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FOREWORD

This report is to inform Government Agencies, contractors , and
perspective contractors of basic research, exploratory development,
advanced developments and manufacturing technology contracts monitored
and supported by the Air Force Materials Laboratory and active on
05 February 1976.

The Divisions sponsoring research are as follows: Materials Support
Division (MX), Advanced Development Division (LC), Metals and Ceramics
Division (LL), Nonmetallic Materials Division (MB), and Electromagnetic
Materials Division (LP). The technology contracts are sponsored by
Manufacturing Technology Division (LT).

Inquiries relative to contracts listed in this report should be
addressed to the attention of the Division responsible for the contract
as follows :

Air Force Materials Laboratory

ATTN: AFML/LC
AF?4L/LL
AFML/LP
AFML/LT
AFML/MB
AFML/NX

Wright-Patterson APB, Ohio 45433
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PROJECT NO . 0000 - NOT AVAILABLE

• T ITLE. SHORT TERM INTERMITTENT RESEARCH TASKS

CONTRACTOR . TECH P~OLOGY INC
CONTRACT. F336 i5-73-C-4155
CONTRACT DU)~A T I O N . JUN73-
AFM (. PROJECT ENG iNEER. DA~ CK MARTIN
PROJ/TASK /WIK UNIT . 0000-00-00

Ob l eLt iv o - 05 SEP 73

• (U) AF FL .’NCTION - Research and Development. DEFICIENCY - I n a b i l i t y  to
obtain m i l i t a r y  or c i v i l  service personne l w it h h’gh)y SpeCialized
sN i ))s cfl a sho t term basis. RESEARCH - BaSIC researCh in the
physica l and eriginee l’Ing sc iences. HOW RESEARCH CONTRIBUTES -

Prov ides proFessional competence ~nd ut ilize s unloue ARL eq~ji pment for
thorough i nvestigat~~ons and knowledgeable eval uat~~ons. Offers t he
opportun ity For basiC researCh in the areas of Chemist’y . sO l i d  state
physics . plasm ,~ physic S, applied mathematics, metallurgy and Ceramics.
hypersoniCS. energetiCs e~nd f l u i d  dynamics w i t h i n  the d i rec ted  A R L
approved mission projects.

Proqress’F 06 DF’ 74 To 28 FEB 75 (Inter im - F )

(Ui Subm ission of requests for ARL uti l i z a t i o n  of this service from 6
Dec 74 to 28 Feb 75 was for a total Of 3 participants with a total of
56 pa r t~~c ipants now reguested from the contractor .

PROJECT NO . 7381 - RESEARCH APPLICATI ONS

TITLE . INFORMATION RETRIEVAL

CONTRACTOR . DAYTON UNIVERSITY RESEARCH INSTITUTE
CONTRACT . F33615-75-C.5005
CONTRACT DURATION . JUL74-JUN75
AFML PROJECT ENGINEER. WISNOSKY DENNIS

• PROJ/TASK/MN UNIT . 7381-03-28

• Objective - 18 APR 74

- . (U) Improve the present informa tion processing system and Continue
storing technica l roports on material s. tht~ir properties. processes
and applications so that answers to questions brO .gri t to the system
can be based On as nearly Complete access to a l l  Cxis t in g Informa t ion
as possible. This Information system helps maximiz e u t i l i z a t i o n  of
mater ials for a l l  A F systems .

Prog ress -A  01 JUL 74 To ii APR 75 (I n t e r I m - A l

(UI Keyword Out of context (KWOC ) I ndexing has be€n f u l l y  imp l emented .
The I ndexing rdte Is approximatel y 500 documents Per month. keywo”k

• i t t con text 1NWI C ) searChi ng service has been acceleratec, from five (5)
day to one (1) day routine turn at-ounCI by executing the appropriate
programs l ocally. Inform ation retrieval capabil i t y has been greatl y

• imp oved throug h rea’ time access (by Computer term i na l i to 26 world
wi de data bases. The scient i st and/or engineer now truly has a wo”ld
of informat ion at hi s finger tips. As one i mmedi ate result of this
ava i i a h i l i t y  and an agressive education program , the number of reQuest
has quadrupled over the previous calendar year.

I 
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PROJECT ‘jO . 7381 - RESEARCH APPLICATIONS

TITLE . INTERM ITTENT RESEARCH ~ N M A T E R I A L S
AND ASSOCIATED PROBLEMS

• CONTRACTOR . UNIVERSAL TECHNOLOGY
CONTRACT. F336 15-74-C .5O43
CONTRACT DURATION. 0CT73-JUL75
A F M L  PRO JEC~ ENGINEER. HARSACKY FRANK rJ
PROJ ,’TASK/WK UNIT . 7381-03-31

Object ive - 18 JUL 73

(UI To provide research analysis on highly i mportant materiais and
associa ted problems which suddenl y d e v e l o p a~~d must be attackedi mnlecli at el y . This requires that a strong potent ial of high l y
specialized technical auth orit ie s be available for assi gnment to the
problem when it Is recognized. Many of the probl ems are service
related .

Progress’A 01 OCT 73 To 1 1 APR 75 (Inter im- A)

(U) To date, approx i matel y 80 individ ua l prob lems have been addressed
under this contract . App roximately 55 of these efforts have i nvolved
research requ ’ring a quick reaction capability and have ranged in
du ration from a few days to several weeks. The rem ain ing prob l ems
were solved through lectures and workshops aVid acti vities on various
technical subjects as required to support the A FML mission .

PROJECT NO. 2100 - LASER HARDENED MATERIALS

TITLE . LASER HARDENED SUBSCALE CANOPY DEVELOPMENT

C O N T R A C T O R .
CONTRACT.
CONTRACT DURATION . JUN7S-JUN76
AFML PROJECT ENGINEER. GRIFFITH GORDON H
PROJ/TASK/WK UNIT . 2100-00-01

Objecti ve - 09 DEC 74

(U) The cbjective of this program is to develop process ing and
• fabrication techniques for laser hardened transparent pla stics which

w i l l  be suitab le for fabricating laser ~arde’ ed a rcraft canopies.
• Integral to this program is the fabri cat lc ” of subscale canopy shaped

art i cles for v ali da ii n g fabricat ion f e a s i b i l i t y  and for evaluating
structural performance, environmental resistance arid laser hardness.

Progress-A 02 JUN 75 To 15 OCT 75 (Interim-A)

(U) A subscale canopy shape has been fabricated and delivered to AFML .
Se lection of mater i als and laminate concepts is in progress along with
accompanying scr~~en i ng tests for opt imizing performance .

2
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PROJECT NO. 2 1 00 - LASER HARDENED MA TERIALS

TITLE . DMSP FILTER DEMONSTPAT ION

C O N T R A C T O R . WESTINGHOUSE ELECTRIC CORP
CONTRACT. F336 15. 75-C-52i0
C O N T R A C T  D U R A T I O N , APR75 -JUN 7S
A FML PROJECT ENGINEER . BABJAK STEPHEN J
PROJ/TASK/MN UNIT. 2100-00-02

Objective - 03 DEC 74

(U) Demonstrate new filte r for OMSP Optical System .

PROJECT NO. 2100 - LASER HARDENED MA~~ i.I~~L-

T I T L E . HARD ENING A P P L I C A T i O N S  STUDY ~ l A I R C R A F T

C O N T R A C T O R . R AND 0 ASSOCIA TES
CONTRACT. F336i5-75-C .5247

. CONTRACT DURAT ION . J UN75 ’A PR7S
AFML PROJECT ENGI NEER.  G R I F F i T H  GORDON H
PRO .J/TASK/WIç UNIT . 2100-00-06

Ob Jective - 28 FEB 75

(U) The objective or this study is to evaluate thc potential payoff of
ma teria l  hardening concepts for prote cting A i r  Force aircraft and
m issile systems from high intensity radiat io’i .

Pr~~qress-A 15 JAN 75 To 15 OCT 75 (I n t e r i m - A l

(UI Background data on target and threat models is being collecte d to
- • update codes be i ng u tilized by crntractor . Also. data on material

- . •  hardening concepts is be i ng collected for use in later tasks of this
program .r .

3
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PROJECT NO. 2 1 00 - LASER HARDENED MATERIALS

TITLE. HARDENED FILTER/MiRROR DEVELOPMENT

CONTRACTOR . HONEYWELL IN”.
CONTRACT. F336 15-75-C-5198
CONTRACT DURATION . FE675-JAN76
AFML PROJECT ENGINEER . GRIFFITH GORDON H
PROJ/TASK/WK UNIT . 2100-00-07

Objective - 17 DEC 74

(U) To develop infrared transmitting materials arid concepts wh ich  have
im proved resistance to the damaging effects of laser radiation at
specifie d wavelengths, bu t yet are highly transparent to the desired
ta rge t  r a d i a t i o n .

Progress-A 15 FEB 75 To 15 OCT 75 (Interim-A)

(U) A number Of m u l t i - l a y e r  coatings have been fabricated and are
cu rrent ly undergoing extensive environmental testing and evaluation
both at Honeywell and AFML.

PROJECT NO. 2100 - LASER HARDENED MATERIALS

TITLE . HARDENED iNFRARED MATER iALS

CONTRACTOR . 3ENERAL ELECTRIC CO
CONTRACT . F336l5-75-C.5220
CONTRACT DURA T Ir N . A PR7S-FE876
AFML PROJECT ENGiNEER. GRIFFITH GORDON H

r PROJ/TASK/WK UNIT . 2100-00-08

Ob J e c t i v e  - 01 APR 75

I U I To fabricate IR domes which have improved resistance to the
damaging e f f e c t s  of laser ra d i a t i o n  and s p e c i f le d  wave length s and yet

• arc h i ghl y transparent to the desired target rad iation .

Proqress-A 01 MAR 75 To 15 OCT 75 (I nterim-Al

(Ui IR domes w i t h  good mechanical  i n te g r i t y  have . een fab r i ca ted  by
the contractor. Current efforts are directed at il p .uv;n g the
margina l optica l properties of these domes.

