTISTS PROGRAM 36 6 26
IT O E PERSONNEL ACT 2 2
ONSiTE CONTRACTOR PROFESSONAL SKE 116 35 49
oNsrrE CONmTACTOR SUWORr/TECIWOA'4 9S 6 -

COLLEGE STUDENT SUPPORT 43 1
StBTOTAL - - -48 a

TOTAI 56 171 158

PERCENT OF SAE WORKFORCE (396) 41% 40%

woo



MATERIALS TECHNOLOGY AREA PLAN

MAJOR THRUSTS
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MATERIALS TECHNOLOGY AREA PLAN

FINANCIAL TREND
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DEFENSE CONVERSION
AND

THE AFMC ROLE

.ý:P9ENEC0NY $

l0ow 198 Congress requires Federal Laboratories to
transfer technology to StaEWLOcal Governments
and the private sector

1902 Congress establIshes Defense Conversion
CommIss~on, apprprate *1.513 ,o defense
oonversion programs

- $575M for Defense Conversion InItIatives

1903 President announass reorientiUan of Defense R&D

- CivIllan R&D to Increase. from 41% In 1993 to
60% by 1'98 (+ $8.713)



.. ..._ ... ... 4

" Made tbchnotogy trbnsfer a -spoalbilllty of0al federal

Isb SA~s

" Created financial Incentives through royalty sharing

. At least IS peaen to ederal Invantor

- 4emalnder •o Inventoe's organization

- Created to Federal Laboatory Consortium pFLC)

" Emp• weed lab directors to enter Into Cooperative
Research and Development Agreemmnts (ORDAs)

"* Major Congreulional Inltlaldve to promote

Dual-Use Tochnoiogles

"• Appropriates $1.5B In FY 93

- r51M directly applioable to defense technology
and Indus"ry programs

"O DoD Is OPR for most activitlies

"* Implementation polloy not yet formulated



* Simple non-adversarial agreementlpartnership

mechanism

* Clarity and flexibility for Intellectual property rights

* Conflict of Interest guidelines for non-adversarlal
partnerships

*2371 U.S.C. 10, Cooperative Agreements

- Oelegated authofty, maximum flexiblity

MM Law- 10 U.S.C. 2371

"* What doe It do?

- Authorized "cooperative agrpueunts and othe transaetlons"

- For "advanced r- ewal"

"• why?
- Procurement oontbets are beet suited for buyerfealler

relotenships

- R&D often Involve* support, etlmulatlon, cooperation

- Flexlbilty and Innovation required

- Impeat of govenment funding Is offer mar. like Investment
1hen the purmase of ooods and servicee



"ALL LABORATORIES MANAGED BY.... DOD

WILL BE REVIEWED WITH THE AIM OF DEVOTING

AT LEAST 10-20% OF THEIR BUDGETS TO R&D

PARTNERSHIPS WITH INDUSTRY"

President William J. Clinton
22 Feb 93

L



MR JEROME PERSH

DEPARTMENT OF DEFENSE

THE DEPARTMENT OF DEFENSE
MATERIALS AND STRUCTURES

SCIENCE AND TECHNOLOGY PROGRAMS

AEROSPACE MATERIALS AND
p!~o~US REIN4VESTh5NT WORKSHOP

AmR F.ORCE wrIGHT LABORATORY MATERIALS DIRECTCDRATE

MAY IM9



DOD MATERIALS AND STRUCTURES
SCIENCE AND TECHNOLOGY

SUMMARY

"* THE DoD IS SPENDING ALMOST 1/2 B/YR FOR MATERIALS
AND STRUCTURES RESEARCH AND DEVELOPMENT
(6.1 + 6.2 + 6.3A)
- OF THIS TOTAL, 1/4 TO UNIVERSMES, 1/2 TO INDUSTRY, 1/4

IN-HOUSE

"* RESEARCH AND DEVELOPMENT INDUSTRY BASE
HEALTHY
- CHALLENGED

"* PARTICIPATION BY 3MALL COMPANIES (SBIR),
UNIVERSITIEJ (6.1, URI), LARGE AND SMALL COMPANIES
(62, 623A)

"* THE AVERAGE ANNUAL GROWTH RATE HAS BFEN
ABOUT 10% OVER THE PAST 10 YEARS
- PROGRAM HAS ALMOST DOUBLED FY 1980 - 1993

"* ROUGHLY 1/3 OF THE TOTAL EXPENDITURES ARE ON
"COMPOSITES"

DOD MATERIALS AND STRUCTURES
SCIENCE AND TECHNOLOGY PROGRAM FUNDING

ALLOCATION BY MISSION AREA

A_ ________Ill
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THE DEPARTMENT Or- DEFENSE
MATERIALS AND STRUCTURES

SCIENCE AND TECH1NOLOGY PROGRAMS

FUNDING HISTORY

g1.7-

8114hj:8 o 92 9

1.3 0 Im io lo l

ALLOCATION BYEMSINARE



OBSERVATIONS, DIRECTIONS, AND MORE
BOTTOM LINES

"* TH!4.GS ARE CHANGING RAPIDLY

- "BUSINESS AS USUAL:'OBE
- CONSORTIA / PARTNERSHIPS I ALLEGSANCES ARE BECOMING

A "WAY OF LIFE"
- DUAL USE AND ENVIRONMENTAL CONSIDERATIONS BECOMING

VERY IMPORTANT
- CONTRACTING MECHANISMS EXPANDING

"* HUGE OPPORTUNITIES FOR LARGE AND SMALL COMPANIES

-BUT CHANGES NECESSARY
- VERNICALIZATION
- COMPANY-TO-COMPANY ARRANGEMENTS

- INNOVATION SHARING
- SK, CAALTIES CONCEPTS

THE DEPARTMENT OF DEFENSE
MATERIALS AND STRUCTURES

SCIENCE AND TECHNOLOGY PROGRAMS

"* Defene Converslon/Dual Use Is Very Important for the DOD Materials
and Structures S&T Community

-Now and Um Foreassubl Future

"* Cheitenge Is to Prope-se Programs Laat SaV~y Both MI;,tary and
Civilian Needs
- Menearreent Concwapte (Partnersh~ps, Consortle, Intogratione/Governmont

Lr-is, States, Universities, Local JurladlNi~ons, etc.)



BOTTOM LINES

"0 THE ADMINISTRATION AND THE CONGRESS RECOGNIZE THE
IMPORTANCE OF ADVANCED MATERIALS TO WORLDWIDE
COMPETITIVENESS
- OFFICE OF SCIENCE AND TECHNOLOGY POUCY (OSTP)I

FEDERAL COORDINATING COUNSEL FOR SCIENCE,
ENGINEERING AND TECHNOLOGY (FCCSET)ITECHNOLOGY
AND INDUSTRY/COMAT/AMPP

- SENATE AND HOUSE ARMED SERVICES AND APPROPRIATIONS
COMMITTEES

- SENATE AND HOUSE COMMITTEES ON COMMERCE, SCIENCE,
TRANSPORTATION, AVIATION, SPACE, AND MATERIALS

* OVERALL U.S. ADVANCED MATERIALS COMMUNITY (GOV'T,
INDUSTRY, ACADEMIA) SOLIDLY SUPPORTED BY U.S.
GOVERNMENT (AND MANY STATES)

"* U.3. INDUSTRY AND ACADEMIA ARE VERY, VERY STRONG
PLAYERS IN WORLDWIDE COMPETITION

0 THE DEPARTMENT OF DEFENSE
MATERIALS AND STRUCTURES

SCIENCE AND TECHNOLOGY PROGRAMS

ADVANCED RESEARCH PROJECTS AGENCY (ARPA)
ADVANCED MATERIALS SYNTHESIS AND PROCESSING

PARTNERSHIPS PROGRAM

CHARACTERIZAON
* State/federal govemmsnt/industrylacademia participation
• Management by partnm group/government does not lead
• 50% cost sharing/IRAD + In-kind
* Legal sgreumentamaiCJs by partners

Partners assume responsibility/accountability
* Intellectual property agreements
* Funding d~rectmilestone-schedrle driven



THE DEPARTMENT OF DEFENSE
MATERIALS AND STRUCTURES

SCIENCE AND TECHNOLOGY PROGRAMS

ADVANCED RESEARCH PROJECTS AGENCY (ARPA)
ADVANCED MATERIALS SYNTtIWSIS

AND PROCESSING PARTNERSHIPS PROGRAM

o Concerns
- Unfamiliar administrativelcontmcting procedures/

commercial accounting practices
- FAR / DFAR! WCAS can b& waived
- Relationship to SBIR I S & T - Reliance unclear
-- Small company particlpation

-Competition losers

THE DEPARTMENT OF DEFENSE
MATERIALS AND STRUCTURES

SCIENCE AND TECHNOLOGY PROGRAMS

GUMMARY

* Future health of materIals & structures funding and
Industrtal base becoming dependent on ability of
Industry to:
-- Identify high pay-off "dual-usel" opportunities

-Assemble working partnerships
-Capture fair share of partnership funding



DR. LYLE SCHWARTZ

NIST

THE NEW ENVIRONMENT -
NIST IN THE BRAVE NEW WORLD

"* Vision and the Technology Plan

"* Congressional Lead/Response
"* NIST and Other Agencies

IL



VISION AND THE TECHNOLOGY PLAN -1I

Extramu-ral
- ATP
- MEP
- Quality

VISION AND THE TECHNOLOGY PLAN - 2

* Intramural
- Laboratory
- FCCSET

- Industry (Outreach?)



VISION AND THE TECHNOLOGY PLAN - 3

Budgets
- 4 year OMB Pa:sback
- FY93 Supplement

- FY94 Request
- FY95-97

NIST AND OTHER AGENCIES

• Defense Conversion

* FCCSET
* AMPP



AMPP: THE NIST ROLE

AMPP Technical Components NIST Programs

Synthesis and Processing - - The Laboratories
Theory, Modeling and Simulation , • ATP
Characterization J

Education and Human Resources • MTC

Facilities -- NBSR and CNRF

MISSION

MSEL is the Federal Government's central resource for
measurement-related materials research in support of
industrial needs and U.S. standards.



MSEL - INDUSTRY INTERACTIONS

PLANNED INITIATIVE EXPANSION
(under consideration)

Name Cooperating Lab.
Functional Gradient Materials CSTL
Interconnects EEEL
Distributed Theory Center CAML
Nanostructured Materials CSTL
Machining of Advanced Materials MEL
Infrastructure Materials BFRL
Metal Matrix Composites
Photonic Materials EEEL, PL

S- ' - " ' ' 0 !



MR. JERRY COVERT

STATUS OF CURRENT ACTIVITIES

Progra Information Packae
forII..

Defense Mrdin3o0,g Convers9on,
S• " Reinv~sftmeKt and Transition Assistance

.iM

.. Mac 30,,.--993



(1) Foams on tftwninkvg ecnoboge into Productslpcomeees

(2) Crail-ft Wuin ths lo" to.m

a Ckvrefsfimilon from defens to cammercisi products

0 Inegration St ldefmensndow commrcls production fac~ltlies

* De~ployent of tscttnology to end from commeroWa industries

* Development of Duel-Ute technologies

Technology Relnveabiment-What It Is t

"* NOT mu Ian. oowimpenetin orbes coig

"* NOT more support for baesi resemrch

"* NOT Governmeont venture capitul

NOT for transition of netlonsi isborstores to foproPfift

*NOT a way to continue defense business 8s usual



Defense Conversion,, Re-investment and Transition

Technoio~ly Stages and Activity Areas

To I-

lTuhr~g fNbmdu k



Technology RFoInvestment Project Emphases

-9"J

Common Requirement*

St~tutory requizremn 4*ff,,vritof to all progirm.ns

(1) AN requ~re omni~a~tb wovrd

42) AN contain pard~cpation and organizational requirements

13) AN require Indus"r cost sharing of at unI fifty p~r.-nt
(60%)

(4) Defense emphasis - 10 I.I.R.C. § 2501



Technology Reinvestment Prelact

To stimu~late thle transition to a growing, Integrated, national Industrial
cQpabi'wty whfrch provides the most advanced, affordable, military systemis
and the mobt comnpetitive commercial pmducts.

Strategy

Invest Deigsms Conversion, Title IV funds in activities which stimulate
ths:.-

1) D2yel100m1[a of technelogies which enable new products and
processo"

2) fliRinh1Mt of exis'ing technology Into commercial and military
products and processes

3) lnt*2ratIon ol military and comnmercial research and production
activities

Technology Reinvestment Activities

*Defense Technology Conva~refo Council (DTfC) 9stablished
December 16, 1992

-Departmert! of Defense (AdvancecG Resarchl Projects Agency
aind Mlitar Departmients)

.. Dtpaxtment of Eneggy (Defense Programs)
-National 8clenft Foudon
-Department of Commerce (National Institute of Standards &

Technology)
* -National Aeronautic* and Space Administration

*A singit competition Is Rianmt for the isouence of a formal
inolichation
Evaluatimi, ranking, anti selection of proposals will be conducted
12inily

*Distributed execution



Technology Development

Technology Oevelopment activities deal wihh tho R of new
product and ora e technologies and exploration of their potential for
commercial endlor defense applicatIons. Proosuals that Involve gtther
baic| reaetrch OR final product davelonment bevond DttJsgso
"product garototvpaieaslbilitu demonstration will be rearded &s out oe

Proposals will fail Into one of three activities-

(1) Sejn-Off Trandtloning activitlet are those that demonstrate non-
defanse commercial viability of technologies already developed
for defense purpoasm.

(2) DuI-MUL Deoialonman% activities arG 'hose that develop
commaeclally viable tec.lanologle3 that have both defmnse and
non-defense uses.

(1) pln=Qn.PrgQou2n activities are thone that demonstrate the
defense utility of ealiting non-defense commercially viable
tachnologles.

Technology Development Focus Areas

* Information InfrasUuctu~r

0 Electronics Design and Vsnufwfuving

* Mechanical Desgn and Manufacturing

* Materslas/Structures Manufacturing

* Health Cao Technolg

* Tralninginstnictlon Tachnology

• Environment Technrlogy

• Aeronautlcal Tachnologile

9 Vehicle Techn,-ogy

* Shipbuilding Industrial infrastructure

0 Advanced Battery Technoloajy

These topics are not to be considered exclusive; the Government will
entertain Idea@ in other areas.



Technology Deployment

Pr oposals will fall Into one of four activties:

(1) Mmuwu~ XnI0SwC M~ target mailS businn~sae
(fewe then 600 employse") to Incr~sawe mpelitlvmens throug~i
tectinicai and manegemen advancement (restructur busino"s
prcilces, assist with accessing conrwittng services and
tachnologles).

(2) ExtpU&oJ201ang Services are activities that link together prwidedrs
of 16mnufacturlng Extension Servkem Providers With each other and
developers of technology.

(3) Aft&Mat~ve Defiloymon Pilot ewa*ta are Innovative modes of
technology deployien Il that &re alternatives to Mimnuir Giurlng
Extension Serwvie Providers.

(4) Technolgai AM-s~ ~ftrvgj are act1lfties to ariaist the private secior
with acquiring existing anid emerging Dust 'Joe technologies.

Ta..hroog,; -nepioyrmint Act"Ivies

U-]I

Monufcuring

Service
Provitler

Extene~on

Acme* Somm nabin JIottISIOUYw



Manufaciuring Education and Training

Propossal wIN %N Into one of sevven activitles:

(1) Engitueeeing Education In Menufacturing Across the Currculum

(2) Practlce-Orlented MAastea Degree Prmrms
(3) Retraining the Masnufacturing Wafk Force

(4) Educationnl Tralnseshipa for Defense Inc us"r Engineers

(6) ManufacturIng Engineering Education Coalitions

(6) Supplementary Edsicatlon Awards to Ongoing Centers and
CoaItiiorm Devoted to Manufacturing

(7) indlvidual/Group Innovations In Engineering Education In
Manufacturing

Activities by Stautory Progriam

Teh* py c i



Small Bu3?nesb Innovative Re3earch

aTedclmn oiagn'enstmenI P~Fmct (TRIP) plans to solicit
pl~opoIs from small bu*4nasett
- P~opt~s" W-11 ivddres tachmnokogy developrnvit focus

areas
- Procurmewnt wili be besad on Federal BBIR guidelines

aCost siharim, will be permlRte for I HP SBIR proposals, but jj
nog required and 'wi~jWn be an mealuatIon factor

a Out-year TAP attlvitlea awe a #,dturl SEIR Phase Id follow-on

Joint Agency Progrmm

1 O WO..
FNM , Pa&

-v
AMAb~dU~uho-

- W~V ONE~



AIR FORCE PA'ý -OFF

AFFORIJABLE AIR FORCE SYS7ENIS

LI&VERACVE UNIFIED trD'* TkIAI. BASE VOZ LIME PRODUCTION 1PRP",S

- DXYRLOP AiR FoRtcE rROT-TYI'= eQUllwvFNT AT NEAR 3 COST

1NI'. -)UT CHANGE, MiJLH WILL BE LOST Wili AFIEO0D ONLY INWESTMEINT

IMPROVED TECHNOLOCY DE~PLOYM4ENT

* ALLOW FOCUSE, '4'ES7TM4NT ON AIR FORCE UNIQUE TEC 4dOLOGY

PARTI WATV WAY OF IM)INGR~USINES

GOVE!RNMNT-lr.NDUMr.Y.ACADEMV. PARTFERtSI.P VL 4:L'JANCES

PARTCWAIVEGOVERNMENT U,&.LVEMLFT (, AGENCIE)

NO LC'4-16 CUSTOMIP.VXNDn'R REAIoNsmip
EMTEIfVE IN PMgC0&1ZP~nTW PitA4K

'FOCUSEDON DUAL USX TECIINOI OGY

BUILDING U41IFFXD DEFENSE-CCAMKR(2 kL INDUSTIAL BAa%

DEVFLOPYA '.W DUAL US~r rR(Yl'O i(PE PRfl'IjCTS

DEPA:' IAENiT- UN E D; ENsrE-commEjCIAT INFRA:Ti RLCFUIRE

EDUCATION. UNMEDI)? 1AK41!FA CflJI, NG tEWICA'!1ON & TRAINING~



DR. BEN WILCOX

ARPA

PRESENTATION NOT AVAILABLE

IIII • --
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MR. STEPh'EN STRUNCK

GP.NFkAL ELECTRIC

PRESENTATTPN NOT AVAILABLE



DR. THOMAS TOM

HOWMET CORPORATION

COOPERATIVE ARRANGEMENTS FOR GENERIC
TECHNOLOGIES

BACKGROUND
0 DEFENSE ADVANCED RESEARCH PROJECTS AGENCY (DARPA)

AUTHORIZED BY CONGRESS ($50 MILLION) IN 1991
TO FORM SIX PRECOMPETITIVE CONSORT!A

& 1992 CONGRESS HAS AUTHORIZED ($70 MILLION)
FOR DLIAL-USE PA9TNERSHIPS SIM;LAR TO 1991
PRECOMPETITIVE CONSOPTIA

0 7 TECHNOLOGIES SELECTED OLIT OF 121 WHITE PAPERS
FOR iJUAL-LISE PARTNERSHIPS



"* Reduced Weapons System 1 Lrbine Engine Acquisition Costs -

$50 to 100 Million Per Year Achievable

"* Improved Airioil and Structural Castinig Quality (Increased Yields),
Reliability, and Consist,ýncy.

"* Geue3tly Reduced "Time to Market" for Airfoil ai id Structural Castings
(Goal is 50% Minii.vim).

"* U.S. Technological and Competitive Adv&:ntages for Both Military and
Commerciel Applications-

- Aircraft Ti -rbine Engine Proouicers;
- Investment Casting Fou)tndries

"* Pieservation of ProductlProcess Design Experience and Expertise
(Organiz-"tional Lecarning).

"* Technology Transferrable to Other US Casting Industries.

