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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

0950-1G10 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

115C-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 Harike

1620-1640 QuesTech Reserch 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

0820-1000  Potential Topics for M&P Partnerships Air Force

0830-0850  Introduction and Objectives Mr Larry Hjelm

0850-0930  Metals and Ceramics Division Dr Norm Tallan
Metals, Intermetallics and MMC Ms Katherine Williams
Ceramics Dr Allan Katz
Metal and Ceramic Material Processing Mr Jim Morgan




0930-1010

1010-1030
1030-1210
1030-1110
1110-1140
1140-1210
1210-1300
1300-1630
Berry Room 1
Berry Room 2
Berry Room 3
Room 240
Room 226

Nondestructive Evaluation
System Support Division
Pollution Prevention & Repair Mat'ls & Processes
3 Aging Aircraft & Failure Analysis/Prevention
reak
Potential Topics for M&P Partnerships (Cont)
Nonmetallic Materiais Division
Electromagnetic Materials & Survivability Division
Integrations and Operations Division
Lunch
Adjourn for Specialist Sessions/Discussions
Metals and Ceramics Division
Nonmetallic Materials Division

Mr Charles Buynak
Mr Tom Cooper
Mr Ted Reinhart
Mr Ron Williams

Air Force & Others
Dr Charles Browning
Mr William Woody
Mr Robert Rapson
Nutter Center

All

Electromagnetic Materials & Survivability Division

System Support Division
Integrations and Operations Division
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DR. VINCENT J. RUSSO, DIRECTOR
AIR FORCE OVERVIEW

Aerospace Materials and Processes
Technology Reinvestment Workshop




Dr. Vinéent J. Russo, Director
Materials Directorate

MATERIALS DIRECTORATE
MISSION

Plan and sxacute the USAF programs for
materials and processes in the areas of basic
resaarch, exploratory developmant, advanced
developmerit, and ~.ianufacturing research.
Provide systems support to Alr Force product
divlslon; and opcrating commands to solve
system related problems and to transfer
expertise in the areas of materials, processes

snd manufacturing.




MATERIALS DIRECTORATE
PHYSICAL PLANT

* ESTIMATED BUILDINGS REPLACEMENT VALUE $84,400,000

o ESTIMATED SCIENTIFIC EQUIPMENT REPLACEMENT VALLE  $122,200,00G

o LABORATORY MODULES 209

© TOTAL AREA 379,000 FT

MATERIALS DIRECTORATE
MATERIALS & PROCESSES
EXPERTISE IN ML FACILITY

TOTAL MS
123

123

SUBTOTAL
TOTAL

PERCENT OF S&E WORKFORCE (396)
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DEFENSE CONVERSION
AND
THE AFMC ROLE

Congress requires Federal Laboratories to
transfer technology to State/l.ocal Governments
and the private sector

Congreas establishes Defense Conversion
Commission, appropriates $1.5B or defense
conversion programs

~ $575M fo: Defense Conversicn initiatives

President announoces reorienteiion of Defense R&D

- Clviilan R&D to increase from 41% In 1983 to
5§0% by 1708 (+ $8.78B)



* Made technology transfer ¢ responsibliity of ail federal
isb SAEs

* Created financial incentives through royalty sharing
- At least 18 percent to federsl inventor
- {lemainder 0 inventor's organization

* Creatud the Fedaral Laboratory Consortium (FLC)

* Empoweredd lab directors to enter into Cocperative
Resaarch and Deveiopment Agresments (CRGAS)

s 13%‘1 ECONVEF
o ’\;L'Hm‘h,

B

* Major Congressional initiative to promote
Dual-Use Technoingies

* Appropriates $1.58 in FY 93

- $575M directly applicable to defense technology
and industry programs

* DaD Is OPR for must activities

* impiementation polioy not yet formulated




o Simple non-adversarial agreement/partnership
mechanism

¢ Clarity and fiexibility for intellectual property rights

o Conflict of interest guidelines for non-adversarial
partnerships

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

- Delogated authority, maximum flexibility

- c A.

Now Law - 10 U.8.C. 2371
@ What does it do?

= Authorized "cooperative agrsements and other transactions”

~ For "advanced research”
® Why?

- Procurement contracts are best sulted for buyeriseller
relaticnships

- R&D often Invyoives support, stimulation, coopesation
~ Flexibiity and innovation required

- impact of government funding is ofter mora like investment
than the purchaee of goods and servioes




"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 Willlam J. Clinton
22 Feb 93




MR JEROME PERSH
DEPARTMENT OF DEFENSE

THE DEPARTMENT GF DEFENSE
MATERIALS AND STRUCTURES
SCIENCE AND TECHNOLOGY PROGRAMS

AEROSPACE MATERIALS AND
- PROGESS REINVESTMENT WORKSHOP
AIR FORCE WRIGHT LABORATORY MATERIALS DIRECTCHATE

MAY 1992

JEROME PERSH
STAFF SPECIALIST 7OR
MATERIALS AND STRUCTURES
OFFICE OF THE DIRECTOR/ADVANCED YECHNOLOGY

ODDRE/ADVANCED TECHNOLOGY (AT)




DOD MATERIALS AND STRUCTURES
SCIENCE AND TECHNOLOGY
SUMMARY

© THE DoD IS SPENDING ALMOST 1/2 B/YR FOR MATCRIALS
AND STRUCTURES RESEARCH AND DEVELOPMENT
(6.1 + 6.2 + 6.3A)

— OF THIS TOTAL, 1/4 TO UNIVERSITIES, 1/2 TO INDUSTRY, 1/4
IN-HOUSE

RESEARCH AND DEVELOPMENT INDUSTRY BASE
HEALTHY

— CHALLENGED

@ PARTICIPATION BY SMALL COMPANIES (SBIR),
(lg{leGEggrlEJ (6.1, URI), LARGE AND SMALL COMPANIES
Y

® THE AVERAGE ANNUAL GROWTH RATE HAS BFEN
ABOUT 10% OVER THE PAST 10 YEARS

— PROGRAM HAS ALMCST DOUBLED FY 1980 - 1983

ROUGHLY 1/3 OF THE TOTAL EXPENDITURES ARE ON
“COMPOSITES”

DOD MATERIALS AND STRUCTURES
SCIENCE AND TECHNOLOGY PROGRAM FUNDING
ALLOCATION BY MISSION AREA

A + Nowy + Alr Feres » DAPPA + SDID + U ¢ SBIR ¢ DLA
B1902 6830

| conoNTARS

ALL COMPOSITES —

R T— &

A N N N s i 3 4 i 4
L %3 et 1983 1908 197 "e 199 1900 o " 1993
FISCAL YEAR




THE DEPARTMENT O DEFENSE
MATERIALS AMD STRUCTURES
SCIENCE AND TECHNOLOGY PROGRAMS

FUNDING HISTORY

@]

Funding Mormaitzed to FY83
(8.1 +82+83A)
Miltary Departments + ARPA + SDVO

DOD MATERIALS AND STRUCTURES

SCIENCE AND TECHNOLOGY PROGRAM FUNDING
ALLCCATION BY MISSION AREA

s wlN A

N .

w
w1]]-jﬁljll1lll

" 1990 1908 10
FISCAL YEAR




OBSERVATIONS, DIRECTIONS, AND MORE
BOTTOM LINES

@ TH!NGS ARE CHANGING RAPIDLY

— "BUSINESS AS USUAL" OBE

— CONSORTIA / PARTNERSHIPS / ALLECIANCES 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
— VEHTICALIZATION

~— COMPANY-TO-COMPANY ARRANGEMENTS
~ INNOVATION SHARING

— SFECIALTIES CONCEPTS

THE DEPARTMENT OF DEFENSE
MATERIALS AND STRUCTURES
SCIENCE AND TECHNOLOGY PROGRAMS

® Defense Conversion/Duasl Use is Very important for the DoD Materials
and Structuras S&T Community

— Now and ii» Focesseable Future
— Apprecichble Funding

Chalienge is to Propcse Programs {..at Satl.fy Both Mi:tary and

Civillan Needs

-~ Management Concepts (Partnersiiips, Consortia, integrations/Government
Lcbs, States, Universiiies, Local Jutisdiclions, etc.)

— Technical Excellence

— Bulid on Exisiing Terhinology

— Shor-Term Focus




BOTTOM LINES

@ THE ADMINISTRATION AND THE CONGRESS RECOGNIZE TME
IMPORTANCE OF ADVANCED MATERIALS TO WORLDWIDE
COMPETITIVENESS

— OFFICE OF SCIENCE AND TECHNOLOGY POLICY (OSTP)/
e e S
ANC INDUSTRY/COMAT/AMPP ( GHiNoLoGY

— SENATE AND HOUSE ARMED SERVICES AND A
o S PPROPRIATIONS

— SENATE AND HOUSE COMMITTEES ON COMMERCE. S
TRANSPORTATION, AVIATION, SPACE, AND uATESiAquENCE'

OVERALL U.S. ADVANCED MATERIALS COMMUNITY {GDV'T
INDUSTRY, ACADEMIA) SOLIDLY SUPFORTED BY U.S. ,
GOVERNMENT (AND MANY STATES)

U.S. INDUSTRY AND ACADEMIA ARE VERY, VERY STR
PLAYERS IN WORLDWIDE COMPETITION ONG

THE DEPARTMENT OF DEFENSE
MATERIALS AND STRUCTURES
SCIENCE AND TECHNOLOGY PROGRAMS

R NS

ADVANCED RESEARCH PROJECTS AGENCY (ARPA)
ADVANCED MATERIALS SYNTHESIS AND PROCESSING
PARTNERSH!PS PROGRAM

CHARACTERIZATION
« State/tederal governmentindustry/academia participation
+ Managemant by partner group/government does not iead
+ 50% cost sharing/IRAD + in-kind

Legal agreuments/MGC'Js by partners

Partners assume responsibility/accountability

Intellectual property agreements

Funding direct/milestone-scheduvie driven

® [ ] ¢ L]




MATERIALS AND STRUCTURES
SCIENCE AND TECHNOLOGY PROGRAMS

ADVANCED RESEARCH PROJECTS AGENCY (ARPA)
ADVANCED MATERIALS SYNTHESIS
AND PROCESSING PARTNERSHI®S PROGRAM

@ THE DEPARTMENT OF DEFENSE

Concerns
Untamiliar administrative/contracting protedures/
commerclal accounting practices

FAR / DFAR /! DCAS can bt waived
Relat!onship to SBIR/ S & T - Rellance unclear
Sraall company participation

Competition losers

MATERIALS AND STRUCTURES
SCIENCE AND TECHNOLOGY PROGRAMS

e —

@ THE DEPARTMENT OF DEFENSE

SUMMARY

o Future health of materials & structures funding and
industrial base becoming dependent on abllity of
Industry to:

-— |dentify high pay-oft “dual-use” opportunities
— Assembie 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




VISION AND THE TECHNOLOGY PLAN -1

e Extramurai
- ATP
- MEP
- Quality

VISION AND THE TECHNOLOGY PLAN -2

e |ntramural
- Laboratory
- FCCSET
- Industry (Outreach?)




VISION AND THE TECHNOILLOGY FLAN -3

e Budgets
- 4 year OMB Pacsback
- 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 ' f

Education and Human Resources «——» MTC

Facilities > N3SR 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




MR. JERRY COVERT
STATUS OF CURRENT ACTIVITIES

Progﬁm Information Package
for
Defense Technology Conversion,
Reinvestment, and Transition Assistance

March 30, 1993




Tochnology Reinvestment—What it Is

Tachnology Ralnvcatment to:
mgmmmmmmmmmma
(2) Crente j0by In the long term

s Diversification froin defense to commercial products

« integration ot defense and commercial production faclilties

+ Deployment of technolugy to and from commercial industries

« Development of Duel-Uee technalogles

Technology Reinvestment—What it is Not

NOT neer term compeneation for base closings
‘Noronmﬂonofmmm

NOT morve support for basic research

NOT Government venture capits!

- NOT for transition of national laborstocies to for-profit

NOT a way to continue defense business ss usual




Defonse Conversion, Reinvestment and Transition

Defenes Oprir: o, Relivectmant and Traeion Aot of 1962




Technology Reinvestment Project Emphases

Tosmeiegy ) |

Cominon Requiremenis

Stetutory requiremants vomr.ion to all progrums

(1) At require competitive sward
{2) AN contalr: participation und organizational requirements

{3) Al require induatry cost shariny of at legst ity percent
(80%)

(¢) Dsfense emphasis - 10 U.5.C. § 2501




Tecrnology Reinvestment Prujoct

Misgion

To stumuiate the transition to a growing, integrated, nationel induetriat
capability which provides the most advanced, affordable, military systerms
and the mot competitive commercisl products.

Straegy

invest Defensa Conveision, Title V funsis in activities which stimulate
the: .

1) Davelopmerit of technclogies which enable new products and
processcn

2) Dep.oymant of existing technology into commercial and military
products and processos

3) Intearation of wmilitary and commercial research and production
activities

Technology Reinvestment Activities

Defense Technology Conversion Councl! (DTCC) sstablished
December 18, 1992

- Depertment ot Defense (Advancec Reseasrch Projects Agsncy
and 2liitary Depertments)

- Dspartment of Energy (Defonse Progrems)
—~ National Science Foundstion '

- Department of Commerca (National instiiute of Standards &
Technology)

- Nsticnal Asronautics snd Space Administration

A single compethtion Is planned tor the iscuence of & formal
solichation

Evalustion, ranking, anu seloction of propossis will be conducted

jointly
Distributed execution




Technoiogy Developmant

Technology Development activitics deal with the cregtion of new
technologies and exploration of their potential for
commercisl snd/or defense epplications. Propnsalis that inyolve either

* Proposals will il into one of three activities:

(1) Spin-Off Transitioning activities are those that demonstrate non-
dafznsa commerclal viabllity of technologles siresdy develaped
for defensae purposes.

(2) Dusi-tizy Devalopment activities sre ihose that develop
commaercially viable technologies that have both defanse and
non-defense uses.

(3} Spin-On Promot'on sctivities are those that demonstrete the
defense utllity of existing non-defunse commercially iable
tachnoiogles.

Technology Develcpment Focus Arsas

¢ information Infrestructure
+ Electronics Dasign and VFsnufasturing
* Mechanical Design and Manutacturing S

' o Material/Structures Menufacturing e
* Health Case Technology S
* Training/nstruction Tachnology .
*  Envircnment Techriniogy

. +  Asronautical Tachnologles

e Vehicle Technr'ogy
* Shipbuilding industrial infrestructure
e Advanced Battery Technology

These topics are not (0 be considered exclusive; the Government witl R
entertain ideas in other areas. e




Technology Deployment

|
Proposals will fsii into onae of four activities:

(1) Manufactwring Extension Sefvica Providars terget small businnsses
(tewer than 500 employees) to incrasse competitiveness througi,
{ectinicai end manajement advancament (resiructure business
practicos, aaeist with accessing conculting services and
ischnologies).

(2) Extension Eosbling Services are sctivities that link together providers
of Manufacturing Extension Servio Providers with esch other and
devsiopars of technology.

(3) Atemative Deployimont Pilot Preacis are innovetive modes of
technotogy deployment that sre aliernatives to Menufc Giuring
Extension Reivice Providars.

(4) Tachnology Acce- s Servises are activities to assist the private secior
with acquiring existing 21d emerging Dual "Jse technologies.

. Atterative
\ Deploymant

@whﬁ-




Mantfaciuring Education and Training

Proposais will fall into ons of seven activities:
(1) quhsoorlng Education in Menufacturing Across the Curricuium
(2) Practice-Oriented Master’s Degree Proprame
(3) Retraining the Manufacturing Wark Force
(4) Educatinnal Traingeships for Defense Inc ustry Enginesrs
{5) Manufacturing Engineering Education Coalitions

(8) Supnlementary Education Awards to Ongoing Centers and
Cosliilona Devoted to Manufacturing

(7) Individual/Group Innovations in Engineering Educstion in
Mznufacturing

Activities by Smmory Program




Smzll Business Innavative Research
(¢:BIR)

+  Tecshnology Reinvestment Froject (TRP) plans to solicit
propoaals from emali busanesser

- Propoaals w'il rddcess tacinology development focus
areas

~ Procurement wili be besad on Federal SBIR guidelines

¢ Cost ahsring wili be parriited for THRP SBIR proposals, but |3
ROt required and will not be an avsiuation factor

o  Out-yeer TRP actlvitiea are & tidtural SBIR Phase iii follow-on

Joint Agericy Program

.

A




AlR FORCE PA* -OFF

¢ AFFCRUABLE AIR FORCE SYSTENIS

LEVERACE UN'FIED IND* " TKIAL BASE VO. UME PRODUCTION PRI?CS

# * DEVELOP AIR FORCE PROTOTYFC 8QUIPGENT AT NEAR 3 COST

* MAINTAIN AIR FORCE f/{FRASTRUCTURE
WIT . OUT CHANGE, MUCH WILL BELOST WiTH AFOD ONLY INVESTMENT

IMPROVED TECHNOLOGY DEPLOYMENT

+ ALLOW FOCUSE. NYESTMINT ON AIR FORCE UNIQUE TEC NOLOGY

T T TN

NLW WAY OF L{GING BUSINESS

*« GOVERNMENT-INDUSTE.Y-ACADEMI* PARTNERSLIP VL  ALJIANCES
PARTICIPATIVE GOVERNMENT INVOLYEMEHT (~ AGENCIES)
NO LC “{GER CUSTOMEP -VENDOR RELATIONSHIP
EFFECTIVE IN PRE-COMPETTIIVE PHAGE 5

+ FOCUSEDGN DUAL USE TECHNOL OGY '
BUILDING UHIFTED DEFENSE-CCMERC™ AL INDUSTRIAL BAGR
DEVFLOPIA .NT PDUAL USP FROTOC . YPE PRO:LCTS

DEP’ 1 - . (AENT- UNIF'ED DE'FENSE-COMMERUCIA' INFRASTRUCTURE

EDUCATIGN. UNIFIED ? 1ANUFA CTUK NG EDUCATTION & TRAINING




Dk. BEN WILCOX

ARPA
PRESENTATION NOT AVAILABLE




MR. STEPLEN STRUNCK
GFNEKAL ELECTRIC
PRESENTATIM™N NOT AVAILABLE



DR. THOMAS TCM
HOWMET CORPORATION

COCOPERATIVE ARRANGEMENTS FOR GENERIC
TECHNOLOGIES

BACKGROUND

DEFENSE ADVANCED RESEARCH PROJECTS AGEMCY (DARPA)
AUTHORIZED BY CONGRESS ($50 MILLION) IN 1991
TG FORM SIX PRECOMPETITIVE CONSORT!A

1992 CONGRESS HAS AUTHORIZED ($70 MILLION;
FOR DUAL-USE PASTNERSHIPS SIMiLAR TO 1991
PRECOMPETITIVE CONSORTIA

7 TECHNOLOGIESS SELECTED OUT OF 121 WHITE PAPERS
rOR JUAL-USE PARTNERSHIPS




[BENEFI'EJ

Reduced Weapons System 1urbine Engine Acyuisiticn Costs -
$50 to 100 Million Per Year Achievabile

Improved Airioil and Structural Casting Quality (increased Yields),
Reliability, and Consistency.