II
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PROJECT NO. 2100 - LASER HARDENED MATER IALS

TITLE . COATINGS FOR IR MAT ERIALS

CONTRACTOR . OPTICA L COATING LABORATO RIES INC
CONTRACT. F33615-75-C-O135
CONTRACT DURATION . JUL75-JUN76
A FML PROJECT ENGINEER GRIFF ITH GORDON H
PROJ/TASK/WK UNIT . 2100-00-10

Ob Jective - 07 APR 75

( U )  To purchase s i x  JR t r ansm i t t i ng  samples w i t h  spec ial  opti cal
coatings applie d to rejec t selected wavelengths.

Progress-A 30 JUN 75 TO 15 OCT 75 (Interim-A)

(U) Six ( 6 1  JR domes have been coated and shipped to AFML for tests
and eva l uation .

PROJECT NO. 69CW - ADVANCED COMPOSITES

TITLE . COMPOSITE WING FLiGHT TEST PROGRAM

CONTRACTOR . MCDONNELL DOUGLAS CORP
CONTRACT. F33615-7i-C- 1536
CONTRACT DURATION . MAY7 1 -JUN74
A FML PROJECT ENGINEER . ROSELIIJS DAVI D A
PROJ/TASK/MN UNIT. 69CW-OO-86

Objective - 12 APR 72

(U) OBJECTIVE- Develop the required technology and design .
manufacture, arid val idate through ground arid fl igh t test the prima ry
load carrying wing struct~~re of the F-i s aircraft fabricated with
advanced composite materials.

Proçiress-E 01 SEP 74 To 01 APR 75 (Interim-El

(UI A l l  testing efforts on tne Static Test Wing have Oeer~
4 satisfactor il y completed during this month. The wing was subjected to

four 75 percent l i m i t  load tests , one 115 percent l i m i t  load , two 100

• 1 percent l i m i t  lOad tests, and 500 hourS of ciuas i-rea l time fatigue.
A Du r in g  this por t ion of the test phase no problems were experienced.

On 18 Nov 74 th e stO t ic test w in g was tested to th e first of two
ultimate l oad condi t ions. The test was negative bending to 150
pe”cent l i m i t  load. ~.nd the wing successfully Withstood the load with
no prob l ems . On 22 Nov 74 , the second ult imat e I ciad condit ion was
appli ed to the F- i 5 Composite w Ing. This test was posit ive bending .
It’ the morninq. the load was app lied to 133 percent l i m i t  )oacl ,
whereupon. o’e of the load jacks bottomed out. . The test was halted
ard fix es were im ple m ente d to Preclude this prob lem frrim happering
aga in. In the afternoon the test was restarted . The F-IS composite
wing failed at 145 perCent desi gn l i m i t  load. The failure was
i n i t i a t e d  by crippling of the tit a n i u m  rear spar flange arid upper
Cove r , where t i e two are bolted together , in the area of stat ion 96.
The failure went across the comp lete box chord fracturing the uppe”
cover in the a-ea of station 96 ~‘nly. The result ing Substructure
damage was also localized . Each spar was buckle d only in the area of
the fa ilu re , and the rib at station 96 was the onl y rib receiving
sign if Icant damage . The final we i ght savings for the composite to”que
box was 17.1 percent.

5
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PROJECT NO. 69Cw - ADVANCED COMPOSITES

TITLE . EUTECT JC COMPOSITE TURBINE BLADE DEVELOPMENT

CONTRACTOR . GENE RAL ELECTRIC CO
CONTRACT. F336 iS-73-C-505O
CONTRACT DURATION . APR73-JAN76
A FML PROJECT ENG2 P~~ ER . SCHU LZ WILLIAM J
PROJ/TASK/WK UNIT . 69CW-OO-92

Ob Jective - 09 NOV 72

(U) To develop the mate rials. devign . and fabrica tion technology
required for the application of eutectic composite materials in
turOi ne blade components in gas turbine eng i~ies.

Prog ress -E 01 APR 75 ~o 1 5 OCT 75 (Interim- E)

(UI A l l  process development has been complet ed. Dm ta generation has
bec~n completed . Final design has been initiated . A l l  blade castings
hav e been produced by the subcontractor . These ar.e now being
inspected arid mach ined for bench testing.

PROJECT NO. 69CM - ADVANCED COMPOSITES

TITLE . EVALUATION OF HYBRID COMPOSITE MATERIALS

C O N T R A C T O R . BOEI NO CO
CONTRACT. F336l5-74-C-5O74
CONTRACT DURATION . JUN74 - ,JUN76

• AFML PROJEC T ENGINEER. KOSMAL BRIAN A
PROJ/TASK/MN UNIT . L9CW-0i- 11

- . . Object Ivo - 08 AUG 73

(UI To ciE ”ive useful engineerin g and design data on hybrid composite
• sy5tems .

P r o g r e s s - C  0 1 A P R  75 To 21 OCT 75 (Inte rim-C )

- I (U) Phase I . the materials screen i ng . is como lete and resulted in the
s e l e c t i o n  of the S-Glass/ l ’ -300 and T -300 / PRD-4 9  m at e r i a l s  sys tems for

- I 
eng ineer ing data generation in Phase II . Phase II materials have been
purchased, a l l  test  coupons have been la id -up  and cured , and t e s t i n g
i~~ proceeding on schedule. The program Is on schedule and w ith i n
cost.

I 
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PROJECT NO . 69CW - ADVANC ED COMPOSITES

TITLE . DEVELOPMEN T OF IMPROVED ENVIRONMEN TA L RESISTANT ORGA N IC-
REINFORCED MA TERIALS SYSTEMS

CONTR ACTOR . Wi’iI TTAKER CORP
CON T R A C T . F33615-74-C-5142
CONTRACT DURATION . J U N 7 4-
AFML PROJECT ENGINEER. HOLLINGSWORTH GARY D
PROJ/TASK/WR UNIT. 69CW-O 1 - 1 3

Obj e ct ive - 13 AUG 73

I U ~ The objective of this program is to investigate the Comb ination of
bo”on and graphite fibers with c’~mm er cia lly a v a i l a b l e  resin i~~ S t C r s  to

- - i. prov ide mater i al comb i nations w i t h  increased environmental resistance
com pared to that offered by the presently used expoxy and ni oci fied
epoxy resin systems .

Proqress-B 01 APR 75 To 22 OCT 75 (Inte r im - D )

(U I The candidate resins were used as matrix w i t h  T-300 graph i te F ber
to fabricate laminate test specimen. I n i t i a l  r e s u l t s  in flex and
short beam shear showed that although the resins sere not aegraded by
mois ture their strength values were we l l  below epcxies. especially ~ t
teoperature l3 .~O degrees F plus). Attempts at optim i zati on to i ip’~cve
hig h temp eratu~ e properties . a n i l e  showing imprOvtrr ’nt . either f n i l e d
to Show enough strength improvement or i nduced cracking . The prog’ arii
is c ir rCn t 1~ bein g ~owruward redirected to preclude further a C t I v i t y

~w .ep tu ng a ‘lnal report.

PROJECT ‘
~O . 69cw - ADVANCED COMPOSITES

TITLE . PROOF LOADING METHODOLOGY FOR COMPOSITE STRUCTURES

CONTRACTOR . ROC Na ELL INTERNATIONAL CORP
C ON TRACT . F33615.74-C-5l65
CON TRACT DURAT IIN . JUN7 4-DEC74
AF ML PROJECT ENGIN EER. DAVIS ANDREW N
PROJ,’TASK /Wi< UNIT. 69Cw-01-19

Ob J r c t i v t ’  - Di APR 75

)U, The objective of  th is program is the develop me nt arid demonstration
of the necessar y technoiog~ to ach ieve the same phi  io sph iCa l damage

• toleran t go&l~ in structural C r i t e r i a  for acivancecI composites as a c
be ing im p lem en te o f~~r m e t a l l i c  structures. Itle rca structural
cr u t e r a stanoarcjs til L 5TD-153O and l I I L -4--X X X X were de”eloped for
me t f i l l i c  struCture s to obtain S a f e t y - o f - F l i g h t  for atrcraft
structures. Th is p-(.Qram inc)uoes the develOpme nt and ciemon~. tra t ion
of the basic rn. t hodology fo r ac iit evin g fractur e C(,r

~ t r-O l 1n advanced
Cou.p oSite stru :tures .

Pro~i’-ess-A 22 JUN 7 . To 01 APR 75 (Int e r i m - A l

(U I Material Cn~~rac teri zat i on ~~~ begun . t~-n t fi ~~~ures have been
b u i l t . p relim Inary spec i invn s have been tested. Based no poor
ma terials, propertiCs , a te moorary stop - worii Or der has been issued .
Efforts w i l l  b0 undertaken to clarify the Irplict of materi a ls .
properties on orog ram objectives and to determine an approprI ate
ma terial prOcuremen l specification.

7
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PROJECT NO. 69CW - ADVANCED COMPOS ITES

T I T L E . AN A LYS IS OF HYBRID COMPOSITE MATERIALS

CONTRACTOR . MATE RIALS SCIENCES CORP
CONTRACT. F336 15-74-C-5174
CONTRACT DURATION . JUN74-JUN75
t .FML PROJECT ENGiNEER. KOSMAL BRIAN A

• PROJ/TASK/WK U N I T . 6 9C W - O 1-2 0

Objec tive - 20 JUN 74

(Ui To cte’ive useful engineering and design data on hybrid composite
Sys tems .

Prow ess-C 01 APR 75 To 21 OCT 75 (In t e r i m - C l

(Ui The progran technical effor t is complete. A rewritten draft of
the f in al report has been approved. Submiss ion of a reproducible copy

- of the f i n a l  report . AFML-TR-7 5- 92 . i~~ the on ly contractual task
• r emaining. The report provides data that u I l l  enable the structura l
• desugne’- to make a preliminary assessment of cost and we ight tradeoffs

for nci-orous interply hybrid composite mate rial s\stemS by Comparing
tho r to alu iri nur . and single-reinforcement Compos1tes for several

• generic structural applications (‘ver a wide range of loadings . The

method by which these comparisons are made is detailed in the report.

PROJECT NO. 8809 - NUCI VUL/H4RDENXNG TECH

j TITLE. DMSP TRANSIENT THERMAL ANALYSIS

C O N T R A C T O R . R C A CORP
4 CONTRACT. F336l5-75-C .5l22

CONTRACT DURAT I N DEC74-JUN75
A FM L PROJECT ENGINEER. BABJAK STEPHEN J
Pl~O~J ,’TASK/wN UN IT . 88O9-O0’Ol

0bi’o t iv ~ - 16 MAY 75
~ I

(U ) To examine the the i.a l response of the DMSP soacecraft In the.0 ra an d simu late d weapon environments.