BENEFITS OF INTEGRATED
PRODUCT-PROCESS L)EVELOPME NTI]

"* Today's Process

"* Anticipated DARPA Pesult

"* IPDIWork Flow Approach

TIME -



INVSTMNT ASTIN
COOPERATIVE ARRANGEMENT (iCCA)~

~I.C.C.A. STEFRING COMMITTEE
"HOWMET CHAIRMAN.

MIjES. G, Pj

PFIOGRAP INTEGRATOR IADVISOR
NOWMET flARPA

MEMBERS / ENGINEERING
SUPPORTI

* INDUSTRYI
- NATIONAL LA9SI

-TECHNOLOGY .RANSFER1

;04sx 1.0
Team 8 fillng

TASK 7.0 TASK 2-0
Technology Devet-'pmentof Pro, ci/
T..ngftfr Process Design Sum w i

Dosig. Plwovma Woi.. So

E l.mo.* clog I tqwe.

Pcc U" CATINGTASK 3.0
maw nwwvgl.t~ AOw Advanced 3G; Model

TASK 6.0 U~ Nie SIUATO Dsihnition and Simulation
Sinjiutilon and PLATcuA P wa Developmenft
Valitbilon of Auilor'aw ~a Genwmow

Proc,, MdelsA~jowti Mood Go mion
P~smodhlCouaried FhM TFha.,,.I.,

%"I~e- .1Spees Anapr

I)n.(sM A F I

TA!11y 5.0 TASK 4-0
Newava blewook-Ba.-I0.J OfA~z-tton of Theory of frtcvosutnlurq Modeling and Data e.*rmrat1bn
Cooling Procesime W*vto tobqkq- &kaMa.

Cal1 1,..l. Neural Nudoýk cmabov map ua, w
hwwawC~n e6 N'.oWa oe" 1,0*o Neural* mofto. I homtoh~ite; rtiv"n imba
I-v ..weo 01iotAo Nosl Ne%,Wk MWocoC.* Mod.l

NfmagO Nm-w Aals

FIGURE 1 -f PROGRAM 03CIEMATIC 6%1EPVtEW SHOWING TASKS . PARTIIPANTS. AND flhATIONSlhef'!.



IINVESTMENT CASTING COOPERATIVE ARRANGEMENTI

1 EGIA1 IGAL PLAN

FXF'!C.TED ACCflMPI.ISHMENTS

'QL1PPORTED PLATFORM FOR SOLIDIFICATION PROCESS MODELING WHICH
PROVIDES IMPROVED USER FRIENDLINESS AND EFFICIENCY IN MODEL AND SIMULATIION

VALIDATION OF SOLIDIFICATION MOPE' ING ON "RODLJCTION AIRFOIL AND STRUCTURAL
CASTINGS

DEMONS TRATION THAT 'JOiJST.7V PAR i VIP). NIfS CA.N C,()OPERATIV ELY WORK
TOGETH4ER TO PROVIL~E P' INIFPLMENTATI3*4 S;TRATEGY.-C)R COMPREHENSIVE
ANALYSIS OF COMPLEX -AC'TINGS, I WERE BY \A4,IN1 INING , IS. COMPETITIVE NE9SS

CREATION OF A CASTING INDIJ TRY WFý'gý STRU:CTUPE .0R CC'S CURRENT
1:NGINEERING ('F PRODUCT, V'R, CESS, A .) TOOLING WI'LE PR'iy1IDj'NG FOR T HE
FUTURE INCOF4POriATION or- TEC. INOLOG"'

[ PROCESS MODEELING ~

ICCA -ARPA

Hoawmet GE UES
PCC P1W MAFIAWPAFB

UJLL.CRADA ICASTNET - 1MASA
owIt fowmet D13EHowE t Ford Motor LILNI

UTR I I qEAE Auburn UnIv.LIT:Intersonics Purdue L'.'Iv.
Univ. of Alaia31MV'

NIST COH~SORTIUM ON

CASTING OF AFCIOSPACE ALLOYZ%

ICCA AVSI
Allison Idatia Nationial F'q. Lonb
CTC NJASA
GO Space Systemst US Bureau of fMInpes
Tbledyne Auburn Un'v.

Core Wealwa i ;esefvo U~n,,.

Pensai Sto~e UnIv.
U~L~v. Oif Ailzbama



[ 0P-RO-C-ES-S MODELIN2I

ALIGNMENr OF PROCESS MODELING INW1IATIVES

* ICCA ARPA: $ 12M/2 Yrs (50% C(,t S.iate., May 1303 Integrated
Modeling Procedure to Reduce Modeling Turrwrm,.nd Time and
Improve Model AccuracV

" NIST: 1 8M / 3 Yrs of NISI Budget Allocated April 1993
Alpha Case Prediction. Metal Mo.d Contact Conduct'nce,
Muid Fiil and Solidilic;.!ion Paithway

[PROCESS MODELING 1
II

ALAK(44MENT OF PROCESS MODELING INITiATIVES (Continued)

GAS] !'FT' 1.2M :'3 Yrs of N 4-SA Budget Allocatod. January 199_

Thermoph-/sical Properties, Defect Maps, Coo!iact
C-)nduclancr, Low Gramwt Experiments, and
Mic'iosuctuue Model-rig

LLN.. CHADA: i.8N4 / 3 Yis uo! LL NL Bu1mgel Allocated, Aprii 199'.

0 Ymeativs- z4ol,,r, TEieimaia-Mechanical Code.
.Solicf"Ication Kinc, ic.y, and PareIllel Processiig



I~ ~ •ý I I Im i

" There is only ONE TEAM

" TRUST is the glue that holds the team together

"* Team management is based on FACT and DATA

"* PROCESS DISCIPLINE leads to real communication

"requires discipline and process uniformity"

IPD TEAM PROCESS~

" Focus on customer's needs and expectations

" Build a Multi-cultural and Multi-functional teams in a
complex environment

"* Lead a Process-oriented/Mission focused Program

"* Identify and avoid non-value-adding work

" Translate tools and techniques into daily activities

"• Empower the teams to accomplish specific missions

== o
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DEVELOP AND 'M.4PLEMENTAN INTEGRATED PROCESS_

ANAL YSIS SYSTEM THA T A DDS CUSTOMER VALUE TO

INVESTMENT 'ASTINGS

" TRUSTING TEAM THATr WILL OPENL Y SHARE CONTRACTUAL_--
DATA TO SA TIVIFY CUSTOMER NEEDS

"* INTEGRATED PRODUCT/PROCESS DEVELOPMENT/
CONCURRENT ENGINEERING (IPD/CE) IS OUR BELIEF

"* STRIVE FOR WIN-WIN; COMPROMISE FOR COMMON GOOD
(VISION/MISSION) AND DATA P4SED DECISIONS

" DIALOGUE RESTRICTED TO PRE-COMPErITI'/E
TECHNOLOGIES (PROPRIETARY INFO - NEED TO KNOW)

"• FOCUS ON IMPLEMENTATION WHICH IS AFFORDABLE,
RUGGED, USER FRIENDL Y AND COMMERCIALLY SUPPORTED
TECHNOLOGY

"• EARLY USE RESTRICTED TO U.S. iNDUSTRIES

"• TECHNOLOGY RISKS & REWARDS SHAPED (MOST FAVORED
CUSTOMER STATUS FOR ICCA MEMBERS)

"• A VOID NIH SYNDROME

* DEVELOP ADVANCED TECHNOLOGY AS-NEEDED



STRATEGI]ES

IICOFOPOPATE TEAM TRAINING TO ENABLE EFFECTIVE TEAMWORK - USE EMPOWERED
SUBTEAMS TO MAXIMUM EXTENT POSSIBLE

USE COMMERCIAL SOFTWARE TOOLS AND INTERFACES TO RUILD AN INTEGRATED
FLATFORM FOR FUTURE PROGRAMS WITH ARPA AND/OR MANTECH

COORDINATE PROGRAM STRATEGIES WITH DOD, DOE, DCC, INCLUDIIG NATIONAL
AND FEDERAL LABORATORIES (SANDIA, NIST, LIVERMORE, WPAFS,NRL, ETC) AND
UNIVERSmES

DEFINE ACHIEVABLE, MEASURABLE, AND MEANINGFUL GOALS AND MILESTONES

ACHIEVE CONTINUOUS TECHNOLOGY TRANSFER

ENHPNCE AND VALIDATE EFFECTIVENESS AND EFFICIENCY OF MODELING CODES
AND PROCEDURES

• INTEGRATE ARPA FOLLOW-ON PROGRAM(S) INITIATIVES WITH OEM SUPPLIER INITIATIVES

• MAINTAIN PROPER BALANCE BETWEEN DEVELOPMENT AND IMPLEMENTATION .l

TEC-HNOLOGIES AND AVA§LABLE FUN•DS

MAINTAIN PROGRAM FI EXBILITY. TO DIRECT AND REALLOCATE AS NECESSARY AND
INDICATED BY FACTSIDATA

TO ACHIEVE DEMONSTRABLE PROGRESS IN REDUCING CYCLE
TIME, COST, SCRAP/REWORK THROUGH ENHANCEMEhT,

VALIDATION AND APPLICATION OF THE SOLIDIFICATION

MODELING DROCESS FOR PRODUCTION AIRFOIL AND

STRUCTURAL CASTINGS WITHIN A VAILA3LE TIME/RESOURCES

LE



ICOST SHAREJ

WHAT QUALIFIES AS COST SHARE?

0 Relevant In-Kind - Company funded programs
completed prior to kickoff

0 Concurrent In-Kind - Company funded parallel
contributory programs

* Cash

ISUMAY

CRITERIA FOR SUCCESS FOR COOPERATIVE ARRANGEMENTS

* Individual who represents a company must be flexible, team player
and results oriented

* Leader / chairperson of steering committee must be a good listener,
fair and consistent

* Establish trust between all team members

• Establish & obtain buy-in to overall missions & values of the program

* Establish frequent lines o' communications between all team members



MR. BUTCH DYER

YSU-TECHNOLOGY DEVELOPMENT CORP.
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ALUMINUM EXTRUSION NETWORK OF THE
GREATER MAHONING VALLEY. INC.

HISTORY

MID-1990: PROPOSAL SUBMITTED TO THE OHIO DEPT.
OF DEVELOPMENT FOR NETWORK SUPPORT.

* 11 EXTRUSION COMPANIES
- 50+ SUPPORT BUS)NESSES

MAR 1991: YSU-TDC ASSIGNED AS TECUINICAL SERVICE.
PROVIDER AND HELD FIRST NETWORK MEETING.

S5 EXTRUSION COMPANIES

FEIR 1992: TOOL & DIE MAKERS HELD FIRST MEETING.

* 16 TOOL & DIE MANUFACTURERS

NETWORK ACTIVITIES

* RESULTS ORIENTED

* 95% CONTROLLED BY NETWORK

* CAD/CAM TECHNOLOGIES

T TM/ISO 9000

* SURFACE CORROSION

"* WASTE MINIMIZATION

"* INCREASED DIE LIFE

"• IMPROVED HEAT 1. ýEAT TECHNOLOGIES

"* SKILLS ENHANCEMENT

"* TECHNICAL DATABASE

"* PROCESS CONTROLS

"t GROUP BENEFITS



DISTRIBUTION OF U.S. EXTRUDERS

Material Die Design
Characterii on Geometry/Configuration

High Prodwictivity.
EXTRUSION L- Defect Free, Cost

PROCESS V Competitive
Extrusion,

Temperature Deiormation
Measurement Control
& Control



PROCESS

IMPACT EFFICIENCY
OF PROCESS
'RESEARCH QUALITY

'COST

CAD DESIGN PACKAGE

Ceperatioi-.al LTool Integrity Metal Flow

Press Selection Deflitchan Die Pocket Geomr~*ry
Number of I.ules Dish Bearing Length
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MR. ALLAN FREEDMAN

NORTHROP CORPORATION

PRESENTATION NOT AVAILABLE

Ll



MR. BILL HARGROVE

LOCKHEED AERONAUTICAL SYSTEMS CO.

Aerospace
Materials and Processes

Technology Reinvestment
Workshop

May 1993 Dayton Ohio

"1&J Lockheed Aeropautical Systems Company



Overview

• Potential Commercialization

* SupplierNender Issues

o Lockheed Experience

* Procurement Issues

o Future Programs

Commercialization of Aerospace
Materials

"* ("ommercial Aircraft
- Metallic Materials Widely Used

- Composite Materials Widely Used on Secondary Structure

- Composite Materials Not Widely Used on Primary Structure

"* Non Aerospace Products

- Sporting Goods (Tennis Rackets, Golf Clubs)
- Industrial Products (Oil "leld "Down Hole' Applications)

- Performance Driven Applications (Automotive)

"* Commercialization Issues

- Cost of iRaw Materials and Fabrcation

- Standardization



The Polymer Composite
Cost Issues

AircraftTechnology
Cost Costiolum.
($Tab) RelataonshIps

Market Ssto
Cost/Volume Oo
Relationship.,

Volume
(Ibu/yr)

•J' The Standardization Issue

Material Substitution I•

Is OUT Materials

Performance Driven Cost Driven

Engineering

Market Driven MMaterial Synthesis 1

Product Design Is IN
Must Integrate Materials With and I

Manufacturing



Commerciajization

IA I

MASF erlaee

* ~ ~ ~ ~ ~ ~ ~ osrlm Maeil CdPoes ouinsRqi
* Product/Fiecmlmetto

SEcyciromnga andlt Disposalt



Lockheed Experience

e 8 industry Members
Composite Materials & 5 Year Track Record

Characterization
Inc J * 47 Materials in Data Base

& Standardized Test Methods

Consortium Objectives:

"* Reduc- Testing Cost Aircraft, Helicopter,

"* Advarce State-of-the-Art Missile, and

"* Establish Standards Engine Programs

Procurement Issues
D Defense Acquisition Procurement

(FARs and DARs)

* De=,1ene Production Act - Title III

* ManTc-h and IMIP

S •mail Business Innovation ResL-arch (SBIR)

* Cooperative Research and Development
Agreements (CRADAs)

* Strategic Partriership Initiative (SPI)

* Defense Conversion and Reinvestment

S_ - -- I



Cost Share Issues

Consortlum
F~s In 4Und

cost31es 
-Kn

"* Product Base Is Declining

"* Downsizing of Facilities

"* Pressure to Reduce Overhead Costs

"* Reducing Research and Development Efforts

Ink Technology Push

* High Speed Civil Transport

* Subsonic Commercial Airlift

* Next Generation Fighter

* VSTOL Fighter

o National Aeýospace Plane



Summary

* There are More Co-Operative Ventures

* The Aerospace Materials Industry Is Changing

I industry Is Moving Toward Lean, Flexible Enterprise

* Cost Sharing Must Make Business Sense

®Good Planning Is Essent",al



MR. JAMES DORR

MCAIR

PRESENTATION NOT AVAILABLE



MR. BILL YEE

PRATT & WHITNEY

TECHNOLOGY
REINVESTMENT

DR. B.G.W. YEE, DIRECTORl
MATERIALS & PROCESS ENGINEERING
18 MAY 1993

IIHill



AEROSPACE EXPORTS, IMPORTS,
AND THADE BALANCE
A positive trendt

44 Civil expouts
40 - Mu~tely expurts
36 - E InPMofS
32_/
26 -Aerospace balance o1 trade

Billoi' ol 24 (exports IFlinus kiiportsj

currenl dollars 16 -

60

20

4 1398 5 196 177 9 0ee2384 50687 188 1 89 990 9

Soance Aerospatc 1nd3re Associationl INa~



TECHNOLOGY REINVESTMENT
A National Priority

.PrQject Candidate Characteristic•

• Maintain U.S. competitiveness in aerospace

* Create U.S. jobs

* Critical defense technologies

* Maintain U.S. industrial base

• Dual-use technologies
•Integrated vertical and horizontal teaming
approach

TECHNOLOGY REINVESTMENT BOLSTERS
ADVANCED COMPOSITES PRODUCTION BASE

3 E JI Defense airframe production
(B2. A!2, RAH-66, odiers)

Commercial tunisport

2.5 propulsion

Advanced 2 "-•'

composites z:
airframe i

produclion 1.5 [:
mYrillio2n' 2,[

Ihs/y93 991"99'20

0.5-

1 990 1993 1995 i 998 20(g) 2002 20104,

Year



SIZE C OMPPRSN(a Oiaeter)

F22/F1 19 (37 in. dia)

C1I77F 117 (78 in. dia I
IlOOK ADP (160 in. dia)

TECHNOLOGY REINVESTMENT
Summary

"* Technology projects should focus primarily on risk reduction
of materialsprocesses techn~ologies (level 6.3 or beyond)

"* Composites technology i.,i :.ritical to next generation
piopulsicn systems

"* 'ncrease rnaleria; usage -sssures U.S. industrial base
capability for t~ne future

"* Dua; usage stratejty key for achieving commercially
affordable costs

"* Technologies at 6.10 and 6.2 levesl considered too high risk for
technology reinvestment (cost s'haring)

"* Affordabi~ity is the key issue



DR. DICK HOPKINS

WESTINGHOUSE SCIENCE & TECHNOLOGY CTR.

Silicon Carbide (SIC) - The Semiconductor
Witn the Right Stuff

Rectific8tion In a
Hot, Chemically

Active
Environment



Silicon Carbide Beets Nearest Competitor

High Power Translstors for
Long-Range

e lOX Powver Density Surveillance
-Reduced Paris, tSizo, Cost
*New Capabilities: Stealth Detection

High Temperature
6 501 0rerstion vs. 150*

-Loear Cooling, Weight, Systemi Cost
- i,OOOX R~eliability

lRndiatiofl Hard

,IQOX Gamma, SOX Neutron Resistance Electronics in
*First In-Co're Electronics Sove*r*e Environments-

lor Preirction and Control All-Electric Vehicles
*Reduced Cabling, Penetrations
-mrd Costtn'oeiuad
;1ew Sýervlces I-.o*Fu n

Temperaturen Measurements
at 100 MRad 350"

WESTINGHOUSE SIC II¶ITIATlVE

SIC Is a Suporior Semicorductor for: e High Temperature
* High Power
* RAD hardness

and Westinghouse Mcs internal Uses for Most of the Poientiul Applications

e DEFENSE SYSTEMS a COMMERCIAL SYSTEMS
Radar Power Generaitlon & Controls
Communicat'ons Automotive Electronics
E-0 Waste Meangep.inn
ECM Non-VolatIle Memory
Signal Processli.g Nuclear Instrumentation
Alicraft Electrical Systems Electric Vehicle Drives
Nuclear Power Broodca,;t Transmitters
Space Sensors Microwave Satellite Links



Silicon Carbide : Breakthrough Technology to Leapfrog the
:Performance I-mpBS. of Current Semlcoriduc-Lors.

(I.- Over 700 Watts UHF (e.g. AEW.CLOSPS-40)

We Ned: 2.) Ovar 250 Watts L.Band (eg. AEW,CLO.TPS-63.ARSR.-4)We N3d: ) Over 150 Watts 9-B88,d (e.g. TPS-75,E-3,SBR,SPY- 1)
~4.) Over 11; Watts X.1Os,_ (e-g. ATF.MODD#R.Ggq)

Device Peak Out;)ut Poiter bCECI t
2CkW * High TemnperaturasI & High Power

Siio 0 High Voltage

Silicn . .ilhioni', n 64 0 igh Radiation

L LBfld\ s ~ System Benefits:

Sk .Ban8\ \ S Higher Device Power
~ ~ ~Lose Hardware

Less Cost
Higher Temperatures

9. !kW lmPrcved Cooling

1`40w System Possibiities
Smaller
Lighter

--- Higlhvr Power

1950 1982 1934 logolgo logo 1ee99, 1504 1506 1ogo :000

3S3482 ! VS3236

THIE BENEFITS OF SIC VMOS TO
COMMERCIAL ELECTRIC VEHICLES.