Greatly Heduced "Time to Market” tor Airfoil & 1d Structural Caslings
(Goal is 50% Minilaum).

U.S. Tecknological and Competitive Advintages tor Both Military and
Commercizl Applications.

- Aircratit Ti'rbine Engine Proaucers

- Investment Casting Foundries

Preservation of Froduct/Process Design Experience and Expertise
(Organiz~tional Lesrning).

Technology Transterrable to Other US Casting Industries.

BENEFTS OF INTEGRATED
PRODUCT-PROCESS DEVELOPMENT

¢ Today's Process
i I 0y “ Vo




INVESTMENT CASTING |
COOPERATIVE ARRANGEMENT (iCCAﬂ

I I.C.C.A. STEFRING COMMITTEE
HOWMET CHAIRMAN,

i PCie, UES, GE, P&W
| [ _ 1

PROGRAM INTEGRATOR ADVISOR
HOWMET NARPA

MEMBERS / ENGINEERING
SUPPORT
l - INDUSTRY
- NATIONAL LASS
UNIVERSITIES

TASK 7.0 _ 1 RN DESNCIFRIRE 1AsK 2.0
Technology B L 4 . RTINS Devel~pment of Proc ¢V
irengter . ’ N . : . Process Design Supp wt
~E AT ) : . .. Design Process Work ¢ low
thecwonic Daty Tremuter

-

N TASK 3.0
| : . PRl Advanced 3C Model
TASK 8.0 b , Deofinition and Simulstion
Simulation and Me b OAl By Proceduve D r
Yulidetion of S : N :uor«mm
m' o*' Wl*m T 3l
Pr " W o . . T : . - Coupied FRid. Thamost and
Simuduton of Provhaction Swess Anstyse
Companents Siresrhng of Mod~Rna
Proraduwes
Design Optiwriratesn & Fryow
E stemetion
Farofiel Processing

o Ter oneDd
} !

TAGK 5.0 TASK 4.0
Neural Natwork-BsassJd Opiimizstion nf Theory of Krcrosiruciuce Modeling and Dats (Sanerstion
Cusling Processes Intugration of Steraolngasl 8 Micto Modebe
Dsinbuse lor Neursl Neimork Cagtabibty MeO & aic
maagr stion of Process Model inta Neursl Netwerk I hermophymic s Froperty Dels
Irplpnantation of Neurs! Network Mhcroscopic Mode!
Neural Natwork Syatem 10 S Icroatrucirat | wect
mege famune Analyss

FIGURE 1-6 PRAOGRAM SCHEMATIC GVERVIEW SHOWING TASKS . PARTICIPANTS, AND AELATIONSHPS.




INVESTMENT CASTING COOPERATIVE ARRANGEMENT

[8

TECHNICAL PLAN
«  EXPECTED ACCOMPLISHMENTS

SUPPORTED PLATFORM FOR SOLIDIFICATION PRGCESS MODELING WHICH
PROVIDES IMPROVED USER FRIENDLINESS AND EFFICIENCY tN MODEL AND SIMULATION

VALIDATION OF SQLIDIFICATION MODE! ING ON PRODUCTION AIRFOIL AND STRUCTURAL
CASTINGS

DEMONSTRATION THAT NDJUST.Y PARGICIYs NTS C/N COOPERATIVELY WORK
TOGETHER TO PROVILE »N IMPLEMENTATION STRATEGY - R COMPREHENSIVE
ANALYSIS OF COMPLEX TALTINGS, 1+'ERE BY MAINT AINING ''S. COMPETITIVENESS

CREATION OF A CASTING INDU TRY INFRASTRUCTURE TOR C(y CURRENT
ENGINEERING COF PRODUCT, ®R. ©JESS. A .0 TCGOLING WIH'LE PROIVIEING FOR THE
FUTURE INCORPORATION O TEC. INOLOGY

AN QRA X Y YN

AN FAT AN . SR

IPROCESS MODELING !

ICCA - ARPA \
Howmet Gt UES
pPCC P&W ARPA/WPAFB
LLNL CRADA CASTNET - MASA
Howmet Howmet DOE
UES Ford Motor LLNL
UTRC | 3EAE Aubum Univ.
intersonics Purdue Uyiv.
‘ vEe Univ. of Alavsmw
"R, N R USRS <TI0,
NIST CONSORTIUM ON o
CASTIMNG OF AFRDOSPACE ALLOYS !
1ICCA A¥S
Allison idata Nationzl Fng. Lab

cic NA3SA
GO Space Systems  US Bureau of flines
Tuledyne Auvburn Unlv.
Cage Wesiain heserve Un'y,
M

Pensi Stae Univ.
Unlv. of Aiant.ama
S - - ) B R e - 1%




PROCESS MODELING

ALIGRMENT OF PRDCESE MODELING INITIATIVES

*» ICCA ARPA: § 12M/2 Yis (5U% Cc st Saare), May 1393 lmegrated

Modeling Procedure to Reduce Modeling Turraround Time ancd
Improve Model Accuracy

NIST: 1 8\ /3 Yrs of NIST Budget Aliocated April 1993
Alpha Case Prediction, Metal Mo.d Contact Conductence,
Muid Fiit and Solidnic:tion Pathway

|pnoc,€é3 MODELING}

ALIGNMENT GF PROCESS MODELING iNITIATIVES {Continued)

CASTNET: 1 2M 73 Yrs of NAGA Budget Allocated. January 1990

*  Thermoptiysical Properties, Detect Maps, Contact
Conductaner, Low Gravity Experiments, and
Miciostructuie Madelng

LUNL CHADA: 1.8M /3 Yis of LLNL Buaget Alocated, Aprit 1293

¢ grative Solver, Thermeal-Mechanical Code,
Solid't cation Kinctics . and Paresllel Processing




lIPD PHILOSOPHYI

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 PROCESSI

Focus on customer's needs and expectations

Buiid a Multi-cultural and Multi-functional teams in a
complex environment

Lead a Process-oriented/Mission focused Program
identify ard avoid non-value-adding work
Translate tools and techniques into daily activities

Empower the teams to accomplish specific missions
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FIGURE 1-7 WPD (INVEGRATED PRCTMUCT DEVELOPMENT) TEAM PHRLOSOPHY FOR ENHANCING INVESTMENT
CASTING ODELING TECHNOLOIY AND GLOBAL COMPETITIVENESR

| VISION |

ENHANCE GLOBAL COMPETITIVENESS AND
TECHNOLOGICAL PRE-EMINENCE IN U.S. INVESTMENT
CASTING INDUSTRY AND ITS CUSTOMERS




_missioN ] B

DEVELOP AND !MPLEMENT AN INTEGRATED PROCES3
ANALYSIS SYSTEM THAT ADDS CUSTOMER VALUE TO
INVESTMENT CASTINGS |

| VALUES I
° TRUSTING TEAM THAT WILL OPENLY SHARE CONTRACTUAL
DATA TG SATISFY 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 PASED DECISIONS

» DIALOGUE RESTRICTED TO PRE-COMPETITIVE
TECHNOLOGIES (PROPRIETARY INFO - NEED TO KNOW)

* FOCUS ON IMPLEMENTATION WHICH IS AFFORDABLE,
RUGGED, USER FRIENDLY AND COMMERCIALLY SUPPORTED
TECHNOLOGY

EARLY USE RESTRICTED TO U.S. INDUSTRIES

TECHNOLOGY RISKS & REWARDS SHARED (MOST FAVORED
CUSTOMER STATUS FOR ICCA MEMBERS)

«  AVOID NIH SYNDROME
DEVELOP ADVANCED TECHNOLOGY AS-NEEDED




'| STRATEGIES |

INCOKPOPATE 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 ARFA AND/OR MANTECH

COORDINATE PROGRAM STRATEGIES WITH DOD, DOE, DGC, INCLUDKIG NATIONAL
AND FEDERAL LABORATORIES (SANDIA, NIST, LIVERMORE, WPAFBR,NRL, ETC) AND

UNSVERSITIES
DEFKVE ACHIEVABLE, MEASURABLE, AND MEANINGFUL GOALS AND MILESTONES
ACHIEVE CONTINUOUS TECHNOLOGY TRANSFER

ENHANCE AND VALIDATE EFFECTIVENESS AND EFFICIENCY OF MODELING CODES
AND PROCEDURES

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

MAINTAIN PROPER BALANCE BETWEEN DEVELOPMENT AND IMPLEMENTATION
TECHNOLOGIES AND AVAILABLE FUNDS

MAINTAIN PROGRAM FLEXIBILITY- TO DIRECT AND REALLOCATE AS NECESSARY AND
INDICATED BY FACTS/DATA

IOBJECTIVE I

TO ACHIEVE DEMQONSTRABLE PROGRESS IN REDUCING CYCLE
TIME, COST, SCRAP/REWORK THROUGH ENHANCEMENRNT,
VALIDATION AND APPLICATION OF THE SOLIDIFICATION
MODELING PROCESS FOR PRODUCTION AIRFOIL AND
STRUCTURAL CASTINGS WITHIN AVAILABLE TIME/RESOURCES




|COSTSHAREI

WHAT QUALIFIES AS COST SHARE?

¢ Relevant In-Kind - Company funded programs
completed prior to kickoft

*  Concurrent In-Kind - Company funded parallel
contributory programs

e Cash

ISUMMARYI

CRITERIA FOR SUCCESS FOR COOPERATIVE ARRANGEMENTS

* Individual who represents a company must be fiexible, 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 buyv-in to overall missions & values of the program

Establish frequent lines o; communications tetween ail team members




MR. BUTCH DYER

YSU-TECHNOLOGY DEVELOPMENT CORP.




ALUMINUM EXTRUSION NETWORK OF THE
UREATER MAHON VALLEY, INC.

HISTORY

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

* 11 EXTRUSION COMPANIES
* 504+ SUPPORT BUSINESSES

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

¢« 5 EXTRUSION COMPANIES
FER 1992: TOOL & DIE MAKERS HELD FIRST MEETING.
* 16 TOOL & DIE MANUFACTURERS

NETWORK ACTIVITIES

RESULTS ORIENTED

95% CONTROLLED BY NETWORK
CAD/CAM TECHNOLOGIES
TQM/ISO 9000

SURFACE CORROSION

WASTE MINIMIZATION
INCREASED DIE LIFE
IMPROVED HEAT 1.:EAT TECHNOLOGIES
SKILLS ENHANCEMENT
TECHNICAL DATABASE
PROCESS CONTROLS

GROUP BENEFITS




DISTRIBUTION OF U.S. EXTRUDERS

Materia! Die Design
Characteriz on Geometry/Configuration

S

High Productivity.
EXTRUSION Defect Free, Cost
PROCESS | ™ o ctitive

Extrusions

S

-

Temperature Desormation
Measurement Control

& Control




PROCESS
IMPACT ——— EFFICIENCY
OF . PROCESS
RESEARCH QUALITY

T COST

CAD DESIGN PACKAGE

~—

/’/l \»

—

[ C peraticnal ‘ Too! Integrity I Metal Flow
- { :

| |

Press Selection Deflection Die Pocket Geomrtry
Number of J1ules Dish Bearing L ength
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Project 1
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Project 3

1} Dcsuiop en exrenies. prevans simaiation pachore
,.-bw:"'-in-nmm

Develop on extraien div Gmign SUtWEre pachege
" unﬂ:mcmu-lmm




Significant Contribations and Resalts:
Academic

3) Enrichement of the Network’s perzcanel

5)&%““”%“
Economic (local)

L)} !':':hbdwu‘pnmwbm

2) Improve the partiipating companies’ proftes

3
)lwewnm

4) Provide o modei for simiior
)mm ettorts by




MR. ALLAN FREEDMAN

NORTHROP CORPORATION
PRESENTATION NOT AVAILABLE




MR. BILL HARGROVE
LOCKHEED AERONAUTICAL SYSTEMS CO.

Aerospace
Materials and Processes
Technology Reinvestment
Workshop

May 1993 Dayton Chio

B Lockheed Aerorautical Systems Company




Overview

¢ Potential Commercialization

e Supplier/Vender Issues

¢ Lockheed Experience
¢ Precurem=nt Issues

* Future Programs

"t g Commercialization of Aerospace
Materials

e Commercial Alrcraft
- Metallic Materials Widely Used
- Composite Materials Widely Used on Secondary Struciure
- Composite Materials Not Widely Used cn Primary Structure

¢ Non Aerospace Products
- Sporting Goods (1ennis Rackets, Goif Clubs)
- Industrial Products (Oil ““ield "Down Hole™ Applications)
- Performance Driven Applications (Automotive)

¢ Commercialization Issues
- Cost of Raw Materials and Fabrication
- Standardization




The Polymer Composite
Cost Issues

Technology
Cost/Volume
Relationships

Sporting Goods

Market
Cost/Volume ¥ Automotive
Relationship

A % g The Standardization issue

Material Substitution
Is OUT

"0."',

Cost Driven
8

Engineering Manutacturing

f Material Synthesis

Product Design Is IN

Must Integrate Materials With and
Mznufacturing




Commerciaiization

Wyman Carpenter
Gord ACMC

/

LOCkhEEd Reynolds |

—

Timet

Consortivms . cme
E GLCC

i Q}l

CAM!
IACY
MADIC

B¢ Environmental Health and Safety

e ii2zardous Materials (Toluene, Yylene, Isccynates,
Mett.el Ethel Ketone, etc.)

- DoD Desires Alternative Materials

- Mli-Spec QPLs DO Not Allow Alternative
Mezteriais

» Materials and Process Solutions Requirad
¢ Product/Field Implementation
» Recycling and Disposal




-7 Lockheed Experience

* 8 industry Members

Composite Materials .
Characterization 5 Year Track Record

inc » 47 Materials in Data Base
* Standardized Test Methods

Consortium Objectives:
* Reduc~ Tes:ing Cost Aircraft, Helicopter,
* Advance State-of-the-Art Missile, and
Engine Programs
¢ Establish Standards

Procurement Issues
o Defense Acquisition Procurement
(FARs and DARs)
¢ Def2nge Production Act - Title Ili
e ManTech and IMIP
* Sinall Business innovation Rescarch (SBIR)

e Ccoperative Research and Development
Agreements (CRADAS)

» Slrategic Pa-tniership Initiative (SPI)

s Defense Conversion and Reinvestment




A *g Cost Share Issues

In-Kind

* Product Base Is Declining
¢ Downsizing of Facilities
* Pressure to Reduce Overhead Costs

* Reducing Research and Development Efforts

A7 Technology Push

¢ High Speed Civil Transport
e Subsonic Commercial Airlift
* Next Generation Fighter

e VSTOL Fighter

» National Aevospace Plane




k% Summary

¢ There are More Co-Operative Ventures

e The Aerospace Materials Industry Is Changing

* industry Is Moving Toward ! 2an, Flexible Enterprise
¢ Cost Sharing Must Make Business Sense

¢ Good Planning is Essential




MR. JAMES DORR
MCAIR

PRESENTATION NOT AVAILABLE




MR. BILL YEE
PRATT & WHITNEY

TECHNOLOGY
REINVESTMENT

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




AEROSPACE EXPORTS, IMPORTS,
AND THADE BALANCE

A positive trend

“n |- Civil exporis
40 |— [ Miitary expurls
36 3 Imports

k74
28 Asrospace balance o! trade
24 (exports minus knports)

Billiors of
curremi clollars

hapaits
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THE WORLD-WIDE TRENDS ARE NOT
ENCOURAGING

Percent of World Aerospace Market

80 |
—

57%

Percent
Of
Aerospace

e 35%
Market

_/

Others 8%
1 1 1 1 i 1
1985 1986 1987 1988 1989 1990

Source: AEDC Office for Intesnational Aftaks




TECHNOLOGY REINVESTMENT

A National Friority

Project Candidate Characteristics

¢ Maintain U.S. compestitiveness in aerospace
Create U.S. jobs
Critical defense technoiogies
Maintain U.S. industrial base
Dual-use technoiogies

integrated vertical and horizontal teaming
approach

TECHNOLOGY REINVESTMENT BOLSTERS
ADVANCED COMPOSITES PRODUCTION BASE

3- [%] Dclcnse airframe production
(B2, A12, RAH-66, othrers)
- Commercial transport

25 propuision
Advanced 27| § "
composites .
airframe :
production L5

million

Ibs/yzar [ -

0.5' .. ‘

£ ] ‘:‘“' 1) b .
0 . II!I!- *Il tvilly Ilgﬂ& 'I Ll
1990 1993 1995 {998 2000 2002 2004
Year




C17/F117 (78 in. dia)
100K ADP (160 in. dia)

Summary

Technelogy projects should focus primarily on risk reduction
of materials/processes technologies (level 6.3 or beyond)

Composites technaclogy is uritical to next generation
propulsicn systems;

'ncrease material usage assures U.S. industrial base
capability for tne future

Dua: usage strats::y kay for achieving commercially
affordable costs

Technologies at 6.1 and 6.2 level considered too high risk for
technclogy reinvestment {cost siiaring)

Affordability is the key issue




DR. DICK HOPKINS
WESTINGHOUSE SCIENCE & TECHNOLOGY CTR.