- P r o - ; r - e s s - A  i6 DEC 74 To 01 MAY 75 (Interim-A)

- 

~~~~~~~ 
computer runs have been Comp leted . The program is On

• 8
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PRO JECT NO. 7021 - STRUCTURE AND PROPERTIES OF SOLIDS

TIT LE. THE UNDERSTANDING AND EXPLOITATION OF ALLOYS BASED ON (TIM.)

CONTRACTOR UNITED TECHNOLOGIES CORP /RSCH LABS/
CONTRACT. F33 6i5-74-C --11 4O
CONTRACT DURATIC .N . MAY74 .JUN75
A FML PROJECT ENGINEER . LIPSITI HARRY A
PROJ/TASK/WY. UNIT . 7O2i-O 1- 64

Ob c ct l ve - 01 FEB 7 .

(UI A F FUNCTION - An~ anced Aerosoace Vehicles. DE FICIENCY -

R e l i a b i l i t y  of Stru ctura l Material s at High Temperatures , RESEARC H
Understa nd ano exploit i nterm etailic compounds. hOW RESEARCH
CONTRIBUTES - Phase re lationship .,, alloying behav or and properties of
castings are necessary to allow more exact des go wi t h  consideration
of a wider range of operatinc condit ions, if some room temperature
d u c t i l i t y  can be iniroduced in h A t  a whole new cl ass of m ate ri als may
become available to the A i r  Force

Prouress-Z 01 NOV 74 To 30 JUN 75 Fi n a l )

• (U) It has been Shown that the basIC princ i p les for Inert crucibles
de~elopcd for ti t a n i u m  alloys do not apply to alloys based on T IA I
cri e f ly because of iCe reoctiv u t y of the aluminu m in the me l t .  Thus .
Systems based on Al Sub 2 0 sub 3 and Al sub 2 0 sub 3 p l u s  V su b 2 0
Sub 3 have bee-~ unc,’er Study and show sonic promise of providing a
tractable crucible mater i al . The alloying studies have Shown Some

- 
st”ung and Sur:.r.i sIng negative interactions and have identified some
m i l d ly L-romi s ng all e y systems. However , i t  cannot be clai rn e ” at this
Stage t h a t  any breakthrough has occurred in the room temperature-- duC t i l i ’ y  pr,.,uem One positive aspect of this sc’-k has been that the
p rc-d iC tI00 0f sniuO .’ I i t ~i and structura i modi ficat ons possible in this
sy stem have be~ , oro ven by experiments . r or exam- O h... it has been
po xui b le to produce mixed Li sub 0 and Li s0b 2 Structures In the Ti-
A l - C u  and T i - A l - C u - M n  Systems which Show profuse slip at room
t eriperatu re but at t h i s  tim e l i m i t e d  ind i cat ions Cf du c t i l i t y .  Due to
the diSestabl ishment of the Aerospace Research Laboratories (A R LI .
this contract is being transferred to the Air Force Materials
Laboratory (AFML .

PROJECT NO. ILIR - LABORATORY DIRECTORS FUND

TITLE. IIETA LL URG ICA L FACTORS AFFECTING CRACK GROWTH RATE IN HIttH
STRENGTH ALLjM INUL1 ALLOYS

CONTRACTOR . ALUMINUM COMPANY OF AMERI CA
C O N T R A C T . F336l5-74-C .5O79
CONTRACT DUPA TICN MAY74-
AFML PROJECT ENG INEER. SANTNER JOSEPH
PROJ/TASN/Wi< UNIT . ILI R-O O-G i

Ob J i c t i~~c’ 26 JUL 73

IU Determine those .e tal l ur oi ca i factors which a’fect the crack
growth rate In h igh ~. trenq th aluminum alloys and Processing Schemes
oei. ried to COnt’o.i l these factors in commercial m c i t production .

8 75 MJG 74 ~o 
i~~ i:AP 75 (jn t e r lm-Bi

i U l To’ ’ data i~~~ r 25 diff e ’- en t alloy rilcrOS tru ctu res was obtaine d in
tri o str ’~ss ir’ t~~ns i t v ~a’- -:i v for r e l a t i v e l y a’iid Fatigue crack growth .
ye’ y l i t t l e  0 ‘‘~~~‘ ce in Craci’ gr’ o~~’n rate x a S  C t s c rvec i  from one
m rc rO st ruCt ur, to ‘e r’en t (~~c r e~~i phase of the ,rogram w i l l
ir~~~~I v e  meaSur c •at Igu e crack growth rates at lower Stress
i n tensi’IeS wr. re micc o structu ra l ~~r 1a t ion s may be more i mportant to
t h, fat I~~ue be ’- ,,..io-

II
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PROJECT NO. I LI R  - LABORATORY DiREC t ORS FUND

TITL E .  INFLUENCE OF M ETALLURG iCAL FACTORS ON THE FATI GUL CRACK GROWTH
RATE lN ALPHA- BE TA TITANIUM ALLO YS

CONTRACTOR . ROCKWELL INTERNAT IONAL CORP
CONTRACT. F33615-74-C-5067
CONTRACT OURA T IC H . APR 74-
AFML PROJECT ENG INEER . BIDWELL LAWRENCE R
PROJjTASK/W (l UNIT . IL IR-OO - 63

Objective - 31 JUL 73

(U) The aim o~ th i s program is t” identify those factors that
inf l uence or Control fatigu e crack growth kinetics in alpha-beta
t i t a n i u m  alloys and to establI sh their re ’a~~ive i mportance.

ProQress-D 01 MAR 75 To 30 SEP 75 (Int e r ir n- D)
-

• (U I Phase I FCp tesis in air and salt water as a funct ion of stress
in t en s ity rat tm o and stress intensity range have been completed . Phase
I n echan ical and ph ys ical property measurements are nearl y complete
except for the fraciure toughness , stress-corrosion cracking . and

- cyclic stress-s ’ .’ain deterrn inati ’-’ns. wh ich are roI .ghly 50 percent
Com p lete. Six m icrostructures for Phase II FCP te sting have been
selected based on the results of Phase I. Material su i table for use
in Phase III has been located and Ordered .

t. - PRO JECT NO. IL IR - LABORATORY DIRECTORS FUND

TITLE . PROPERTY SCREENIr .G AND EVALUATION OF CERAMIC VANE MATERIALS

CONTRACTOR. I T T RESE AR CH INSTITU TE
CON TRACT. F33615-75-C- 5196
CON TRACT DURATION. iJAN75 ’JUN76
A F M L  PROJECT ENGINE ER. RUN ROBERT
PPOJ 1’TASK/Wl< UNIT. ILIR-OO-6 9

Ob J i .ct ivc - 23 DEC 74

(UI The obj e ct ive ni’ t his nrogram is to assess cand i oate ceramic
m a t e r i a l s  for .-ii-p i i c a t  ion as turbine vanes o” Other components in a
small l~~m it e d l i f e  RPV turbine engine . Physica l and mechanical
pr . i.Ierty data shall be supnl ie cl on a timely basis in oroer to perform
material screening and evaluation to e ffect t ve l y nput a concurrent

• )A F A P ~~) program a h ’ O b  w i l t  accomplish the design and rig testing of
components for ‘he above aop li cation .

Pr~~-~~~ Ss-A 01 ~JUL 75 To 30 SEP 75 (I n t e r I m - A l

(UI The teat m a t r i x  for Phase I of the program has been finalized and
approved by A Fi ,’L Specif ications for test samples Cave been obtained
and procurement I n i t i a t e d .

~ 
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PROJECT NO. ILIR - LABORATORY DIRECTORS FUND

TI TLE. CHARA CTERIZA TION OF SURFACES PRIOR TO ADHESIVE BONDING (TASK II)

CONTRACTOR . ROC KWELL INTERNAT IONA L CORP
CONTRACT. F33615-75-C-5235

• . CONTRACT DURATION. MAR75-
1 A FML PROJECT ENGINEER. CRANE ROBERT L

• PROJ/TASK/WK UNIT . ILIR-OO -76

Ob jective - 15 MAR 75

(UI To d evelop nondestructive inspect Ion (501) procedure and
ins trument to determine the surface quality of Al pr ior to adhesive
bond ing .

Proc p re s s -A  15 MAR 75 To 31 JUL 75 (I n t e r i m - A l

• (UI A list o’ common contam inants has been estab limfied . Work has
sta rted on measuring the e f f e c t  of these contamInants on the anodized
surface .

• PROJECT NO. ILIR - LABORATORY DIRECTORS FUND

TITLE . CHARA CTERIZATION OF SURFACES PRIOR TO ADHESIVE BONDING

• CONTRACTOR . NORTHROP CORP
-. - CONTRACT . F33615-75-C-5143

CONTRACT DURATION, MAR75-JUN76

~A 
AFML PROJECT ENGINEER . REMMEL 1’ P

1 PROJ ,’TASK/WK UNIT. ILIR-OO -77

Objective - 15 MAR 75

• ( U i  To cie ielop nondest ruct ive ins pec t Ion  ( 5 0 1 )  procedures to determinef the surface quality of Al prior to adhesive bond i ng .

Prog ress-A 15 ril~~R 75 To 31 AUG 75 (I n t e r i m - A l

- (Il l I n i tia l  sur face c h a r a c t e r i z a t i o n  for phOS phO rlC and chromic
I anod izing systems has been completed. Investigat on of the effects of

vary in g the anodizing parameters is  i n  p r o g r e s s .

L ~ 
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PROJECT NO. 7021 - STRUC TURE AN D PRO PERTIES OF SOLIDS

TITLE . STUDY OF INTERMETA LLIC COMPOUNDS

C O N T R A C T O R . UNITED TECHNOLOGIES CORP
CONTRACT. F33615-75-C-1166
CONTRACT DURATION. FEB75-JIJN75
AFML PROJECT ENGINEER . LIPSITT HARRY A
PROJ / T A S K / W K  IINIT. 7021-01-66

Ob J e ctive - 17 FEB 75

(U I The object ive of this program is to determine the s u i t a b i l i t y  and
potential of ti t a n i u m  aluminum ( T I A 1 I  base mater i als for use in
aircra ft turbine engines. It i s of Specif ic i mportance to study the
response of th is material , as an examp le of a claas of mater ial s ,  to
the stresses. strains , and envIronment found in a gas turbine engine.

Prog ress-A  17 FEB 75 To 03 DEC 75 (In t e r i m - A l

(UI A firs t generation powder Composition T1 364l-5Nb has been
compacted in Severa l ways and the solid product charac te r i zed . The
results are Sufficiently encourag i ng to select a second composition
and to determine whether T IA 1  w i l l  be su itab le  for rotat ing
app l i ca t i ons .

PROJECT NO.  7021 - STRUCTURE AND PROPERTIES OF SOLIDS

TITLE . STUDY OF INTERMET A LLIC COMPOUNDS

CONTRACTOR . BATTELL E MEMORIAL INSTITUTE
C O N T R A C T . F336l5-75-C-1168
CONTRACT DURATION . FEB75-JijN75
A FML PROJECT ENGI HEER. LIPSITT HARRY A
PROJ/TASK/WK UNIT . 7021-01-67

Ob j’-’ct ive - 17 FEB 75

(UI The objective of this program is to establish fabrication