Higher TempOu'sure Opraltion
"O Air Cooling
"O Higher Safety Margin Variable Voltage
"O Integrated Motor/EleCtronICS Motor Controller

Higher Efficiency0
"O Lower RON
"e Lower Switching Losses Colent N100 HP Drive
"O PaSsive Cooling at >7(1-C Motor

Lowter Cosj
P Simpler Cooling Battery
a Higher Power Per Device
O More Rugged Devices

ALSO APPLY TO COMMERCIAL & MILITARY AIRCRAFT
"* Current Electronic Thei inal Mansge'ment Acids Significantly to Aircraft We ight
"O Emerging Needs: Engine and Skin Mounted Sensors & Control Devices

4, S8vungs: $10,000/lb. for 300 Alrcrpff Over 15 Yeair Life



Silicon Carbide (SIC) - The Semiconductor
With the Right Stuff

ReCLif tCatiOn In a
Hot, Ctemnicaily

Active
Environment

Silicon Carbide Beats NaetCompetitor

High Power Transistors for
Long-Rung.

1 OX Power Dens:ty Surveillance
*Reduced. Parts, Size, Cost
*New Capabilities: Stealth Detection

High Temroerature
a 650- Operation vs. '150'

- Loes Cooling, Weight, System Cost
*1,OOOX Reliability

LI ,dlatlon Hard,
elOOX Gamma, SOX Neutron Resistance Eleveetnronicsnin

*First in-Caore Electronics Siievei~re EVeiclnest:
for Protection and Control l-etrcVhls

-Reduced Cabling, Peneitrations
and Cost
*New Services in-Core Flux and

Temperature measurements
atf100 MRad 3501



SILICON CARBIDE ELECTRONICS HAS BEEN RECOGNIZED
AS DUAL USE SINCE THE INCEPTION OF THE

WESTINGHOUSE SIC INITIATIVE

SIC Is a Superior Semiconductor for: * High Temperature
"* High Power
"* RAD Hardness

and Westinghouse Has Internal Uses for Most of the Poterntiai Applications

a DEFENSE SYSTEMS *COMMERCIAL SYSTEMS
Radar Power Generation & Controls
Communications Automotive Electronics
E-0 Waste Management
ECM Non-Volatile Memory
Signal Processing Nudiear lnstrumentat~co,
Aircraft Electrical Systems Electric Vehicle Drives

Silion arbie :A Breakthrough Tochnology to Leapfrog theSilicn Cabide Performance impaus of Current Semiconductors.

1i.1 Over 700 Watts UHF (e.g. AEW,CLO.SPS-40)
We Ned: 2.) Over 250 Mitts L-Sand (e.g. AEW,CLO.TPS-63,ARSR.4)We Ned: 3.) Over 150 Watts $-Bond (e.g. TPS-75,E- 3,SBR,SPY- 1)

14.) Over 15 Watts X-Sand (e.g. ATF.MODAR,GBR)

Device Peak Output Power SiC Expiels at:
2.0kW -. High Temperatures

* High Power
r 0 High Vo~tige

.5W Silcon sil 61 *AI High Radiation

L-Uand . LBf4~Systemn Benefits:
S-Band B.9' 8 Higher Device Power

X Ben Less Hardware1 0kV* Less Cost
Higher Temperatures

0.5k -- Improved Cooling
0.5kwNew System Possibilities

Smeller

192 Higher Power (V S TC

1980 1932 1034 19ee 1933 1290 19219V4 19es 1298 2000

IS482 / VC3236



THE BENEFITS OF SIC VMOS TO
COMMERCIAL ELECTRIC VEHICLES ....

Higher Temperature Operation
"* Air CoolI~sg Varala~e Voltage
"* Higiher Safety Margin Motor Controller
"* Integrated Motor/Electronics

Higher Effilciency0
" Lower RON00HDrv
"* Lower Switching Losses II oolant Mo10tPoriv*Passive Cooling L ) at>OCMor

Lower CostBatr
"* Srimpler CoolingBatr
"* Higher Power Per Device
"* More Rugged Devices

ALSO APPLY TO COMMERCIAL & MILITARY AIRCRAFT
e Current Electronic Thermal Management Adds Significantly to Aircraft Wesight
* Emerging Needs: Engine and Skin Mounted Sensors & Control Devices
*Savirkqs: $10,0004lb. for 300 Aircraft Over 15 Yrear Ufe

T(

4-9000 HOPKINS/SL 1-13-93

Silicon Carbide Payoff
Versatile Diual Use Technology for a U.S. Competitive Edge

1 SmW. A&cf
AOUS Q,

Blie"
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SILICON CARBIDE INITIATIVE

Westinghouse Is Committed to SIC Development and Commercialization

"* Product Opportunities Are Broad-Based and Fi; Corporate Businesses

" $7M Already Invested In Development

"* Program Growing Rapidly
- Three Engineers in 1989; Over 30 In 1993

"* Major New Investments In 1993
- Capital and Facilities Acquisitions (Furnaces, Epi, Water Prep, Testing)
- System Engineering/Product Development
- Expansion of Technology Development Activity
- Technology and Business Alliances
- Cost Sharing

We Have Organized to Accelerate Technology Development and
Product Transition NW) 7(

THE WESTINGHOUSE SILICON CARBIDE INITIATIVE IS
VERTICALLY INTEGRATED FOR RAPID PRODUCT DEVELOPMENT

" Repoft
p.-

._____1

Applications

i-. . . J -- -.- J L- .... . .J L .

Technology

itoo eso
L~~~ -- -- - JL PaLJ

m Oowo A..

S'~

L ~ ~ ~ bf@~ .... -J0 U"Il€l . .

=M l



40-mmn DIAMETER, HIGH RESISTIVITY-

SILICON CARBIDE ELEiCTRONICS

Discrete Devices and Basic Circuits are under Development at Westinghouse Now

*Static Induction Transistor (SIT
- UHF to S-Band Power Applications

*Metal Semiconductor Field Etfec Trans~stors (MESFET)
- X-Band Power and High Temperature Logic

*Vertical Met',i Oxide Semiconductor Field Effect Transistor (VMOS)
- High Power, High Temperature Switching and Powet Con litioning

*IMP'ATT Diode
- High Dower Microwave/mm-wave Sources to 350GHz

*Opsiatlonal Amplifier
- Signal Conditioning and Logic for Hostile Environment Sensors/Controls

*Non Voiatile Memory
*Uitralong Retention Memory at Room and High Temperature.

Technology with Total Ouality kin) Science& Techncigy Center



Ciass A Power Performance of a SIC MESFE"

Whi.m periphery, 75V drain bias
35.0 -- is

30.0 -ru~~l) eodI- /?- 16

C 2 50. 
1

- 14

I 1.0

C.

-10.0

0 0.

-3.0.0 -25-0 -20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 '0.0 25.

Input Power WdSm)

TEAMING IS AN INTEGRAL PART OF THE
WESTINGHOUSE SIC DEVELOPMENT PLAN

Strategic Approach

Use:
o Cornorate Initiatives to Develop Key Technologies

(Materials, Device Processes, etc.)

a Business Unit Resources to Carry Out Specific Applications Developments

0 Technology Partnerships to Fill Knowledge Gaps, Strengthen Tech Base

e Business Alilances to Broaden Product Applications

* Customer Contracts to Open New Applications and to Accelerate
Technology Development

Then:

a Business Units Introduce Products in Commercial and DOD Markets



WESTINGHOUSE- AF -NASA -UNIVERSITY TEAMING FOR ADVANCED
MATERIALS AND MICROWAVE DEVICE DEVELOPMENT

Ga.eLargo .tr Low Detect Semi-Insulating Watger
*20 W (4X Power Denaut, on.e*s) X-aetd FE1.

-Key to Advar,-nd Rader aid Communleattona Transmitters

Team Advantage: e Bring TrigeaI'.r More SIC Expertise Than Exieta in Any Single Group
"* Cephataie on 1maourcta Alreedy Inwvs.a In SIC at Organlzrtioiis Elsewhore
"* Promote Toclinology Synergeism end Fresh Idoea
"* Foster Broed.Oaeed lndetm&" ~ilwe Mty Governmenmt SIC Infrastructure

Led To:e AF - Spnoe rga
40a% Cost Shared by Westinghouse

*Standard FAR Pre-visions on lntellr4ctual rropefly
*Aggressive Jointly Oqve~oped Goals

WESTINGHOUSE -AF -NASA -UNIVERSITY TEAMING

Significant Results Have Already Been Achieved

a Record Power Density (1.9 W/mm) FET at 1 GHz Demonstrated

* 2 Inch Diameter SIC Wafers First -Step to Scale-Up

* New Low Resistivity Contact Metal Process Will Improve
Device Performance

at Model Simulation of MESFETs Leads to Improvedi Designs

II Identification of Wafer Contaminants by Special Optical
Mothods Leads to Improved Growth



HAMILTON STANDARD -UTRC- WESTINGHOUSE
HIGH TEMPERATURE ENGINE ELECTRONICS TEAMING

"* Grow Out of Joint interests

*Now Customers for Weetllghmue Products

*Need for High Temperaitwes Engnes Electronics

"* Led to Air Force Funded Actuator Deeoeen

Westnghose sw~wdAdvanced
STC CrporaiontHgh Tempjerature

SitWco Carbide Roma"e wa~"ll e EnineI
Powe, V0 reww"Actuation Controls

"* Air Force Aecapropultion United Te~chn~obogy
Division Supporuted t Reasarel* Laboratories

on Property CompomAI.IsT*Ciat
"* AFITeamn Otlinied Program

NASA/ AUBURN CENTER FOR COMMERCIAL DEVELOPMENT
OF SPACE POWER AND ADVANCED ELECTRONI5ICS

Complementary Skills Unked to Accelerate
Silicon Carbide Electronics to Commercialization

syste Requ*Rfreef

~N. Aawbn wesirngthouse

prl will r -Y
Rockwe EPI oft" Dpin

Milasme Labore arties Cmsedw Pe I La VLSI

-Newinghowae toRelsul"s

Tes"i Ng. Waflers /
Comiercihl Contacts Technology

"[7
Industry Drives Applications

"I Ptojecte Jointly Definted NASA LeRC
"a Proprietary, Info. Controftle deeA rf"* Intellectual l~roperly 111"tIS Deflned Spefcs/Alieat.
"a NASA and Industry Funcled
"C Industry-OovtI Oversight Board -



NASA- WESTINGHOUSE SILICON CARBIDE
"SPACE ACT" PARTNERSHIP

The Goal Is to Accelerete the Commercial Development
of Silicon Carbide Semiconductor Technology

Waters VPrcs

Dqvice Desilgns rechnniory_____
Semiondutor ic si~o Modlin CRAtiA-1.10e Vehicle

SPrlondcsse MlailSIC RatrMdln Each Partye Punde Own Elfe't
ocesa ad Devie Swlnuvse Propretury Into. Protected

Device/Material = 6vCe o Joint Took Definition
Characterization PhPatent R~ht. Cehlne

MoaIIallztoniConitiects

Specail Faciliftee

San-.. c Me% Technology
Trenatier

Westinghouse NASA4tAwft
STC jResew"c Cente

COMMERCIALIZATION ' I

SILICON CARBIDE ELECTRONICS
Oft-Snore S~icor' Carb~do Prcgrams Have Expanded and

Ott. ý-A -ipetllora Are Forming Their Ow~n Teams

Europe Japan Russia

"* Siemens -epit&we, Power -`viCesi. '.4nyo -boutes, blue' ED's Electrotechnlcai U. - boaies
blue LED's Stisit - blue LED's 'hormochemlstry

"* Dailmer Benz - epitaxy. high NKI( Steel - boules (7 lotte Inst. - modelinti. devices,
temperature/high power devicet; NEC - boule, devites ,7) apt

T Ihompson CSF -microwa- '41iiin - high tamp. devices Kiev Inst. . chatsavitizatlon.
devices *omltonm - materials apt

Martin Gerin - power devicts loyota - MOSIFET's
LET1 (Qratioble) - spiltaxy. deva, Elecetrvoechilical Lab - red.

processing, Implants effecits
Ases Brown Bovuri - pri~verihlgh Kyoto U..- boules. api. deAlces

temperature..
IBM (Zurich) - epiaxy. blue. Z

*Eclangen U -boulos. epitchk;
physir's

1j. Stvttgafl - FrIR, Ion Deam mod-
*U. Pasderborn - deterts
Frouithoto, Inst. - Raman Studies.

defects
CERN - radioactive nuc~el.
U. Amsterdam -defects, spctra

-Germany ;nithiled lines-year 5211M DMJ0 Sir, Program lit 1993

-Thomisof he& teamed with Daintier



SILICON CARBIDE ELECTRONICS
Govjernmnent Support for Silicon Carb~de has Grown Put ..

*Programs Tend to Be Saisi.. Distributed Across Several Agencies
*Lack Critical MAmS to Rapidly Advanc& Technolog to Application 1$4-5 Moyr)

Navy Air Fore*
WesatinghousetATM -IMPATT diodes Westinghouse ,boules am.-I X-Rand
NRL - *pitsxy, device lob. MEUFETa
N.C. State - hdvanced epitaxry Of/Cre - high temperature electronics
Cree - MCSFET development GEAnrr4 - englme "lght-off' sensor
N.C. Staite/Cree - device process technotogy Pratt & Wht~lneyl~estingnouae - high
U. Pl~ttsbv ;h characterizaton temperature 'dUoS for actuators
Rockwell - Schottky barrier contacta ATM (SBiR). -improved materis!
ATM . TIC substrates Cree (591R) MESFETs
INRAD (SBel) 3C boules Carnegie-Mellon - defects, OLTS

Orerdon Grad. Ctr. - contracts
DARPAJONR

Cr...- blue LED s and latters NASA
Lewlc (Irv houve) - epi. dlavices

SDI0!l:NR Kuilte (SUIR).- sensors
Cree - NVRAM Auburn CCOS . Implants, epi, contracts.

modeling
NIST Case Western - defects, TEM

Crag - boule and epltaxy technoogv Foward YU. . epItaxy. FET's
U. Pitsburgh - ssisors

SILICON CARBIDE ELECTRONICS
The U.S. Now Leads Silicon Carbide Technology and Product Development..

- But the Effort Is Limited, and Subcritical for Rapid Cornmerclal/OOD1 Insertions

Indusirlal University Governmer~t

Westinghouse Auburn NASA Lewis
Cree Cincinnati Naval Research Labs
Genierai Electric Lehigh Air Force Wright Labs
Advanced Technology Materials Plftsburglt Sandia Labs
Texas Instruments ? North Ciarolina State Army Research Labs
Motorola?7 R.P.l. (Adelphi)
Rockwell ?
In~lad

And Foreign Comoetitlon is Growing

Technology Reinvestment Programs Can Help ..



SILICON CARBIDE ELECTRONICS

'Reinvestmentt Funds" Offer Significant Potential to Accelerate Technology
Dovelopmentl~eployment ..

. Comnr~arcla~lzation, Competitiveness, Defense Industrial Pase.

But There's No Free Lunch-
*Shotgun Weddings may lead to Bad Marriages

*Partnersh~ps need clear goals and good chemistry
*Most complimentary partners may be ccmpetitors.

*Intellectual Property Rights can be a Sticking roInt
*Who owns the future business eva'ved fromi preconipetiItve" activity?

*There Is an Inherent Conflict In Defense Conversion Approach
*Cast sharing necessary but many firms have large i-estructuri'ig costs
-Focus tends to near-term problem solving.

Materails Technologies Possibly at Risk during Change In Defense Funding Strategy
"* "Unstresm" Technoiogy: The Earlier In the Product Development Cycle, the
More Difficult to Acquire Development/Cost Share Funds.

Westinghouse
Techr.3iogy with Total Outtlity n(w:) Science & Technology center

SILICON CARBIDE ELECTRONICS

Surnnary:

*Silicon Carbos-Bassed Electronics have Significant. Diverse Commerciai and Miiitary
Markets.

*Recent Breakthroughs in materials and Device Process Make Prodect Exploitation
Realizable.

*The U. S. Is Now the SIC La A..; (Sufttldized) Foreign Competition is Growing.

*The Technology Is lmn~ature and the Activity Fragmiented Among a FeW Companies.

*Apency Support his Grown. out Remas~n5 Diverslfied and Below Cr11' -ai Mass.

*The placet of Silicon Carbide Development end App.1catior. Is Resource Limited.

*The TimIng Is night to invest: fe
. Major commenrclal payoffs are Identife
. Key Technology Issuos are known
. The groundwork has been laid for rapid progress toward products.

@Westin~ghouse
Sc;,ence & Technology Center



NCAT UPDATE

MAY 1993

NATIONAL CENTER FOR ADVANCED TECHNOLOGIES

THE PROCESS

PLANS • DEMOS • PRODUCTS

* A NON-PROFIT EDUCATION AND RESEARCH FOUNDATION

* ESTABLISHED IN 1989 TO PROVIDE A NATIONAL FOCAL POINT
FOR COORDINATION OF ADVANCED TECHNOLOGIES BETWEEN
INDUSTRY, GOVFRNMENT AND ACADEME

CURRENTLY FUNDED BY AlA, 000, AND NASA

- ACTIVELY qUPPORTED BY EIA, NS;A, AIAA, ADPA, NAM, SME
AV') AMT



INVOLVE INDUSTRY. GOVERNMENT, AND
ACADEMIA IN ALL ACTIVITIES

DEVELOP STRATEGIC PLANS FOR KEY
TECHNOLOGIES

IDENT!-Y POLICY AND I ECHNOLOGY
IMPLEMENTATION ISSUES

WORK WITH TRADE ASSOCIATIONS AND PROFESSIONAL
SOCIETIES (AN ASSOCIATION OF ASSOCIATIONS)

FOSTER IMPLEMENTATION THROUGH
DEMOS

ADVOCATE RAPID COMMERCIALIZATION

CONQURRENT INTEGRATED

ENGINEE RING PRODUCT/PROCE SS

APPLY 2EVELOPMENT

COMMERCIAL INDUSTRY

EXPERTISE

TO

TECHNOLOGY

DEVELOPMENT STRATEGY
ADVANCED REMONSTRATIONS OF
TECINNOLOGY ENGINFERING &

QF.ONSTRATIONS MA,•NUFACTURING

QPERATIONS

2 X PRODUCTIVITY 1/2 X TIME TO APPLICATION



NCAT GOAL w* IMPROVING U.S. COMPETITIVENESS

PAST SHORT TERM LONG TERM

(89-92) (93) 093-95)

KEY TECHNOLOGIES DEMO FORMATION TEHOOYTASTO AAX

*GENERATE PLANS COMPLETE PLANS CONTINUE STRONG TIES WITH
TECHNICAL COMMUNITY

*HOLD SYMPOSIA WORKIDEMOS
(INCLUDING IPPD) STRENGTHEN POLICY FORUM

*GIVE BRIEFINGS
*PROVIDE INTERFACE EXPAND TRADE ASSOCIATION

*SELSCT DEMOS FOR INCREASED GOVTJ PARTNERSHIPS
INDUSTFIYIACADEMIA
COOPERATION FORM PARTNERSHIPS. JOINT

VENTURES. CONSORTIA
*EMPHASIZE
AFFORDABILITY .PROACTIVELY INFLUENCE

TECHNOLOGY TRANSITION TO
PRODUCTS

STRESS COMMERCIALIZATION

AFFORbh *1. ~1S

ORGANIZATIONt ~~Jj.CH LOGY TRANSITION PROCdESS

COMMERCIAL I AVAILAOLE NO CORPORATE I COMPETITIVE
INDUSTRY I TECNNOLOGY PAD I PRODUCTS

NCAT' IPLANS 11111 EMOS PRODUCTS
ASSOCiATIONS I

DOD I RESEARCH & ATDS I SYSTFMS
(ALSO NASA, DOE, ITECHNOLOGY
DOC &DOT) I

L------------ -a----- --



WOISKING DEMOS (DEMONSTRAT!ONS OF

ENGINEER'NG AND MANUFACTURING OPERATIONS)

ACTIVE IDFKA

* FBL-PBW * ENGINEERED MATERIALS
"* 'MART ENGINES • IN-SITU REMEDIATION
• ADVANCED COMPUTATIONAL ADVANCED SIMULATION

METHODS * IMPROVED MAN-MACHINE
INTERACTIVE El NET INTERFACE

TECHNOLOGY FOR AFFORDABILITY
• IPPD - E.ECTRONICS

* IFPD - MECHANICAL SYSTEMS
* MULTI-USE MANUFACTURING

c ' IPLIFIED CONTRACTING FOR UDEMOs
* EDUCATION AND TRAINING FOR IPPD

" (w.. " I!