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

Rectiticatlon In a

Hot, Chemically
Active
Environment




High Power T"C‘Q’A‘g{%’:n'::
o 10X Pover Density Survelilance
- Reduced Parts, Size, Cost
- New Capablliities: Stealth Cetection

High Temperature

s 850° Or.eratlon ve. 150°
- Less Ccailng, Welght, System Cost

. ARIATRNDS,
1,000X Raliabitity d “MH“ »

Radiation Hard
+100X Gamma, 50X Neutron Reslstance | | Electronics in Yo
- First In.Core Electronics NGy B erere Env!ronmems- ) .
*sr Pretection and Control o I-Electric Vehlcles '

- Reduced Cabling, Penetrations il I o®
ard Cost Y '

< lew Services Y. In-Core Flux and
Tty e A Tempcraturs Measurements

at 100 MRad 350°

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

SiC Is a Suporior Semicorductor for: © High Temperature
o HKigh Power
¢ RAD Hardness

and Wastinghouse Hce Internal Uses for Most of the Poientlai Applications

¢ DEFENSE SYSTEMS ¢ COCMMERCIAL SYSTEMS
Radar Power Ganeretion & Controls

Communications Automotive Electrenics
E-0 Waste Managenant
ECM Non-Volatile Memory
Signal Processii.g Nuclear Instrumentation
Alicraft Electrical Systems Electric Vehicle Drives
MNuclear Power Broadcaut Yransmitters

Space Sensors Microwave Satellite Links



~ . A Breakthrough Technology to Leapfrog the
Silicon Carblde : pgrtormance impass of Current Semiconduciors.

1.; Over 700 Watts UHF (e.9. AEW,CLO,S5PS-40)
We Ne@d' 2.) Ovar 250 Watts L-Band (0.9. ABW.CLO.TPS-63,ARSR.4)
el 3.} Over 150 Waits 8-Band (e.g. TP8-78,E-3,SBR,SPY-1)
4.} Over 1% Watts X-Oarndt (e.q. ATF,MODAR,GBR)

Device Feak Cutput Poaer SIC Excals at:

2 CkwW ¢ High Temperatures
¢ High Power

¢ tHigh Voitage

¢ Figh Radistion

Sysiem Benefits:

tigher Cevice Fowet
- Less Hardware
- Less Cos?
Higher Temperatures
- imprcved Cooling

New System Mossibllitics
- Smalisr
- Lighter
- Higher Power

1980 1982 1904 1988 1088 1980 1693 1994 1998 1998 2000

35482 / VS3236

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

Higher Temperature Opgration

¢ Air Cooling Varia
¢ Higher Safety Margin Moto:” gow‘:lta‘:y
e integrated Motor/Electronics nirolter

tdigher Efficlency C

¢ Lower Roy

# Lower Switching Loases Coolant >~ 100 MP Drive

® Passive Cooling at >70°C Motor
Lower Cost

+ Simpler Cooling Gattery

® Higher Power Per Device
® More Rugged Devices

ALSO APPLY TO COMMERCIAL & MILITARY AIRCRAFT
e Cusrent Electronic The:inal Management Adds Significantly to Alrcratt Weight
¢ Emerging Needs: Engine and Skin Mounted Sensors & Controt Devices

o Savings: $10,000/Ib. tor 300 Alrcraft Over 15 Yeur iife




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

Recilf'cation in a
Hot, Chiemically
Active
Environmant

Silicon Carbide Beats Nearest Competitor

High Power Transistors for

iLong-Range

¢ 10X Power Density Survelllance

- Reduced Parts, Size, Cost
- New Capabillitlus: Steaith Datection

High Temnerature

s 650" Operation ve. 180°
- Less Cooling, Weight, Syatem Cost
- 1,000X Rellablity

i_adiation Hard

+]a0X Gamma, 50X Neutron Raesistance ' Sevf::%’;?";‘_‘gz;“env_
- First in-Core Electronics St R Srle .
for Protection and Control At S A All-Electric Vehicles
- Reduced Cabling, Penetrations
and Cost
- New Services e In-Core Fiux and
) Tamperature Measuremaenis
at 100 MRad 350*

oo
e




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

SIC Is a Superior Semiconductor for: e High Temperature
o High Power
e RAD Hardness

and Westinghouse Has Internal Uses for Most ot the Potentlal Applications

e DEFENSE SYSTEMS ¢ COMMERCIAL SYSTEMS
Radar Power Generation & Controls
Communications Automotive Electronics
E-O Waste Management
ECM Non-Volatile Memory
Signal Processing Nuclear instrumentat,on
Alircraft Electrical Systems Electric Vehicle Drives
Nuclear Power Broadcast Transmitters

Space Sensors Microwave Satellite Links G
(RY

. A Breakthrough Tochnology to Leapfrog the
Silicon Carbide : pertormance impass of Current Semiconductors.

1.) Over 700 Waits UHF (e.g. AEW,CLO,S5PS-40)
We Need: 2.) Over 250 Watts L-Band {e.9. AEW,CLO.TPS-63,ARSR-4)
. 3.) Over 150 Watts 8-Band (e.9. TPS-78,E-3,8BR,SPY-1)
4.) Over 15 Watts X-Band (m.g. ATF,MODAR,GBR)

Device Peak Output Power SiC Exrels at:
2.0kW . T T Ty * High Temperatures
S : Wi, A ¢ High Power

Co Taia g ”' b 52 5, ¢ High Vo'tage
Sliicon o Carbl8s- e 30 o High Radistion
UHF <o v, TR e BTG 2
L-Band T4 i’ o e faREh System Benefits:
S Bahd IS Higher Device Power
- Less Hardware
- Less Cost
Higher Temperatures
- improved Cooling

New System Possibilities

- Smaliler
- Lighter

e ;
| L‘/.%.-i:‘--i---l - Higher Power

1980 1982 1984 1986 1588 1380 13992 1904 1998 1998 2000

& src
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THE BENEFITS OF SiC VMOS TO
COMMERCIAL ELECTRIC VEHICLES .

Higher Temperature Operation
® Air Cooliug .
¢ Higher Safety Margin Variaole Voltage

¢ integrated Motor/Electronics Motor Controiter
e

Higher Etficiency 0

¢ Lower Ro 100 HP Drive
¢ Lower Switching Losses Coolant > 100

e Passive Cooling at >70°C Motor

Lower Cost
¢ Simpler Cooling
» Higher Power Per Device
¢ More Rugged Devices

ALSO APPLY TO COMMERCIAL & MILITARY AIRCRAFT
¢ Current Electronic Thermal Management Adds Significantly to Aircraft Welght
¢ Emerging Needs: Engine and Skin Mounted Sensors & Control Devices
» Savings: $10,0001b. for 300 Aircraft Over 15 Year Life o
) ATC

45000 HOPKINS/SL

Silicon Carbide Payoft

Versatile Dual Use Technoiogy for a U.S. Competitive Edge

‘, \@ =

Tempaie-s




SILICON CARBIDE INITIATIVE

Westinghouse Is Committed to SIiC Davelopment and Commercialization
® Froduct Opportunities Are Broad-Based and Fit Corporate Businesses
3 $7M Aiready Invested in Development

® Program Growir.,g Rapidly
- Three Enginears ln 1989; Over 30 in 1993

o Major New Investments in 1993
- Capital and Facilities Acquisitions (Furnaces, Epl, Water Prep, Testing)
- System Engineering/Product Development
- Expension of Technology Development Activity
Technology and Business Alliances
- Cost Sharing

We Hsave Organized to Accelerate Technology Development and
Product Transition @)\

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




SILICON CARBIDE ELECTRONICS

Discrete Devices and Basic Clrcuite are under Development at Westinghouse Now

- Static induction Transistor (SIT)
- UHF to S-Band Power Applications

- Metal Semiconductor Fleld Effect Transistors (MESFET)
- X-Band Power and High Temperature Logic

. Vertical Metal Ox!de Semiconductor Fleld Effect Transistor (VMOS)
- High Powaor, High Temperature Switching and Power Con ltiloning

- IMPATT Diode
- High Power Microwave/mm-wave Sources to 35 GHz

- Operational Amplifier
- Signal Conditioning and Logic for Hostlie Environment Sensors/Controis

- Non Volstile Memory
- Ultratong Reter:tion Memory at Room and High Temperature.

W Waestinghoyse
Technology with Total Quality :=/ Science & Technalogy Center




Class A Power Performance of a SiC MESFFI"H

480um periphery, 75V drain bias

zs'n e P out (D) IRgcarﬁ 1.5 Winm| i
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®

TEAMING IS AN INTEGRAL PART OF THE
WESTINGHOUSE SiC DEVELOPMENT PLAN

Strategic Approach

Use:

o Cornorate Initiatives to Devalop Key Technologies
(Materials, Device Processes, stc.)

® Business Unit Resources to Carry Out Specific Applications Developments

® Technology Partnerships to Fill Knowledge Gaps, Strengthen Tech. Base

o Business Alilances to Broaden Product Applications

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

Then:

® Business Units Introduce Products in Commercial and DOD Markets
@510




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

Goals ¢ Largs Ciz=ater. Low Detect Semi-insulating Walers
I & 20 W (4X Power Densiiy increase) X-8and FETs
l ¢ 500°C Device Function
+ Key to Advanced Radar and Communications Transmitters

Team Advantage: Bring Tngeiher More SIC Expertise Than Exists in Any Single Group
Caphiaitze on Hasources Alresdy invested in SIC at Orgsnizations Elsewhare
Promote Tachnology Synergiem snd Fresh idess
Foster Broed-8ased Industry-University Governmant SIC Infrastructurs

Deviee Fobrication
Sainwes & Towmongy Sragram Vnspement
Cou

I |

1
North Carolng WPAFD Laborsioies
Wesgnoves E80
Steec Linivarolty ® Msterisl Chavec-
Oevice Modeling Tharmal Modeling ye 1erzsvion (MO)
tegration Device T
Prot. R Traw L . (EYDl' asling

Led To: e AF . Spcnsored Program

- 40% Cost Shared by Westinghouse
- Standerd FAR Previslons on inteilectual Property w1
- Aggressive Jointly Oeveloped Gosls -

WESTINGHOUSE-AF-NASA -UNIVERSITY TEAMING

Significant Results Have Already Been Achleved

® Record Power Density (1.9 W/mm) FET at 1 GHz Cemonstrated

2 inch Diameter SiC Wafers First Step to Scale-Up

New Low Resistivity Contact Metat Procass WIll Improve
Device Performance

Model Simulation of MESFETs Leads to Improved Designs

Identification of Wafer Contaminants by Special Optical
Methods Leads to Improved Growth




HAMILTON STANDARD-UTRC-WESTINGHOUSE
HIGH TEMPERATURE ENGINE ELECTRONICS TEAMING

¢ Grew Out of Joint Interests
- New Customere for Westinghouse Producta
- Heed for High T Engine Elec

a Led 10 Air Force Funded Actusior Develooment

Advanced

High Temperature
Jet Enging
Actusiion Controls

e Air Force Asropropulsion Uniled Technology
Oivision Supporied Research Laboratories
» Standsrd FAR Regulations High Temperature

on Propaerty Com aTosts
e AFTeam Oelined Program

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

Complementary Skills Linked to Accelerate
SHilcon Carblde Electronics to Commerclalization

* induslsy Drives Apprications
| ® Projecis Jointly Defined NASA LaRC

o Properieiary Into. Controlied

Space/Al craft

* Intebe clual ¥roperty Rights Defined Applications

o NASA and industry Fundied
® Industry-Gov't Oversight Board




NASA-WESTINGHOUSE SILICON CARBIDE
“SPACE ACT” PARTNERSHIP

The Goal Is to Accelerste the Commercial Development
of Stlicon Carbide Semiconductor Technology

Wafers

Davice Cesigns

CRADA-LIxe Vehicle

Each Party Funds Own Elcet
Proprietary Info. Protected
Davice/Material Joit Task Detinftion
Charactertzation Patent Righto Detined

Semiconductor
Processas

Motsllization/Conlacts

Westinghouse NASA-Lawis
STC Resesrch Center

COMMERCIALIZATION

SILICON CARB!DE ELECTRONICS

Off-Snore Sliicor Carb.do Prcgrams Have Expanded and
Qu: " mpsetitors Are Forming Their Own Teams

Europs Japin Russia

* Siemens - epitaxy, power - wices, “anyo - boules, biue _ED’s Electrotechnical U. - boules
blue LED's Snait - blue LED's thermochemistry
* Daimier Benz - epitaxy, kigh NKK Steel - boules (? ioffa insi. - modeling. devices,
temperatura/high power device: NEC - boule, devices .7) opl
** Thompson CSF - microwa: = Nissan - high temp. davices Kiev Insi. - characterization,
davices >umitomo - materials epl
Mertin Gerin - power devicx. Toyota - MOSFET's
LETI (Grensble) - epltaxy, devic Electrotechnics! Labd - rad.
processing, implarts effects
Asea Brown Boveri - pniverhigh Kvoto U. - boulss, apl, deices
temperature.,
18M (Zurich) - ep-taxy, blue . . =
* Eriangen U - boules. epitax,
physirs
U. Stutigant - FTIR, lon beam mod.
¢ . Paderborn - deferis
Fraushofe: Inst. - Raman Studies,
defecrs
CERN - radiosactive nucisi.
U. Amsterdam - defacls, spectra

*Germany nitiuted three-year $28N DM SIC Program in 1393
**Thomson has tesmed with Daimier




SILICON CARBIDE ELECTRONICS

Government Suppon for Silicon Carbide has Grown. Bt ...
- Programs Tend to Be Smali, Distributed Across Severs) Agencies
- Lack Critical Mass o Rapidly Advancy Technology to Application ($4-5 Mryr)

Navy Air Force
Westinghouse/ATM - IMPATY dindes Waestinghouse - boules ana X-Band
NRL - epitaxy, device teb. MESFETs
N.C. State - advanced epitaxy GE/Cree - high temperature electronics
Crae - MCSFET development GE/Cree - angine “light-off” sensor
N.C. Stite/Cree - device process technology Pratt & Whimey/\restingnouse - high
U. Pittgbt gh - characterization tempersture YMOS for actuators
Rockweli - Schottky barrier contacts ATM (8B1R) . improved materis!
ATM - TIC substrates Croe (SBIR) MESFETs
INRAD (SBIR) 3C boules Carnegiv-Meton - detscts, OLTS
Cregon Grad. Ctr. - contracts
DARPA/ONR
Cree - blug LED's and lasers NASA
Lewic (In house) - epl, davices
SDIO/DINR Kulite (SBIR) - sensors
Cree - NVRAM Auburn CCDS - implants, epl, conltracts.
modeling
NIST Cese Western - defects, TEM
Cree - boule and spitaxy technology Howard YU. - spitaxy, FET's
U. Pitisburgh - seisors

SILICON CARBIDE ELECTRORICS

The U.3. Now Leads Silicon Carbids Technology and Praduct Development ...
— But the Effort is Limited, and Subcritical for Rapld Commerclal/DOD Insertions

Indusirial University Governmer:t

Westinghouse Auburn MASA Lewis

Cree Cincinnati Naval Research Labs
General Electric Lehigh Air Force Wright Labs
Advanced Technology Materials  Pittsburgh Sandia Labs

Texas Instruments ? North Csrolina State Army Research Labs
Motorola ? R.P.L (Adelghi)

Rockwell ?

InRad

And Foreigh Competition is Growing

Technology Reilnvestment Programs Can Help ... W) 1(




SILICON CARBIDE ELECTRONICS

"Reinvestmant Funds” Otfer Significant Potantial 1o Accelerate Technology
Development/Deployment ....

- Comrrarcialization, Compatitiveness, Defense Industrial Rase.

But Thera's No Free Lunch:
- Shotgun Weddings may lead to Bad Marriages
- Partnerships need clear goais and good chemistry
- Most cornplimentary partners may ba ccmpetitors.

- Inteliectual Property Righta can be a Sticking Foint
- Who owns the futu;e business evo!ved ‘rom “precompetitive” activity?

- There is an inherent Conflict in Defense Conversion Approach

- Cost gsharing nacessary but many firms have iarge cstructuring costs
- Focus tends to near-term problem solving.

Mater:sis Technologles Possibly at Risk during Change In Defense Funding Strategy
. "Upstream” Technoiogy: The Esrller in the Product Uevalopment Cycles, the
More Dificuit to Acquire Development/Cost Share Funds.

Weslinghouse
Techralogy with Total Quaiity Science & Technology Center

SILICON CARBIDE ELECTRONICS

Summary:

. SHicon Carb:ae-Based Elactronics have Significant, Diverss Commercisl and Military
Markets.

. Recent Breskthroughs in Materials and Davice Process Make Product Exploitation
Reaslizable.