procedures and resul ting properties for t It an ium al umin ide base alloys

• rol led to sheet of vary ing thickness, formed into complex shapes, and
joined together into scaled com~rinent assemblies t ypica l of those used
in a ircraft turbine engines.

Proaress -A  17 FEB 75 To 03 DEC 75 ( I n t e r i m A i

(Ui Sheet materials of Ti -16 A 1-IO N b have bee’~ successful ly roil ed and
characterized . Ti-36A 1-5Nb has been rolled but contains many Cracks.

12 
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PROJECT NO. 7021 - STRUCTURE AND PROP ERTIES OF SOLIDS

TITLE . OXIDE SCALE ADHE RENCE MECHANISMS

CONTRACTOR . UNITED TECHNOLOGIES CORP /RSCH LABS!
- CONTRACT. F336l5-72-C-1702

CONTRACT DURATION . JUN72-JUN75
AFML PROJECT ENGINEER. GRAHAM HENRY C
PROJ/TASK/WK UNIT. 7021 -03-62

O bj e c t ive  - 09 NOV 73

• (UI AF FUNCTION - High Temoerature Propulsion Materials. DE F I C I E NCY
Phys ica l and chemical property degradations of alloys due to oxidation
at high temperatures. RESEARCH - The adherence mccl-ianism(s ( of
alumina on N IC rA I and CoCrAl alloys wi t h  rind with out yttrium additions
w i l l  be determ~ ned under norma l oxid izing condit ions and in the
presence of applied tensi le and compressive l oads . HOW RESEARCH
CONTRIBU TES - An understandin g of the affec t on scale adherence of the
alloy structure and composition and the resulting oxide growth

• mechanisms and morphology can l ead to cont rolling the adherence of
oxide scales and thereby to the use of desirable alloys previously
diccoun ted because ~f poor scale adherence . The evaluation of the

• effect of app l ied stress during oxidation may well lead to a bette”
understan ding o~ alloy behavior during actual use , since in practice
most h igh temperature alloy s are subjected to loads dur i ng exposure to
the degrading environment .

Procress-Z 01 JAN 74 To 30 JUN 75 (F in a l i

(U) The rates and mechanism of alumina grow ..h on N 1CrA 1 and CoCrAl
alloys have been determined . Alumina is shown to spell from these

• a l loys curing therma l cycti no because the a~tpl ied stresses exceed the
strength of the alumina-alloy int erfac i a l bond ari c’ the development of
voids at the interface is not necessary. Wh ile i t was shown that
yttrium additions do not alter the growth mechanism of alumin a , the
yttrium oxId izes to form particles and stringers of yttria wh ich are
incorpo r a t e d  In t o  the inward growing alumina scale and act as macro
and micropegs . These mechantca l keys sign ifi cant l y improved the
adhesion of alumina . Work has been transferred to A F M L because of the
disestablishment of ARL.

13
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PRO J EC T NO. 7021 - STRUCTURE AND PROPERTIES OF SOLIDS

TITLE . HOT CO RROSIO N OF COBALT ALLO YS

C O N T R A C T O R . UNITED TECHNOLOGIES CORP /RSCH LABS !
CONTRACT . F336l5-72-C-1757
C O N T R A C T  D U R A T I O N . J U N 7 2 - M A Y 7 5
AFML PROJECT ENGINEER. GRAHAM HENRY C
P P O J / T A SK ,’W iK UNIT . 7021-03-63

Ob Jcctlve - 09 NOV 73

(UI AF FUNCTION - High Temperature Propulsion Materials . D E F I C I E N C Y
Mechanical and chemi cal propert y degradation of all oys due to i nduced
accele rated Oxidation at high teii lperatures. RESEARCH - The hot
cor-rosion mechan i sri s of several coi2alt-bas e a l l o y s  w i l l  be determined
ard compared to the n,echani sm s f’~r s i m i l a r  nickel- base alloys to
de fine the reasons fc- r the increased resista ce to hot corros i on by
CoI,alt alloys. HOW RESEARCH CONTRIBUTES - An unclcrstanoing of the
oxidation and hot corrosion mechanism s of cobalt-pase alloys and a
comparison to the mechanisms for nickel-base alloy s can l ead to
i mp roving the -‘esistance of one °r both alloys tyces and thereby to
longer l i f e  of these allo ys as gas turbine components.

Proqress.Z 01 JAN 75 To 30 JUN 75 iF i n a l I

(Ui The results to date indicate that the features ~ieveloped during
t h -  hot corrosion or cobalt-base and s im i l a r  nickel-ba se alloys
I N - CrA l . C0CrA I . Ni C rA1 y , CoCrAl Y I are v i r t u a l l~ identical. At
o r-  e n t  it is s t i l l  not po~~sib l e  to formula t e the hot corrosi on
de~~~ada t lon me~.hani sn’ for these alloys. The m i l d  cegradation which
pr ’cedes the much more severe degradation does not appear to Occur as
t he resu lt of f l u x i n g  of the alum I na . I ndications are that a l u m i n u m
depletion or the me chanical dest- -uct i on of protective alumina
contribute s~ g ” i if i cant l y to the degradation proce~-s. The trans ition
f r I m i l d  to s vere degradation may b~ assoc iated wit h  the format ion
of a Ii ~~u i d su l fide phase . Results indicate that chromium depletion
iS  ‘-e quired before the l i q u i d  S ulfide can develop and the cobalt-base
3 l l O y s  are more resistant than the ni c k e l - base at loys to the
development Of the l i q u i d  s u l f i d e . The resul ts fo r  sod i um sulfate
i rtiuced hot COr~’o5lQn of Co A l Mo and Co Cr Mo at l oys show that
mol ybdenum prevents the onset of accelerateci oxidation i nduced by
ba .,Ic f l u x i n g . Ho-~aver . if sufficien t m olybdenum ‘is i n t r o d u c e d  i n t o
t o -  sod i um S u l f a t e  u -em t he al loy , ca tastrophic Ox idation occurred.
Th’ results for si m i l a r  Co-Al and Co-Cr alloys c c - t a m Ing tantalum
sh’~ .ed that tantalum does not s i g n i f i c a n t l y  affec t the oxidation of
sod i um sulfate-coated specimens . This work has been transferred to

• the AFML due to the d i s e s t a b l i s h m e n t  of ARL .

14
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PROJECT NO. 7 3(2  - SURFACE FiNISHES

TITLE . USE OF THE EXPERIMENTAL POURBA IX DIAGRAM FOR O6AC STEEL TO
INTERPRET CREVICE CORROSION BEHAVIOR IN AQUEOUS MEDIA

e CONTRACTOR . FLORIDA UNIVERSI T Y OF
CON TRACT. F33615-73-C-5007
CONTRACT DURATION N0V72- 4UG74
A FML PROJECT ENGI NEER. LYNCH CHARLES T
PROJ/TASK/WIt UNIT. 7312-02-IS

ObJecti ve - 25 SEP 72

(UI To es tablish the Experimental Pourbaix Diagram for D6aC hi gh
st’-ength stee l in 0. 1 molar NaC1 . The d iagram wi 1 1 be used to
irter pret crevice corrosion behavior of D6aC. and Prov i de a means for
predicting corrosion behavior of cand i date mate ria ls for future
ae’-ospace systems app lications.

Proi.iresS-C 16 APR 74 To 30 APR 75 (Interim -Cl

(U) Crevice co’-rosion experiments have been conducted to determine the
c r i t ica l concentrations of severa l i nhibit o rs w hich are necessary to
retard crack qi’owt h . Inhibitor s considered v.ere hydra zine . sodiuni
sul fite, and Sodium dichromate. Effects of 0 .lM Chloride ions on

• crev ice conditions On D6AC , and the protective nat ure of the chromate
and n i t r i t e  ions under these conditions have been determined. A final
report is in preparation .

PRO J ECT NO . 7351 - SUPPLIES

TITLE. SYNT HESIS AND REL A TED I.1CROST~~UCTURE AND PROPERTIES OF ALLOY
SYSTEMS

CON TRACTOR. CINCINNATI UNIVERSITY OF
CON T R A C T . F336l5-73-C-5O84
CON TRACT DU~

.ATIC .N , APR73-
A FML PROJEC T EN~~INEER. SRP OSCAR 0
PRO J/TASK/W I~ UNIT . 7351- 0 1-7 1

ObJr.i~ti ~~e - 26 OCT 72

(UI To ~dent i f~ var .~us means of obtaining propert y an d s tab i l i t y
im prover-ent in a l I o ~ systems, a~ bases for approaches to the
deve l opment of m l  o~~~ w ith enhanced i’ e-Char .ical prc.pe rtm es and
str-uc tu~~a1 r e l i a b i l i t y  in aeroscace systems ap p l1~~at ions .

Pro~:’ess-D 10 SEP 7~ To ii APR 75 I l n t e r i m - D I

• (UI Inf ormatio n 055 been ob ta ined on the m i cro str l ct u res and tensile
prr-pert eS 0’ l i tan i ,ji- al oys consolidated from orea llciyed powders by
sw; q rg and ex t - -us- on at varied ierrpera tures and reductions, and after

~a’ ous subseq , it i v at tr e atm € n t s . i n c l u d i r g  T i b246. Ti-66 2 , and
be ’n - I I I  alloys. S w ag i ng  of b e t a - I l l  alloy pcwder in m i l d  steel tubes
f r .u’i 1.5 m nche , to 0.937 inch and less at temper atures of 1 350 F ar-ti
abn—-e showed (00 P~ icen t density. Q..an t m t a t i v e  ‘ i talln grap hy was. used

4 to let w i-mi ne c ock paths through or around mic ro structural particles
in li- 6246 . as ~e I l  ~s to examine inclusions and corosity i n a l u m i num ,
s i l v e r - n i c k e l , an d supera lloy s . Precr acking c a l i b r a t i o n  and
niet. .illo qraphic e~ arr- i nationS of fati q.e frac.ure Surfaces in D6ac
st e el, were Carlo . in prep aration for an in ve s t i g a t I o n  Cit Inh ibi torS to
m i t i g a t e  corro,ion fa tig ue. Heat treatment s to Obta n various
proporti ons o~ ban le, p e ar l ite. and marten site in the m icro structure.
and d ilatometry si~.’ies of phase transformations have been initi a t e d
in an invest tq. t ion to improve the r e l i a b i l i t y  properties of 10 nt c ke l
mod i f i e d  stee l through control of microstr ucture. 