INDUSTRY VIEW OF SPACE TECHN•OLOGIES
"* SPACE FACILITY SURVEY
"* TECHNOLOGY FUNDING SURVEY
"• REVIEWED INTEGRATED TECHNOLOGY PLAN

COMMERCIALIZATION OF REMOTE SENSIWG
NASA, DoE, DoD, DoC. SCiO

EDUCATIONAL VIDEO SERIES ON IPPD
WITH NTU (,AT1ONAL TECHNOLOGICAL UNIVERS;TY)
AND GIT (GEORGIA INSTITUTE OF TECHNOLOGY)



FENX io ~ACTIVITIES1

ONGOINGa

INDUSTRY WORKING DEMOS
900 TECHNOLOGY FOR AFFORDABILITY

(INCLUDES AIA, 0IA, NSIA, HAM. AND ADPA)
NASA INDUSTRY VIEW OF SPACE TECHNOLOGIES

NEAR TERM DOE, NASA, DOC, AF, SDIO - REMOTE SENSING
NTU AND GIT - EDUCATIONAL VIDEO SERIES
(JULY-DECEMBER W3)

FAR TERM DOD, DOE, DOC, DOT, NASA - AFFORDABLE
TECHNOLOGY TRANSITION
OSTP - COLLECTIVE INDUSTRY VIEW OF INITIATIVES

PresTdent'n Technologv Inilydn HCAT , Bii

Applied R&D
Manufacturing -- KeylCrificaJ Technologies

* Aerospace
* Biotechmobo - DEMOs

Advanced Materials Smart Engines
* FBL-PBW
* Adv. Comp. Melhods

Increased Govemmenlndustiy Partnerships Interactive El Net

Inlormation Infrastructure

Technotoyto cut wMsandfllruvie - - TidoogyforAffordatl-ity
efficiency IPPD

* Dual-Use kldnufaclurng
Simplified R&D Contracting

.. Educational Teditgf Educaotioal Video Series

SProvde Policy Leadersh -F. Aeronace Technology Policy rorui,



1987 CMC FORMATION

1989 ADVANCED COMPOSITES ROADMAP

1990 ADVANCED COMPOSITES CONFERENCE

1991 NATIONAL ADVANCED COMPOSITES STRATEGIC PLAN

1992 DEMO WORKSHOP

PRECISION CASTING MEETINGS

SACMAIUSACAIAIA WHITE PAPER

COMPOSITES ISSUES MEETING

1993 COMPOSITE STANDARDIZATION

ADVANCED METALLIC STRUCTURES PLAN

COMPANIES CAN COOPERATE EFFECTIVELY ON TECHNOLOGIES

• GOVERNMENT AND INDUSTRY NEED TO DO MORE COOPERATIVE
PLANNING

* WE NEED TO APPLY COMMERCIAL EXPERTISE TO TECHNOLOGY
DEVELCPMENT STRATEGY

• EF,:ECTIVE USE OF TECHNOLOGY IS KEY TO COMPETITIVENESS

COOPERATIONI
TRY IT! YOU'LL LIKE IT!



MR. NED MAURER

QUESTECH RESEARCH DIVIS1ON

WRIGHT LABORATORY MATERIALS DIRECTORATE

AEROSPACE MATERIALS AND PROCESSES TECHNOLOGY
REINVESTMENT WORKSHOP

ELECTRONIC INDUSTRY PERSPECTIVE

NED A. MAURER
QuesTech, Inc.
(513) 258-2311



OUTLINE

"* Electronic Industry Statistics

"* Governmeiat Responsibilities

"* Industry Responsibilities

"* Suggested Government Actions

"* Suggested Industry Actions

"* ProposLI: Ehance thA SEMATECH Success Story

"* Summary

ELECTRONIC .NDUSTRY STATISTICS

"* Leading Edge Technologles Often Occur In the Civilian Sector and Only Much
Later Will Move Into Defense.

"* P. oduct Life Cycle for Many ELoctronlc Components Is Less than One Year.

"* U.S. Eiectronic Components Industry Markets are:

w,: Aawims, oploomctranim,& limsowy Technolo•g

Lemng Noamuo Chip. Peleg.&a DWiypwo

OTHER FACTORS:
e Over 50% of Doctoral Degrees In Engineering and 40% In Math and Physics are

Awarded to Foreign Students.

e Almost 1/2 the US patents Went to Foreign Companies in 1990.

The top 4: Hitachi, Toshiba, Canon, end Mitsubishi.

* US Investments (1991) In Plant & Equipment Reached a 14 Year Low.
US 10.7%GDP, Gemany 14.5%, Japan 22%



GOVERNMENT RESPONSIBILITIES

ENCOURAGE AND SUPPORT:

"* Industry Led Consortia

"* Precompetitive Technology Development

"* Dual-Use Technologies

"* Rapid ImplementatiGn of Technological Advances

hi

INDUSTRY RESPONSIB&LITIES

ALL US FIRMS SHOULD:

Create be•fer Relationship3 with Suppliers and Cuszomers.

* Increase Employee involvement sa;ld Participation.

* Increase Inve•tments in :
1. Proe DevsWlpment on a Connual Owls.