. Tre U. S. s Now the SIC Laader; (Subsiaized) Foreign Compsiition is Growing.
. The Technology ls immature and tha Activity Fragmented Among a Few Companies.
. Apancy Support hus Grown, But Rema:ns Diversified and Below Crit' ~al Mass.
. The Pace of Gilicon Carbldo Development and £pp:'catior, is Resource Limited.
. The Timing Is flight to Invest:
- Major commarcial payotfs are Identified

- Kaey Technotogy Issuas ase known
- The groundwork has been laid tor rapid progreas iavward products.

o\ Wastinghouse
4 Sc.ence & Technology Center




NCAT UPDATE
MAY 1993

NATIONAL CENTER FOR ADVANCED TECHNOLOGIES

PROCESS

PLANS HEE) DEMOS BEEPp PRODUCTS

A NON-PROFIT EDUCATION AND AESEARCH FOUNDATION

ESTABLISHED IN 1988 TO PROVIOE A NATIONAL FOCAL POINT
FOR COORDINATION OF ADVANCED TECHNOLG-3IES BETWEEN
INCUSTRY, GOVFRNMENT AND ACADEME

CURRENTLY FUNDED BY AIA, DOD, AND NASA

ACTIVELY SUPPCRTED BY EIA, NSIA, AIAA, ADPA, NAM, SME
AN AMT




INVOLVE INDUSTRY, GOVERNMENT, AND
ACADEMIA IN ALL ACTIVITIES

DEVELOF STRATEGIC PLANS FOR KEY
TECHNOLOGIES

IDENT!=Y POLICY AND TECHNOLOGY
IMPLEMENTATION ISSUES

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

FOSTER IMPLEMENTATION THROUGH
DEMOS

ADVOCATE RAPID COMMERCIALIZATION

CONCURRENT INTEGRATED

ENGINEERING PRODUCT/PROCESS
DEVELOPMENT

EXPERTISE
T0O

TECHNOLOGY

DEVELOPMENT STRATEGY !
AOVANCED L - DEMONSTRATIONS OF
JECHNOLOGY ENGINFERING &
DFMONSTRATIONS MANUFACTURING
QPERATIONS

2 X PRODUCTIVITY 1/2 X TIME TO APPLICATION




AN R L A G U IE:

k. ea ke ar

NCATGOAL = IMPROVING U.S. COMPETITIVENESS ™

PAST SHORT TERM LONG TERM
{89-92) (93} (83-95)

KEY TECHNOLOGIES DEMO FORMATION IECHNOLOGY TRANSITION CATA' YST

+ GENERATE PLANS « COMPLETE PLANS + CONTINUE STRONG TIES WITH
TECHNICAL COMMUNITY
- HOLD SYMPOSIA + WORK DEMOS
(INCLUDIMG (PPD) « STRENGTHEN POLICY FORUM
+ GIVE BRIEFINGS
- PROVIDE INTERFACE  + EXPAND TRADE ASSOCIATION
+ SELECT DEMOS FOR INCREASED GOVT/ PARTNERSHIPS
INDUSTRY/ACADEMIA
COOPERATION + FORM PARTNERSHIPS. JOINT
VENTURES. CONSCRTIA
+ EMPHASIZE
AFFORDABILITY + PROACTIVELY iNFLUENCE
TECHNOLOGY TRANSITION TO
PRODUCTSE

~ STRESS COMMERCIALIZATION

COMMERHRCIAL AVAILABLE mm)p CORPORATE amp COMPETITIVE
INCUSTRY TECHNOLOGY RAD PRODUCTS

NCAT’ PRODUCTS
ASSOCIATIONS

-p
DOD RESEARCH & SYSTEMS
(ALSO NASA, DOE, TECHNOLOGY
DOC & DOT)

COOPERLTIYE BrFCAVTS

% Vo —— = - am — — " — — — - —-——— -




WORKING DEMOS (DEMONSTRAT'ONS OF
ENGINEER'NG AND MANUFACTURING OPERATIONS)

ACTIVE IDEAS

FBL-PBW « ENGINEERED MATERIALS
SMAHT ENGINES » IN-SITU REMEDIATION
ADVANCED COMPUTATIONAL -  ADVANCED SIMULATION
METHODS +  IMPROVED MAN-MACHINE
INTERACTIVE EI NET INTERFACE

TFCHNOLDGY FOR AFrFORDABILITY

IPPD - E_LECTRONICS

iFPC - MCCHANICAL SYSTEMS
MULTI-USE MANUFACTURING

£ MPLIFIED CONTRACTING FOR DEMOs

EDUCATION AND TRAINING FOR IPPD

INDUSTRY VIEW OF SPACE TECHNOLOGIES

SPACE FACILITY SURVEY
TECHNOLOGY FUNDING SURVEY
REVIEWED INTEGRATED TECHNGLQGY PLAN

COMMERCIALIZATION OF REMOTE SENSING
NASA, DoE, DoD, DoC. SCi0

EDUCATIONAL VIDEO SERIES ON IPPD

WITH NTU (MATIONAL TECHNOLOGICAL UNIVERSITY)
AND GIT (GEQAGIA INSTITUTE OF TECHNOLOGY)




EXPANDING SOOLE DR Ol ERATIVE ACTIVITIES

ONGOING

INDUSTRY WORKING DEMOS

DOD TECHNOLOGY FOR AFFORDABILITY
(INCLUDES AIA, EIA, NSIA, NAM, AND ADFA)

NASA INDUSTRY VIEW OF SPACE TECHNOLOGIES

NEAR TERM DOE, NASA, DOC, AF, SDIO - REMOTE SENSING
NTU AND GIT - EDJUCATIONAL VIDEO SERIES
(JULY-DECEMBER 93)

D0OD, DOE, DOC, DOT, NASA - AFFORDABLE
TECHNOLOGY TRANSITION
OSTP - COLLECTIVE INDUSTRY VIEW OF INITIATIVES

Manufacturing Key/Critical Technologies
Aercspace
Bictechnology DEMOs
. Smart Engines
. FBL-PBW
. Adv. Comp. Me.hods
Increased Government/industry Partnershipa . Interactive E! Net
Iniormabon lnlrastruclure

Technolom/ 1o cut wsu and improve 2%’ Tichnology for Atfordat-ity
efficlency . IPPD

. Dual-Use *2anufacturing

. Simplified R&D Contracting

- -. - -i ‘1 . - . ‘?a T
-« Educational Technology g - Ecucational Video Serias
B X R
&  Provide Policy Leadership ﬁ Aerospace Technology Poiicy Morum
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ARG

CMC FORMATION

ADVANCED COMPOSITES ROADMAP

ADVANCED COMPOSITES CONFERENCE

NATIONAL ADVANCED COMPOSITES STRATEGIC PLAN
DEMO WORKSHOP

PRECISION CASTING MEETINGS

SACMA/USACA/AIA WHITE PAPER

COMPOSITES ISSUES MEETING

COMPOSITE STANDARDIZATION

ADVANCED METALLIC STRUCTURES PLAN

COMPANIES CAN COOPERATE EFFECTIVELY ON TECHNOLGGIES

GOVERNMENT AND INDUSTRY NEED TO 2O MORE COOPERATIVE
PLANNING

WE NEED TO APPLY COMMERCIAL EXPERTISE TO TECHNOLOGY
DEVELCP®MENT STRATEGY

EF,-ECTIVE USE OF TECHNOLOGY IS KEY TO COMPETITIVENESS

COOPERATION!
TRY IT! YOU'LL LIKE IT!




MR. NED MAURER
QUESTECH RESEARCH DIVISION

WRIGHT LABORATORY MATER!ALS DIRECTORATE

AEROSPACE MATERIALS AND PROCESSES TECHNOLOGY
REINYESTMENT WORKSHOP

ELECTRONIC INDUSTRY PERSPECTIVE

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




OUTLINE

« Electronic Industiry Statistics

« Governme:it Responstbilities

» Industry Responsibilities

« Suggested Government Actions

« Suggested Industry Actions

» Proposti: Eahance tha SEMATECH Sutcess Story
- Summary

ELECTRONIC .NDUSTRY STATISTICS

» Leading Edge Technolcgies Often Occur in the Clvillan Sector and Only Much
Later Wil Move into Defensae.

* P.oduct Life Cycle for Many Elsctronic Components is Less than One Yeer.
e U.S. Electronic Components industry Markets ave:

Weak: Actustors, Optosiactronics, § Hergoopy Technology
Losing: Memory Chips, Pacliaging, & Displays

OTHER FACTORS:

« Over 50% of Doctoral Degrees in Engineering and 40% in Math and Physics are
Awarded to Foreign Studants.

* Almost 1/2 the US patents Went to Foreign Companies in 1990.
The top 4: Hitachi, Toshibe, Canon, and Mitsubishl.

* US investments (1991) in Plant & Equipment Reached a 14 Year Low.
US 10.7%GDP, Germany 14.5%, Japan 22%




GOVERNMENT RESPONSIBILITIES

ENCOURAGE AND SUPPORT:

» Industry Led Consortia

 Preccmpetitive Technology Davelapment

« Dual-Use Technologies

« Rapid implementaiicn of Technclogical Advances

INDUSTRY RESPONSIB.LITIES

ALL US FIRMS SHOULD:
« Create etter Relationships with Suppliers and Cusiomers.
s Increase Employee involvement &.1d Participation.

s Increase invesiments in :
1. Process Development on a Continual Basia.
2. Plant & Equipment te Support Aglie Mig. Concepts.
3. Worker Training on a Continual Basls.

s Goal is to Shorten Cycle Time Required to Bring Products and
Proce~ses to Market.




SUGGESTED GOVERNMENT ACTIONS

« Ravise DOD Procurement Reguiations to Emu'!ate Private Sector Practices
Wherever Possible.

GOVERNMENT MUST DO THEIR LIMITED PART:
« “Bonchmark™ What Fcreign Government Actions end Align US Programe Against these
Benchmerks.

v Establish en Advenced Netionel Technical/Pusiness Communicationa Network.
« 8ot the Correct Policy/Procecures 1o Creste Marry iore Merket Driven Extension Centers.
« Redirect the Federasl RAD Budge! trom §0/40 to S0/50 DatenseNordelenss.

MILITARY LAB'S SHOULU BE A FACILITATOR.
+ Provide Technical Expertise, Equipment, & Facllities in a Proper Consortla Mix

SUGGESTED INDUSTRY ACTIONS

¢ Encourage Real Emsioyee kiwoivement and Good Labor Mansgemant Rslationships
o Shift from Mars Production to "Agile” Manuiacturing
o Push for Cooperative RED Agreemunts with Goverrwment Labs and Other Companies.
1. Share Riste
2. Pows Mssowrces
1. Elminate Duplication of Efion
4. Make Synerpictic investments
8. invest in Privete Sector ind Consortis ks SEMATECH, MCC, NCMS, end Advanced Battery
» Leem &M You Can About Your Present and Developing Markete
¢ Think Global
¢ Set Your Process Goais to the Highest Practical Standards
o Find Trusting Consortia Partners to Share Your Future




PROPOSAL: ENHANCE THE SEMATECH
SUCCESS STORY

o Military Field Activities: Labs, Centers of Exca'lencs, Logistic Centers
e« Understond thet Cooparstive Cosxisianoe will Buppornt Your Burrivel
oo Be Prepered to Absord Downsizing end Market Adjustments. Survival Wil Probably be of the Fritest
Consortium.

¢ Private Industry:
oo Keoping "Key™ Procescses Locked Up Wit Do No Gooc H There ko Ne Business

» Government and industry Should Develop Team Consorila
*s Prepackege Teams to Mest Coertein Gosle
o9 Focus Gosls on National Needs - Both Econcmic end Mitery
oo Wark With the Public, Congress, and Othera to Securs Long Term Cash Flow thet Supports the Goasls

* Focus on Process Technologies

SUMMARY

NEW GOVERNMENT AND INDUSTRY RELATIONSHIPS

* A New Govermnment/industry Relstionship is Reguired to "teet the Challenge of
the Future.

se Rovolutionary Changas in Process Technology kst be Jointly Developed
s» Now Training Techniques Must be Discovered and Imp'smented.

e¢ Theee are Dynamic and Coniinuous Procsssts and Provisions Must be Made In Palicy snd
Procedurs 10 Continually improve.

* Key Issue:
ss Government Must First Become a Portner; Then a Custormer. Thw Government Purchasing Power
witl Help Ensure Domnestic Bales for what is Joinity Developed end Provide sn Essier Entry into
World Markets.
= Focus Must be on Process Technology.
¢ Utimate Goal:

es To Devalop New Prozess Technoiogies Ahesd o1 Worlu Competition end BEAT the World with

Rapid implementation. | 1 . i
oo AN Must lsarn Cooperstively 1o “Use K™ of mdividuaily “Lose it™
»
wrw wq




CAPT. RICHARD BYNSVOLD

NATIONAL AUTOMOTIVE CENTER
US ARMY

PRESENTATION NOT AVAILABLE




ILIP ENVIRONMENTAL THRUSTS

o FOUR MAJOR USAF ACTIVITIES
- RISK ANALYSIS
- CLEANUP, SITE RESTORATION
~ COMPLIANCE, EXISTING TECHNOLOGY

| - PREVENTION, FUTURE TECHNOLOGY I

6 Aug 92

POLLUTION PREVENTION R&D

APPROACH

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

¢ 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 (Vocs)

0 SOLID WASTE STREAM ELIMINATION

0 OZONE LAYER DEPLETING SUBSTANCES
(OLDS) ELIMINATION

13

WL POLLUTION PREVENTION R&D™™ |

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 PROCT 3SES

- ADVANCED PAINT STRIPPING TECHNOLOGY

ROBOTICALLY CONTROLLED PROCESSES
PLASTIC MEDIA, WATER, CO2




WRIGHT LABORATORY
POLLUTION PREVENTION PROGRAMS

MATERIALS DIRECTORATE (ML)

ADVANCED METAL SURFACE TREAYMENT 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 3ASES
- 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
o0 SOLID STATE METAL CLEANING PROCESSES

o ENVIRONMENTALLY ACCEPTABLE "CHAFF"
MATERIALS

o ENVIRONMENTALLY ACCEPTABLE BATTERIES
(NiMH)




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

o DUAL USE TECHNOLOGY DEVELOPMENT PROJECTS
(DARPA)

¢ COOPERATIVE RESEARCH & DEVELOPMENT
AGREEMENT (CRDA)

- POTENTIAL AREAS OF INTEREST

ADVANCED COATING & REMOVAIL. TECHNOLOGY

REMOVAL HIGH PERFORMANCE COATINGS

NON CHROME CORROSION INHIBITING SYSTEMS
(NON-LEAD, CADMIUM TOO)

ADVANCED CONVERSION COATINGS

ADVANCED FIRE EXTINGUISHING/EXPLOSION
SUPPRESSION




Aerospace Materials and Processes MMLL Division
Technology Reinvestment Workshop Overview

METALS and CERAMICS DIV
MLL
Or Norman M Tailan

| |

Materials Dsvelopment Br Materitis Boehavior 8¢ Nondestructive
MLLM Evaluation Br
MLLP
R
Or Watter Reimann Mr Tobey Cordell
« Light Weight Metais - Behavior & Ute Prediction « Aging System NDE
of Metais and MMCs
+ High Tempenature Metais « NDE Peilability 'mprovemeiit
and intermetaliice + Sehavior & Lite Predicilon
ot Caramic Composites « Large Area Composite NDE
+ Mutal Matrix Composites
« Process Modeling « Advanced Materia's &
+ Caramicr and Ceramic Processes NDE
Matrix Composites + Process Science Methcdoiogy

Aerospace Materials and Processes Topics For Technology
Tecknology Reinvestment Workshop Transfer

1. Metals, intermetatlics and MMCs
» Aluminum Metal Matrix Composites
- Titantum Metal Matrix Composites

. Gamma Titanium Aluminides

2. Structural Ceramics




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

3. Metal and Ceramic Materiail Processing
» Controlied Dwell Extrusion
« Controtled Dwell Forging
+ Consolldation Modellng - MMC and CMC
+ Material Behavior Modeling
+ Frocessing Maps
. Consititutive Equations
Anaiytical Modeling
+ Deformation - Solidification

» Densification + Fluid Flow

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

4. Nondestructive Evaluaticn
» Computed Tomography
- Large Area Composite Inspection

- High Resolution Radgloscopy

5. Behavlor/ Life Prediction

- Titanlum, Aluminide and Ceramic Matrix Composites

« Gamma Titanium Aiuminide
- NASP Specific Materials
« IHPTET Specific Materals




" Life-Prediction Methodologies o

» Metal Matrix Composites (SCS-6/Ti-24Al-11Nb, SCS-6/Timetal®21S)

* Developed madels for thermomechanical fatigue damage
» Dove'oped models for crack propagation from holes and notches

+ Monolithic Metais .

« Developed methodology to pradict crack growth in nickel, titanium, and titanium-aluminide
alloys under Isothermai and thermomechanical fatigue

« Developed understanding of crack growth behavior of amall cracks
« Ceramic Matrix Composites (C/SIC, SIC/SIC, SiC/1723, SiC/BMAS, SiC/CAS)

» Developed microsccpe system to study crack formation under tatigue
+ identitied fatiguo iimita for various systems

Comparison of Predicted and Actual
Results for Thermomechanical Fatigue

SCS-6/Timetal®21S [0/90]2S

10‘ vorvro T T T
a In phase
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@ 10° 4
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Prediction of S-N Curve
for Specimen With Center Hcle

SCS-6/Ti-24Al-11Nb  [Gig

e Data, Ji:2 cnd Larsen |

A 1
—— Fredicted | 1]

S— )

Maximum stress, omgx (MPa)

Cycles to failure

Experimental Mechanics
Test Methodologies

» Approach to Experimental Mechanics Testing: Two Basic Activities

* Imposing conditions on spec:men
* Measuring spacimen responss

* imposed Test Conditions
> Mechanical: force, strain, or displacement
¢ Temperature
* Environment: lab alr, vacuum, or inert gas
¢ Simuitanecus application of all three conditions

« Material Response
* Mechanical: force, strain, or displacement

¢ Elactrical propsrties
* Geometr.c changes: sall-similar crack growth or multiple cracking

Sowce: G.A Hartman, ‘intsgrating Experimental Mechanics Methodologiea®, ~STM E08.03 Subcommittee Kick-off Lecture 1993




Inert Environment
Thermomechanical Fatigue System

* Developed to Enforce Conditions:

¢ Unlexist torce or sirain as a function of time

¢ Unitorm temperature distribution as a function cf time
¢ inert gas or vacuum environment as a function of time
¢ Possible cryogenic testing

* The Specimen Responses That Can Be Measured:
* Uniaxial force or strain
* Croaghead Jisplacement
¢ Electrical resistance
¢ internai generation of accustic waves
* Rear.onse to externally imposed acoustic waves

Source: G.A. Hartman, “Inlegraing Expenmental Mechanics Methodoiogies®, ASTM E08.03 Subcommuties Kick-off Lectura 1993

Small-Scale Displacement
Laser Interferometer System

Developed to Aleet the Need for Precise Measurement of Specimen
Displacements During Mechanical Tests
¢ Operatss at gage lengths from less then 25um to over 500um
* tar shorter than pract.cal with mechanizal sysisms or other optical systems
* Displacement resniutions of 2nm (204 or less can be achleved

¢ Svysem is fully integrated with sutomatad test control microcomguters and
sophisticaied test control software

Has Been Used to Study Various Small-Scale Phenomena

* Near-crack-lip gigniacement fleids

* Strains within a metal grain
> Strains or dispiacements inside notches and holes

Source: G. A Hanman, *Displacerr ent Maeaswrements Using a Short Gage Length Laser interterometer
ASTM EO9 task group presentaton, Miam, fonica, November, 1992



Aerospace Materials and Processes =
Technology Reinvestment Workshoo M

Dr Jamas Larsen - Life Prediction Ressarch
WUMLLIl Bidg 655

2230 Tenth St Ste 1

Wright Paiterson AFB OH 45433-78.7
Phone#: 513-255-1357

Dr Theodore Nicholas - Fatigue Machanics, High Strain Rate Phenomena .
WUMLLN Bldg 655
2230 Tenth St Ste 1
Wright Patterson AFB OM 45433-7817 ,
Phone#: 513-255-1347 C .

Capt John Pernot - NASP Structural Materlais
WUMLLN Blidg 655

2230 Tenth St Ste 1 .
Wright Patterson AFB OH 45433-7817

Phons#: 513-255-1366 T

1744 -, (L L X

| Metals, Intermetallics and MMCs I

Ms. Katherine Williams
Metats and Ceramics Division

(513)255-1348

WL/MLLN Bidg. 655

2230 Tenth St. Ste 1

Wright-Patterson AFB, OH
45433-1348




TYPES OF METALLIC MATRIX COMPOSITE MATERIALS

FIBERS WHISKERS PARTICULATES

B DS W iy TP




Aluminum
i Met: !-Matrix
Technology Reinvestment Workshop Composites

I Aerospace Mz erials anc Processes

L Why are aluminuri-matal inatrix compusites ready for wransition?