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PqOJECT NO . 7351 - SUP P L I E S

T I T L E .  F EA S I B I L I T Y  OF OX IDE DISPERSION STRENGTHENED NICKEL AL LOY
EXTRUDED HOLLOW TURBINE VANES

CONTRACTOR . POLYMET CORP
• - CONTRACT . F33615-74-C’5069
• CONTRACT DURATION . MAR74-MAR75

AFML PROJECT ENGINEER. 0 HARA WILLIAM T
• PROJ/TAS K/WK UNIT. 7351-01-72

ObJectiv e - 03 JUL 73

(UI To demonstrate the feasib ility of economicall y making ox i de
d i spersion strengthened nickel chromium alloy ho1 1 ow turbine vanes to

• net shape Using f i l l e d  b i l l e t  extrusion methods.

Progress-C 01 MAY 75 To 30 SEP 75 (Interim-C l

(U All  exper i mental work has been completed. The form ulat ion of
process spec i f i c a t i o n s  for production scale-up is underway. The f i n~~i
report Is being prepared.

PROJECT :-~o. 7351 - SUPPLIES

TITLE . OXIDE DISPERSION STRENGTHENED COBALT ALLOY EXTRUDED SHAPES

- CONTRACTOR . CABOT CORP
CON TRACT. F33615-75-C-5O61
CONTRACT DURATION . SEP74’

• A FM L PROJECT ENGINEER. 0 HARA W I L L I A M  T

- 

PROJ/TASK/WK UNIT. 7351-01-73 -

0b~~cct iv e - 15 AUG 73

(UI To ostab li sh th~ relationships among thermal-m echanical history.
micro-structure . recrysta ’ li z at l i -~n behavior . and mechanical properties

• of extruded shapes of oxide dispersion strengthened (ODS) cobalt
at loys .

Prociress-B 01 MAY 75 To 30 SEP 75 (Interlm-B I

(UI A third Series of twe l ve extrusion s has been made representing two
cacti from SIX heats Of at t r it ed Powder. These b i l l e t s  were extruded
at 2100 F using two combination s of extrusion ram speed and reduction
rat 0(2 i nchCs per second at 16 - I cia 10 i nches r. s’ second at 20
1).

16
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PROJECT NO. 7351 - S U P P L I E S

~ 
j TITLE . LOW-TEMPERATURE LARGE-AREA BRAZING OF TITANIUM STRUCTURES

CONTRACTOR . NORTHROP CORP
CONTRACT . F336l5-73-C-5161
CONTRACT DURATION . JUL73-DEC74
AFML PROJECT ENGINEER. METZGER CJ INN E
PROJ/TASK/WN UNIT. 7351-02-22

Ob J i -ct iv e - 29 JAN 73

(UI To cle’nonstr ate the f e a s i b i l i t y  of producing large aircraft
st ructu r es of tita n i u m  alloys in the solut ion-treated and aged
condition with improved fatigue l i f e  and fracture toughness.

I 

i
Pru~:-e5s -D 1 7 SEP 74 To II APR 75 (Inte r tmr -D i

(U I Va r~~ous br a z ing f i l l e r  m eta l - fl. were identified and brazing
P r -  eSsr S estaulis hCd for produc i ng large-a rea deiirage~~tolerant
la- , .natcs o f T i - 6 A 1 - 4 V . T i- 6A l-6V-2 Sn rr and Ti’ 3Al -SV -6Cr-4Mo’4Z r- (Beta
C i  for se rvic e betwsen 227K and 422K (minus 50 ~ arid 300 F l .  Low
nre l l , ~~~ t:mpero ’ u ’-e f i l l e r  me ta l’ . were Id en t ified to permit the
fahrica ion of 1 C r a t e S  in the STA condit i on . Brazing f i l l e r  metals
we sc;eened cased upon their flow temperature and behavio r , lap
Sh ir strength ber~’ defl ect i on , and corrosion resistance. T he most
at tract ye f i l t e’- ii € t a l  s were a iumi num braz i ‘-g s°ret 22 and at loys
fr - i t~~c Al-C u Ag S~~stem . The brazing shee t was olacedi between the
la na and the A i - D u - A g  a lloys ,era ria red alongs i de the lamina and
f t  ~.ec1 ;n to the. joints. rracture touahness and f atigue-crac k
p c ~~. u ~’’ion (FCP I teStS on the lamInates showed that , in the crack
ar’ st orientation , the A l - C u - A g f i l l e r  me tals stopped a l l  cracks from
pr riaga ng by cle l a rr in at io n through the f i l l e r  meta l . F i l l e r  metal 22
pr ,i~uceri a rec’,c t ion in crack propagation rate for some cases and
pr~I .ide cl crack arrest In a l l  other cases. Fractu re toughness and FCP
beha~~l0r in t o -  crack divider orientation were s im i l a r  to the behavior
of ri onolithic i’.ater iat . The results of this program indicate that
dw . qe tole rant t i t a n i u m  structures can be produced In the STA
co ,i ai ti on with excell ent damage tolerant propert ii~s In the crack
arrest orientation and w i th no reduction in p r o p ”r t i e s  lrI ~iie crack
divider orientation . Considering properties and pro ducib il ity. the
br a zm n ç~ f i l l e r  metal 22 is the mr-’st attractive system for producing
these lamina tes .

.
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PROJECT NO. 7351 - SUPPLIES

TITLE . HIGH TEMPERATURE BRAZE ALLOY DEVELOPMENT FOR TITANIUM ALLOYS

CONTRACTOR . INTERNATIO NAL HARVESTER CO
C O N T R A C T .  F 3 3 6 l 5 - 7 4 - C - 5 1 1 8
CONTRAC T DURATION . MAY74-
AFML PROJECT ENGINEER. BECKER DONALD W

:
1 

PROJ/TASK/WK UNIT . 7351 -02-23

Ob Ject ive - 09 NOV 73

(U) To develop a high temperature (500-900 degrees F) brazing system
for ~om n in g t ’tani um and its al lr r ys , and to define the performance
characte ristics of this system .

Prorl0e SS~~A 01 MAY 74 To 09 SEP 74 (Interim-Al

- 
(UI Exploratory alloy i ng studies are be i ng conducted at this time on
Phase I. Braze Alloy Design and Screening. To dOte 133 alloy
co positions have been designed arc’melted a- -d screened to assess
potential as low m e l t i n g ,  tough , corros ion-resistant braze materials.
compatible wi th titanium substrates. The number of low-hardness .
te r ii ina l solid -solution bases has been expanded to inc l ude Ti - 30V . Ti ’
5OZr anti TI- (X (Zr as well as Zr-3 0V-2OT j, Pure t i tan ium and pure
zirconium bases are also being studied. Copper appears at this time
to be the most promising melting point depressant i nvestigated to
date. Liqaidu s temperatures in the desired braz ing temperature range
of 1 600-1750 degrees F are being sought through select alloy ing
addit ions to the above bases.

PRO J ECT l’~O. 7351 - SUPPLIES

TITLE . LOW COST HIGH TEMP ERATURE BRAZE FOR SUPERALLOYS

CONTRACTOR . GENE RA L ELECTRIC CO
CONTRACT. F33615-75-C-5O94

• CONTRACT DURATION . APR7 5-
AFML PROJECT ENGINEER. HOROWITZ MARTIN H
PRO1J/TASK/w~c UNIT. 7351-32-29

O b j e c t i v e  - 02 AUG 74

(U) To develop a high t e m p e r a t u r e  (1975 degrees F brazing), low cost,
superalloy brazing system to replace the hi gh geld alloy 70 percent
A u -B percent Pd-22 percent NI) . and to def ine the performance
characteristics of that system .

18
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PROJECT NO. 7351 - SUPPLIES

TITLE. WE LDAB IL ITY OF 10 NICKEL-MODIFIED TYPE STEEL

CONTRACTOR . GENERAL DYNAM ICS CORP
CONTRACT . F336t5-75-C-5091
CONTRACT DURATION . DEC74-
AFML PROJECT ENG iNEER. HOROWITZ MARTIN H
PROJ/TASK/WK UNIT . 7351-02-30

Ob~~.c t i v e  - 05 AUG 74

(UI To develop the most total cost effectiv e method of arc welding 10
Ni ckel-Modified high strength steel to satisf y structural property
requi rements ~or advanced aerospace a p p l i c a t i o n s .

P R O J E C T  NO . 735 1 - SU PP L I E S

T I T L E .  SUPERALLOY WELD FILLER WIRE ALLOY DEVELOPMENT

CONTRACTOR. 
- U N I T E D  TECHNOLOGIES CORP /RSCH LABSJ

CONTRACT . F336t5-75-C-5 1i4
CONTRACT DURATION. FEB75-
AFML PROJECT ENGINEER. GREEt~FIELD MICHAEL A
PROJ/TASK /WI~ UNIT. 7351-02-3 1

O b i u c t i v p  - 27 AUG 74

(U) The purpose of th i s  program is to study the re l ati o nship of f i l l e r
w i r - e  a l l o y  properties to weld heat-affected zone (NAZ I cracking In
ri ii .ke l-base supera llc iys and to spply the results of th i s study in the

- developm ent of i r rprn \ed f i l l e r  w ire for superal loy welding. The
ob~~e cti v e 5 of the ~ork are as fol lows - l a l  To determin e c r i t i c a l
p r- ,pert es of selected experiment al f I l l e r  alloys and compare them
w i t h  se l ected coTrr erc ial f i l l e r  wire alloys. (bi To determine the
re la ti o n r~hip of those critIca l f i l l e r  alloy proper ties to weld HAZ
cracking in n r ckel base superal t ’ys. (c) To seloct the four most
pr o m i s i n g  exper i menta l f i l l e r - w i r e  alloys and generate the i n i t i a l
informa tion needed to evaluate their potential value in engineering
applications.

19
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PRO JECT -
~O. 73~~i - SUPPLIES

TITLE. CHARA CTERIZATION CF THE STRUCTURE AND PROPERTIES OF
V ARIOUS ME TALLIC AND NONMETALLIC MA TERIALS

CONTRACTOR . MONSANTO RESEARCH CORP
CON TRACT. F33615-74-C-5O68
CONTRACT DURAT ION MAR74-
A FML PROJECT ENGINEER . SRP OSCAR 0
PFl0J/TASf./Wl~ UNIT . 7351-03-52

Ob J’ c t l ’C - 31 JUL 73

(UI To bt a~ n infor m ation about the microstruct ur a l characterist ics

anti c c m r ’ c o s i t ( O n  0 sanrpl€s of rc.jt~~r i a l s  of concern . The data obtained
r i-’ t h i s  work are ncorporated iri to and es~ ert ia l to the various in-

- rsearcn and ‘.eve l opmen t pi-ograms of the A Fi,rL w hich are directly

coiice c d  ~~ th e~. and better m aterials for aircraft, m i l i t a r y  space
ve h i c l es  and/or c’cr~fld eqj l pment.

Pr u .’e ss-B 10 SEP 74 To 11 APR 75 (In t e r i m - E l

IL Harires s rn -- . ~~~~
- ~~~e nt 5  and thin  foil electro n ir-’ros Copy