2. Plat & Equipment tr Seppod Agile Mig. Concerpts.
3. Wod Treining on a Continual Basli.

* Goal Is to Shorten Cycle Time Required to Bring Products and
Proceses to Market. -

~~~~~_ MU M mII _ ii



SUGGESTED GOVERNMENT ACTIONS

Revise DOD Procurement Regulations to EmL late Private Sector Practices
Wherever Possible.

GOVERNMENT MUST DO THEIR UMITED PART,
* "ewchwk WMet Fcu Oaelp Gove.-mm tb" Aea Align US Paum. e Ag~ee

*' Est liw an AdvancId leione Tedwm PueieeS Conuvmtct Net

• S MUt Coredm PocIPefyar e to om. W Mny Krer u11 -Dlvea Euxetwm Cenwr.

% Redire•t te Feemli R&D O udge from 50140 to 5050 Detetm.Wond.Gan.

MIUTARY LAWS SHOULIJ BE A FACIUTATOR.

Provide Technical Expertise, Equipment, & Facilities in a Proper Consortia k1ix
SKeep Conbrol Ib Prtem Setor

SUGGESTED INDUSTRY ACTIONS

"* Encourage fad Emcboyse bwolvames - WW Good Lor MorwWreant Ro~tonsh•e

"* Shfit from Mma Production to 'Aglie" Manlnffecturing

"* Push for Cooperative RED Agroemnfts with Government Labs and Other Companies

1. IN Iowa
:L Plow• 1`100"We

&. ESbwne oupimeloon Elofi
4. Mum 5Ieq~ll e 1 aIeantoes

L. AIve In Pivat Se--r led CwaoeeI• SEMATECW, NCC, NCMS. and Advnced liSne

" team U- You Can About Your Present and Developing Maxriets
"* Think Gok

"e Set Your Proces Goals to the Highest Practical Standards

" Find Trusting Consortia Patners to Shae Your Future

l•l



PROPOSAL: ENHANCE THE SEMATECH
SUCCESS STORY

o Military Field Activities: Labs, Centers of Excellence, Logistic Centers
0o Under- ond that Cooperev. Cos' n wg Support Yourfvv

o. loPrepre to Absorb Cownhjna mid MiAue Dw . Suvi WiM Proftb hol e F't

Corao.1kL

* Private Indust"y:
.. KeWcg lKy Proo•*asa Looked Up Wil Do No Gooc N Ther Ba NO B-ustes

* Government and Industry Should Develop Team Consortia
so Pspaokatg leorn to Met certain Goals

-d Fo.nu Goaols on Nattonal NHods - Iloth Economc nid KmIr

so Work With te PuMlic. Con es. and Oth1r. to S•cwe Long Term Cash Flow th•t Suppons the Goals

* Focus on Process Technologies

SUMMARY

NEW GOVERNMENT AND INDUSTRY RELATIONSHIPS

"* A New Governmenlt/Industry Relationship In Required to "loot the Challenge of
the Fuzture.

.. fevoklonsry Ownges in Piacem wk Is Lotg a" be jobnimy neelpe

so These me Dy Wlia md Conewioue Pw oe ll e Proviblonta Mutme ha Mode in Pw~cf aned
Precomdurs cotora CO bnIEipoWS

" Key Issue:

so Goverwuneni bal Fhim isomnia a Pmrttow Than a customer. Thn Govermumm Purehasin Power
will Hel Enmwe Cno aslaes for whtm is lOPMV 0 Dsane md Provide an Easier Efby kite

Womi i

"* Focus Must be on Process Technology.
" Ultimatel Goal:

so To Ne w PrA s Tsmo t inury gI Ahead on WorI CoMulrnpto sW4 EAt the World wlgh
o, AN Must slean Coi ely 

Io Iee n" or IluIN Jtoes D o

99, Anw Tirbmloo coprtivl toUm Ir orw~' iMdVsI -oeO



CAPT. RICHARD BYNSVOLD

NATIONAL AUTOMOTIVE CENTER
US ARMY

PRESENTATION NOT AVAfLABLE



ILIP ENVIRONMENTAL THRUSTS

o FOUR MAJOR USAF ACTIVITIES

" RISK ANALYSIS

- CLEANUP, SITE RESTORATION

- COMPLIANCE, EXISTING TECHNOLOGY

PREVENTION, FUTURE TECHNOLOGY]

I oil

6 A/•g 92

POLLUTION PREVENTION R&D

APPROACH

o ELIMINATE THE SOURCES (i.e., EMPTY
THE PIPELINE)

o QUANTUM IMPROVEMENTS (LEAP
FROG TECHNOLOGY)

o WORK THE DIFFICULT, LONGER TERM,
HIGH PAYOFF OPPORTUNITIES



POLLUTION PREVENTION R&D

WRIGHT LABORATORY AREAS OF FOCUS

o WATER WASTE STREAM ELIMINATION

o VOLATILE ORGANIC COMPOUNDS (VOCS)
ELIMINATION

o SOLID WASTE STREAM ELIMINATION

o OZONE LAYER DEPLETING SUBSTANCES
(OLDS) ELIMINATION

13

WL POLLUTION PREVENTION R&D6AU99?

o WATER WASTE STREAM ELIMINATION

- NON CHEMICAL BASE SURFACE TREATMENTS
FOR Al, Ti & Cu ALLOYS FOR BONDING & COATING

FORMATION OF THERMODYNAMICALLY STABLE
SURFACE MORPHOLOGIES

THiN FILM DEPOSITION, SOL GEL TECHNIQUES
HIGH VELOCITY OXYGEN FUEL, FLAME/PLASMA
SPRAY LASER BASE PROC'r .SES

- ADVANCED PAINT STRIPPING TECHNOLOGY

ROBOTICALLY CONTROLLED PROCESSES
PLASTIC MEDIA, WATER, C02

,1



WRIGHT LABORATORY

POLLUTION PREVENTION PROGRAMS

MATERIALS DIRECTORATE (ML)

ADVANCED METAL SURFACE TREATMENT PROCESSES

OBJECTIVE: TO REPLACE EXISTING WET CHEMISTRY PROCESSES
FOR PREPAINT / PREBOND SURFACE PREPARATION OF
ALUMINUM & COPPER ALLOYS

APPROACH: R&D INVESTIGATIONS INTO:
- THIN FILM DEPOSITION TECHNOLOGY
- THERMAL SPRAY TECHNOLOGY
- SOL-GEL OXIDE FILM DEPOSITION
- ION-BEAM ENHANCED FILM DEPOSITION

PAYOFF: - ELIMINATES LAHIE WATER CONTAMINATIVG/USING
PROCESSES

- ELIMINATES USAGE OF STRONG ACIDS AND r3ASES
- ELIMINATES USAGE OF SOLUBLE CHROME

WL POLLUTION PREVENTION R&D

ADDITIONAL STUDY AREAS

o ADVANCED PRINTED CIRCUIT BOARD PROCESSES

"o ELIMINATION OF WATER BASE METAL DEPOSITION
& REMOVAL PROCESSES

"o TURBINE ENGINE OIL RECYCLING

"o SOLID STATE METAL CLEANING PROCESSES

"o ENVIRONMENTALLY ACCEPTABLE "CHAFF"

MATERIALS

" ENVIRONMENTALLY ACCEPTABLE BATTERIES
(NIMH)



TWO MECHANISMS FOR COOPERATIVE R&D
BETWEEN INDUSTRY & DOD (AIR FORCE)

o DUAL USE TECHNOLOGY DEVELOPMENT PROJECTS
(DARPA)

c COOPERATIVE RESEARCH & DEVELOPMENT
AGREEMENT (CRDA)

- POTENTIAL AREAS OF INTEREST

ADVANCED COATING & REMOVAL TECHNOLOGY
RMOVAL HIGH PERFORMANCE COATINGS
NON CHROME CORROSION INHIBITING SYSTEMS

(NON-LEAD, CADMIUM TOO)
ADVANCED CONVERSION COATINGS
ADVANCED FIRE EXTINGUISHING/EXPLOSION

SUPPRESSION

-!



Aerospace Materials and Processes iMLL Division

Technology Reinvestment Workshop Overviewj

METALS and CERAMICS DIV
MLL

Or Norman *A Tallan

1-~

Materilas Oevelopnt Or Materlt Behavloor Or o44H tnuctive

MLLM J M.LtN Evaluation Br

Or Walr R Imann Mr Allan Gundersmn MLLP
Dr Tobey Cordell

L ight Weight Metals Behavior A Uft Prediction * Aging Syslemi NDE
of Metal. and MMCa

* High Temperature Mallmi NDE Pellablilty mprovomeit
and iintrmetalllcei Behavior I Uft Predc.kIon

Of CrmiMc COMpowtS. • Large Area Composite NOE
m Proc.ss Modeling Advanced Materla's A

Cemmicer and Ceramic Processes NDE
Matrix Comiposaites Process Sc•n.,- Methodology

Aerospace Materials and Processes Topics For Technology
Technology Reinvestment Workshop Transfer

1. Metals, Intermetallics and MMCs

* Aluminum Metal Matrix Composites

* Titanium Metal Matrix Composites

• Gamma Titanlum Aluminides

2. Structural Ceramics



Aerospace Materials and Processes Topics For Technology
Technology Reinvestment Workshop Transfer (Cont)

3. Metal and Ceramic Material Processing

"* Coontrolied Dwell Extrusion

"* Controlled Dwell Forging

"* Consolldatlon Modeling - MMC and CMVC

"* Material Behavior Modeling

"* Frocessing Maps

"* Constitutive Equations

- Analytical Modeling

"* Deformat!on * Solidification

"* Densification - Fluid Flow

Aerospace Materials and Processes Topics For Technology~

Technology Reinvestment Workshop Trnitsfer (Corn)

4. Nondestructive Evaluation

*Computed Tomography

Large Area Composite Inspection

*High Resolution Raaloscopy

5. Behavior I Life Prediction

- Titanium, Aluminide and Ceramic Matrix Composites

- Gamma Titanium Alum ln~de

NASP Specif Ic Malehials

*II4PTET Specific Materials



Life-Prediction Methodologies

" Metal Matrix Composites (SCS-6iTI-24AI-1 1 Nb, SCS-6/Timeta!®21 S)

o Developed models for thermomechanical fatigue damage

* Doveloped models for crack propagation from holes and notches

" Monolithic Metals

* Developed methodology to predict crack growth in nickel, titanium, and titanium-aluminide
alloys under Isothermal and thermomechanical fatigue

a Developed understanding of crack growth behavior of small cracks

Ceramic Matrix Composites (C/SIC, SIC/SIC, SIC/1723, SIC/BMAS, SIC/CAS)

"* Developed microsccpe system to study crack formation under fatigue

"* Identified fatigue limits for various systems

Comparison of Predicted and Actual
Results for Thermomechanical Fatigue

SCS-6/Timetal®21S [0/90]2S

iIn phase

14 a Out of phase
* 10

* 650 C Isothermal ,

m 1500C Isothermal S

S103 u

U

0 10"

.01E 10'

z

1 0 0 . . . . . . . . . . . . . . . ., . . .

10* 101 10 2  10 104 10

Numnber of Cycles (Actual)



Prediction of S-N Curve
for Specimen With Center Hcle

SCS-6/Ti-24AI-1 1 Nb r01j
(U '30C _____ ___

(c t Data, Ji;2 rnd Lrsei Umax

. .Ic- Predicted __

X 1100

CU

700 l
U,

E-
2 50C

S 300k- .. .

100 102 104 106 108

Cycles to failure

Experimental Mechanics
Test Methodologies

* Approach to Experimental Mechanics Testing: Two Basic Activities
* Imposing conditions on specmen

* Measuring spemimen response

* Imposed Test C -)ndttions
Mechanical: force, strain, or displacement

* Temperature
Environment: lab air. vacuum, or inert gas

Simultaneous application of till three conditions

Material Response
* Mechanical: force, strain, or displacement
* Electrical properties

* Geometric changes: salf-4imilar crack growth or multiple cracking

ScutOP: G.A. bmeitn, "Varetng Expenm~nn Me.hanics MedmologqI"'. #&STU E011.03 SubcomMfin Kick-off Lecture 1993



Inert Environment
Thermom.chanical Fatigue System

Developed to Enforce Conditions:
"* Unioxia! force or strain as a function of time
"* Uniform temperature distribution as a function cf time
"* 'nlrt gas or vacuum environment as a function of time

"" Postible cryogenic testing

* The Specimen Responses That Can Be Measured:
"* Unlaxial force or strain
"* Croashead displacement
"• Electrical resistance

"• Internal generation of acoustic waves
"* Response to externally Imposed acoustic waves

Source: G.A. Hauwb. "Inegraamg Experwrental Mecranxi MemoktidogsW. ASTM E08.03 Subcomminuee Kic-off Ledure 1993

Small-Scale Displacement
Laser Interferometer System

" Developed to Meet the Need for Precise Measurement of Specimen

Displacements During Mechanical Tests

* Operates at gage lengths from less than 25Iuri to over 500iun

- far shorlte than practcal with mechanical systems, or other optical systems
• ODiplacement resoiutiona of 2nm (20A) or less can be achieved
SSvstem Is fully Integrated with &utomated test control microcomputers ant;

sophistia.aed test control software

"" Has Been Used to Study Various Small-Scale Phenomena

* Near-crack-tip alplacement fleids

* Strains within a metal grain
Strains or displacements Inside notches and holes

Smxgm G. A Han=an. "DlSocacerr eol Measurements Using a Sho• Gaqe Lengt Law Intettrometer"
ASTM E08 tkbk group preswntabm. MamN . FKAiO. Novre. 1992.



Aerospace Materials and Processes

Technology Reinvestment Workshop [Key nel

Dr James Larsn - Lifo Prediction Research
WLIMLUJ Bldg 655
2230 Tenth St Ste 1
Wright Patterson AFB OH 45433-78 c 7
Phone#: 513-255l-1357

Dr Theodore Nicholas - Fatlgue MIchanics, High Strain Rate Phenomena
WLUMLLN Bldg 655
2230 Tenth St Ste I
Wright Patterson AFB OH 45433-7817
Phone*: 513-255-1347

Capt John Pernot - NASP Structural MaterIsis
WL/MLLN Bldg 655
2230 Tenth St Ste 1
Wright Patterson AFB OH 45433-7817
Phons#: 513-255-1366

5m

Metals, Intermetallics and MMCs

Ms. Katherine Williams
Metals and Ceramics Division

(513)255-1348WLIMLLN Bldg. 655
2230 Tenth St. Ste 1
Wright-Patterson AFB, OH

45433-1348



TYPES OF METALLIC MATRIX COMPOSITE MATERIALS

FIBERS WHISKERS PARTICULATES

I_-



AeopaeMa er,*ils ant, Processes [ AluminuAeropaceMet.,I-Matrix!
Technology Reinvestrneatt Workshop Cornposites

Why are aiumlnuri-metat aistrix vomrp-isltes ready for transitioom?

- Slaiodardbzad ProducQs Av1lW&si for Sic Particulate Reinforced Ajuminum Composites
-Thm 11 Program
- Marpacturars

- r), Chtr~a, (oe1R.ufOmnia
-ACMC, Greer. SaunaI Cat 41na

- roucte
-Extriseuns, Shms. Plate

- Production ExperieNwe kor Fiber Mitt Preforms
- SmsU and Large Diese Encine Plat,ms
- Squeeze Cast to Infiltrate Patorm

What are thalr unique features?

Partculate: High mod~.lue (stIffnewa
*LowJ cosiliciait at thermal -xPL Ion
*High specific strength
*Wesw reeststaA

Preformfl Incetased use temperature

*Cu1rrontir-uture Uses

*Dopwtrtn'ent of rnafense ~'2 Varies as a function of reinforcement typo
*Non-Depmivnei. of Defense>

Aerospace Materials and Processe- I MetlM ri I
Tc.ýhnology Reia vestment Workshop, o poie

I Continuous Fiber
_______ Fibers Prforma. I _ bIskura Part ulala....

Manufacturing iPuitru sion squeeze Cast --ast
Technologi~a iffusion Bonding cs

Cas.

Pmulnforcement Gr SIC, Al ,O AlpO, SIC ;

Production
Componants Diesel Eiectroni': Rack

Stanzerd IPlate
Products ISheet

_______ ___________ j ____ - Extrusion



I.-_______
Aerospace Materials and Processes Titanium T

Technology Reinvestment Workshop Metal Matrix Compos~tes

- Why are t~tanium-metal matrix composites ready for transition?

-Undesrtandi.,g of the metallurgical and machianical behavior of several conlinuousi-fiber reinforced
TMC wirstemse has bea~n estabisahed

-Widlespread use at these masterimsa Is needed t0 GOMMif Ord 'uflhs develop vendor base
- racture-michmnicis baaed Ilko prediction methadojogism are being developd for critical Aircraft

components

- W*!%2t eta ~hair unliqtj features?

H igh ip acflo strie-Mth and atiffnein
- ir .. noperature v"o thce- motoolitslC thanit-m without eSupwaaiOy vreight

- C'unont r*L" Ire Uses

. Depai ,.nent L't). "111)99

A- M!'n,* t -spcns..te Ior advned ic yperso*-..; aircraft
S 'upport buri-cttres (li-skm, struts. strode. ezh~ust noazle liners) for near-term turbine engines

-Bladed 0-ge for iii.wanowd tu. ýne eng'na ccnipreu. ion systemas

- Non-Depart mint of Deftai a.

-Critical and aupprtri stnic- .imac In gait turbdre ercainse

Aerospace Materiais and Processes - Titantium
Technology Reinvestment Woricshop Metal Matrix Composites

I.I

- 30010

240

U)
log10

- 1 - -- - - 6 1
a 200 400 adO goo 11;o0

Temperature. iiC)

SPECIFIC STRENGTH OF SiCf'7i-24A-1-llNb LAMINATES COMPARED WITH
ALTERNATIVE MONOLITHIC MATERIALS
(Reference: Larson, Revelos, Gambons, MRS, 1992)
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Aerospace Materials and Processes Gamma Titanium

Technology Reinvestment Workshop Aunnds

" Why is gamma ready for transition?

- Need lighter weight / high tamperat~ti materia. to replace atiel and euperalloy
- Knowledge of reproducible micmestrctur, and properties, but technology Ias reached entlcal juncture
- Ciam tecnnomMiags trnonaloned to vendor base

"* What are its unique features?

- Ughter weight than muperalloy and titanium
- Befter high temperature properties (strwngh, moduilmi than auperalloya
- B&tte oxidittloti and burn resistance than thalauiiu

"* Current'ui~ure Uwes

*Department of Defense

-Gas Turbine Enaines

*Near Term, Combustion awirler. high-pressure compreseo stators, blade outer air seale,
najlms liner tiltes

*Mid Term: Compreesor and turolne cassi. compressor blade*

*Non-Department of Defense

-Near Term Cast automtilve exhaust valvee
-Mid Te rm: Winougiht gamma valves. Impellers, turbochae'gesr, commercial land-bacad turthins
Cornporertle. commertial aircraft lurbirnj ergine; components, and others.

Aerospace Materials and Processes KyPro e
Technology Reinvestment WorkshopKePrsne

Key Metals, Intermetallilc and MMC Personnel:

Mr Steven Balsorie - Intermetallics; Mr Paul Smith - Orthorhombic
WL/ULLM Bldg 655 Titanium Aluminides
2230 Tenth St Ste 1 NIJMLLN Bldg 655
Wright Patterson AFB OIJ 4543J-7817 2230 Tenth St Ste 1
Phone#: 513-255-9822 Wright Patterson AFB OH

45433-7817
Dr Daniel Miracle - Metal Matrix Composite* Phone#: 513-255-1384
WL/MILLYI Bldg 655
2230 Teritte St Ste I Ms Katherine Williams - Thtanitim
Wright Patterson Al I OH 45433-7817 Matrix Composites
Phonat: 513-255-9833 WL/MLLN Bldg 655

2230 Tenth St Ste 1
Mr Gerald Petrak - Light Weight Metals Wright Pattorston AFB OH
WIJMLLM Bldg 655 45433-7817
2230 Tenth St Ste 1 Phone#: 5V11255-1 348
Wright Patterson AFB OH 45433-7817
Phone#, 51 3-255-131NA



Ar

-"cura Ceramics

Dr. Allan Katz
Metals and CL.-amics !9ivision

(513)255-9824
WUJMLL' .dg. 6S5
2230 Ten"'q St. Ste 1
Wrigh-t.fdterson A-'-, OHl

45433-7417

4erospace Materials and Pir -esse,, tucua -
Techýoiogy Reii vestmer-t Workshop Srcua .illc

Why Read,?

- StatuoEo4hoosit Structural Coreamce Have Malu.ed to the PoJl2 of Real ADpp4icstion lt%dfllcf

UnIque Fwaures:

H igh Strength Stlffrtaft
*Low 0Kd
*Opersting C-e bltlylo* 2000T
I tOW liusmel EzP~neicn Cceltflci.l

*Thermal Shocit Resistance
*Corosiomt Ozkkdatn Rmelahre
*Erweina. Wow Reuistanc -
*T~kmable ElerciltI.Properlets
*Nan..turas&~l Conmlt'mat Astart'Ia

* Aea&mWw to Catastrphic Feý~u g j Ceramics)

DOD Uusa:
*Gee 1 urblrie Ingi roe

-Aeropropuft.-

-- Auhlfloe. Power Unh.

Rsv amgEvn



IHPTET FEEDS BOTH MILITARY
AND COMMERCIAL ENGINES__

T MILITARY
SPECIAL

E PURPOSE

C
H
N MILITARY
O APPLICATION
L MILITARILY
O DERIVED

DUAL USE
(~TECHNOLOGY

y COMMERCIAL
IS APPLICATION

s COMMER.
E CIALLY-

~ DERIVED
E -0325 2

E 0325



Aerospace Materials ai;d Processes Structural Ceramics

Technology Reinvestment Workshop (Conl)

DOD Uses (Cont):

Hot Ar? otrlture (Hyperileofl, Exhauit. ppinged StnM'. elU

* Space Stnicturee
* ROMke Propulsion
* Wow Vorts

Non-DOD Uses:
G as Turbine Engiris
- Aeropropuftion
- Auxul" Power Un•it"- utotmlivee
- L* Base power Gerirstito

* RecprA", Enginee
- Automolvee
H oet Aeroslructure

* Heal Rwew.ey Syslim
B Sum... Combue.oro

* Chemlkcl Proc.. Eqlpnvw
* Dim, Tooling
* Wear Parts

Cuing Tools, Shears

Arr , &,

[Metal anrd Ceramic Material

Mr. James Morgan
Metal and Ceramics Division

(51:)255-9935
WLJMLLN Bldg. 655
2230 Tenth St. Ste 1
Wriglt.Panerson AFB, OH

41433-7817



Aerospace Materials and Processes Process Modeling

Technology Reinvestment Workshop T~hology

Process Modeling Technology for the Design of Procssses to Produce Metallic and

Ceramic Componcnts

Why Ready?

- Widely Used Proven Technology

Sxtrusion
* Roling
* Casting

*Jnllu* Features
- inite Eleerto Based Computer Models
- Applicable to Coanmipe GeomotrAe end Advanced Materials
- Materil Behavior Models
- Fluid Flow

* Current/Future Uses:
0- 00 Use: Advanced Propuis'an Systems

Advanced Aiframe Systems
Space System

- Nan-O00 Use: Comenrcial A@-ospace
Automotive
Machine Tool
Space

Aerospace Materials and Processes Processing Science

Technology Reinvestment Workshop Methodology

" Analytical Modeling

- Deformation
- Densificatlon
- Solidification
- Fluid Flow

"• Material Behavior Modeling

- Processing Maps
- Constitutive Equations

"• Physical Mcdeling

- VIsioplasticity
- Pilot-Scale Production



FEM SIMULATION OF CANNED EXTRUSION OF
* FGAMMA TITANIUM ALUMINIDES

Wright Laboratory Materials Directorate

Initial Billet and Can Temperatures Initial Can Temperature Assumed
Assumed to be Equal to be 200CC Lower Than Billet

Temperature

THE CONTROLLED DWELL EXTRUSION
PROCESS

Wright Laboratory Materials Directorate

WORKPIECE

I CConventionally" Extruded
Gamma Billet

TIME

Temperature Transients Within
Can and Workplece Prior

to Extrcsion

"Controlled Dwell" Extruded
Gamm-a Billet