~ Standardized Produc:s Availivle for £IC Particulate Reinlorced Aluminum Composites
- Tie Ul Program
— Manufacturers
~— NWA, Chatsworih, Calltomia
— ACMC, Greer, Sowuna Car \ina
— Products
— Extrusiuns, Sheet, Plate
- Production Experience ks Fiber Mat Preforms
~— Small and Large Diesel Engine Pisi.one
- Squesze Cast 10 Infiltrate Preform

+ What are thair unique features?

Particuiste: -+ High moduius (stiffness)
* Low coaliclent of thormal ~xpansion
« High spacitic strength
« Wear resista.a

Preform: o d use tempentt

« CurrentFuture Uses

: 332'-'6'3'.'3-3&2‘57’61’:..1 ”> Varles as a function of reinforcement type

Aerospace Matarials and Proces Aluminum
P = se Metal-Matrix

Tz hnology Reinvestment Workshop Composites

Continuous
F

——

Msnufscturing | Pultrusion
Technologies
Niftusion Bonding

Cas?

Reinforcement | Gr SIC, Al Q

Production
Comnonants Electronic Rack

Stanaard
Products giate.

Extrusion




Aerospace Materials and Processes l Titanium
Technology Reinvestment Workshop | Metal Matrix Composites

« Why are thanium-metal matrix compcisites ready for transition?

~ Understandling of the metaliurgical and machanical behavior of several continuous-tiber resr.forced
TMC svstems has besn sstablished

- Widespresd use of thess materiais is nsedad 0 solidily ard ‘urther develop vendor osse

- Fracture-mechanics based ille prediction methodoiogien are being developed tor criticai aircraft

components
« What are ihair unique features?

~ High st scific streagth and stiftness
- M emperature 1se the 't monolithie thanivm without eupwralicy weight

« Cunont Fud e Uses
« Depai.anent ¢ O "mge

« Alrfran.e conpone.ita for advanced t.yperso- < sircraft
~ Suppost Strictires (links, struts, strods, exhaust nozile iiners) for nesi-term turbing engines
- Bladed rings tor swvanced u- N8 eNQ'NE COIPres . iun systems

+ Non-Depart nunt of Dete..se

~ Critical and 2vopnurt struc. Jng in gax turbic.e snnirnes
- ther?

r

Aerospace Materiais and Processes Titanium
Technology Reinvestment Workshop l Metal Matrix Composites I
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SPECIFIC STRENGTH OF SIC/1i-24A1-11Mb LAMINATES COMPARED WITH
ALTERNATIVE MONOLITHIC MATERIALS
(Peiorence: Laraen, Revelos, Gambone, MRS, 1992)







Aerospace Materials and Prucesses Gamma Titanium
Aluminides

Technology Reinvestment Workshop

+ Why is gamma ready for transition?
~ Nead tighter weight / high temperati.re materia: to repiace stes! and superlioys
~ Knowierge of reproducibie micrastructure snd propectise, but technology has reached critical juncture
- Cast technoiogy is transitioned 10 vendor base
+ What are its unique features?
~ Lighter weight than supersiloys and titanium
-~ Bettor high tempersture praperties (strength, moduius) than supersiiovs
- Better oxidation and burn resistance than tianium

« Current’Future Uses
- Department of Defenss

~ Gas Turtane Enginse
- Neosr Term: Combustion swirier, high-pressure compressor siators, blade outer alr seals,

noszie liner tiles
+ Mid Term: Compresscr and turpine cass s, compressor blades

- Non-Department of Defense

~ Near Tarm: Cast automotive exhaust vaives
- Mid Term: Wrought gamma vaives, impsliers, turbochargers, commercial iand-basad turhine

components, commercial aircraft turbina ergine components, and others.

Aerospace Materials and Processes
. I Key Personnel I
Technology Reinvestment Workshop

Key Metais, Intermetallics and MMC Personnei:

Mr Steven Baisone - Intermetailics Mr Paul Smith - Orthorhombic

WUMLLM Bidg 655 Tianlum Aluminides

2230 Tenth St Ste 1 '‘NL/MLLN Bidg 655

Wright Patierson AFB OF 45433-7817 2230 Tenth St Ste 1

Phono#: 513-255-9822 Wright Patterson AFB OH
45433-7817

Or Daniel Miracie - Metal Matrix Composites Phone#: 513-255-1384
WUMLLIM Bldg 655

2230 Tentt. St Ste 1 Ms Katherine Willlams - Tianiim
Wright Patterson Af 1 OH 45433-7817 Matrix Composites
Phonse: 513-255-9633 WL/MLLN Blidg 655

2230 Tenth St Ste 1
Mr Geraid Petrak - Light Weight Metals Wright Paiterson AFB OH
WL/MLLM Bldg 655 45433-7817
2230 Tenth St Ste 1 Phone#: 513-255-1348

Wright Patterson AFB OH 45433-7817
Phone#: £13-255-1204 J
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Structural Ceramics I

Dr. Allan Katz
Metals and Cu:-amics Division

1513)255-9824

WL/MLLMN . .dg. 655

2230 Tent™ St. Ste 1

Wright-F atterson ATL, OH
45433-7317

Aerospace Materias and Pr cesses |q — . -
Tech--o10gy Reii.vestmer.t Workshop Structural C2ramics I

Why Read, ?
+ Statw-ol-the-ant Struciural Cera—ics Have Matu.ad to the Poini of Resl Appticstion tne ertion
Unique Features:

+ High Strength, Stifinese

Low Deirs ity

Operating Capability 10 »2000'F

(oa Thermal Expension Coefticlent

« Thermal Shook Resistance

+ Carrosion, Oxidation Resislarce

« Emalan, Wear Resistenc -
« Ta-nable Electricct Properties
« Non-straisgic Constit:ent isteri~is
+ Amwnakie w Fabrication by & Jsrietly of M7~ -.ct aing Mechods
« Resistanos 10 Catastrophic Fallure 3¢ «~3Caramics)

00D Ussa:

- Gas Turbine Engines
— ASIOpropulz .an
-~ Auxiliery Power Unh.
- Recapt.xa ing Enplnee
- Auvtomotives (Dliesni




IHPTET FEEDS BOTH MILITARY
AND COMMERCIAL ENGINES

<6, OroZ2xT0OmH

mwr

r MILITARY

SPECIAL
PURPOSE

- s e e — —

MILITARILY
DERIVED
DUAL USE
TECHNOLOQY

COMMER-
CIALLY-
DERIVED

\

MILITARY
APPLICATION

COMMERCIAL
APPLICATION




Aerospace Materials aud Processes Structural Ceramics
Technology Reinvestment Workshop _ (Cont)

DOD Uses (Cont):

» Hot Ar.ostructure (Hypersonics, Exhsusi !mninged Structuie)
« Armor

« Space Structures
- Rocket Propuiaion
* Wear Farts

Non-DOD Uses:

« Gas Turbine Engines
- Asropropuision
- Auxiliary Powes Unite
- tomotivee
= Lund Based Power Generation
- Reciprocating Engines
- Automotives
- Hot Asrostructure
» Heat Racovery Systams

Metal and Ceramic Material
Processing

Mr. James Morgan
Metal and Ceramics Division

(515)255-9838

WL/MLLN Bidg. 655

2230 Tenth St. Ste 1

Wrighrt-Patterson AFB, OH
45433-7817




Aerospace Materials and Processes Process Modeling

Technology Reinvestment Workshop Technology

Process Modellng Technology for the Design of Processes to Produce Metallic and
Ceramic Compancnts

« Why Ready?

- Widely Used Proven Technology
» Forging
» Extrusion

« Rolling
» Casting

« Jnilque Features
~ Finite Element Based Computer Mcdels
- Applicabie to Complex Geomatries and Advanced Materiais
~ Material Behavior Modeis
= Fluld Flow

- CurrentFuture Uses:
= DOD Use: Advanced Propiis!on Systems
Advanced Alrframe Systama
Space Systema

- Non-DOD Uas: Commercial Asrospace
Automotive
Machine Tool
Space

Aerospace Materials and Processes ! Processing Science
Techr:clogy Reinvestment Workshop Methodology

« Analyticai Modeling

- Deformation
- Densification
- Solidiflcation
-~ Fluld Flow

- Material Behavior Modeling

- Processing Maps
- Constitutive Equations

« Physical Mcdeling

~ Visloplasticity
- Pllot-Scale Production




@ FEM SIMULATION OF CANNED EXTRUSION OF
w GAMMA TITANIUM ALUMINIDES

Wright Laboratory Materials Directorate
108 b
t i [ T
m | [HE
H ' £ T
- Higg
| ﬁ ﬁ
Initial Billet and Can Temperatures Initial Can Temperature Assumed
Assumed to be Equal to be 200°C Lower Than Billet
Temperature

THE CONTROLLED DWELL EXTRUSION \
PROCESS

Wright Laboratory Materials Directorate

e | e
‘- o TT——

- CAN “Conventionally"” Extruded
Gamma Billet

"

TIME
Temperature Transients Within
Can and Workpiece Prior |

to Extrusion

AVERAGE TEMPERATURG

hl

*Controlled Dwell™ Extruded
\ Gamma Billet /




o
@ FINITE ELEMENT MODEL OF FOlL-FlBER-Foh
& COMPOSITE CONSGLIDATION

Wright Laboratory Materials Directorate

fémhlgfpznqg

T (EMPL)

MISSION: Provides materials procoulng
expertise and leadership for the
large scaie introduction of new
aerospace materiasis.

FACILITIES: 8,000 Sq. Ft.
8 On-sits Personne!
Arc and TIG Welding
Heat Trutlnr
Data Acquisition Support
Process Modeling
Casting

EQUIFMENT: Arc and Induction Melters
1000 Ton Forging Press
700-Ton Extrugion Press
Roiling Mill

AVAILABILITY: Available, at nominal cost,
{0 government, industrial
and academic organizations.




PAYOFFS

WRIGHT LABORATORY MATERIALS DIRECTORATE

« 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 QUALITY

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




Aerospace Materiais and Processes o
Key Personnel
Technology Reinvestment Workshop

Metals and Ceramics Material Pro::essing Key Personnal:

Mr. James Morgan - Experimental Materials Processing, Modeling
WL/MLLN Bidg. 655

2230 Tenth St Ste 1

Wri¢ht-Patterson AFB, OH 45433-7817

Phone: 513-255-9835

Dr. Lee Semiatin - Processing Sclence Methodology
WUL/MLLM Btdg. 655

2230 Tenth St. Ste 1

Wright-Patterson AFB, O 45433-7817

Phone: 513-255-1345

Nondestructive
Evaluation

Mr. Charles Buynak
Metals and Ceramics Division

&.’;1 3&255-9607

L/MLLP Bidg. 655

2230 Tenth St. Ste 1

Wright-Patterson AFB, OH
45433-7817




Aerospace Materials and Processes | NDE Dual-Use]
Technology Reinvestment Workshop

NDE IS INHERENTLY DUAL-USE
- INDUSTRIAL

+ CIVIL AIRCRAFT / FAA

- MEDICAL

' STRONG CUSTOMER PULL I

Aerospace Materials and Processes [ nNpE Exploratory &
Technology Reinvestment Workshop Advanced Development

DIRECTIONS

4-1 Aging Systems NDE

- Hidden Corrosion Charscterization
- Detection of Inneriayer Cracks Ur:der Fasteners

4-2 NDE Reliability Improvement

- Advanced Filmiess, Real Time Radioscopy
~ Advanced Computed Tomography

4-3 Composite Materials and Processes NDE
- Large Area Composites NDE System Development
-~ In-Process NDE for Composite Processing

4-4 Advanced Materials and Processes NDE

~ Complex, Cast Blade NDE
= Image Enhancement/ Analysis




&'a;? HRRTR BAASSBOARD SYSTEM CONCEPT =7 Lockheed

‘.&\.‘.!}.
T -\
JOINT
_ R BALL DRIVE
S TG SCREW
] S \
R 1 N
MICRO-P LUNEAR POSIMON L0 - (88
SENSOR TRACK
POWEF. CAMERA
SUPPUIES
SOURCE
VERTICAL - /
SENSOR DRIVE 2Alatch —Y
BOARDS
MOTOR
DRIVES
COUNTERWEIGHT

Innuseni.
Quaiiny 1921 R&D 100 AWARD FOR WJlockhexd
Ine HIGH-RESOLUTION GLASX-RAY DETECTORS

» HIGH SFATIAL RESOLUTION
« LOW AFTERGLOW

APPLICATIONS
« iAPROVED INDUSTRIAL AND ;
MEDICAL X-RAY IMAGING - : : i -
* MASUREBUWENT OF LIMENSIONS FATIGUE CRACK AT FASTENER If{ C-130 HERCULES.
QF INTERNAL RTRUCTURE CRACX WIOTH, <0.001 in, CRACK LENGTH, 0.090 In.
« VERIFICATION OF MEW IMAGE OBTAINED WITH NEW GLASS USING FOS/CCO SYSTEM.
FANRICATION TRECHNLLOQY THIS CRACK WOULD NOT BE DETECTED USING NDT X-RAY FILM.

<

. &
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Aerospace Materials ana Processes X-ray Computed 1 omography‘l
Technology Reinvestinent Workshop Researcn Facility

X-ray
Computed Tomography

Hesearch Facility

Aerospace Maierials and Pi ocesses | Compc:ites Inspection
Technology Reinvestment Workshop Tecrnolugy Drivers

-« OPERATIONAL A!RCRAFT NEEDS

= Rapid Ni for Advanced Compushys with Comolex Shapes and
Variaole Densities

- INCREASED USE OF COMPOSITES (C-17, 777)

- Unique inspection Requirements
~ Large Areas )
- Ptimary Structure - oiigeicn Critical

« COMPOSITE REPAIRS

-~ POST REPAIR iNSPECTION REQUIRED




Aerospace Materials and Processes High Resoiution Real-Time
Technology Reinvestment Workshop X-Ray Radioscopy

High Resolution Real-Time X-Ray Radloscopy
« Ready for Transition

Advanced Deveiopment hardware being developed

FY94 Dsmo planned of develiopmental system
« Current/ Future Uses

Department cf Defense

-~ Replace flim radiograghy
- Tleld / Gepot Use

Non-DOD

- Clvil Alrcratt Inspection
-~ Medical

- Mammography

- Dentat

Aerospace Materials and Processes ' X-ray Computed
Techriology Reinvestment *Workshop | Tomography

X-ray Computec Toimography
- Ready for Transit.on

Advenced development epplications program finishing FY93
Cost sdvantages demonstratad - reported

« Current / Future uses

Depanment of Defense

- inapect castings, closed systems
- Depot use, airframs, solid rocket motors

Non-DOD

~ Castings
- Madical

-~ Advancad Maminography
-= Automotive




- AIR FORCE INTEREST IN \
COMPUTED TOMOGRAPHY (CT)

Payotr?

+ righer psrformance designa

¢ improved manufacturing

+ Raduyced Mmaintanance and
repair coata

¢ Extendsd squipment lite

AF is ourrently using CT Swuctures, Materials, Equipment
* noxzies » product development

e propeiianta « process monitoring

« bondliney * manufactunng ingpection

* inservice inapection

o J
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./

Dr Charies E. Brown‘ag
Nonmetallic Mzterials Division

§13-255-3018

WL/MLB Bldy 654

2941 P St. Ste. 1

Wright-Patterson AFB, OH
45432-7750

Aerospace Masterials snu Processcs
Teclinology Reiny estment Workshop l Agenda I

B

* Divisioa Overview
* Key Personnei for Technology Transfer

* Topics for Technology Transfer
- Structural Materials Branch - MLBC
- Nonstructural Materiais Branch - MLBT
- Mechanics & Surface Inieractions Branch - MLBM

- Polymer Braunch - MLBYI




Aerospace Materials and Processes . Corrosion Prevention
Technology Reinvestmen: Workshop Methods

Corrosion Prevention Mathods

The need for matenals/procscses ¢ 1ankge coi. Jsion of aircraft systems continues to
be top priority. Irtroduction of substitutes has been driven by environmenial, health, and
safoty issues.

Why reacdy? 1) Cumrent mguiations reduce/eliminate the use of past. proven
natenals including inhibitors, plagngs, oivents, etc., 2) Qualfication of acceptable
subsntutes needad immediately, 3) drop-in substtutes rare.

What are the uniyjuo features? 1) Applicable t0 numerous uses, 2) suppliar/user
vested intarest.

What sre current/future uses ?
Duai Use - Qualified acceptable substiutes applicable to commercial ancratt,
automotve industry, medical devices, etc.

POC: MR. GARY STEVENSON
W./VILSA (513) 255.5108
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CORBOSION CONTROL (CON'T)

f *ON-GOING EFFORT YO "QUALIFY” ACCEPTABLE SUBSTITUTES

- AEROSPACE INGUSTRY/SUPPLIERS/TRI-GERVICE/CO-OPERATION

~QUALIFICATION VIA ACCELERATELD LABORATURY EVALUATION

- FIELD/SERVICE EVALUATICN TO OBTAIN "TEST-OF-TiME" IS A LUXARY

- RARELY SEE EQUIVALENT PERFORMANCE IN ACCELERATED TESTING

- DROP-IN SUBSTITUTES ARE RARE

- UNKNOWN LONG-TERM AEROSPACE PRFORMANCE

_/




CORROSION

\_

CORROSION CONTROL

*ENVIRONMENTAL, HEALTH, SAFETY ISSUES

- REPLACE PHOVEN CORROSION CONTROL MATERIALS/PROCESSES

. fg’%\{ghl MATERIALS REFORMULATED TO LOWER PERFORMANCE

*EVER-CHANGING REGULATIONS IMPACT
- HEXAVALENT CHROMINUM INHIBITORS
- HEAVY METAL PLATINGS
- OZONE DEPLCTING & GLOBAL WARMING CHEMICALS

- ZOATING AN? SEALANT REMOVAI/REPLACEMENT

= SOLVENT - BORNE COATINGS







/~  PROGRAMACTIVIT'ES  \

* COMPOSITE REPAIR OF CRACKED ALUMINUM
STRUCTURES

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

ENVIRONMENT

- SEVEN TASKS

- INITIATED WHEN STATE OF THE ART PATCHING
WAS DEFICIENT

\_ J

'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 /




Composite Maierials
Patch/Repair Activities

\- )

cO;POSITE MATERIAL PATCH REPAIR ACTIVITIES FOR AGING AIRCR$

* F-16 WING

* B-1 LONGERON

KC-135 KEEL BEAM

B-52 WING




clectronic
Failure
Analysis

, TECHNOEOGY TRANSITION = = -

Fuel Probe Fallure Analysis Prevents Possible Grounding of T-37 Alrcraft Fleet

NEED:

APPROACH:

APPLICATION:

Ellminate potential safety hazard
caused by improperly functioning
fuel probes on T-37 aircraft.