eaam n ina’ ions h ave ur crv ideci the selected hea t treatments to be appl ied

- 
- 

to ~.pec r- en b l i i , k s  in an effort to ccrrelate ini cr’ stru ctu re w i t h  t5 e
fat qua crac k - . c w t i  rate in Ti -6246 pl a t e -  Sic ar n .easuremerits. as
w e i l  as scann m ’ g elect ron microscopy of the fr ’acti r e surface d , have

pr - Oh cOr re l i- t i Ori b e tween m icr ’ o s t r u c t u r e  and t h e har-cresS. tens ile .
ar- ccn c-re SSiO’i p r c c c r t i e s  of ~a- i ou s ly hea t tre ‘i d  t l t anm urr -

ai u”.i fl~~~e mate’ i a l s investigat ed to date. A spec -en con fi~~c.~~?trO n

ha- . been deS d- I d ~o su ccev sfu l( y t er s i le test t’ m. re L ativel y bri t t l e
r a t e r - m a t , the beta r~ ransI..r. has been determ v ed on several heat

t ’ - - t i r e nt s  of e i r ht  ber~~l ’ i u m iiiO d lf ie d h igh tempe ’ature li-55225
am 1 ,5 . Conve -i - cr’al rretallograOhy and subo otica l techniques (EM .
tE ’.’ . E1.h( have been applied to x ari o~ s cu r e - t  a -craft structural

rre tal s c ’ cier’qo rig ‘ai ture anal ysi s. EOuipm e”t design and ref nemer .t

“a’. been cont ’ ni..ed ri en effort to adapt a p rev lO .sly observed two

• pn~ rc - ’ aosortpt io n ~ 4’ ect as an acoustic detector for toe
cha r-a Cte ri Zat~~~-’ of energy- stru ctu i e inte rr ’elat ion Stl ips in materials,