FINTEELEMENT MODEL OF FOIL-FIBER-FOIL( ) INTECOMPOSITE CO'NSOLIDATIONL
Wright Laborstorl Materials Directorate

os

-- - RIQS~1A5PATImp'

' . .

EX~f MEN J~ký;FACIUTIES:N 8,000 Sq.Ft.

MISSIO 8 Pon-ds mt. erias pnne! s

Arc and TIG Welding;
Heat Treating
Data Acquisition Support

Process Modeling

EQUIPMENT: Arc and Induction Melters
1000 -Ton Forging Press
700-Ton Extrusion Press

700Ton f~tnauoon Pro" Roiling Mill

AVAILABILITY: Available, at nominal cost,
to government, Industrial
rang academic organizatio~ns.



* PAYOFFS
WRIGHT LABORATORY MAMLS W"CTRTE

"G ELIMINATE COSTLY EMPIRICAL TRIAL-AND-ERROR
PROCESS DEVELOPMENT

"* PRODUCE COMPLEX SHAPE COMPONENTS WITH
REQUIRED MICROSTRUCTURE AND PROPERTIES

"• PROVIDE A RATIONAL STRATEGY FOR PROCESS
CONTROL AND REPRODUCIBLE QUAUTY

"• PROVIDE U.S. INDUSTRIES WITH TECHNOLOGY TO
PRODUCE HIGH QUAUTY COMPONENTS AT THE
LOWEST POSSIBLE COST AND TO COMPETE IN THE
GLOBAL MARKET



Aerospace Materdaias and Processes Fey Personnei l

Technology Reinvestment Workshop

Metals and Ceramics Material Pro-essing Key Personnel:

Mr. James Morgan - Experimental Materials Processing, Modeling

WI. 'fLLN Bldg. 655
2230 Tenth St. Ste I

Wr.eht-Patterson AFB, OH 45433-7817
Phone: 513-255-9835

Dr. Lee Samlatin - Processing Science Methodology

WL'MLLI' Bldg. 655

2230 Tenth St. Ste 1
WrIght-Pettermon AFB, O.4 45433-7817
Phone: 513-251-1345

Nondestructive
Evaluation

Mr. Charles Buynak
Metals and Ceramics Division

W51 3)25 5-9607
WL/MLLP Bldg. 655
2230 Tenth St. Ste 1
WrIght-Patterson AFB. OH

45433-7817



Aerospace Materials and Processe N ual-Use
Technology Reinvestment Workshop

NDE IS INHERENTLY DUAL-USE

"* INDUSTRIAL

"• CIVIL AIRCRAFT / FAA

"• MEDICAL

ISTRONG CUSTOMER PU,,Li

Aerospace Materials and Processes NDE Exploratory &
Technology Reinvestment Workshop Advanced DevelopmejntI

DIRECTIONS
4-1 Aging Systems NOE

- Hidden Corrosion Characterization
- Detection of Innerlayer Cracks Under Fasteners

4-2 NDE Reliability Improvement
- Advanced Filmless, Real Time Radloscopy
- Advanced Computed Tomography

4-3 Composite Materials and Processes NDE
- Large Area Composites NDE System DevelopmentIn-Process NDE for Composite Processing

4-4 Advanced Materials and Processes NDE
- Complex, Cast Blade NDL
- Image Enhancement I Analysis



HRRTR BAASSBOARD SYSTEM CONCEPT -:EýLoCklieed

JOINT

MILOI NEAR POS~rON Q

SEr4SOR 
VRIA

BOARDSDRV

MOTOR
DRIVES

COUNTREGT ER E G ~ W -JACK

1991 R&D 100 AWARD FOR
I~c HIGH-RESOLUTION GLASS X-RAY DETECTORS

um

p~l PhN CoUmmE TO =13 C~AMER

MEW OLAM FANIGATEP WWD

RIKIS AMADEUn~MhEO

*HmW-DoluW mmG f YIELDS
IMPAOYO X.NAY ABSOrP~iON
NOOIN SPATIAL EISOUITION

*LOW AFTIRQILDW _PXý

* 6AIPROVD INDUSTRIAL. AND
MODWIC xIRAr ImamIN

* M"*SUNS~wtN OF tA4MUESIONS FATIGUE CRACK AT FASTENER hIf C-130 HERCULES.
Of INTERIW4. IMTRUC~RL CRACKC WIDh. -c0.00 1 In,. CRIACK LENGTH. 0.090 In.

* VERIFICATION OP New IRIAGE OBTAINED WITH NkV GLASS USING P05 'CCO SYSTEM.
FABRICATION TEIiCHWA=Y THIS CR1ACK WOULD NOT BE DETECTED USING NOT X-RAY FILM.



Aerospace Materials and Processes X-ray Computed I otnography

Technology Reinvestmnent Workshop Researc.wi Facility

X-ray

Computed Tomography

Research Facility

Aerospace Mazerials and Pi ocesses I Compc:ites Inspection

Technology Reinvetment Workshop I Tecinolugy Drivers

* OPERATIONAL A!RCRAFT NEEDS
- Rapid N01 for Advmnced Compusitds with Comolex Shapes and

Varlacle Densities

- INCEASED USE OF COMPOSITES (G-17, =77)

- Unique Inspection Requirements
- Large Areas
- Primary Structure - Alsc•n Critical

. COMPOSITE REPAIRS

- POST REPAIR ;NS 0 ECTION REQUIRED



Aerospnce Materials and Processes High Resolution Real-Time

Technology Reinvestment Workshop X-Ray Radioscopy

High Resolution Real-Time X-Ray Radloscopy

R Heady for Transition

Advanced Development hardware being developed

FY94 Demo planned of developmental system

Current / Future Uses

Department of Defense

- Replace film radlogr3phy
- rield i Douot Use

Non-DOD

- Civil Aircraft Inspection
- Medical

-. Mammography
- Dental

Aerospice Materials and Processes X-ray Computed
Technology Reinvestment Workshop Tomography

X-ray Computed Tomography

"* Ready for Transition

Advanced developmont applicationa program finishing FY93
Coat advantages demonstrated - reported

"* Current / Future uses

Department of Defense
- Inspect castings, closed systems

SDepot use, airframe, solid rocket motors

Non-DOD

- Castings
- Medical

- Adancad Mammography
Automotive



AIR ['RCE INTEREST IN
COMPUTED TOMOGRAPHY (CT)

p~I~ - .righe psiformwee designs

repair coats
0Excendsm equipment Ole

AF is owurrny us~nq CT Slruoftuea. Materia.13 Equipmenlt
"* nozzles - p'odUct development
"* propellents a process monitoring
"* bofidlines * manufactunng inspection

-inservice inspection



ASW~ 2A

Dr Charies E. Brownung
Nonmetallic Matterials Division

513-.U5-9018
WLI.LB Bldg. 654
2941 P St. Ste. I

Wright-Patterson AFB. OH
45433-7750

Aerospace Materials anu Piocesses

Technolkgy Rein estment Workshop

"• Division Overview

"• Key Personnei for Technology Transfer

" Topics for Technology Transfer

- Structural Materials Branch MLBC
- Nonstructural Materials Branch - MILBT
- Mechanics & Surface hiteractions Branch - MLBM
- Polymer Branch - MLBP



Aerospace Matcrials and Pt ocesses CorrosiontPrevention

Technology Reinwvstmen. Workshop Methods

Corrosion Prevention Mothods
The need for rteamnalt/prmceses tc iannige o,3sion of aircraft systems continues to
be top priority. IrU'tduction of substitutes has been driven by environmentl. health, and
s-alfey issues.

Why ready? 1) Current r'jul-itions reduce/eliminate the use of pest, proven
atrienals inclding inhibitors. patings, solvents. etc.. 2) Ouafication of acceptable

substnrutes needed immediately. 3) drop-in substitutes rare.
What ar the uniqua features? 1) Applicablo to numerous uses. 2) supplisr/user
vested interest.

What ar curenUtfuture uses?
Duo Use Qualified acceptable substtutes applicable to commercial airarat.
autornotivo indstr,$ medical devires. esc.

LPOC: MR. GARY STEVENSONj

WJM.LSA (513) 255.5108



• 990M• N CONTROL (CON'][)

rN-,0WW~t EFFORT TO *QUALIFY' ACCEPTABLE SUBSTITUTES

- AEROSPACE INDUSTRY/SUPPLIERqrTR.-3ERVICE/CO-OPERATION

-QUALIFICATION VIA ACCELERATED LABORATORY EVALUATION

- FIELD/SERVICE EVALUATION TO OBTAIN "TEST-OF-TIME" IS A LUXARY

- RARELY SEE EQUIVALENT PERFORMANCE IN ACCELERATED TESTING

o DROP-IN SUBSTITUTES ARE RARE

UNKNOWN LONG-TERM AEROSPACE PE~RFORMANCE

_ _ )



( CORROSION CONTROL
*ENVIRONMENTAL, HEALTH, SAFETY ISSUES

- REPLACE PHOVEN CORROSION CONTROL MATERIALSIPROCESSES

- PROVEN MATERIALS REFORMULATED TO LOWER PERFORMANC;E
LEVELS

•EVER-CHANGING REGULATIONS IMPACT

- HEXAVALENT CHROMINUM INHIBITORS

- HEAVY METAL PLATINGS

- OZONE DEPL--TING & GLOBAL WARMING CHEMICALS

SCOATING AND SEALANT REMOVALJREPLACEMENT

- SOLVENT - BORNE COATINGS
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S ~PROGRAM ACTIVITVES

COMPOSITE REPAIR OF CRACKED ALUMINUM
STRUCTURES

- MATERIAL AND PROCESS ISSUES RELATED TO
COMPOSITE PATCH APPLICATION IN A FIELD
ENVIRONMENT

- SEVEN TASKS

- INITIATED WHEN STATE OF THE ART PATCHING
WAS DEFICIENT

: WA

to F-16 PATCH REPAIR

"* CRACK AROUND FUEL VENT HOLE ON LEFT WING LOWER SKIN

"° SYSTEM SUPPORT TECHNICAL CONTRIBUTIONS

- SELECTED SURFACE PREPARATION, ADHESIVE, AND PATCH
MATERIALS

- DEVELOPED APPLICATION PROCEDURES

- APPLIED PATCHES TO F-16 AIRCRAFT AT HILL AFB UT

"* OUTYEAR PLAN TO APPLY ADDITIONAL COMPOSITE PATCHES ON OTHER
CRACK PRONE F-16 AIRCRAFT AREAS

"* TWENTY MILLION DOLLAR COST SAVINGS ACROSS F-16 FLEET USING
COMPOSITE PATCHES VERSUS DESKINNING



C~omposite Materal

Pac/epair Actiite

COMPOSITE MATERIAL PATCH REPAIR ACTIVITIES FOR AGING AIRCRAFT

* F-16 WING

* B-1 LONGERON

* KC-1 35 KEEL BEAM

"a 6-b2 WING



NEED: Eliminate potential safety hazard
caused by Improperly functioning
fuel probes on T-37 aircraft.

APPROACH: ML analysls of failed fuel probes
revealed a materials degradation
process between the fuel probes'
solver plated wiring and residual
sulfur In let fuel.

Recommended improved fuel
probe design and new
maintenance prrcocecures.

APPLICATION: Using ML recommendations.
Son Antonio ALC engineers
effectively makns dthe fuel
probe problem w hut having
to ground the kvlrcraff.



---

~Structural

S~Failure

S~Analysis

WRIGHT LABORATORY
MATERIALS DIRECTORATE

BLEED AIR DUCT FAILURE ANALYSIS iDETIFRED ROOT CAUSE FOR C-130
SAFETY OF FUGHT ISSUE

NEED: EUMINATE BLEED AIR DUCT
FAILURES WHICH WERE A SOURCE
FOR FUGHT CONTROL ZYSTM
FAILURE.

M L S A APPROACH: ML ANALYSIS DETERMINED THAT

321S DUCT MAIERIAL WAS BEING
DEGRADED AS A RESULT OF
IMPROPER WELD!NG DURING"-'- ____- _____ _ MANUFACTURE.

APPLICATION: ML TRANSIb'TIONED INSPE.CTION
PROCEDURES TO KEEP THE FLEET

,~ OPERATIONAL ML
RECOMMENDATIONS FOR MATERIAL
SUBSTITUTE AND PROCESS
IMPROVEMENTS AS A LONG TERM
FIX ADOPTED.



Aerospace Materials and Proc:esses AGENDA

Technology Reinvestment Workshop

" Current activities within the Systems Suppo.rl

Division supporting aging aircraft

- Structural failure analysis of C-130 ble6d air duct3

- Electronic failure analysis of T-37 fuel probes

- Composite patch repair activities
" Corrosion prevention methods

Aerospace Materials and Processes Aging Aircraft

Technology Reinvestment Workshop

Aging Arcraft
Alrge segment of the Air Force operational fleet is aged and deteriorated to the
point where major refurbishments and re~ovlts are required to continue use.

Why ready? 1) Utf extensions n requirement. 2) the deveiopment of new
syoaria in the near term will te nunimal. 3) mimon requirements likely to
be Irvmreased.

Whit are the unique features? 1) Environment~missuon/malera l driven.
2J appl~icable to numerous systmIs induding rainers. bo0nbers. ,dd flighters.
3) nmeded~ ar improved inspection methods for corrosion and flaw detection,
improved rep"a meltchaf. etc.

What are curreatofuture uses?
D.,I Use - system enhancements appicable to oommeorca fleeL

POC: MR. RON WILLIAMS
WLJMLSA (513) 255-3623



Aerospace Materials and Prccesses Pollution Prevention

Tecinologv Reinvestment Workshop R&D I

POLLUTION PREVENTION R&DThe NIL pollution prevention R&D program is focused on theo elienination
oh water. VOC and ODC waste strm-ns. Through Lhe development and
transfer of advanced materials and processer the Air Force will eliminate
theso waste streams from the msnufacture and maintenance of its
weapon systems

Mijor trists: - Non chemict inetal suriace preparaion
VOC comr ant coating sysems

- Super crii CO2 deoning
- Non-TOX/HA4Z and-ice/de-ice for aircraft

Advanced fire extinguishing matenals

Potential Peyoft. - Ejuninate the use of bad acting materials
- Improve heaft/itlsfely of workers

Processes used uruversally by industry

THESE. ARE NEW FY93 PROJECTS

[ POC: TED J. REINHART

WL/MLSE (513) 255-3691

I

Aging Aircraft
and

Corrosion Prevention Methods

Mr. Ronald H. Williams, Chief
Materials Integrity Branch
Systems Support Division

(513) 25.-2282
WUIMLSA Bldg 652
2179 Twelfth S. Ste I
Wrlght.Pattema AFB, OH

4S433-7718



TWO MECHANISMS FOI` COOPERATIVE R&D
BETWEEN INDUSTRY & DOD (AIR FORCE)

o DUAL USE TECHNOLOGY DEVELOPMENT PROJECTS
(DARPA)

o COOPERATIVE RESEARCH & DEVELOPMENT

AGREEMENT (CRDA)

- POTENTIAL AREAS OF INTEREST

ADVANCED COATING & REMOVAL TECHNOLOGY
REMOVAL HIGH PERFORMANCE COATINGS
NON CHROME CORROSION INHIBITING SYSTEMS

(NON-LEAD, CADMIUM TOO)
ADVANCED CONVERSION COATINGS
ADVANCED FIRE EXTINGUISHING/EXPLOSION

SUPPRESSION



WRIGHT LABORATORY

POLLUTION PREVENTION PROGRAMS

MATERIALS DIRECTORATE (ML)

ADVANCED METAL SURFACE TREATMENT PROCESSES

OBJECTIVE: TO REPLACE EXISTING WET CHEMISTRY PROCESSES
FOR PREPAINT / PREBOND SURFACE PREPARATION OF
ALUMINUM & COPPER ALLOYS

APPROACH: R&D INVESTIGATIONS INTO:
- THIN FILM DEPOSITION TECHNOLOGY
- THERMAL SPRAY TECHNOLOGY
- SOL-GEL OXIDE FILM DEPOSITION
- ION-BEAM ENHANCED FILM DEPOSITION

PAYOFF: - ELIMINATES LARGE WATER CONTAMINATING/USING
PROCESSES

- ELIMINATES USAGE OF STRONG ACIDS AND BASES
- ELIMINATES USAGE OF SOLUBLE CHROME

WL POLLUTION PREVENTION R&D

ADDITIONAL STUDY AREAS

o ADVANCED PRINTED CIRCUIT BOARD PROCESSES

"o ELIMINATION OF WATER BASE METAL DEPOSITION
& REMOVAL PROCESSES

"o TURBINE ENGINE OIL RECYCLING

"o SOLID STATE METAL CLEANING PROCESSES

"O ENVIRONMENTALLY ACCEPTABLE "CHAFF"
MATER!ALS

"o ENVIRONMENTALLY ACCEPTABLE BATTERIES
(NiMH)



POLLUTION PREVENTION R&D

WRIGHT LABORATORY AREAS OF FOCUS

"o WATER WASTE STREAM ELIMINATION

"o VOLATILE ORGANIC COMPOUNDS (VOCS)
ELIMINATION

"o SOLID WASTE STREAM ELIMINATION

"o OZONE LAYER DEPLETING SUBSTANCES
(OLDS) ELIMINATION

13

WL POLLUTION PREVENTION R&Dfl°6AU

O WATER WASTE STREAM ELIMINATION

- NON CHEMICAL BASE SURFACE TREATMENTS
FOR Al, TI & Cu ALLOYS FOR BONDING & COATING

FORMATION OF THERMODYNAMICALLY STABLE
SURFACE MORPHOLOGIES

THIN FILM DEPOSITION, SOL GEL TECHNIQUES
HIGH VELOCITY OXYGEN FUEL, FLAME/PLASMA
SPRAY LASER BASE PROCESSES

ADVANCED PAINT STRIPPING TECHNOLOGY

ROBOTICALLY CONTROLLED PROCESSES
PLASTIC MEDIA, WATER, C02

' 7



ILIP ENVIRONMENTAL THRUSTS

o FOUR MAJOR USAF ACTIVITIES

- RISK ANALYSIS

- CLEANUP, SITE RESTORATION

- COMPLIANCE, EXISTING TECHNOLOGY

PREVENTION, FUTURE T

oil

6 Aug 92

POLLUTION PREVENTION R&D

APPROACH

"o ELIMINATE THE SOURCES (i.e., EMPTY
THE PIPELINE)

"o QUANTUM IMPROVEMENTS (LEAP
FROG TECHNOLOGY)

"o WORK THE DIFFICULT, LONGER TERM,
HIGH PAYOFF OPPORTUNITIES

92



Aerospace Materials and Processes for Technology

Technology Reinvestment Workshop Transfer

1. Pollution Prevention
FOC: Mr. Ted Reinhart (513) 255-3691

2. Aging Aircraft
POC: Mr. Ron Williams (!:13) 255-2623

3. Corrosion Prevention Methods
POC: Mr. Gary Stevenson (5i3) 255-2627

Pollution Prevention t
Research & Development

Mr. Ted I. Reinhart
Materials Engineering Branch

Systems Support Division

(513) 25.5-3691
WILIMLSE BMlg 652
2179 Twe.fth St. Ste I
Wright.Pau,'r,,o AFB, OH

45433.7718



Aerospace Materials and Processes [NILS Division
Technology Reinvestm'ent Workshop Oeve

Systems Support
Division

ULS Mr. Tom Cooper
52282 U Col. Joe Kolek

Mm ~~~~mobOf b.Wrlt M we~gh erg siyab Aw"aquaIm sid
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Aerospace Materials and Procuse -m

Technology ReinveIment Workshop [KyF rsn~

Ur.Tom Cooper, Chief
Sysbtew Support Division

(513) 255-2282 fax (513) 4176-144139

1k. Ron watlb.. C~hi bb. Ted RehW M. .juydbe
Mebrimb boomdrv UrawncbM~ksEndu.,Ir Stapm /cqulaftio &
($3) 2WU.235 faa 476.4413 (31"31=5531 1e. 476=41 L NaesIm

(5 13) "2-t N437=4m 4146
IbgaiadEbmrebem Fab". UnUmEs V*%&IA EducaUen

(513 ~Z3 fa 4714413 (513222557413 tfz476-4411
("31 In 70-4419 . Cay, N"MMWO

47S.440 (31 faý7w,4
Wr. Ckwft Po~win

WI WILNS Bldg 652
2179Twelfth SL SteI~ K437



Mr. Thomas D. Cooper
Systems Support Division

(SD) 25S-2282
WL/MLS Bldg 6SZ
21"79 TFwelfth SL Ste I

Wright.-Paumnwe AFB, OH

45433-7715

Aerospace Materials and ProcesseA

Technology Reinvestment Workshop

"* Systems Support Division Overview

"* Key Personnel for Technology Transfer

"* Topics for Technoilogy Transfer



Aerospace Materials and Processes Mobile Automated]

Technology Reinvestment Workshop I Scanner

Large Area Composite Inspection - Mobile Automated Scanner

"• Recdy for Transition

Advanced Development hardware being deveirped
Already being used on real aircraft components

"* Current / Future Uses

Department of Defense

- Large radomo Inspectl:)n

C-17 composite* inspection

Non-DOD

- Civil Aircra't Inspection - Boeing 777
- Infrastructure

- Pipes
Large Composite Tanks

Aerospace Materials and Processes Key Perso

Technology Reinvestment Workshop K

Nondemn.tirhn Evaluation Key Personnel:

Mr Charltee Eiuak - Digital Radkoecopy. Ultranaca
WLIULLP 3cg -55

0 Tenth 9t Ste I
Wright Pattersn AFB OH 45433.7817
Phenee:. 61-25-,NO7

Mr Tobey Cordel. -OE Techinacgy
WLNLLP ewe 6 5
2=10 Tenth t elS1

Wright Paterson AFB OH 45433-7817

Phonel 513-255-9802

Dr Thacts Moran . NOE R,-earen
WL.MLLP Bldg 655
=30 Tenlh St Ste I
Wright Patterson AFB OH 45433-7117

Ph. 5613-255-98-
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Aerospace Materials and Processes MLB DIVISION
Technology Reinvestment Workshop OVERVIEW

CHIEF ISol
C. E. Brow. ing MATLS & STRS

ASSISTANT ;CHIEF G.G. Orrnbrek
G .F. Schmitt *STIL MTLS . L1J S

I *ADAPTIVE STRS * SE)

POLYMER MECHANICS & STRUCTURAL NONSTRUCTURAL
BRANCH SURFACE INTERACTIONS MATERIALS MATERIALS

TE.HmiikBRANCH BRANCH BRANCH
T .HML13Pk L. S. Theibeft J. N. Garrison K. J. Elsentimut

MLPMLSM ML13C MLBT

" ORDERED POLYMER - MECHANICS OF - ST1RUCTURAL * FLUIDS
(OP) FIBERS COMPOSITES COMPOSITEas - LUBRICANTS

FODCIMS - SURFACE PHYSICS & - CARBON-CARBON * COATINGS

POLYMERS ThIN FILM MAT*LS AND * COMPOSIES ROLG
"* NONUINEAR OPTICAL PROCESSES PROCESSING

POLYMERS

Aerospace Materials and Processes Ke Personnel
Technology Reinvestment Workshop e

Npnikhallc Mtrials Diision
Dr. Charies E. Browning, Chief, 5134.55-9018, FAX 513-255-9019

Mr. George F. Schmitt, Assist Chief. 513.255-9018. FAX 513-255-9019
Soace Maierials and Processes

Mr. Glenn G. Ornbrek. 513-255-2199, FAX 513-255-2176

Polymer Branrh - MLBP

Dr. Ted E. Helminlak, 513.255.9158, FAX 513.255-9019

Stmetun J Materials Brach - MLBRc

Mr. Jan N. Garrison, 513-255-9070, FAX 513.476-4706

Nonstructural Materials Branch . MLBT

Dr . Kent 1. Elsentraut~, 513-255-5731. FAX 513-255-9019

Mechanics and SurfaCe Interactions Branch - MLBM

Mr. L. Scott Theibert. 513-255.3068. FAX 513.476-A706
WI.IMLB Bldg 654

2941 PSt. Ste.1 IWright-Patterson AFB. OH 45433-7750



LinL
SIMLBCI

Structural Materials Branch

513-255-9070
WIMLBC Bldg 654

2941 P SL St& I
Wrigbt.PatmrSon AFB, OH

45433-7750

Aerospace Materials and Processes Technology Transfer j

Technology Reinvestment Workshop Topics

su•mnitlAlM lmugh

"* Carbon-carbon composites for electronic packaging

"* Carbon-carbon composites for brakssiciutcheS

* Carbon-carbon composites as graphite replacement

• Carbon-carbon composites for space structures or thermal management

* Advanced Composites for Intrastructur

* Ught Weight, Low Cost Composites foi Automotive Appins

* High Temperatur Organic Composites for industrial, AutomoUve Appins

"• Smart Materials & Structures for Infrutructure, Transportmtion

"* Composites for OffshorS Petroieum Operations

-- - - - - -- - - - -



Aerospace Maxicais and Processes C-C COMPOSITES FOR
Technology Reinvestment Workshop ELECTRONIC PACKAGING

"• Why is this ready for transitilon?

- Concept has been demonstrated
- Low cost options available

"* What are the unloue features?
- Very high thermal conductivity