ML analysis of falled fuei probss
reveaied a materiais degradaiion
process between the fuel probes’
siver plated viring and residual
sultur in jet fusl.

Recommended improved fuel
probe design and new
maintenance procedures.

Using ML recommendations,
San Antonio ALC engineers
eftectively managed the fuel
probe problem without having
to ground the wircraft.




Structural

Failure
Analysis
. RS
/ WRIGHT LABORATORY '
MATERIALS DIRECTORATE

BLEED AIR DUCT FAILURE ANALYSIS iDENTIFIED ROOT CAUSE FOR C-130
SAFETY OF FLIGHT ISSUE

APPROACH:

APPLICATION:

NEED: ELIMINATE BLEED AIR OUCT

FAILURES WHICH WERE A SOURCE
FOR FLIGHT CONTROL SYSTEM
FAILURE.

ML ANALYSI DETERMINED THAT
32183 DUCT MATERIAL WAS BEING
DEGRADED AS A RESULT OF
IMPROPER WELD'NG DURING
MANUFACTURE.

ML TRANSISTIONED INSPECTION
PRUCEDURES TO KEEP THE FLEET
OPERATIONAL. ML
RECOMMENDATIONS FOR MATERIAL
SUBSTITUTE AND PROCESS
IMPROVEMENTS AS A LONG TERM

FIX ADGPTED. )




Aerospace Materials and Pro-esses AGENDA
Technology Reinvestment Workshop

« Current activities within the Systems Support
Division supporting aging aircraft

- Structural failure analysis of C-130 bleed air ducts
- Electronic tailure anaiysis of T-37 fuel probes
- Composite patch repair activities

« Corrosion prevention methods

Acrospace Materials and Processes l Aging Aircraftl
Technology Reinvestment Workshop
Aﬂng Alrcraft
t of the Air Force operational floet is aged and deteriorated to the

point vmm major returbishments and reo:its are required to continue use.

Why rrady? 1) Ufe extensions & requirement, 2) the development of new
gol.rm n:l:’le near term will Do minimal, 3} mission requirements likely to
ne.sea

M\n are the uniqus features? 1) Eavironmentmission/material driven,

1 nuMerous systems including trainers. bombers, ai.d fightars,
3 needed ar improved inspection methods for corrosion and flaw detaction,
improved repay methods, eic.

What are current/future uses?
Du~i Use - system snhancements apgplicable to commercial fieet.

POC: MR. RON WILLIAMS
WL/MLSA (513) 255-3623




hAerospace Materials and Prccesses l Pollution Prevention
Teciinology Reinvestment Workshop R&D

POLLUTION PIEVENTION R&D
The ML poilution prevention R&D program is focused on the elimination
of water. VOC and ODC wasw streams. Through the development and
ransfer of advanced matenails and processet the Air Force will eliminate
theso waste sireams from the manufacture and maintenance of its
weapon systems

tAqjor thrists: - Non chemical imetal suriace preparaton
- VOQC compliant coating sysiems
- Super critical CO2 cleaning
- Non-TOX/MAZ ant-ice/de-ice for aircraft
- Advanced fire extinguishing materials

Potential Payoftt: - Eiuninate the use of bad acting matenals
- improve health/safety of workers
Processes used universally by industry

THESS ARE NEW FY93 PROJECTS

POC: TED J. REINHART
WL/MLSE (513) 255-3691

&M

Aging Aircraft
and
Corrosion Prevention Methods

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

(513) 255.2282

WL/MLSA Bldg 652

2179 Tweifth St. Ste 1

Wright-Patterson AFB, OH
45433.7718




TWO MECHANISMS FOF COOPERATIVE R&D
SBETWEEN INDUSTRY & DOD (AIR FORCE)

o DUAL USE TECHNOLOGY DEVE!.OPMENT PROJECTS
(DiRPA)

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

APPRCACH: 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 ACI2S AND BASES
- ELIMINATES USAGE OF SOLUBLE CHROME

WL POLLUTION PREVENTION R&D

ADDITIONAL STUDY AREAS
ADVANCED PRINTED CIRCUIT BOARD PROCESSES

ELIMINATION OF WATER BASE METAL DEPOSITION
& REMOVAL PROCESSES

TURBINE ENGINE OIL RECYCLING
SOLID STATE METAL CLEANING PROCESSES

ENVIRONMENTALLY ACCEPTABLE "CHAFF"
MATER'ALS

ENVIRONMENTALLY ACCEPTABLE BATTERIES
(NiMH)




POLLUTION PREVENTION R&D

WRIGHT LABORATORY AREAS OF FOCUS
o WATER WASTE STREAM ELIMINATION

o VOLATILE ORGANIC COMPOUNDS (VOC
ELIMINATION ( )

0 SOLID WASTE STREAM ELIMINATION

0 OZONE LAYER DEPLETING SUBSTANCES
(OLDS) ELIMINATION

WL POLLUTION PREVENTION R&D™ |

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 TECHNOLCGY

ROBOTICALLY CONTROLLED PROCESSES
PLASTIC MEDIA, WATER, CO2




ILIP ENVIRONMENTAL THRUSTS

o FOUR MAJOR USAF ACTIVITIES

- RISK ANALYSIS
- CLEANUP, SITE RESTORATION

- COMPLIANCE, EXISTING TECHNCLOGY

l - PREVENTION, FUTURE TECHNOLOGY i

)

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 TERW,
HIGH PAYOFF OPPORTUNITIES



Aerospace Materials and Processes
Technology Reinvestment Workshop

| T<iics for Technology
Transfer

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

2. Aging Alrcraft
POC: Mr. Ron Williams (£13) 255-2623

3. Coirosion Prevention Methods
POC: Mr. Gary Stevenson (5i3) 255-262C

@

Pollution Prevention
Research & Development

Mr. Ted J. Reinhart
Materials Engineering Branch
Systems Support Division

(513) 2£5-3691

WL/MLSE Bldg 652

2179 Twe.fth St. Ste 1

Wrighi-Patterson AFB, OH
45433-7718




Aerospace Materials and Processes MLS Division
. Overview
Technology Reinvestment Workshop

Systems Support
Division

Mr. Tom Cooper

Lt Col. Joe Kolek
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Mr.Tom Cooper, Chlef
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Mr. Thomas D. Cooper
Systems Support Division

(513) 255-2282

WL/MLS Bldg 652

2179 Twelfth St Ste 1

Wright-Pattersoa AFB, OH
454337718

Aerospace Materials and Processes

Technology Reinvestment Workshop

- Systems Support Division Overview

« Key Personnel for Technology Transfer

« Topics for Technoiogy Transfer




Aerospace Materials and Processes
Technology Reinvestment Workshop

Mobile Automated
Scanner

Large Area Composite Inspection - Mobile Automated Scanner

» Recdy for Transition

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

« Current / Future Uses

Department of Defense

~ Large radome inspection
- C-17 composites inspection

Non-DOD

— Clvil Aircra.t Inspection - Bosing 777
- nfrastructure

- Pipes
~ Large Composite Tanks
Aerospace Materials and Processes
. l Key Personnel I
Techrology Reinvestment Workshop

Nondestn.ctive Evaluation Key Personnel:

Me Chartes Buyiak - Digital Radioscopy, Ultrasonics
WUMLLP Bidg 655

223C Tenth 8t Ste 1

Wright Patterson AF8 OH 454327817

Phones: 813-255-5807

Mr Tobey Cordeli - NDE Technology
WLAILLP Bidg 655

2230 Tenth 8t Ste 1

Wright Patterson AFB OH 454337817
Phones: 513-255-9802

Dr Thociias Moran - NOE Ressarcn
WUMLLP Bidg 653

2230 Tenth St Ste 1

Wright Patterson AFB OH 45433.7817
Phones: 813-255-3806




WLMLLP,
“MCAI

LACIS— Program Overview

Previous Work
Foundation

cs
Fleid Suppor/ ND!

MW

NDE System
Development

AUSS, ADIS, MAUS,
QUIC, AiMX




Aerospace Materials and Processes
P MLB DIVISION
Technology Reinvestment Workshop OVERVIEW
L.~ .~ -~~~ e e ]
CHIEF P ’
C. € Browning MATLS & STRS
ASSISTANT CHIEF G. G. Ormorek |
G. F. Schmitt * STRL MTLS ‘U s
| « ADAPTIVE STRS ¢ SE!
POLYMER MECHANICS & STRUCTURAL NONSTRUCTURAL
BRANCH SURFACE INTERACTIONS MATERIALS MATERIALS
T.E. Helminiak BRANCH BRANCH BRANCH
MLBP L. S. Theibert J. N. Garrison K. J. Elsentraut
MLEM MLBC MLBT

* ORDERED POLYMER * MECHANICS OF « STRUCTURAL *« FLUIDS

(OP) ABERS & COMPOSITES COMPOSITES « LUBRICANTS

FiLus +* SURFACE PHYSICS & * CARBON-CARBON « COATINGS
+ CONDUCTING CHEMISTRY COMPOSITES

POLYMERS « THIN FILM MAT'LS AND - COMPOSITES * TRIBALOGY
+ NONUNEAR OPTICAL PROCESSES PROCESSING

POLYMERS

Aerospace Materials and Processes
Technology Reinvestment Workshop

|Key Personnell

No ilic Materiais Divisi
Dr. Charies E. Browning, Chief, §13-255-9018, FAX 513-255-9019
Mr. George F. Schmitt, Assist Chief, 513-255-9018. FAX 513-255-9019
Space Maierials and Processes

Mr. Glenn G. Ormbrek, 513-255-2199, FAX 513-255.2176
Polymer Branch - MLLBP

Dr. Ted E. Helminiak, §13.255-9158, FAX 513-255-9019
Structu-al Materials Branch - MLBC

Mr. Jan N. Garrison, 513-255-9070, FAX 513-476-4706
Nonstruyctural Materials Branch - MLBT

Dr. Kent J. Eisentraut, 513-255-5731, FAX 513-255-9019
Mechanics and Surface Interactions Branch - MLBM

Mr. L. Scott Theibert, 513-255.3068, FAX 513-476-4706

WL/MLB Bldg 654
2541 P St. Ste. 1
Wright-Patterson AFB, OH 45433-7750




INTERNATIONAL

Structural Materials Branch

513-255.9070
WL/MLBC Bldg 654
2941 P St. Ste.1
Wright-Patterson AFB, OH
45433-7T750

Aerospace Materials and Processes Technology Transter
Technology Reinvestment Workshop Topics
M

Structural Materiais Branch

« Carbon-carbon composites for electronic packaging

« Carbon-carbon compcsites for brakes/ciutches

« Carbon-cerbon composites as graphite repiacement

« Carbon-carbon composites for spacs structures or thermsl management
« Advanced Composites tor Infrastructure

« Light Weight, Low Cost Composites foi Automotive Appins

o High Tempersture Orgacic Composites for industrisi, Automative Appins
o Smart Materiais & Structures far (nfrastructure, Transportation

« Composites tor Offshore Petroieum Operstions




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

- Concept has been demonstrated
- Low cost options available
* What are the unique features?
- Very high thermal conductivity
- Low, tailorable coefficient-ot-thermai-expar. sion (CTE)
- Metallic & ceramic coatinga/plating developed/demonstrated
* What are current/future uses:
Departrient of Detense
- Thermai planes, heat sinks, heat sink fins
- Muitichip module (MCM) & PWB substrates
- Matched chip/substrate CTE
- Thermally conductive tie-down for components
NON-DOD .
- Same as Department of Defense
+ Point of Contact: Ken Davidson, WL/MLBC, 513-255-8067

Aerospace Materials and Processes C-C COMPOSITES FOR
Technology Reinvestment Workshop l ELECTRONIC PACKAGING I
FIN
. /BASE PLATE CHIP CARRIER NIC PACKAGING
| PWB

l CHIP SoLDER [

¢ C.C potential to reduce with increased
heat dissipauon

* 1500 SEM E boards on advanced
aircraft, C-C thermal planes save 540#

* NAWC estimates 100# weight savings
= $25 mililion savings over the lifetime of
the F-14 fieet

* Tailorable ex ion with hybnd
C-CIAYC-C TP y

P T T T e

« Enhanced operational reliability, MIL
handbook 217D indicates MTBF

lifeurnes increases from 3000 hrs at 167
°F to 7000 hrs at 130 °F

MULTICHIP MODULE

LOCK
ACTIVE CCOLING




ADV COMPOSITES

Aerospace Materials and Processes
FOR

Technology Reinvestment Werkshop NFRASTRUCTURE

- STRUCTURAL APPLICATIONS SINCE MID 1960'S
- MATERIAL/MFG DATA :IASE, INDUSTRIAL BASE
- UNIQUE FEATURES
- WEIGHT SAVINGS
- TAILORABLE PROPERTIES
- CORROSION/FATIGUE RESISTANCE
*  CURRENT/FUTURE APPLICATIONS:
DOD: - AEROSPACE STRUCTURES
- MARINE STRUCTURES
NON DOD: - SPORTING GOODS
- MEDICAL EQUIPMENT
- INFRASTRUCTURE
e POINT OF CONTACT: JAN GARRISON, WL/MLBC, 513-255-9070

Aerospace Materials and Processes LIGHTWEIGHT, LOW COST
. COMPOSITES FOR
Technology Reinvestinent Workshop AUTOMOTIVE

*  WHY READY FOR TRANSITION:
- STRUCTURAL APPLICATIONS SINCE MID 1280'S
- MATERIALUMFG DATA BASE, INDUSTRIAL BASE
- MAJOR DOD, NASA COST REDUCTION ACTIVITY
* UNIQUE FEATURES
- WEIGHT SAVINGS
- EASE OF ASSEMBLY/REPAIR
- LOW MAINTENANCE COST
- CORROSION/FATIGUE RESISTANCE
- ENERGY ABSORBING
* CUHRRENT/FUTURE APPLICATIONS:
DOD: - AEROSPACE STRUCTURES
- MARINE STRUCTURES
NON DOD: - SPORTING GOODS
- MEDICAL EQUIPMENT
- INFRASTRUCTURE
- AUTOMOTIVE
PQINY OF CONTACT: JAN GARRISON, WL/MLBC, 513-255-8070




Aerospace Materials and Processes

} HIGH TEMP OMC'S FOR
Technoiogy Reinvestment Workshop {INDUSTRIAL & AUTOMOTIVE APPLNS

*  WHY READY FOR THANSITION:
- USAF DEVELOPMENT PROGRAM SINCE 1988
- ENGINE, AIRFRAME STRUCTURES
- CURRENT FLIGHT TESTING
* UNIQUE FEATURES
- WEIGHT SAVINGS
- HIGH TEMPERATURE CAPABILITY (700°F)
- CORROSION/FATIGUE RESISTANCE
* CURRENT/FUTURE APPLICATIONS:
00D: - AIRCRAFT & ENGINE STRUCTURES
NON DOD: - ELECTRONICS
- AUTOMOTIVE (UNDER THE HOOD, EXHAUST)
- INDUSTRIAL (POWER GENERATORS, ENGINES)
- COMMERCIAL AIRCRAFT ENGINES
* POINT OF CONTACT: JAN GARRISON, WL/MLBC, 513-255-8070

Aerospace Materiais and Processes [ GuanTmaTLs 2 STRUGTURES FOR )
Technology Reinvestment Workshcp ' INFRASTRUCTURE, TRANSPORTATION I

-
° WHY READY FOR TRANSITION:
- AEROSPACE INDUSTRY AND GOVERNMENT ACTIVITY SINCE '80'S
- CURRENT SPACECRAFT/ AIRCRAFT TESTING 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
- AIRCRAFT/SPACECRAFT/SUBMARINE STRUCTURES
- INTELLIGENT PROCESSING
* NON-DOD APPLICATIONS
- AUTOMOTIVE
- ACOUSTIC NOISE CONTROL FOR CABIN INTERIORS
- EARTHQUAKE-PROOF BUILDINGS
- BRIDGES
- OlL TANKERS. PRESSURE VESSELS
* PQINT OF CONTACT: JAN GARRISON, WL/MLBC, 513-255-8070




Aerospace Materiais and Processes SSUTOSITER FOm GFFOHORE
Technology Reinvestment Workshop ’ PETROLEUM OPERATIONS l

- WHY READY FOR TRANSITION;
- STRUCTURAL APPLICATIONS SINCE MID 1860'S
- MATERIALUMFG DATA BASE, INDUSTRIAL BASE
- MAJOR DOD, NASA COST REDUCTION ACTIVITY
*  UNIQUE FEATURES
- HIGH STRENGTH/STIFFNESS-TO-WEIGHT
- FATIGUE/CORROSION RESISTANCE
+ ACOUSTIC, VIBRATION & ENERGY ABSORPTION
- PROCESSABLE IN VERY LONG, CONTINUOUS LENGTHS
*  CURBENT/FUTURE APPLICATIONS:
DOD: - AEROSPACE STRUCTURES

- MARINE STRUCTURES
NON DOD: - SPORTING GOODS
- MEDICAL EQUIPMENT
- INFRASTRUCTURE
- AUTOMOTIVE

*  POINT OF CONTACT: JAN GARRISON, WL/MLBC, 513-255-8070

Aerospace Materials and Processes
Technology Reinvestment Workshop

Key Faisonnel

Mr Cari E. Snyder, Jr.

WUL/MLBT Building 654

2941 P Stre-* Ste 1

W' @Y . _on AFB, OH 45433-7750

Phone #: 513-255-9036




INTERNATIINAL

Nonstructural Materials Branch

513-255-5731 .
WL/MLBT Bldg 654
2941 P St. Ste. 1
Wright-Patterson AFB. OR
45433-7750

Aerospace Materials and Processes Topics for T :
Technology Reinvestment Workshop l Transter i

echnology
y ]

Nonstructural Materials Branch

. Nonfiammabtle Hydraulic Fiuvid

. Fire Resistant Hydraulic Fluid

. Electronic Coolant

. Cooperative Spaciaity Fiuid & Lubricant Deveiopmant
. Self-Lubricating Aluminum Metal Matrix Compunsites
. Ceramic Bearing Technology

. Diamond Coated Ball Bearings

. Pulsed Laser Deposition Techr:ology




Aerospace Materiais and Processes

o H i
Technology Reinvestment Workshop lNonﬂ;'r::mlz.H!gg:n 9 i

S s A S R R .
Why is it ready for transition?