• PRO JECT NO. 735 1 - SUPPLIES

TITLE. M E TAL LURG ICA L FACTORS CONTROL LING STRUCTURE IN HIGH

CO NT RAC TOR . ALUMINUM COMPANY OF AMER iCA
0 PACT. F33615-74-C.5O77

CONTRACT DURA T ICN . A PR74-
• - 1 AFM L PROJECT ENGIN EER. GR IFFITH WA LTER M

PROJ/TASK’WN UNIT . 7351-05-63

• Obj ctive - 25 JUL 73

~~~~~~~~~~~~~~~~~~~~~~~~

Suvported by the J 
the developme nt of plate and extrusions as

Pro(jr-ess-B 27 AUG 74 To 1 1 APR 75 (In t e r i m - B i

IU ) Tasii I ha5 been comp l eted . The op t i m u m  nara-r r
p0.- tars concening 6- r is If i ati 

. e s for M487
atmmm $ zat ion in - r to f r

c on end toughness were found to Include

pa’- t i c l e ,  and hot corrpact Ion a t e  f a i i h  
Irregular powde”

as rot-presses b l l i ~~ts were found 
y gh (90 K si l pressure. Ihe

fabri cation improve ” tou 1-m n 
to be 100 percent dense but furth er

powders containing ~ ~~ :~~~
‘ Tas k ii has begjrr with atomization of

20
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PROJECT NO. 7351 - SUPPLIES

TITLE . OEVELOPMENT ‘JF tO NICNEL (MODIFIED ) WELDABLE. HIGH-STRENGTH STEE
WITH HIGH TOUGHNESS FOR AIRCR A FT STRUCTURES

— 
I 

CONTRACTOR. GENERAL DYI,AMICS CORP
CONTRACT. F33615-73-C-5O93

• CONTRACT DURATION . MAR73-
A FML PROJECT ENGINEER. OATES ROBERT P
PROJ/TASK/WN UNIT . 7351-05-65 -

Ob j -c t i v e  - 17 OCT 72

(UI To develop a we l dable , high-stren gth stee l (UTS#230-250 ksi )
po’.sess ng h igh lev els of fracture toughness and stress Corrosion
re ,istance based on chemistry modific ations of th~ 10-Ni-Cr-Mo-C alloy
system . The Steel shall be comp atib le with airfra me structural
requirements.

Proi;r-ess-C 16 f~tAR 74 To 30 APR 75 (Interim-Cl

* ( Task II I and Ta s k IV ~ f the program have been completed.  The task
1) 1 ingot (w h ich repr esents  the “ptimum composition ) exhibit the
fo l l o w i n g mechanica l pr~tpe’ rt ies (al U ,T,S , equals 255 KS I, Ib ) Y,S.
equals 230 KS). (ci K sub IC ec’uals 140 I~SI square root i nches. (dl K
Sub ISCC equals 95-100 KSI square root inches. Tl’ e ir properties
exceeded all p’-ogram goals. The n i ate r ial proved to be weldable I good
mec hanical proro erti~~s) wit h  both Cold wire OTAW and hot wire GTAW
pro c esses. Unstable weld puddle during EB welding resulted in low
fusion toughness in the single EB weld produced on this program

1_ i 
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PROJECT NO , 735 1 - SUPPLIES

TITL E . CRYST .LLOGRA PHIC TEXTURE ON MECHA NICAL PROPERTIES OF
T I T A ~~1UM A L L O Y S

C O N T R A C T O R . D E L  ~.EST ASSOCIAT ES INC
CONTRACT . F33615-74-C-51O7
CONTRACT DURATIO N JUN74~
A FML PROJECT ENG I- ’ ER . FUJISHIRO SHIRO
PPOJ/TASK /WK UNIT. 7351-05-68

Ob~~i.- c t i v e  - 23 OCT 73

(U) The a im of this program is t~- determine how and to what degree the
pr np ertmes of tita n i um all oys are affected by cryst al lo graphic textur e
as i’.el( as the interrelat i onships of texture and other metallurgical
factors.

Pru-~ ’-ess-B 24 OCT 74 To 30 APR 75 (Interim-B

IU ) The 6A1- 4V ELI grade alloy currently be i ng tested under the
au’-p ice s of Phase II was produced by therm omechan-cal treatment. The
f o l l o w in g proper-ties have been evaluated in the r o i l i n g  and long
tr .tlsv e- Se d i rectio n s of 1/4 inch thi ck pla t e - - Young .s modulus
I c ’, n a m i c - a l l y l .  - t e n s i l e  p roperties at 70 degrees F and 700 degrees F .
- cyclic ’ stress - s t r a i n  c t 70 c’c-grees F . - da/dn vs. delta K in lab
ai ’ . - R curve. - da/dn vs. delta K in 3.5 percent NaCI water
solut ion , The static tensile pr’-perties are sens’tive to basal plane
oric nta t ion in the lextur ed 641-4v Ti ELI grade w~~th the prOduct. s
st - i t Ic st rength increasin g app ro cim ate ly 25 rercent at 70 degrees F if
ore compa res tests conducted p a r a l l e l  to the niajor concentration of
h a - a l  poles as opposed to a d i r e c t i o n  orthogonal to th i s basa l pole
con centration , at 700 degrees F , the increase in short time y i e l d
St ci ’gth in th~ df r C C t i O f l  of m ajr-~r basal pole concentrat ion as opposed
to 90 degrees F from it was even more d r a i a t i c  than at RI ( F equals
61 percent ). Work is continuing to generate a strong basal transverse
te xture in 6A1- 2Sn - ’l Zr- 6M0 Ii . The last r o l l i n g  experiment c a l l e d  for
a 4 1/2 i nch thick block to be heated to 1760 deorees F Ibeta transus

• plus 25 degrees Ft and rolled without reheating to 1/4 inch. Elastic
cons tant measurements for this pi-oduct in the m i l l  annealed and
recr”í stall i ze o annealed conditi on offer (at best I 19 a 10 super 6 psi
in wi dth direction and the d i f f e r e n t i a l  between the widt h  and the
ro l l ing directions is merel y 3 a 10 super 6 psi. The unusua l feature
o f  the  p r e s e n t  i~~sul t s is the virtua l equivalence of basa l pole
conoentrat ion in both the r o l l i n g  and long transverse direct ions,

‘ T h i s  behavior i s  In conflict w i t h  previous 6A1-4V Ti results. 

... - .. -.
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PRO~lECT NO. 7351 - SUPPLIES

TITLE. FORMABL E TITANIUM SHEET ALLO YS

CONTRACTOR . TITA I, I UM METALS CORP OF AMERICA
CONTRACT . F336l5-74-C-5063
CONTRACT DURATION . MAR74-FEB75
AFML PROJECT ENGIN EER. KERR WILLIAM R

- - 
PROJ/TASK/WK UNIT . 7351-05-70

Obje-ot ive - 07 AUG 73

(U) To f~~-’ther develop three prom ising beta t i t a n l u m  experimental
sh .-et alloys anti com pare their pi-operties, u n if o rmity, and form ab ility

• w i t h  e x i s t i n g  commerc ia l  a l l o y s .  The end objective is to develop a
- 

I cold formable a l l o y  e x h i b i t i n g  greater corsistency of properties.
* shc-et-to-sheet gage- to-gage and s-ith direction in the same sheet than

cu ’-”ently ava i l a b l e  to aeroSpace users of tit a n i u m .

‘ I Proclress-B 17 SEP 74 To 1 1 APR 75 (Inter lm-B l

(U) M i l l  processing of the forged sheet bars of the three alloys has
been completed . A total of nin e processing sequences inc l uding cold
r o l l i n g , and hot plus cold r olling were used to produce nine product
for ms fcr each alloy. Two Sheet thickne sses, O .lCO inches anti 0.050
inc hes are included in the nine products. Tests to determine aging
characteristics, mechanical proper ties , formabilit y and formageabi lity
have begun.

P R O J E C T  NO . 735 1 - S U P P L I E S

- TITLE . 4PPLICA TION OF ADVANCED FRACTURE MECHANICS TO CRACK GROWTH
IN TURBINE DISKS

CONTRACTOR . UNITED TECHNOLOGIES CORP
CONTRACT. F336l5-75-C-5097
CONTRACT DURATION . FEB75-
IIFML PROJECT ENGiNEER. REIMANN WALTER H

• PROJ/TASK/WV, UNIT . 7351-06-A2

- . 
Obj€c t iv o - 28 JUN 74

(UI To c~efine the influence of the operating environment on the growth
of fat ique cracks in turb ine d isk a l l o y s  and to establish anal ytical

• techniques , based on f r a ct u r e  mechanics concepts,  to permit  accurate
pr cd ict ons to be made of subcritical crack growth in turbine disks.

Pro .-Ir-ess-f) 03 FEB 75 To 04 JUN 75 (Interim-Am

(UI Contract with PWA was awarded wIth Feb 3. 1975 start date. To
date IN-100 disk forg ings have been procured and specimen machining is
Underway,

23
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PROJECT NO. 7351 - SUPPLIES

TITLE . O PTIt -I ZATIO N OF STRUCTURAL RELIAB ILITY
ANAL YSIS PROCEDURE

CONTRACTOR . BOEING CO
CONTRACT. F33615-74-C-5O37
CONTRACT DURATION FE874-JUN75
AFM L PROJECT ENGINEER . DONAT ROBERT C
PROJ/TASK /WN 1 (NIT. 7351 -06-84

I.-
Ob~ c-c t iv e - 11 APR 75

(u l To develop the analytical techniques necessary for the
imp l ementation of the AFM L Ma tenials,’Structure Re l i a b i l i t y  Analysis
Method into the structura l design system .

Progress-A t5 FEB 74 To 11 APR 75 (Inter im-A)

(UI An MLE solutio n for a three-param eter d i s tr i hi .t ion function is
being investigated as we l l  as the STAR est r”atOr. The results tend to
substantiate the hypothesis that the fl ex u re parameter, which reflects
the early failure in ti -m e population of crack i n i t l  -ted data , can be
respec t i ve ly  for th* a l loy  system under cons iderat ion (A l . Ti  and
Steel).

PROJECT NO. 7351 - SUPPLIES

TITLE . RESEARCH TO INVESTI GATE THE MICROSTRUCTURE PROPERTIES . AND
BEHAVIOR OF METALS . ALLOYS AND MET4L MATRIX COS~P O SLTES

CONTRACTOR . DAYTON UNIVERSITY RESEARCH INSTITUTE
CONTRACT . F336 15-73-C .5O28
CONTRACT DURATION . DEC72-JUN75
AFML PROJECT ENGIN EER . SRP OSCAR 0
PROJ/TASK/W it UNIT . 7351-06-88

Ob Je ctive - 31 MAR 73

(Ut To estab lish the relationships between m lcrostructure and
properties of metal alloy and composite materia ls as functions of
processing . fabr icati on and test paramete~ s. and to determine the
behavior of these materi a ls unoer high rates of deformation and in
damped aerospace structural elements.

i
j Procj”ess-D 10 SEP 74 To 11 APR 75 (In t e rim-D I

(U) The vibrati on response and m-’de l damping have been expe ri me n tdl l y
determ ined for three dif fe rent c-’n flgurations of the Exduce r-Turb lr.e
assembly of the 0-5 cooling turbine , and a ~iscoe l astic damping
treat ment has been reconimpended t” reduce v i b ra t o r t  s t ress  l e v e l s  In
t he system . The best available damri pinc treatment material has been
id e n t i f  med by a new computer program. ven t ed ei ’p er iirentall y . ar.d
selecte d for a cm -h eat ion to the B- I test structur e for sonic fatigue
testing . The resonant frequencies and mode shape data have been
establish ed for a boron- -poxy composite F- 4 rudder in support of a
full-scale son~c fal i gue test to be conducted on the structure.
InvestI gations of innovative appi’oaches to rr akmn g low ccst metal
ma tr i x  .ompOs m tes have continued to Show that powcier in f i  l i tr a ti o n of
alum- m i rm a and graphite fiber t produces the best Specimens of reinforced
alu m ninun ’ alloy composites from the standpoint of volume-percent of
fib e rs. howevei- . te n sile Strengths were low due to uneven fiber
dist r i b u t i o n  w i t h  thr extremely small diame ter fibers uSed (0.1 to 0.5
m i l l .  Larger diameter fibers are being investigated to effect opt ’mum
fi ber-to-fiber spac i ng and to reduce handling and f iber al ignment
problems using a powder meta l lu rgy  hot pressing a On * c a t i om i ~irocedure.
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PRO JECT NO, 7351 - SUPPLIES

T I T L E .  RESPONSIVE MATERIAL S TO IMPULSIVE LOADING

CONTRACTOR . DAYTON UNIVERSITY RESEARCH INSTITUTE
CONTRACT . F336l5.73-C-5O27
CONTRACT DURATION . DEC72-NOV75
AFML PROJECT ENGINEER . HOPKINS ALAN K
PROJ/TASK/WN UNIT . 7351-06-89

Ob iec ti ve - 25 SEP 72

(UI This effort is to study the behavior of var ious solid materials
un der i m puls ive loa.~ing at strain rates typical of b a l l i s t i c  i mpact.
These spec if i c  problem areas are to be addressed (a) the b a l l i s t i c
response of candidate materials for jet eng i ne compressor blac’es.