- Low, tallorable coefficient-of-thermal-expar. sion (CTE)
- Metallic & ceramic coatingstplating deveioped/demonstrated

"* What are currenttfuture uses:
Desartment of Defense

- Thermal planes, heat sinks, heat sink fins
- Multichip module (MCM) & PWB substrates
- Matched chip/sub-trate CTE
- Thermally conductive tie-down for componentsNON--001
- Same as Department of Defense

"* Point of Contact: Ken Davidson, WL/MLBC, 513-255-9067

Aerospace Materials and Processes C-C COMPOSITES FOR

Technology Reinvestment Workshop ELECTRONIC PACKAGINGI

ASESPLATE CHIP CARRER ELECTRONIC PACKAGING

PCHI
---- Pr CHW SOLDER •"

; C-C potential to reduce with increased
heat dissipacon

1500OOSEM Eboard~son advanced
aircraft. C-C Oermid planes save 540#

o NAWC estimates 100# weight savings
"S25 million savings over the lifetime of

the F- 14 feet

- Tailorable expansion with hybrid
C-C/AI/C-C
• Enhanced operational rcliability, MIL
handbook 217D indicates MTBF"

MULTICHIP MODULE lifeumes increases from 3000 hrs at 167
LOCK OF to 7000 hrs at 130 cF

ALOCK COOLING
ACTIVE COOLING



Aerospace Materials and Processes ADV COMPOSITES

Technology Reinvestment Workshop FOR
iNFRASTRUCTURE

"• WHYRgEADY FOR TRANSION:

- STRUCTURAL APPLICATIONS SINCE MID 1960'S
- MATERIAL/MFG DATA BASE, INDUSTRIAL BASE

"* UNIQUE FEATURES

- WEIGHT SAVINGS

- TAILORABLE PROPERTIES

- CORROSION/FATIGUE RESISTANCE
"* CURRENTOFUUR APPICATIQNS:

DOD: - AEROSPACE STRUCTURES
- MARINE STRUCTURES

NON DOD: - SPORTING GOODS
- MEDICAL EQUIPMENT
- INFRASTRUCTURE

"p POINT OF CONTACT: JAN GARRISON, WLJMLBC, 513-255-9070

Aerospace Materials and Processes LIGHTWEIGHT, LOW COST
Technology Reinvestment Workshop COMPOSITES FORAUTOMOTIVE

"* WHY READY FOR TRANSITION:
- STRUCTURAL APPLICATIONS SINCE MID 1960'S
- MATERIALJMFG DATA BASE. INDUSTRIAL BASE
- MAJOR 0O0, NASA COST REDUCTION ACTIVITY

" UNIQUE FEATURES
- WEIGHT SAVINGS
- EASE OF ASSEMBLYIREPAIR
- LOW MAINTENANCE COST
- CORROSIONIFATIGUE RESISTANCE
- ENERGY ABSORBING

" CURRETFUTURE APPIUCATIONS:
0DO: - AEROSPACE STRUCTURES

- MARINE STRUCTURES

NON DOD: - SPORTING GOODS
- MEDICAL EQUIPMENT
-INFRASTRUCTURE

- AUTOMOTIVE
"* OINT OF CONTACT: JAN GARRISON, WLIMLOC, 513-255-W070



Aerospace Materials and Processes i HIGH TEMP OMC'S FOR

Technology Reinvestment Workshop INDUSTRIAL & AUTOMOTIVE APPLNSI

" WHY READY FOR TRANSITION:

- USAF DEVELOPMENT PROGRAM SINCE 1988
- ENGINE. AIRFRAME STRUCTURES

- CURRENT FLIGHT TESTING

* UNIOUE FEATURES

- WEIGHT SAVINGS

- HIGH TEMPERATURE CAPABILITY (700-F)
- CORROSION/FATIGUE RESISTANCE

SCURRFNT/UTURE APPLICATIONS:
DOD: - AIRCRAFT & ENGINE STPUCTURES

NON DOD: - ELECTRONICS
- AUTOMOTIVE (UNDER THE HOOD. EXHAUST)
- INDUSTRIAL (POWER GENERATORS, ENGINES)

- COMMERCIAL AIRCRAFT ENGINES
* POINT OF CONTACT: JAN GARRISON, WL/MLBC, 513-255-9070

Aerospace Materials and Processes SIMART MALS & STRUCTURES FOR *
Technology Reinvestment Workshcp INFRASTRUCTURE. TRANSPORTATION

* WHY READY FOR TRANSITION:
- AEROSPACE INDUSTRY AND GOVERNMENT ACTIVITY SINCE '80'S
- CURRENT SPACECRAFT/ AIRCRAFT T=STING AND DEMOS

- CIVIL ENGINEERING APPLICATIONS (JAPAN, EUROPE)
* UNIQUE FEATURES:

- ABILITY TO SENSE VIBRATIONS, STRAINS
- STRUCTURAL LIFE MONITORING
- ABILITY TO ACTIVELY CONTROL. DAMP VIBRATION S

"• CURRENT DOD RESEARCH AND DEVELOPMENT
- AIRCRAFTISPACECRAFTJSUBMARINE STRUCTURES

- INTELLIGENT PROCESSING
"* NON-DOD APPLICATIONS

- AUTOMOTIVE

- ACOUSTIC NOISE CONTROL FOR CABIN INTERIORS
- EARTHQUAKE-PROOF BUILDINGS

- BRIDGES
- OIL TANKERS. PRESSURE VESSELS

"* POINT OF CONTACT: JAN GARRISON, WLJMLBC, 513-255-9070



Aerospace Materials and Processes COMPOSITES FOR OMFSHORE

Technology Reinvestment Workshop PETROLEUM OPERATIoNs

0 WHY READY FOR TRANSI1ON:
- STRUCTURAL APPUCATIONS SINCE MID 1960'S
- MATERIALIMFG DATA BASE, INDUSTRIAL BASE
- MAJOR 0OD, NASA COST REDUCTION ACTIVITY

0 UNIQUE EAURES
- HIGH STRENGTH/STIFFNESS-TO-WEIGHT
- FATIGUEICORROSION RESISTANCE
- ACOUSTIC, VIBRATION & ENERGY ABSORPTION
- PROCESSABLE IN VERY LONG, CONTINUOUS LENGTHS

0 CUBREFUTUARE APPULQCATIOIS
0OD: - AEROSPACE STRUCTURES

- MARINE STRUCTURES

NON DOD: - SPORTING GOODS

- MEDICAL EQUIPMENT
- INFRASTRUCTURE
- AUTOMOMIVE

* POINT OF CONTACT: JAN GARRISON, WL/MLBC, 513-255-0070

Aerospace Materials and Processes

Technology Reinvestment Workshop

Key Fa, Lonnel

Fluids. Lubricants. Tribology. Seal and Coating Materials

Mr Carl E. Snyder, Jr.
WL/MLBT Building 654
2941 P Strp"" Ste 1

in AFB, OH 45433-7750

Phone#: 513-255-9036



IASN%_ _5W

IMLBTI
Nonstructural Materials Branch

513-2S5-5731
WIdMLBT Bldg 654

2941 P St. Ste. 1I.
Wright-Pattemrson AFB. OP

45433-.7750

Aerospace Materials and Processes r

Technology Reinvestment Workshop Trnsfer

Nonltructural Matejals BrancJh

"* Nonflammable Hydraulic Fluid

"* Fire Resistant Hydraulic Fluid

"* Electronic Coolant

"" Cooperative Specialty Fluid & Lubricant Develipment

"* Self-Lubricating Aluminum Metal Matrix Compisites

"* Ceramic Bearing Technology

"* Diamond Coated Ball Bearings

"* Pul!ed Laser Deposition Techrology



Aerospace Materials and Processes NonflammableHydrauli

Technology Reinvestment Workshop NoFlammbl MLHydraulic

Why is it rgmdv for trunsition?
A fully formulated hydraulic fluid. Including the base fluid, antiwear

additive and a rust Inhibitor, has been developed. Validation in
flight-worthy components with compatible elastomeric seals has been
succeasfully completed

What are unlaue features?
- The only truly nonflammable hydraulic fluid operating from -65*F to 350OF
Fuiture uses include

*QDo (currently In R&D programs)
- US Army ground vehicles
- Air Force brake systems
- Electric hydraulic actuators (EHA's)
Ng-*

*Mining
-Rapid transit. etc.

ftto Cnat C. E. Snyder, Jr., WL/MLBTJWPAFB/ 513-255-9036

Aerospace Material and Processes Fire Resistant Hydraulic
Technology Reinvestment Workshop I Fluid I-875

Why is It ready for transition?
*Developed as a replacement f,3r flammable MIL-H-5508, this flu~d has been

successfully validated In the 8-1 simulator

What are its unioull features?
*This fluid Is the only drain-and-fill replacement for the very flammable

hydraulic fluid that will operate down to -656F for cold start appi~cat~ons

UM: DOD: This fluid will repiace MIL-H-5506 In former SAC aircraft
Ncn DOD : Small commercial aircraft; Industrial equipment

P~oinlt of Contact: C. E. Snyder. Jr., WLIMk.BT, WPAFB 513-255-9036



Aerospace Materials and Processes Electronic Coolant

Technology Reinvestment Workshop PAO Coolant I

Why is it realy for transition?
This coolant has been successfully used since 1987 In the B-1 aircraft and

since then has been converted to use in many DOD systems including
Patriot missile, LANTIRN radar system and the F-18

What are Its unioue features?
e This non-reactive PAO coolant replaces a troublesome silicate ester

coolant that reacted with water causing a gel and a flammable alcohol.
e One-fourth the cost of the old coolant
UsM:

" QQR
* Currently in many applications, future uses are in all systems

using silicate ester coolants and some using silicone oils

e Solar heat transfer fluid for energy savirgs
ogint of Contact: Lois Gschwender, WL.MLBT/WPAFB 513-255-7530

Aerospace Materials and Processes Cooperaive Specialty

Technology Reiluvestment Workshop Fluid &Lube Development

Why is it ready for transition?

; Specialty Fluid and Lubricant Development has successfully led to the
development and transition of a wide variety of materials, - Fire resistant
and nonflammable hydraulic fluids, PAO coolants, specialty greases, gas
turbine lubricants

What are Its unlaum featuries?

9 This technology can be directly applied to non-DOD requirements, e.g.,
lubricants for new refrigeration systems, specialty fire resistant fluids
and lubricants, replacements for mineral oil based products that are no
longer available, etc.

_ i i: C. E. Snyder, Jr.WLJMU3T, WPAFB 513-255-9036



Aerospace Materials and Processe. SELF-UBRICATINGj

Technology Reinvestmient Workishop ALUMINUM METAL
MAT=I COPOSITES

Why is his tkiady for transition?
"* Long term friction tests (1M cycles) demonstrated self-lubricating nature
"* Steady state friction coefficient <.05 (dry) and c.1 k>~50% h~umidity)

Whm a1re its uniaS19 features?
"* Extremely low wear rates; Smenring af Al eliminated
"* Lightweight (<3 g/cc) with tailorable mechanical properties

MM~E: VQfL..: Self-lubricating bearing material for tine in vacuum,
dry and moist environments

Non 1200l: Self-lubricating lightweight metal-based bearing material

Point of Contat K. R. Mecklenburg, WL/MLBT WPAFB 513-255-2465

Aerospace Materials and Processes rRNIHBI ERN

Technology Reinvestment Workshop -TECHNOLOGY

1hy is It ready for transition ?
*Ceramic materials provide advanced performance In demanding ball and

taller bearing applications

VA .,t its unilAts features?
* Certunic balls in steel races can provide iong lite and tuduccd wear

* !~I~:Ball bearings for precision gimbals, turbine engines and
!or high and low temperature operation in air and vacuum

No 120oD D: Spindiss lor machine tools-, corrosion resistant operation
using ceramic balls and races; high vacuum; high speed
and high and low temperature operation

Poin~t of Cogntact: Karl R. Mecklenburg, WLJMLBT, WPAFB 513-2S5-2465



Aerospace Materials and Proccsses PLD of Thin-FILm

Technology Reinvestment Workshop Tribolojcai Materials

Why is it madvy for tInaition?
R&D for Deposition Technology Complete; Ready for Scale-up
and Commercializatior

What are Its uniauM foatures?
* Low Temperature Deposition; Extraordinary Film

Properties, Environmentally Friendly Process

DOD : High Temperature Turbine Engine Components; Sall Bearings,
Races, Gimbals, etc.; Space-borne components.

* Non DOD : Ball Bearings, Races, Components requiring solid !ubricatlon/
hard coatings, etc

V7

Point of Contact: Dr. M. S. Donley, WLIMII.BT, WPAFB 513-255-6485

Aerospace Materials and Processes DIAMOND

Technology Reinvestment Workshop CMATIn GSCERAMIC BEARINGS

Why is it ready for transient

* Developmental Research Completed; Ready for Commercialization

What arm its unlaue features?

* Diamond Is the Hardest Material Known; Excellent MIc.-ostructum and
Surface Finish; Excellent Heat Conductor

* DOD: Ball Bearings for Precision Applications (Gimbals,
SSefnors); High Temperature Corrosive Atmosphere
Operations; Limited Lubricant Operatt )ns

* Non DOD : Precision Bearinag for Long Life, e.g., Dental Drills;
Corrosive Environments; High Speed Operations:
Limited Lubricant Availability

Point of Contact: Dr. M. S. Donley, WL/MLBT, WPAFB 513-255-6485



-MLBP-- .

Polymer Branch

513- 255-91S8
WI.MLBP Bldg 6.4
3941 PS. Ste.:
Wrigght-PaUermn AFB, OH

45433-7750

Aerospace Materials and Processes Tou3c7 for

Technology Reinvestment Workshop Tecluoilou Transer

MLBP 'I. pics for Technology Transfer:

" High Temperature Organic Electro-Optic Materials

"" High Temperature Thermoplastic Polymers



Aerospace Materials and Processes ____

Technology Reinvestment Workshop I Key Personnel

Dr. Robert Spry - Conducting Polymers
WL/MELBP Bulding 654
2941 P. ST. STE 1
Wright-Patterson AFB, OH 45433-7750
513 255-9139

Dr. Seng Tan - Structural Polymers
WLIMLBP Bulding 654
2941 P. ST. STE 1
Wright-Patterson AFB, OH 45433-7750
513 255-9141

Mr. Bruce Reinhardt - Organic Electro-Optic Materials
WL/MLBP Bulding 654
2941 P. ST. STE 1
Wright-Patterson AFB, OH 45433-7750
513 255-9162

Aerospace Materials and Processes H[kb Temperature

Technology Reinvestment Workshop Thermoplastc Polymers I

Wh, islt Eody for transition?

- Reproducible Synthesis Process
What am QkEgue raftuys?

- High Use Temperature (Up to 450or max.)
- Low Dielectric Properdes (Good InsulAor)
- EnvironmemulfMolure Resistant (Less Swelling, Good Arc Resistance)
- Tallorable Medlani=M ermal Propiries
- Soere Polymers Amaalile To Spin Coatng-Type TedumloghW

Currtnt/gure Usew

Dno
. New High Temperature CanopyfSetuor Material
. Kaptan Wire-Wrap Replacement
- Dielectric Insulator For Electronic Packages
* Theruma Barrier
- Matrix Phase for Electro-optic Polymers

NO SDfAe
- Wre insulation

- Electronic Packaging

EQC: Marilyu Unroe (513) 255-9145



Aerospace mjaterials anu rrocesses High Tempersatre Organic "

Technology Reinvestment Workshop Ejectu-Opdc Materials

Why is It ready for transition?
- These materials offer a substantial improvement in properties over

state-of-the-art, second-order, organic electro-optic materials

What are the unique features?
- Large 2nd-Order Activity
- High transpauency at visible light wavelengths
- Increased Thermal Stability
- Low dielectric constant

Currntifuture Uses:

. Increased recording capacity for CD's via laser light manipulation
. Higher density of interconnects using E-O materials
- Improved thermal management of electmnic de-vices

MQNO•DQ

Same as above

MC Bruce Reinhardt WLIMLBP (513) 255-9162



eff PIVIRAA rfo/ A A _ _ _ _

LinJ MLBMI

Mechanics & Surface Interactions Branch

513-255-3068
WLIMLBM Bldg 654

2941 P St. Ste. 1
Wnght-PaUemn AFB, OH

45433-7750

Aerospace Materials and Processes I Technology Transfer
Technology Reinvestment Workshop Topics

Mechanias & Surfac- Interactions Branch

"" GaAs Materials and Processing Technology

"* Hard Coating Materials and Processing Technology

"* Molecular Beam Epitaxy Processing Science and Control

• Characteri•ation of Materials Surfaces and Thin Films

* Real Time Damage Monitoring

* Efflcient, 3-0, Numerical Methods for Composite Responau

- Micromechanics Including Fracture

- Lanllinate Mechanics

o Exact Solut-orns and Analytical Methods for Composite Materials

- Bauellne Solutions for Complex Problems

• Unique Experimental Capabilities

- Micro/MacrofInterfac al Failure Modes



Aerospace Materials and Processes MBE Process Control

Technology Reinvestment Workshop of Low Temp GaAs

Ellipsonseter equipped MBE providing real time process control

MU reaft?
* Ellipsometer has been developed ro-iding process control of Low
Temperature GaAs deposition at 2YIO*C by controlling the temperature of
the As source, stochiometry and growth rate In real time.

- Phased Array Radar
- Infra Red Detectors for Surveillance
- High Temperature Electronics

- FHgh Deflnition TV Comsponents
-Direct Broad asting Satellites

- Ultra High Speed Computers

- Low Power Consum~ption Electronic Circuits

Pi~anit ofCtact: L. Scoat Thelbert WIJ/MLBM. 513-255-3068

Aerospace Materials and Prcse Numerical Methsods

Technology Relnvestssvnt Workshop for Composite Response

WThs if
- Hlighlights of 20 years of reserrch by Dr Papano and associates at WIJML have been
lncurpo~atedl In the software package "Automiated System for Composite Analysis
(ASCA).Y
-Basis for usefri(eadly numerical methods to describe composite laminates and

predict ?heir response
Wbat arc thi Uniquo Festgres?

- FIber, matrix, coatings and Interface conditions are propert inputs

- Milaoniechanical analysis used to compute moduli of layers with n-directional fibers

- Calculates iam~nate properties and sitres including interiandunar strese
- Define ttress fieldzi due to free edges, curing, moisture, transerse cracks & debonding

What are Current/Future Usti?
"* DOD Uses

*Dvsign/.nalysls of solid propellant rocket noules

* Chracterlzatior. of materials applications for air and space vehicles

"* Commercial Uses
- Composite materials desIgn/selection for Infrastructure, sporting goods, etc.

- Validation of f~nite elcenent prograzridsuolution

PalnLnI c~atact L. Scott Thelbert, WUJMLI3M, 513.255-3068



MWLP
Mr. William R. Woody

Electromagnetic Materials
and Survivability Division

(513)255-4588 EXL 3200
WL/MLi dildg. 651
3005 P SL Ste 6
Wrigbt-Patterson AFB, OH

45433.7707

Aerospace Materials and Processes

Technology Reinvestment Workshop [Aea

* Division Overview

* Key Personnel for Technology Transfer

* Topics for Teehno!ony Transfer



Aerospace Materials and Processes N4LP
Technology Reinvestment Workshop Managemen It Teamn

MS St! KSCHIEF
Mi.RSR. WRI IAM RD WOOD T~RANSFEaoaR

LT COLM D'ANE OR P FMEDE. N EA

HARDENED MATERIALS BRNC ELECTR~ONIC AND ORPTNICCAL MAI RLLS

DR.ate *OR CRAN Materials 01 G
* Bl-derved pticl Fims *IR Wndow

AIasrR&DRM Faclites HONGetctr
US ~ ~ ~ ~ N PASupARELCrcondctADors CA



Aerospace Materials and Processes Topics for

Technology Reinvestment Workshop Technolojy TransferI

* Materials for High Temperature Electronics - SIC

* InP for Electronics and Opto-Electronics

* NLO Materials

* HT-SC Materials & Processes

* Thin Film Process Monitoring and Control

* New Optical Filters - Rugates

* Biotechnology for Optical Materials

* Lacer R&D Facilities

Aerospace Materials and Processes Points -f

Technology Reinvestment Workshop Contact

. Materials for High Temperature Electronics - SIC
- Mr Tom Kensky

* InP for Electronics and Opto- Electronics
- Ms Laura Rea

* NLO Materials
- Dr Ken Hookins

H NT-SC Materials & Processes
- Mr Tim Paterson

N oew Optical Filters - Rugates

- Mr Walt Johnson
* Blotechnoloq, fo0 Optical Materials

- Dr Wade Adams I Dr Robert Crane
- Laser R&D Facilities

- Mr Rnb Hull / Dr Pat Hoos / Mr Charles Lovett



Aerospace Materials and Processes Materials for High
ITechnology Reinvestment Works-hop L'eprtr lcrnc

Materials for High Temperature Electronics - SIC

*A NEW MATERIALS SYSTEM - FOR APPLICATION

*SPECIALTY APPLICATIONS
"* MILITARY - ADVERSE REQUIREMENTS

TUflRBINE ENGINE CONTRLILS
*TIN MODULES FOR 10 0141

"* COMMERCIAL
*AUTOMOUILE ENGINE CONTROLS AND SENSORS
*ADVERSE ENVIRONMENT ELECTRONICI - YOUR CHOICE

POC: Mr. Tom Kensky

WIJMLPO (513)255.4588 Ext. 3218-

Aerospace Materials and Processessi
Technology Reinvestment Workshop Key Personnel

Materials for High Temperature Electronics - SIC

Materialsl for HIChi Tampreaturt Electronics - SIC Program Mmnager
Mr Tom Kensky
WIJMLPO Building 651
3005 P Street STE 6
Wright-Patterson AFB, OH 45433-7707
Phone#U: 513-255-4474 ext 3249 or 3218

Maeials 1lqr Hih Imynertaturs Electronics.- Sr Itech Advisor
Dr William Mitchel
WLIMLPO Building 651
3005 P Street STE 6
Wright-Patterson AFB, OH 45433-7707
Phone#U: 513-255-4474 ext 3252



Aerospace Materials and Processes

Technology Reinvestmer t Workshop n foElcr is

InP for Electronics and Opto-Electronlcs
- lnP-baaod devices caki operate at higher power and higher
frequency than current SOA GaAs-based devices

"* Technology (Bulk and epitaxial) has been demonstrated
- devices produced, being Inserted Into syasteras

"* What are currenttfuture uses:
Denartment of ODiefgs
- Opto-electronics for Computirg, Terrahertz Communicatian
- Hig h-Speed signal procescing
- Tifl Radar modules