¢ A fully formulated hydraulic fluid, including the base fluid. antiwear
additive and a rust inhibitor, has been deveioped. Validation in
flight-worthy components with compatibie eiastomeric seais has been

successtully completed

What are unigue features?
* The only truly nonflammable hydraulic fluid operating from -65°F to 350°F

Euture yses inciude
* DOD (currently in R&D programs)
- US Army ground vehicles
- Alr Force brake systems
- Electric hydrauiic actuators (EHA's)
* Non-DOD
- Mining

- Rapid transit, etc.
Paint of Contact: C. E. Snyder, Jr., WL/MLBT/WPAFB/ 513-255-9936

Aerospace Materials and Processes e ey
Technology Reinvestment Workshop Fluid MIL-H-87257

e e R o S e - e e s L
Why is it ready for transition?

» Developed as a repiacement for flammabie MIL-H-5606, this flu!d has been
successfuily vaiidated in the B-1 simujator

What are its unique featurea?

e This fiuid is the oniy drain-and-fill replacement for the very flammable
hydraulic fluid that will operute down to -65°F for coid start appiications

Uges : DOD : This fluid will replace MIL-H-5606 in former SAC aircraft
Ncn DOD : Small commercial aircraft; industrial equipiitent

Point of Contact: C. E. Snyder, Jr., WLUMLBT, WPAFB 513-255-9036




Aerospace Materials and Processes Eisctronic Coolant
Technology Reinvestment Workshop l PAQ Coolant I

Why is it reaqy for transition?

* Thia coolant has been successtuily used since 1987 in the B-1 aircraft and
since then has been converted to use in many DOD systems inciuding
Patriot missile, LANTIRN radar system and the F-18

What are its unique features?

* This non-reactive PAQ coolant replaces a troublesome silicate ester
coolant that reacted with water causing a gel and a flammable aicohol.

* Qne-tourth the cosat uf the oid coolant
Uses:
*DOD

* Currently in many applications, future uses are in all systems
using silicate ester coolants and some using silicone ocils

* Non-QOD
* Solar heat transfer fluid for energy savirgs
Point of Contact: Lois Gschwender, WL/MLBT/WPAFB 513-255-7530

Aerospace Materials and Processes Sos ve Specialty
Technology Rein.vestment Workshop Fiuid &Lube Develiopment

o

Why is it ready for transition?

* Speciaity Fluid and Lubricant Development has successfully led to the

devasicpment and transition of a wide variety of materiails, - Fire resistant

and nonflammable hydraulic fluids, PAO coolants, specialty greases, gas
turbine lubricants

What are iis unique features?

* This tachnoijogy can be directly appiied to non-DOD requirements, e.g.,
lubricants tor new refrigeration systems, s alty fire resistunt fluids
and fubricunts, repiacaments for minerai oil based products that are no
longer avaiiable, etc.

_Point of Contact: C. E. Snyder, Jr. WL/MLBT, WPAFB 513-255-9036




Aerospace Materials and Processes SELF-LUBRICATING

) ALUMINUM METAL
Technology Reinvest:nent Workshop MATRIX COMPOSITES

Why is this reudy for transition?
* Long term friction: tests (1M cycies) demonstrated soif-lubricating nature

* Steady state friction coefficient <.05 (dry) and <.1 |>50% humidity)

Whyi are its unique features?

* Extremely low wear rates; Smerring of Al eliminated
* Lightweight (<3 g/cc) with tailorable mechanical properties

USES: DOD : Self-lubricating bearing material for use in vacuum,
dry and moist environments

Non DOD : Self-lubricating iightweight metai-based bearing material

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

Aerospace Materials and Processes -~
l CERAMIC HYBRID BEARING I
‘Technology Reinvestment Workshop TECHNOLGGY

o

\¢hy ig it ready for transition ?

¢ Ceraniic materiais provide advanced performancs in demandina ba!l and
t ofler besring applications

What 7.2 its unigue featurea?

e Cer=nic balls in steel races can provide icng lite and seduced wear

Uses;
+ DRQOD : Ball bearings for precision gitnbals, turbine engines and
‘or high and low tempersture operation in gir and vacuum
¢« Non DOD : Spindlas {or machine toole; corrosion resistant operation
using ceramic baiis and races; high vacuum; high speed
and high and low tamperaturs oparation
Point of Contact: Karl A. Mecklenburg, WL/MLBT, WPAFB 513-.255-2465




Aerospace Materials and Proccsses PLD of Thin-Film |
Technology Reinvestment Workshop Tribolorical Materials

e ——

Why is it ready for trunsition?
* R&D for Neposition Technology Compilete; Ready for Scale-up

and Commercialization

What are its unique foatures?
* Low Temperature Deposition; Extraordinary Film

Properties, Environmentally Friendly Process
Uses:
* DOD: High Temperature Turbine Engine Components; Ball Bearings,
Races, Gimbais, etc.; Space-borme components.

* Non DOD : Ball Bearings, Races, Components requiring solid 'ubrication/
hard coatings, etc

7
Point ot Contact: Or. M. S. Donley, WL/MLBT, WPAFB 513-255-6485

Aerospace Materials and Processes DIAMOND
TINGS
Technology Reinvestment Workshop cx-:mggé BEARINGS
Why is it ready for transition?
¢ Developmental Research Compietad; Ready for Commercialization
What are its unique featurea?

e Dlamond is the Hardest Material Known; Excallent Mic ostructure and
Surface Finish; £xcelient Heat Conductor

Uses:
e NDOD: Ball Bearings for Precision Applications (Gimbais,

. Senrors); High Temperature Corrosive Atmosphere
Operations; Limited Lubricant Operat! :ns

¢« Non DOD : Precision Bearinas for Long Llfe, e.g., Dental Driils;

Corrosive Environments; High Speed Operations:
Limited Lubricant Avasilability

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




INTFERNRATIONAL

Polyrer Branch

513- 255-9158

WL/MLBP Bldg 654

2941 P St. Ste. :

Wright-Fatterson AFB, OH
45433-7750

Aerospace Materials and Processes

Tonics for
Technology Reinvestment Workshop | Technoiogy Transfer I

MLBP I . pics for Technology Transfer:

* High Temperature Organic Electro-Optic Materials
» High Temperature Thermoplastic Polymers




Aerospace Materials and Processes
Technoelogy Reinvestment Workshop | Key Personnel |

—

Dr. Rebert Spry - Conducting Polymers
WL/MLBP Bulding 654

2941 P.ST.STE 1

Wright-Patterson AFB, OH 45433-7750
513 255-9139

Dr. Seng Tan - Structural Polymers
WL/MLBP 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

£13 255-9162

Aerospace Materials and Processes
. High Temperature
Technology Reinvestment Workshep l Thermoplastic Polymers l
Why is it ready for transition?
- Reproducible Synthesis Process
What are the unique festures?
- High Use Tempersture (Up to 450°F max.)
- Low Dielectric Properties (Goud Insuistor)
- Environmental/Moisture Resistant (Less Swelling, Good Arc Resistance)

- Tailorable Mechanical/Thermal Properties
- Soaz Polymers Amennble To Spin Coating-Type Technologies

Current/Future Uses:

DOD
- New High Temperature Canopy/Sensor Materiai
- Kapton Wire-Wrap Repiaceme:t
- Dielectric Insuiator For Electronic Packages
- Thermal Barrier
- Matrix Phasz for Electro-optic Polymers

- Sensors
- Wire insuiation
- Electronic Packaging

POC; Marilyn Unroe (513) 255-9145




Aerospace vlateriais ana r'rocesses ,
High Temperature Organic
Technology Reinvestment Workshop Electro-Optic Materiais

M

1 Vi
- These materials offer a substantial imprevement in properties over
state-of-the-art, second-order, organic electro-optic ma i

03

- Large 2nd-Order Activity
- High transparency at visible light wavelengths
« Increased Thermai Stability

- Low dielectric constant.

Current/future Uses;
DOD
- Increased recording capacity for CD's via laser light manipuiation
- Higher density of interconnects using E-O materisils
- Improved thermal management of electronic devices

NON-DOD
Same as above

POC: Bruce Reinhardt WL/MLBP (513) 255.9162




ANV EONARTIONAL

Mechanics & Surface Interactions Branch

513-255-3068

WL/MLBM Bldg 654

2941 P St. Ste. 1

Wright-Patterson AFB, OH
45433.7750

Aerospace Materials and Processes Technology Transfer
Technology Reinvestment Workshop I Topics I

Mechanics & Surface interactiops Branch

+ GaAs Materiais and Procesaing Technology

* Hard Coating Materials and Processing Technology

* Molecuiar Beam Epitaxy Processing Science and Control

Characterization of Materials Surfaces and Thin Fiims

Real Time Damaga Monitoring

Efficiant, 3-D, Numerica! Methods for Compoasite Responsz2
- Micromachanics including Fracture
- Laminate Mechanics

Exact Sofutions and Analytical Methods for Composite Materiais
- Busalins Soiutions for Compiex Probiems

Unique Experimental Capabilities
- Micro/Macro/interfac ai Failure Modes

"oy



Aerospace Materials and Processes MBE Process Control
Technology Reinvestment Workshop of Low Temp Gads
Ellipsometer equipped MBE providing real time process control
Why ready?
+ Ellipsometer has been develope‘;_groviding process control of Low

Temperature GaAs deposition at 250°C by controlling the temperature of
the As source, stochiometry and growth rate in real time.

What are Current/Future Uses?
* DOD
- Phased Array Radar
- Infra Red Detectors for Surveillance
- High Temperature Electronics
* Potential Future Commercial
- High Definition TV Components
- Direct Broad-:asting Sateilites
- Ultra Hizk Speed Computers
- Low Power Consumption Electronic Circuits
Point of Contact; L. Scoit Theibert, WL/MLBM, 513-255-3068

Aerospace Materials and Processes

Numerical Methods
Technology Reinvestin~nt Workshop for Composite Response

Whs Ready2
» Highlights of 20 yenrs of resezrch by Dr Pagano und associates at WL/ML have been

imuuﬂ in the software package "'Automated System for Composite Analysis
( ).II

> Basis for user friendly numerical methods to describe composite laminates and
predict their response

What are ihe Unique Features?
- Fiber, matrix, coatings and interface conditions are property inputs
- tiicromsechanical anaiysis used to compute moduli of layers with n-directional fibers
- Calcuiates laminate properties and siresses including interieminar stresses
- Define stress flelds due to free edges, curing, moisture, transverse cracks & debonding
What are Current/Lutuye Uses?
* DOD Uses
- Design/analysis of solid propellact rocket nozzles
- Characterization of materials applications for air and space vebicles
e Commercial Uses
- Composite materials design/selection for infrastructure, sporting goods, etc.
- Validation of f!nite elcment programs/solution
Poipt of contact: L. Scott Theibert, WL/MLBM, 513-255-3068
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Mr. William R. Woody
Electromagnetic Materials
and Survivability Division

(513)255-4588 Ext. 3200

WL/MLY 81dg. 651

3005 P St. Ste 6

Wright-Patterson AFB, OH
45433-7707

Aerospace Materials and Processes

Technology Reinvestment Workshop | Agenda |

» Division Overview
+ Key Personnel for Technology Transfer

« Topics for Technoloqgy Transfer




Aerospace Materials and Processes MLP
Technology Reinvestment Workshop l Management Team I

CHIEF
CONSULTANT FOR TECH
MR. WILLIAM R WOODY g
DEPUTY MR. GORDON GRIFFTTH
LT COL DAN CLEYRAT
MLPJ T [ MLPO
HARDENED MATERIALS BRANCH ELECTRONIC AND OPTICAL MATERIALS
MR. GARY K WAGGONER BRANCH
MR. ROBERT DENISON
LASER HM TECHMICAL AREA
—MIOSUEKIRCHOFF
OR. ROBERT CRANE ' LOR EM MATLS DEVELOPMENTY QP
MR ROB SUSNIX
AIRBORME SYSTEMS MDNQ
MS PAM BCHAEFER ELECTROMC AND OPTICAL
MATLS TECHNOLOQY JF
SPACE SURVIVABILITY MR LYLE G AFFEE
MR DENMNIS HAQER DR. P. HEMENGER, VM LEADER

Aerospace Materials and Processes '

. Major Thrusts With
Technology Reinvestment Workshop Potential for Transfer

[ MLP
MLPJ | [ MLPO
| HARDENED MATERIALS | [ ELECTRONIC AND OPTICAL MATLS |
= + Matorials for High Temp
— . Thin Film Process Elsctronics - SiC
Monitoring and Control — « InP for Electronics and
— . New Opticai Filters - Opto-Electronics
Rugates — « NLO Materials
- « Blo-derived Opticel Fliims —— « IR Windows
— « Laser RAD Facillties —— . IR Datectors

— « HT Superconductors




Aerospace Materials and Processes Topics for
Technology Reinvestment Workshop 1 Technolo:ty Transfer

- Materials for High Tempaerature Electronics ~ SIC
« InP for Electronics and Opto-Electronics

+ NLO Materials

+ HT-SC Materials & Processes

- Thin Fllm Process Monitoring and Control

+ New Optical Filters - Rugates

+ Blotechniology for Optical Materiails

+ Lacer R&D Facilitles

Aerospace Materials and Processes Points - f
Technology Reinvestment Workshop

+ Materiais for High Temperature Elaciionics - SIC
- Mr Tom Kensky
« InP for Electronics and Opto- Electronics
- Ms Laurs Rea
» NLO Materials
- Dr Ken Honkins
« HT-SC Materials & Processes
- Mr Tim Peterson
» New Optical Fliters - Rugates
- #ir Walt Johnson
« Blotechnoloyy for Optical Matarials
- Dr Wade Adams / Dr Robert Crane
+ Laser R&D Facilities
- Mr Rnts Hull 7 Dr Pat HooG / Mr Charles Lovett




Aerospace Materials and Processes I Materials for High
Technology Reinvestment Workshop Temperature Electronics

Materials for High Temperature Electronics - SIC

« A NEW MATERIALS SYSTEM - FOR APPLICATION

« SPECIALTY APPLICATIONS
» MIiLITARY - ADVERSE REQUIREMENTS
- TURBINE ENGINE CONTRULS
- T/R MODULES FOR 10 GHz
+ COMMERCIAL
- AUTOMOBILE ENGINE CONTROLS AND SENSORS
- ADVERSE ENVIRONMENT ELECTRONICS - YOUR CHOICE

POC: Mr. Tom Kensky

WL/MLPO (513)255-4588 Ext. 3218

Aerospace Materials and Processes SiC
Technology Reinvestment Workshop |Key Personnel I

Materials for High Temperature Electronics - SIiC

Materlaix for Hich Temperature Electronics - SIC Program Manager
Mr Tom Kensky
WL/MLPO Building 651
3005 P Street STE 6
Wrigint-Patterson AFB, OH 45433-7707
Phone #: 513-255-4474 ext 3249 or 3218
Materials for High Ter:perature Electronics - Sr Tech Advisor
Dr William Mitchel
WL/MLPO Buiiding 651
3005 P Street STE 6
Wright-Patterson AFB, OH 45433-7707
Phonie #: 513-255-4474 ext 3252




Aerospace Materiais and Processes -
] InP for Electronics
Technology Reinvestmer.t Workshop and Opto-Electronics

InP for Electronics and Opto-Electronics

+ InP-basad devices can operate at higher power and higher
fraquency than current SOA GaAs-based devices

» Technology (Bulk and epitaxial) has been demonstrated
- devices produced, being inserted Into systeras

» What ars currentiuture uses:

fense
- Opto-electronics for Computing, Terrahertz Communication
- Iiah-Spaod signal processing
- Radar modules
: ] Rles)
- Cellular Communications/Sateilite Applications
- Collision Avoidance Radar (Automotive)

- GPS Padar

POC: Ms. Laura Rea
WL/MLPQO (513)255-4588 £xt. 3213

Aerospace Materials and Processes | InP

Techinology Reinvestment Workshop l Key Personnel

inP for Electronics and Opto-Electronics

InP for Electronics - Program Manager
Ms Laura Roa
WL/MLPO Bullding 651
3005 P Strest STE $
Wright-Patterson AFB, OH 45453.7707
Phone #: 513- 255-4474 ext 3212

InP for Elsctronics - Sr Tech Advisor
Dr Wililam Mitche!
WU/MLPO Buliding 651
3005 P Streot STE 6
Wright-Patterson AFB, CH 45433-7707
Phons #: 513- 255-4474 ext 3259




Acrospace Maierials and Processes Nonlinear
Technology Reinvestment Workshop ’ Optical Materials I

Nonlinear Optical Materials

- Materlais for New Laser Sources (optical wavelength conversion) and
for E‘l‘ol.ct:ro;?pllc Devices (optical wave guides and spatial light
modulator

+ APPLICATIONS

- Electro-Optic Countermeasures

- LIDAR

- Laser Radar

- Optical Signal Processing (eg, target recognition)
- Optical Interconnects for Electronic Pkgs

- LIDAR

- Medical Lasers

- Switching Networks for Communications
- Optical Interconnects for Electronic Pkgs
- Scientitic Instruments

POC: Dr. Ken Hopkins
WL/MLPO (513)255-4588 Ext. 3219

Aerospace Materials and Processes
Technology Reinvestment Workshop | Key Persornel I

Noniinear Optical Materials

Qverali Proaram
Dr Ken Hopkins

WUMLPO Bidg 651
3005 P St Ste6
Wrighi-Prtterson AFB, OH 45433-7707
Phone #: 513- 255-4474 (x3219)

Inhouge Characterization and Matericis Growth
Dr David Zelmon
WLUMLPO Bldg 621
3005 P St Ste6
Wright-Pattarson AFB, OH 45433-7707
Fhore #: 513- 255-4474 (x3231)




Aerospace Materials and Processes Superconducting
Technology Reinvestment YWorkshop Materials & Processes

High Temverature Superconducting Materiais & Processes

- ANEW MATERIAL - THIN FILMS HAVE DEMONSTRATED
POTENTIAL FOR SiIGNIFICANT PERFORMANCE ENHANCEMENT

- APPLICATIONS

«  Miiktary
- Rt circuits for alsctronic wariare
- “ignal processing
- |R detectors

«  Sommercial
- Blomagnetic imaging
- Nondestructive avaiusation
Passive companents for communication satellites
Signal processing
Multlct.)p modulae

POC: Mr. Tim Peterson
WL/MLPO (513)255-4588 Ext. 3225

Aerospace Materials and Processes
Technclogy Reinvestment Workshop I Key Personnel |

High Temperature Superconducting Materials & Processes

Characterization and Applications
Mr. Tim Paterson
WL/MLPO bBuliding 651
3005 P Street STE 6
Wrignt-Patterson AFB, OH 45433-7707
Phore #: 513-255-4474 (x3235)

Thin Flim Growth
Dr. Rand Biggers

WU/MLPO Buliding 851

3005 P Street STE 6

Wright-Patterson AFB, OH 45433-7707
Phone #: 513-255-3474 (x3185)




Acerospace Materials and Processes Mnnovative Opticar
Technology Reinvestment Workshop Materials

Innovative Optical Materials

Development of Novei Materials for Optica; Applications

Biomolgcular materiais for NLO films
iquid crystal siloxana polymers

Fullerene-based optical limiting solutions

Photochromic films for iaser dosimetry

Develcp moiecular materials that are e# sily taliorable for specific opiical
applications - low opticai threshoids, high speed resoonse, trensparent

Current/Future Uses:
DcD

Lasar Protective Visors
Electro-optic Sensor Proteciion

NON-DoD
Electrn-Optical Devices
Onptical Computing
Laser Dosimeter Badge

Aerospace Materials and Processes M

Technology Reinvestment Workshop | Key Persounel I .