NON-DOD ifny or new applications if you have exanmlaat
- Cellular Communications/Satsllide Applications
- Collision Avoidance Radjar (Automotive)
- GPS Padar

POC: Ms. Laura Rea
WLIMLPO (513)255-4588 Ext. 3213

Aerospace Materials and Processes n
Technology Reinvestment WorkshopKePrsn l

lnP for Electronics and Opto- Electronlics

flaP for Electronics - Program Manager
Me Laura Rea
WLIMLPO Building 651
3005 P Street STE 6
Wright-Patterson AFB, OH 45433-7707
Phone #: 513- 255-4474 ext 321?

lnP for Eletoroics - Sr Tech Advisor
Or VW]Illsm Mitchel
WL/ULPO Building 651
3005 P Streat STE 6
Wright-Patterson AFB, OH4 45433-7707
Phone #: 513.. 255-4474 ext 3259



IAerospace Materials and Processes Nonlinear
Technology Reinvestment Workshop [ pticalMaterials

Nonlinear Optical Materials
Materials for Now Laser Sources (optical wavelength conversion) and
for Electra-Optic Devices (optical wave guides and spatial light
modullators)

APPUICA7IONS
DeoartMent of Defense
- Electro-Optic Countermeasureis
- LIDAR
- Laser Radar
- Optical Signal Processing (eg, target reo~gnition)
- Optical Interconnects for Electronic Pkcjs
NON-000 (If any or newg a~plications if you havet ejamleasl
- LIDAR
- Medical Lasers
- Switching Networks for Communicatins
- Optical Interconnects for Electronic Pkgs
- Scientific Instruments

POC: Dr. Ken Hopkins
WLIMLPO (513)255-4588 Ext. 3219

Aerospace Materials and Processes

Technology Reinvestment Workshop III

Nonlinear Optical Materials

Dr Ken Hopkins
WL/ULPO Bldg 651
3005 PSI Ste 6
Wrlght-Pi~tterbon AFB, OH 45433-7707
Phone 8: 513- 25544M74 (x3219)

InhuseChlrateizaio ndMteilsGokl
Dr David Zelmon
WUUMLPO Bldg 6el
3005 PSt Ste 6
Wright-Patterson AFB, OH 45433-7707
Phon~e *: 513- 255-44174 (x3231)



Aerospace Materials and Processes Superconducting

Technology Reinvestment Workshop Materials & Processes

High Teamerature Superconducting Materials & Processes
. A NEW MATERIAL. THIN FILMS HAVE DEMONSTRATED

POTENTIAL FOR SIGNIFICANT PERFORMANCE ENHANCEMENT

. APPUCATIONS

MlIhIaryt

- Fit circuits for electronic warfare
"- 'ignal processing
- IR detectors

rommerzal
. Blomagnetic Imaging
- Nondesrtructivs evaluation
- Passive comronents for communication satellites
- Signal processing
- Multici,'p modules

POC: Mr. Tim Peterson
WLIMLPO (513)255-4588 Ext. 3235

Aerospace Materials akid Processes

Technology Reinvestment Workshop [ eZPrsonnel

High Temperature Superconducting Materials & Processes

.•1har[.;Llzatlorn and Apblicatlont

Mr. Tim Peterson

WI/MLPO building 651

3005 P Street STE 6

°right-Patterson AFB. OH 45433-7707

Phore #: 513.255-4474 (x3235)

Thi Film Growth
Dr. Rand IlIggers

WL/MLPO Building 651

3005 P Street STE 6
Wright-Patterson AFB, OH 45432-7707

Phone #: 513-255-4474 0x3183)



Ae~rospaice Materials and Processes InnvativeOpi~calI
Technology Reinvestment Workshop MaterialsI

Innovative Optical Materials

Development of Novel Materials for Optica; Applications

Biomnolecular materials for NLO films
Liquid crystal siloxans polymers
Fullermne-lbased optical limiting solutions
Photochromic films for laser dosimetry

Develop molecular materials that are ethelly tallorablo for ,pp.cf le opd.cal
applications.- low opttcal thresholds, high speed resoons., transpairent

Cunrerif Future Uses-
DoD

Laser Protective Visors
Electro-optic Sensor Protection

NON-DOD
Elactro.Optical Devices
Opticai Computing
Laser Dosirrmeer gadge

Aerospace Materials and Processes KyPro:J
Technology Reinvestment Workshop[ ou e

Biotechnology for Optical Materials

Dr W. Wad* Adams
WL/ML-PJ Building 651
3005 P S'reat STE 1
Wright-Patterson AFB. OH 454333-7702
Phone 0: (513) 255-21110 extenision 3171

Dr Robert Crane
WUA~LPJ Building 651
3005 P Street STE 1
Wright-Patterson AFB, OH -45433-7702
Phone k;: (513) 255-2110 (.xtension 3174



Aerospace Materials ard Processes New Optical

Technology Reinvestment Workshop Filters

New Optical Filters - Rugates

"TECHNOLOGICAL READINESS FOR TRANSITION:
- TEN YEARS OF DOD SPONSORED R&D PROGRESS
- EXAMPLE FILTERS SURPASSING CURRENT SeA TECHNOLOGY

" UNIQUE FEATURE: UNUMITED FREEDOM IN THE DESIGN AND
MANUFACTURING OF OPTICAL FILTERS

"• EXAMPLE CURRENT/FUTURE USES:

- HIGH POWER LASER MIRRORS
- ELECTRO-OP fIC SENSOR PROTECTION
- TAILORED HIGH PERFORMANCE OPTICAL FILTERS

NONDOD
- LIGHTWAVE TELECOMMUNICATION TECHNOLOGY

POC: Mr. Walt Johnson
WL/MLPJ (513)255-2110 Ext. 3170

Aerospace Materials and Processes Key Pronnel

Technology Reinvestment Workshop

New Optical Filters - Rugates

Mr Walter Johnson

WIJMLPJ Building 651

3005 P Street STE 1
Wrlght-Patterson AFB. OH 45433-7702

Phone #: 513- 255-2110 extension 3' 70

'II



Aerospace Materials and Processes LsrFcliis
rechnoiogy Reiniestmehot WorkshopI

Laser R&D and T&E Facilities
Use of iasers for mateiria: praceaslnq Is becom ing mrore prevalent In both

Dal) and commercial Industries. Two state-of-the-ail laser test facilities
;)rovide opportunities for proof-of-concept testing.

Iaya Hardened Materials Evplunflon Laboratory (LHMEL)

*Nationaiik' unique carbon dioxide laser test facility producing repeatable
high quaitq beom pmrcfilies at powers up lo, 150 kW on target. Produ~.ces
beams in both continuous wave and repetitively pulsed mode.

- Current / Future Uses:

-Laser off act on materials
-Thermal e~sponso of materials or components
*Surface treatment and coating appolication

*Materials processing (drilling. cuttin~g welding)
*Heat treatment or surface treatment - ýýtrength enhancement
*Materials perfcminat.ce te~ttng - simulation of application heat 3nds

POC; Mr. Rob iiuU
WLINILPJ (513)25-2134 Ext. 3165

Acrosrace Materials and Processes LsrFclte
Technology Reinvestment Workshop (ot :

Laser R&D and T&E Facilities (con't)

01@ l~ION2LaLqr1

I 1lW carbon dioxide laser operating In either continuous wave or
repetitively pulsed mode. Extremeliy tiflil spot sizes and CNC taliewi
prov~de precision beam positioning.

- Current/I Future Uses:
12R
*Materials responsm testing
-Manufacturing Wc~hnology proof -of-concept testin~g
-Susceptibility Wcamrage level) tesling

MNfflDO
- Materials processing (cutting. cmriliing. weJing)
- Precision laser machining or engraving
- Surfas- treatment for strengO~ enhancement

POF D. atick u Hoo POC: Mr. Cliarles Lovett
WLMP S32S23 x.36 WLIMLPJ (513)255-2334 ExL. 3161



Mid-power materials reoonme testing
Mr Rob Hull
Phone Nc. (513)255-2334. extension 3165

Lamer device tectinolgav and materials resoonse
Dr Patrick Hood
Phone No. (513)255-2334. eAtension 3168

Laser Rerformance and experimental set-unp
Mr Charles Lovett
Phone No. (515)255-2334. extension 3161

MaiiaAddress
WI.L'MLPJ Bldg 651
3005 P St Ste 1
Wright-Patterson AFB. OH 45433-7702

rAerospace Materials and Processes

Technology Reinvestment Workshop M Pu _rj

SUMMARY

Where Are We:
" Defens' Reinvestment - We're Still Learning
" Dual Use - We're already there - Can add Emphasis

Where to Go Next:
*Awaiting More Definif!-o %;uIdance
V IllI be Seeking Gui lance

- From Industry - Our Development Partner
- From the Scientific Community

The Coming Priorld Promices to be In~teresting & Exciting



TecnolgyReivesmet WrksopDu"-IUse?

Tech Transfer -A Paradigrai Shift Is Occurring

"* Dual use Is Inherent In the MLP Program
-Materials a-nd Processes Technologlas are at the bottum of the food chain
*Most Materials In MLP have/find Alternative Applications In US Tech Base

"* Past Di~rvers have been Military Applications only:
- Future Inv~estments Will Consider- Commerciai Pull
- Many Options for Inclusion of Dual Use In MLP Program

MATERIALS ARE AT THE BOTTOM OF
TECHNOLOGY FOOD CHAIN

Materials

Processing

Finalanufacturing



Aerospace Materials and Processes Past MLP

Technology Reinvestment Workshop DevelopmentsI

Past MLP Developments
Have Found Commercial Applications

"* Rare Earth Permanent Magnet Materials
"* Ultra-High Pudty Silicon

"* Developed for Laser Seekers and IR Detectors
"• Have found use In:

- High Power Devices
- VHSIC

"* HgCdre
"* Developed for Forward Looking IR Systems
"* Commonly Used in

- Radiometers- lab & Pollutiom, Monitoring
"• GaAs Materials for Radar TIR Modules

* Mandatory for Satellite Communication
- Direct Broadcast TV
- Satellite Cellular Phones

Aerospace Materials and Processes Fut[re Drivers]

Technology Reinvestment Workshop for Dual Use

MLP Future Drivers for Dual Use

* Will Not Abandon Our Classic AF Customers

- AF Requirements ARE Stressing

- Needed Capability Is #1

* However

"* We Will Seek to Add the Commercial Sector to the "Customer" List

- For Development Activities

"* Will Seek to Add Commercial Requirements I Needs

* As We Do This - We Will "Expect" Development Teams to Share the
Commitment & Risk



IMLIi

Mr Robert L. Rapson
Integration and Gperations Division

(513) 2554737
WL/MLI Bldg63
2977 P St. Ste. 11

Wright.Pmftuhro AFB, OH
45433.7,746

Aerospace Materials and Processes
Technology Reinvestment Workshop [Aed

* Integration and Operations Division

Overview

• Key Personnel for Technolocy Transfer

• Topics for Technology Transfer



Aerospace Materials and Processes MLI[TDivisionI
Technology Reinvestment Workshop Oeve
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Aerospace Materials and Processes Topics for Technology
Technology Reinvestment Workshop Tranfer

1. Rapid Foundry Tooling System
Integrated Product/Process Design System for Cast Parts
POC: Dr. Steve LeClair, WLIMUM, (513) 255-8787

2. Rapid Design System
Integrated Product/Process Design for Machined Parts

POC: Dr. Steve LeClair, WL/MLIM, (513) 255-6787

3. OPAL II
Integrated Process Design and Control for Composite Parts
POC: Dr. Steve LeClair, WLJMUM, (513) 255-8787

4. Innovative Form!ng Technologies:
NonLinear, Open-Loop Control of Hot Deformalon Processes

POC: Dr. Jim Malas, WLJMLIM, (513) 255-8787

Aerospace Materials and Processes Topics for Technology 1
Technology Reinvestment Workshop Transfer (Cont)]

5. Deposition Processing Technologies:
Aavanced Control Software for Molecular Beam Epitaxy
POC: Oliver Patterson, WL/MUM, (513) 255-8787

6. Deposition Processing Technologies:
Self-Directed Control Software for Pulsed Laser Deposition
POC: Capt. Elizabeth Stark, WLI/MLIM, (513) 255-8787

7. Deposition Processing Technologies:
Self-Directed Control Software of Chemical Vapor Deposition
(CVD)
POC: Capt. David Griffin, WL/MLIM, (513) 255-8787

8. Automated Materials Research:
TEM Companion
POC: Dr. Al Jackson, WL/MLIM, (513) 255-8787



F Aerospace Materials an~d Processes Rapid F~undryITechmnology Reinvestmept Work~shop I Tooing Syste J

RaI gotndly Tooltng System
R~T Cuie f1,a~tk~re-as W designt and an a6AOC:QivQ meornY to au~gment pattern
making and procers olanhing of moid and pattern (parting~ line, gates & risers, draft angle.
number and location of coreis. winners. moC.)

Why ready? St oesslui proxtcype PImp ".laend at Kelly AFS Founrizy
available for commercial usc- or span-oft at ee igtc'a eeoe
and suppre byoomniercial businkess (AWARE.n.,C e d. OH) n
bulkt on to fUr softrwae prodact cagled CADChien9".

What aer the unitive features? 1) Three. dimensional associative Ma~ilang of
o~ut moid casting geometry to processing ;voblems to causies. 2) an
algorithm (patent applied for) to atutomatically core a pattern.

What are cuffenttfuture uses?
Dual Use -pattern makiirjg for sand casting, pattern making fo.*
investment casting, partsml n making tor Fut-cr molding.
Non-DoO - paztern making ior medckAl prosthesis.

LPOC: DR. STEVE LeCLAWR

WLJIMLJ (S1O) ?4547V

Aerospace Miaterials and ProcessesRpi eig y
Technology Reinvestment Workshop ai DeinSsm

Rapid Dlesign Systemn
RDS cope faawim-lbesed desg Lnd a euctim-mnduti~ve memory to augner.t Itie

mchInlisIn process planning of fab icnition a. ,d Lrspectioin of machined partsaneabs
fte system, so automate numerical cow"i arc' oanozrdinate measurement machine code
eeneraton.

Why Raad? Protorypn implementabon at fte Developmental Manufactuning
and Modfatlion Facaity 1OMMF) at Wright-Patterson AFB and available for
corrmmrcial use or itpm-off of ena.'wlg Oechnoo DejeLapedl and sunportea
by commercial busines.ý (echnosolt. Inc.. tlmanna OHI and
built (on top uf thlik software pmoduct called CHISELST'.

What w~e th. UniquLe Fwatures? Self-Improviog process dEslgr. sy tern (patarit
penn) tno au en deIsignerlnmachinist in optimizing product ard orcess

(fabr~cat8on an onp~~lidasign.

What are Curriint/FLturw Uess?
Dual Usa - proeucaprr~c3s dcsig for machined paits. automatic fab p4an,
automatiz inspection plawi. w~ up conflgua-atori. and product/ldata exchange
(STEP/PODES) standaireli.

r POC: DR. STEVL LACLMIR
WUNL/MLB (513) 255.878D7J



Aerospace Materials and Processes
Technology Reinvestment Workshop

OPAL II
Qualitative Process Automaton Language (OPAL) is a knowledge babe methodology and
supporting language for the control of dynamic, event-dnven processes.

Why ready? Base technology implemented at Sacramento Air Logistics Center
and at several commercial sites including Lockheed (formerly General Dynarrics).
and Honeywell. Odginal OPALTh prototype product developed by Air Force and
currently supported through (Lawrence Associates. Inc.. Dayaon. OH) OPAL II is
being built on OPALTw with significantly enhanced language ,nd user interface.

What are the unique features? 1) Event-drlven process development and
control system (patent awarded). 2) applicable to any non-linear. sensor-based
controt environment. 3) supports process planning and optimization.

Whst are cunrentnfuture uses?
Dual Use - product/process design to, composite curing, product/process design
for sny non-linear, sensor-bawse materials or product manuftw'urnng process.
broidly appfi.able to overall manufactunng process scheduling and control,
applicable to other event-dnven scenarios, not limited to manuacturnng
(e.g.. routing. Scheduling. order/inventory tracking and control. etc.).

POC: DR. STEVE LeCLAIR

WIJMLJM (513) 255.4873

Aerospace M::trisls and Processes Self DirecTLd Control
Technology Reinvestment Workshop of Deformation Proessesi

I- IIs--

Noninear. Open-Loop Control of Hot Deformation Processe-s
ýotgng. Extrusion and Roling) - Optimal Control System Design For Producing
Nt-Shape Components having Controlled Micmstructures ann Propo1t.ge.

WMy' Ready?
: ) Msr• [cha-ior and Process Models invofl9d have beon expritnentally

vertiiA.
2) With oa. parial Implementation. son 9 mrtse wcrkir g industries we

ng . r - 25% increase in pro -tinty (e.g. Youngstown Ai Extruders

3) F -.ed and u_. ,ent process control e.hr.)logies could Impact a wide range
cl -,.1 wyoroilung processes.

What ar* ihe h que Features?
' ) Pracwcal pro,-ss engineenng tool, 2) Control system design induudes
.objViess and performance analys. 3) Especially applicable to
compli.- geometric shapes and oaflicult-to-process materials.

What ars Current/Future Uses?
Djual ULs - Design of optimal contr Systems for deformation processes Including
forging, tolling, and extrusion: advanced control technology; hierarchical control
srrtwgies: sensor fusion, V. ocessing of
&.1fkclt-to-process materials (intrmerallics): JPCC: DR. JIM MALAS
improved processing efficiencies. WLMUM (SI3)•5-8787



Why Ready? Successful prototype has been tested at the Air Force Materials
Directorate. Patent application has been Submitted.

What arm the unique features? 1) Automated process identification.
2) Shutter opnn flux transient compensation. 3) Adaptivq gain/bandWidth
control. 4)=AMatiicial neursi network is used for quick reduction ot
allipsornetry, data. 5) The control system is easy to understand and adjust.

What are currentorfuture uses?
Dual Use - Control ot processes for deposition of electronic materials: improvecl
electronic devices: compositional control; thickness control; advanced semisors:
sensor fusion.

POC- OLIVER PATTERSON
WL./MLIM (513) 2SS87&

Aerospace Materials and Prcsses Sef-Directed -Cointrl
Technology Reinvestment Workshop Sotaefor PLD'J

Seff-Diracred Control Software for Pulted Laser Deposition (PLID)
Produces high quality solid lubricants and hard coatings Through real time control of
system parameters.

Why Reasy?
Con"ro and morutoring of compositicii and microstructure diri~ng thin-fbi growth with
PLO has been demonstrated.

What are the unique features?
1) Hig energy proc#ss gives good substrata adhasion.
2) Slochiom'stnc growth of material without thermatl damage to substrate (20 - 2000 C).

3Environmenta4t safe.
4Easy to operate.

Whalt are curentifuturis uses?
DusO Use - Control of proce~sas for deporiition of solid lubricants; high tempeiature
precis.'o mold acherence rudlucton (1040SS8 Teflon molds for izaser surgery); machine
tool kideuitUy hard coatings irnill and tool ends); gas turbine clearance control; vacuum
lubricant applicatons (disk dtrves. ;obcbtsm).

rrOC: CAPT. ELIZAIBETH STAR-1I'LWliJMLTM (513) 255.18797



Aerospace Materials and Processes Self-Directed Control
Technology Renveirtment WorkshopI of C1

Self-Directed Control of Chemical Vapor Deposition - Produce high quality
fiber coatings with desired interface propertes tot fabrication of ceramic matrix
Oomposites.

Why Ready? Planned and current process control technologies could impact
a wide range oa commercial coating appfications.

What are the unique features? 1) Control of deposition morp*hology ag:ows
desired fiber propetes 2) High purity. low internal stress coaungs.

What are Current/Futurs Uses?
Oual Use - Control of apositon prt~cesses for o,•osing c-rami, fibers; ceramic matrix
compositeb; doeosition ottthannr.J bamer co•.dngs.

This Is a New Project for FY93

POC: CAPT. DAVID GRIFFIN
WL'MLIM (SU) 2SS.-787

flAtoated

Aerospace Materials and Processes MAtomaRed
Materials Research:Tecnnology Reinvestment Workshop [TM Cnmpanion

"Automated Materials Rse46rch: TEM Companion
A memorydrten automated system for anayzing materilb using electron microscopy
and the crstai s~mcture of the matrial; the system is coupled to an electron adiffraction
patern simulator and uses a cystMographv knowledge baso.

Why Re
Proitype dew "•pd by Materials Directorate for -jse in-house and as a product via SBIR

Phase il Contrct with ThlniAicng Sotwaze. Inc.

What are the unique features?
I) Integration of expert system and neural nets: 2) Extensive crystallographic capabilitles:
3 *highly ffident matieal charactenzcion: 4) Sophisticated unalyses with fewer experts:
5) Extend• ife of exponsive equipment: 6) Trsining aid for universities and industry.

What are current/future uses?
Dual Use - Charactenzation of now materials. extension of this technology to other
sophisticated tosting oquipnment. traimnig and simukatiori.

POC: DIL AL JACK:SON
WILIM (513) ZS5-787