Blotechnology for Optical Materials

Dr W. Wade Adams Y
WUMiLPJ Building 651 :
3005 P Street STE 1

Wright-Patterson AFB, OH 45433-7702
Phono #: (513) 255-2110 extension 3171

Dr Robert Crane

WL/MLPJ Building 651 .
3005 P Streat STE 1 .
Wright-Patterson AFB, OH 45433-7702
Phonae &: (513) 255-2110 extansion 3174 X




Aerospace Materials and Processes New Optical
Technuiogy Reinvestment Workshop Filters

New Optical Fiiters - Rugates

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

« UNIQUE FEATURE: UNLIMITED FREEDOM IN THE DESIGN AND
MANUFACTURING OF OPTICAL FILTERS

« EXAMPLE CURRENT/FUTURE USES:
- HIGH POWER LASER MIRRORS

- ELECTRO-OP INC SENSOR PROTECTION
- TAILORED HIGH PERFORMANCE OPTICAL FILTERS

NON-DOD
- LIGHTWAVE TELECOMMUNICATION TECHNOLOGY

WL/MLP]J (513)255-2110 Ext. 3170

POC: Mr. Walt Johnson J

Aerospace Materials and Processes

Technology Reinvestrment Workshop Key Personnel

New Optical Filters - Rugates

Mr Waiter Johnson

WUL/MLPJ Building 651

3005 P Street STE 1

Wright-Pattersan AFB, OH 45433-7702
Phone #: 513- 255-2110 extension 3175




Aerospace Materials and Processes —
Technology Reinvestment Workshop Laser Facilities I

Laser R&D and T&E Facilities

Use of lasers for materials processing is becoming more prevalent in both
D and commercial industries. 0 state-of-the-art laser test facilities
Jrovide opnoriunities for proof-of-concept testing.

kasof Hardsned Materials Evalustion Laboratory (WRHMEL)

- Nationaily unique czrbon dioxide laser test facility producing repeatable
high quaiity beam rrc-llln at powers up 0 150 kW on target. Produces
beams in both continuous wave and repetitively pulsed miode.

« Current/ Future Uses:

- Lasaer effect on materials

- Thermal response of matenals or compcenents

- Surface treatment and coating application

- Matenails processing (drilling, cuttirg welding)

- Heat treatment or surtace treatment - strength enhancament

- Materiais perfuiinar.ce testing - simulation of application heat !sads

POC: Mr. Rob Hull
WUL/MLPJ (513)255-2354 Ext. 3165

Aerosrace Materials and Processes —
Laser Facilities
Technology Reinvestment Workshop (Cont)

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

+ 1 KV/ carbon dioxide lasss operating in sither continuous wave or
repetitively puised mode. Extremely <inall spot sizes and CNC tahle
provide precision beam pasitioning.

= Current/ Future Uses:
DoD _
- Materials respons» testing
- Manufacturing technology proof-of-concept tasting
- Susceptibility (camage level) tes*ing
- Matenals processing (cutting, arilling, we.Jing)

- Pracision iaser machining or engraving
- Surtace treatment for strength anhancement

POC: Dr. Patrick Hood POC: Mr. Charles Lovett
WL/MLPJ (513)255-2334 Ext. 3168 WL/MLPJ (513)255-2334 Exi. 3161




Aerospace Materials and Processes

Tecknology Reinvestment Workshop | Key Personnel !

Laser R&D and T&E Facilities

Mr Rob Huill
Phone Nc. (513)255-2334, extension 3165

Dr Patrick Hood
Phone No. (513)255-2334, sxtension 3168

Mr Charies Lovett
Phone No. (513)255-2334, extension 3161

V/L/MLPJ Bidg 651
3005 P St Ste 1
Wright-Patterson AFB, OH 45433-7702

| Aerospace Materials and Processes ,
Technology Reinvestment Workshop | MLP Summary I
SUMMARY
Where Are We:

« Detans~ Relnvestment - We're Stlll Learning
+ Dual Use - We're aiready there - Can add Emphasis

V/here to Go Next:
+ Awalting More Definit'ye Guidance
» Wiil be Sseking Guliznce
- From Industry - Gur Developinent Partner
- From the Sclentitic Cormmunity

The Coming Period Promises tn ba Ir.taresting & Exciting




Aerospace Materials and Processes
ol ! b
Technology Reinvestment Workshop Duz! Use? I

Dual Uss

Defense Reinvestment But - For Sure
Tech Transfer

Whot Means? - Stlli Lezrning

- A Paradigra Shift Is Occurring

- Dual use is Inherent in the MLP Program

- Materiais rnd Processes Technologies are at the bottum of the tood chaln
- Most Materiais in MLP have/find Alternative Appilications in US Tech Base

= Past Drivers have been Military Applications only:

- Future invest:nents Will Consider - Commarc.al Pull
- Many Options for Inclusion of Dual Use in MLP Program

MATERIALS ARE AT THE BOTTOM OF

Materials

TECHNOLOGY FOOD CHAIN

Processing

Manufacturing

Final Pruduct




Aerospace Materials and Processes
Past MLP
Technology Reinvestment Workshop Developments

Past MLP Developments
Have Found Commercial Applications

- Rare Earth Permanent Magnet Materials
« Ultra-High Purlty Silicon
- Developed for Laser Seekers anc IR Detectors
« Have found use in:
- High Power Devices
- VHSIC
» HgCdTe
- Developed for Forward Looking IR Systems
- Commontly Used in
- Radiometers - lab & Pollutlo:. Monitoring
+ GaAs Materials for Radar T/R Modules
+ Mandatory for Sateliite Communication
- Direct Broadcast TV
- Satellite Cellular Phones

Aerospuace Materials and Processes Future Drivers ]
Technology Reinvestment Workshop . for Dual Use I

MLP Future Drivers for Dual Use

« Wil Not Abandon Our Classic AF Customers
- AF Requirements ARE Stressing
- Needed Capabliity Is #1

- However
+ We Will Seek tc Add the Commarcial Sector to the “Customer” List
- For Development Activities
+ Will Seek to Add Commercial Requirements / Needs

- As We Do This - We WIill "Expect” Development Teams to Share the
Commitment & Risk




SAMNE

Mr Robert L. Rapson
Integration and Gperations Division

(513) 2558737

WL/MLI Bldg 653

2977 P St Ste. 1Y

Wright-Patterson AFB, OH
45433-7746

Aerospace Materials and Processes .
Technology Reinvestment Workshop

- Integration and Operations Division
Overview

+ Key Personnel for Technolocy Transfer

» Topics for Technology Transfer




Aerospace Materials and Processes MLI Division I
. Qverview
Technology Reinvestment Workshop

integration & Operations
Divi¢ion
KU Mr Rapson
56981 Ma| Dlaluo
Facillties & Equipment
Services Branch

UUF
|s.~m Osogherty

[ Aesrospace Materials 2nd Processes

Technology Peinvestment Workshop [ﬁy Personnel I
Mr. Bob Rapson, Chlei
'n*sgration ana Operations Division
1513} 255-6981 fax 476-4831

B W CCNAL e e e ST
(512;'25%_3 87 rax 476 7905 (51 3) SR

A . i o

[ ] ai8 & nCess n
s A e o8 Deniar (513) 255-7174 fax 476-4331

Br. Jim Malas Mr. Frank Borssz

Programs Group
Seit-Directed Frocess Control 2
(513) 255-8787 fax 476-7995 (513) 255-7174  fax 4764331

Mr. John Willlamson
Materiais Transition 26.3)
(513) 255-7174 [lax 476-4831

[ Ms. Sandy Warren
R e e e
Wright-Patterson AFB, OH  45433-7746 19 wx 47 4831




Aerospace Materials and Processes Topics for Technology
Technology Reinvestment Workshop Transfer

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

2. Rapid Design System
Integrated Product/Process Design for Machined Parts
POC: Dr. Steve LeClair, WL/MLIM, (513) 255-6787

3. QPALIII
Integrated Process Design and Control for Composite Parts
POC: Gr. Steve LeClair, WU/MLIM, (513) 255-8787

4. Innovative Forming Technologies:
NonLinear, Open-Loop Control of Hot Deformaction Processes
POC: Dr. Jim Malas, WIUMLIM, (513) 255-8787

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

5. Deposition Processing Technologies:
Advanced Controi Soitware for Molecular Beam Epitaxy
PLC: Oliver Patterson, WL/MLIM, (513) 255-8787

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

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

8. Automaled Materiais Research:

TEM Companicn
POC: Dr. Al Jackson, WL/MLIM, (513) 255-8787




Aeraspace Materials and Processes Rapid Foundry
Tooling System

Technology Reinvestment Workshop

Ra
RF

qld Foungry Tooling Svystem
S coupias feature-based desion and gn associative memory o augment Lattem
making and procsee olanning of moid and pattein (paring lina, gates & risers, craft angle,

numbar and location of cores, runners, etc.)

Why rendy? Successtui prototype implementad at Kelly AFB Fourdry

available for commercial use or spin-off of enabiing tecmoloqra.nosveloped
by commercal buziness (AWARE, Inc.. Cleveland, QH) ana

and supporisd
built on top of tolr software product called CAOChem™.

What are the unique festures? 1) Threw dimensional associative mapning of
cart und casting geometry io processing pvoblems o causes. 2) an
algorithm (patsn! apphed for) 1o Automaucally core a patiern.

What are current/future uses?
Dual Usa - pattemn makir.g for sand casting. pattern making fos
investment casting, paten making for rutoer mokling.
Non-DoD - paitern making tor medical prosthesis.

POC: DR. STEVE LeCLAIR
WL/MLIM (513) 255-83787

Aerospace Materiais and Processes
P [Papid Design Systeml

Technology Reinvestment Workshop

Rapid Dosign System
ROS couples faatura-besed design £nd a decuchve-inductive memoxy to augmer.t the
machinist in process planning of fat~ication &..¢ inspecoon of machined purts and enables

the systen: 10 automale numencal Conrui anc 2olrdinale measurement machine code

peneraton.

Why Rndﬁy? Protorypa implementation at the Developmental Manutacturing
and Modification Fecity {OMMF) at Wright-Patterson AFB and available ior
commercial uso o spin-of of enanling wchnology. Dershuped and sunportea
by commercial business (Technosolt, Inc., Tincinnat’, QOHR) and
built ¢n top uf thei software product called CHISEL S™.

What ave the Unique Fevatures? Selt-improving process desigr. sy: tem (patent
pending} to augment dasgnar/machinist in opmizing product and preess
{tabrication and insnection) dasign.

What aré CurruntUFuiure Ugse?

Duai Usa - procuci'prccess dssign for machined pans, automatc fab plan,

automats in ion plan. sat up configua-ation, and product/data exchange

ISTEP/POES) standarr.s.
I" POC: DR. STEVL LeCLAIR I

WL/MLIM (513) 253-8787




Aerospace Materials and Processes ‘:QPAL.:: 11 I

Technology Reinvestment Workshop

QPAL I
Qualitative Process Automation Language (QPAL) is 2 knowledge base methadology and

suoporting language for the contiol of dynamic, event-dnven processes.

Why ready? Dase technology impiemented at Sacramento Alr Logistics Center
and at saveral commerdial sites including Lockhaed (formerty General Dynamics),
and Honeywell. Original QPAL™ protatype product develaped by Air Force and
currently supported thmug‘n (Lawrence Associates, Inc.. Daywn, OH) QPAL Il is
being buikt on OPAL™ with gignificantly enhanced language and user interface.

What sre the unique foatures? 1) Event-driven process development and
control system (patent awardad), 2) applicable to any non-linear, sensor-based
controt environment, 3) supporis process planning and optimizaton.

What sre currentfuture uses? i
Cual Use - product/process design for composite curing, product/procass design
for any non-inear, sensor-based matenals or product manufasturing prooess, !
brosdly applicable to overall manufactuning process scheduling and control,
applicabie to other event-driven scenarios, not limited to manutacturing
(8.g.. routing, scheduling, ordet/inventory tracking and control, etc.).

FOC: DR.STEVE LeCLAIR
WL/MLIV (513) 255-8787

Aerospace Materials and Processes Self Direcred Control
Techinology Reinvestment Workshop of Defcrmation Provesses I
R A
! Noniipes, Open-Loop Controd of Hot Deformation Frocosses

ﬁ:gﬂg. Extrusion and Roulling) - Optimal Control System Design Fer Pmducing
+-Shape Companents having Controlled Miciostructures ann Propordge.

- Wiy Ready?

- 1) Mzs?@‘l Bchavior and Process Models involved have been exgorinentally
VOGS,

2) With ou - partial implementation, son @ metal werking industies are
reporong . - - 25% increase in produ “tivity (0.9, Youngstown Al Extruder's e
Censortuns, .

3) F: ~ed and Lu.ent process control techrologies could impact a wiile range o

of ™. working processes. o

What ars the  dgue Features? i
) 1} Pracocal prowess engineerning tooi, 2) Control systemn design includes
robsinass and performance analyses, 3) Esgecally applicable to )

! comple.. geometric shapes and difficuli-to-process matenals.

What are Current/Future Uses? :
Oual Usa - Dasign of optimal contral systems for deformation processes including e
forging, rolling. and extrusion; advanced control technology; hierarchicai contro!
samieges; sensor fusion, processing of
¢iticult-to-process materials (insrmetallics); PCC: DR. JIM MALAS
mprovaed procassing efficiencies. WL/MLIM (513) 255-8787




Aerospace Materials and Processes Advanced Control
A A
Technology Reinvestment Workshop Software for MBE

Advanced Control Software for Molecular Beam Epitaxy - imzroved control of
thin-film composition and thickness is obtained via real-tma control using awvanced
sansor technology and medel based control of the flux.

Why Ready? Successful prototype has been testad at the Air Force Materials
Directorate. Patent applicaton has been submitied.

What are the unique features? 1) Automatsd process identification.
2) Shutter ning flux ransient compensation. 3) Adaptivy gain/bandwidth
control. 4) An artificial neural network is used for quick reduction of
ellipsoineyy data. 5) The control system is easy to understand and adjust.

What are current/future uses?

Oual Usa - Control of processes for deposition of glectronic materials: improved
alectronic davicas:; compositional control; thickness control; advanced sensors;

sensor fusion.
POC: OLIVER PATTERSON
WLMLIM (513) 255-8787

Aerospace Materials and Processes Self-Directed Control
Technology Reinvestment Workshop Software for PLD

Self-Directed Conirol Software for Puiced Laser Depcsition (PLD)
Produces high quality solid lubricants and hard coatings through reas ime contral of

Sysem parameters,
Why Ready?

Control and monizoring of composition and microsgucturg driring thin-film growth with

PLD has been demcnstrated.

What sre the uniqua festures?
1) High energy procass givas good substrata adhasion.

2) Stochiomsetnc growth of material withous therma! damage to substrate (20 - 200° C).

3) Environmentaily safe.
4) Easy to operate.

What are current/future uses? )
Dus! Use - Contol of procasses for deposition of solid lubricants; high tampetature

precision moid adherence rudicton (1040SS Teflon moids for izser surgery); machine
ton! induaty hard coatings imill and toc! ends); gas turbine clearancy control; vacuum

lubricant apolicatons (disk drives, robotcs).

[POC: CAPT. ELIZABETH STARK
WLMLIM (5i3) 265.8787




{ Aerospace Materials and Processes Self-Directed Control |
Techrology Reinvesiment Workshop of CYD I

Selit-Directed Cantrol of Chemical Vapor Deposition - Produce high quality
fiber coatings with desired interface propertes lat fabrication of ceramic mavix
COmposites.

Why Ready? Planned and current process control technologies coukt impact
a wide range of commaercial coating appiications.

What are the unique feztures? 1) Control of deposition morphology al.ows
desiced fiber properties 2) High purity, low internal stress coaungs.

What are Current/Future Uses?
Oual Use - Control of siton processes for ¢asling caramis fibers; ceramic matrix
composites; deoosition of tharmel barner cosings.

This is a New Project for FY93

POC: CAPT. DAVID GRIFFIN
WL/MLIM (513) 255-8787

. Automated
Aerospace Materials and Processes Materials Research:

Technelogy Reinvestment Workshop TFM Companion

Automated \iateriais Rese.rch: TEM Companion
A memory-driven automatad system for analyzing materiuls using electron microscopy
and the crystal sucture of the maternial; the system is coupied o an electron giffraction
patiem simulator and uses a crystrliography knowiledge baso.

Protclype aped by Materials Cirectorate for -sse in-houss and as a product via SBIR
Phese il Contract with ThinzAlcng Software, Inc.

What are the uniqus features?

l; In tion of expart system and neural nets; ) Extensive crystaliographic capabilities:
3) Highly efficient mats-ial characterizction; 4) Sophisticated unalyses with fewer experts:
5) Extenc life of expensive equicment; 6) Training aid for universities and industry.

Whkat are currentfuture usec?

Dual Use - Characterization of naw ma‘arials, extension ot this tochnology to other
sophisticated tasting cquipni@nt, frainng and simuiation.

POC: DK. AL JACKSON
WL/MLIM (513) 255-8787 J
)