inl e ts and win g loa~ii ng edges to i mpacts by rea l and simulated foreign
Objects. (bl the response of homngeneous. laminated and fiber
re inforced composite m a t e r i a l s  t i~ planar inp act and (ci the reSpormse
of both ~ia t rIx materials and composites to rain , ice and dust erosion .

Progress-D 16 APR 74 To 30 APR 75 (Inte rim-D m

(UI Characterizationi of dynamic properties of birds Is nearl y
complete. Gelatin and ZTV-560 (foamed to sp ecif ic gravity of 0.7)
give identica l dynamic behavior to real birds. Dynamic cuttabi h ity
studies to determine edgewise loading on blades has begun. Waterd’-oP/
bow wave interaction studies are near l y complete for Mach No range
from 3-13. drop Sizes f rom 3Onm to 200nm. Fan blade i mpact studies
have been In itiated .

t 

PROJECT NO . 7351 - SUPPLIES

TITLE . FUNDAMENTAL INVESTIGATION OF FATIGUE CRACK GROWTH
RETARDAT ION IN ALUMINUM ALLO YS

CONTRACTOR . NORT HROP CORP
CONTRACT. F33615’74-C-5126
CONTRACT DURAT ICN . JUN74 ’
AFML PROJECT ENGINEER. SHIMl,~IN KENNETH D
PROJ/TASK/WK UN IT. 7’5t-06-97

p
Objective - 02 NOV 73

(UI To onduc t a fundamental inve stigation ~ f re tardation of fatigue
cra k growth in aluminum alloys in order to pr ovicie a basis for
impi-oveci-ent of prediction of fatigue l i f e  under non-constant amplitude
loa ding conditions.

Progress-A 17 JUN 74 To 11 A PR 75 (Interim- Al

(U) The two alum i num alloys to be investiga ted ha-.e been procurred and
heat treated to proriuce the fo l l ”w ln g alloy/hea t treatment
coiiibina tloni s. 2024-T3 , 2024-TB. 7075-T6, anti 7075’&73. Stat m c
mechan ical propc -’ties including fracture touQhne~~s have beendetermined for all alloy con dltl’-’ns as well as cyclic stress-strain
curves for each alloy /heat trea t comb i nat ion . Baseline constant
amol ltude fa t igue crack propagation curves have been determined in an
a i r  environment for the 202 04-T3 and 2024- 18 a l l O y s .  Studies Of the L
effect of single Overloads on fatigue crack propagation are being
i~~lt iated .

75
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P R O J E C T  ~•O. 735 1 - SUPPLIES

TITLE. MATERIALS EVALUA TION AND
tEC HA N ICAL PROPERTY TESTING TECHN IGLES

CONTRA CTOR . SYSTEMS RESEARCH LABORAT ORIES INC
• CON TRACT. F33615-73-C .5O76

CONT RACT OURATICN . MAY73-
AFML PRO JECT ENGINEER. SRP OSCAR 0
PROJ/TASK/W l~ UNIT . 7351-06-90

Objective - iS SEP 72

(U) To develop new or improved exper imenta l metho s for investigat ion
of the mechanical behavi or of m et als , alloy s, and other structural
materials and to produce experime ntal data required for AFML programs .

Progress-O 10 SEP 74 To i t APR 75 (In t e r i m - Pm

(UI The tensile properties of vacuum- i n duction-melt ed and
con vent~~onal 7075-T5 alum ;num a l l o y  were de~ erminc d and compared . The
va cu u m-i nduct ’ on .me lted mat e r i a l s  possessed better strength but lower
ebonqat ;on . Techn iques for SuccesSive restarts O~ c’— ack i ng and the
mr-on . t o n ;n g of crack progr ev-sion via ijl t ras ~ r-,lc de’ec tion have been
success fully OCv m Ser for study ing crack retardation in 2024 aluminum
alloy . Results to rate indicate that monen tary Stress overloads do
result in crack reta ’dation at subsequent norma l test Stress levels .
A techn ; que was developed for testing threaded bery l l i u m  tensile
sp’. i rm e n s in t~~e Hopkinson bar .  T e n s i l e t e s t s  se re  made on bery l l i u m
af ter prestres~.ir.q to various levels in comoress on . and also afte”
prestres sing to the same stress levels in tens iol followed by
coiiipres stve pr stressing at matc h ing stress levels , The prestressing
w a s  found to nave very li t t l e  effec t on the total stra’n or stress-
s t - a m  relati ons of the bery l l i u m . Techni ques were developed for
testing to be conducted to determine the u ffects Of various corrosion
inhibitors on the corros ion-fatigue of D6ac steel.

PRO JECT NO. 7351 - SUPPLIES

T I T L E . E F F E C T  OF INCLUSIONS ON THE t’ECHAN ICAL
BEHAVIOR OF BERYLLIUM

CONTRACTOR . BRUS H .WELL i.5N INC
CONTRACT. F33615-74-C-5172
CONTRACT DU;~AT l [N . JUN74-MA Y75
AFML PROJECT ENGINEER . NICHOLAS THEODORE

- PROJ/TASK/WK UNIT . 7351-06 - 99

Ob jc -c ;tiv e - 22 MAR 74

(U) To (eterm i ne the effects of inclu sIons on the mecha n ica l  behavior
of  t h i n - w a l l e d  b e r y l l i u m .

Prori~ ess’A 22 MAR 74 To 11 APR 75 (Inte ~ l m - A l

(U I Inclu sions in prc ,lijct ion pressings hav~ Dee!’ dent if l e d . Salted
b i l l e t S  hav ing  oc~tn soft anti hard pa r ticle i”clus ’ons nasa ..cen

- f a b r i c a t ed ,  T he s a l t e d  inc l usio ns  have been compared w i t h  product ion
i nc l usions and found to be vary s i m i l a r .  Mechan ica l  tes t  spec imens
havIng inc l us ions are beinQ fabricated.
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PRO J EC T ~O. 7351 - SUPPLIES

T I T L E . SOLID SOLUTION STRENGTHENING OF SA PPHIR E V I A  DOPING

CONTRACTOR . LITTLE ARTHUR 0 INC
CONTRACT. F336t5-72-C-1956
CONTRACT DuR ATION. UUN72-JAN7~
A FML PROJ ECT ENGIP~~ER . CRANE ROBERT L
PROJ / TASK /WK UNIT . 7351-07 -19

Ob ject ive - 31 MAR 73

• (UI Improve hi gh temperature strengt h and creep res is tance of sapphire
- 3 fibers VIA selective doping.

Progress-Z 27 JUN 72 To 06 APR 73 l Fina l I

(UI Test ing has shown tha t the Ti doped fiber ’i are not superior to
undoped f iber s w i t h  respect to st rength . How,. ver . Cr doped A l u m i na
exhib its sUperior abraded strength levels at high temperatures.
Result s presented I n  A F M L - T R - 7 3 - 2 .

PROJECT NO . 7351 - S U P P L I E S

TITLE . DEVELOPMENT OF IMPACT RESISTANT METAL MAT RIX  COMPOSITES

CONTRACTOR . UNITED TECHNOLOGIES CORP /RSCH LABS/
CONTRACT. F33615-74-C-5062
CONTRACT DURATION . MAR74-J UN75
AFML PROJECT ENGINEER. JOSEPH ERWIN
PROJ / TASK / MN UNIT.  7351-07-20

Oblect ive 24 JUL 73

(UI To cie ielop and characterize an impact resistant composite. Both
aluminum and ti tanium met al matrix composites w i l l  be examined .

Progres s - B  27 AUG 74 To 11 APR 75 ( I n t e r i m - B)

(U) Al l  inst rumenta l Charpy tests have been completed. These test
results w i l l  be compared and evaluated in light of ballistic i mpact
tests being Performed at AFML. Conclusions are to be drawn based onthese comparisons.
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P R O J E C T  NO.  735 1 - SUPPLIES

TITLE . DEVELOPMENT AND Et.c L UA T ION OF LOW CCST BORON ALUMINUM COMPOSITES

CONTRACTOR . AVCO CORP
CONTRACT. F33615-74-C-5O82
CONTRACT DURATION . MAR74-JUN75
AF ML PROJECT ENGINEER . SANTI~E R JOSEPH S
PROJ/TASK/WN UNIT. 7351-07-26

Ob Jim - t ive - 17 JUL 73

(UI To develop and demonstrate the technical m e r i t  and u t i l i t y  of high
st rength boron alumin um composite m aterial desigied for lower cost .

v Thm - cost of the mater ial coming from the p rimary fabrication process
I be projected to be less than $50 a pound at an annua l volume of

20 .000 coundS .

Proi~i-ess- .J 27 AUG 74 To 11 APR 75 i I n t e r im - B l

(U) Studies were undertaken to doterm ; ne the best ni t r i d e r  Speed. It
was conc l uded that a rapid  t rave rse  of the n )tride - r (about 60 ft /m m )
provided a coating which would offer sufficient f-ber protecion but
st i l l  promotec a good fiber to matrix bond. Simi larly it was
de termined that ap p l icat ion of the aluminum was beet at a melt
te- i r .erai :ure of 1400 degrees F and speed of SO ft/ mr - in, Composite plate
has been fabricated avi n g moderately high strength (180 to 200 Ksi I
w i t h  transverse strengths to 17 K sl . To date , however, these results
have been spot ty. Efforts are. therefore, underway to establish
prec ise processing variables tO prov i de consistent composite
properties.

• P R O J E C T  .0. 7351 - SUPPL ’ES

TITLE. DEVELOPMENT OF IN- SITU COMPOSITES FOR USE AS HIGH PRESSURE
TURBINE BLADES

CONTRACTOR . GENERAL ELECTRiC CO
CONTRACT. F336l5-74-C-5083
CONTRACT DUQATuN MAY74 ’

- 
-‘ A FM L PROJECT E NO~~NEER . DUNCO ROBERT M

PROJ/TASK /Wm ~ UNIT . 7351-07-27

Ob Jective - 11 NOV 74

(U) To develop an improved d i recti o nall y So l i d i f i e d  N i-Ta ( eutect ic
al l oy for hIgh .~ . ressure tu rbine blades . A goal for the improv ed
ma terial is the c a p a b i l i t y  to operate for long t i r e  tO 1976 degrees F
(1080 degrees C )  and occasional  exposure to 2282 cegrees F (1250
degrees C ) .

Prog ress-B 12 NOV 74 To 30 APR 75 (Inte rim-B I

(UI Ser ies II all oys have been di r e c t t o n a l l y soli d I fied . Test
speirrens have been prepared , anti testing Is part ’a ’ly complete. Bars
of MgO and V Sub 2 0 sub 3 showed rio reaction to molten N i- TaC -13
a f t e r  be Ing immersed for  about 24 hours.

• i - . 28
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PROJECT NO. 7351 - SUPPLIES

TITLE . WORKAB ILITY THEORY OF MAT ERIALS IN DEFORMAT ION PROCESSES

CONTRACTOR . CALIF ORNIA UNIVERSITY OF
CONTRACT F33615-72-C- 1645

- 
, 

CONTRACT DURATION . JUN72- 4PR75
AFML PROJECT ENGINEER. DE PIERRE VINCEN T
PROJ/TASK/MN UNIT . 7351-08-08

-
. Objective - 31 MAR 73

(UI A method for selection of mechanical process ing Conditions which
avo id the occurrence of defec ts  in the processed material and which
insu re production or Sound products w i t h  improved mechanical
proper t ies  for use in aircraft structures .

Prouress-D 16 MAR 74 To 1 1 APR 75 (Inter im - D)

(U) The following technical reports have been pr inted and distributed .
(al A FI.L- TR-74 159. Fracture Criter ion for Mater - al S i n Plast ic
De for mation Processes, dated Augu st 1974 , Ib) AFM L-TR-74 -1 6O .
Formu lation of the L i m i t i n g  D u c t i l i t y  in M etalworking Processes.

dated August 1974 . A ma terial fracture cr iter ion was established for
occ urrence of free-surface cracks dur i ng upsetting and ro l l i n g
deformation processCss. Ana l y t i c a l  solutions of local stress and
st ain states ex is t ng in materials during upsett ng and rol l i n g
co --ation s haw bed l developed end experimentally veri fied.
Co-~~~inat i on of the above material fracture criter on Wi t h  the
a r1m~~~t m c a l  Solu ions prov i des quantitative guide lines for prev ention

~~ f.-ee - surface cracks in upsetting and rolling processes. Present
ef ’orts are di rec ted towards formulation of a material frac t ’jre
cr m t e r on for occurrence of interna l cracks and towards analytica l
solut ions for in t e r n a l  local Stress and strain states in deformation
processes such as ex t rus ion  and drawing.

PROJECT NO. 735 1 - SUPPLIES
f ’

TITL E . FEASIBILITY OF DISPERSION STRENGTHENED NICKEL ALLOY EXTRUDED
A I R F O I L  SHAPES

CON TRA CTOR . NUCLEAR METAL S INC
- - CONTRACT. F33615-73-C-5O37

CONTRACT DURA TI C-N , MAY73’AU074
AFML PROJECT ENGINEER. 0 HAPA WILLIAM T
PROJ / T A S K/ W K  UNIT . 7351-08-12

Obj~ ct 1v e - 09 l,OV 72

(UI ~o demonstrate ihe f e a s i b i l i t y  of economical l y making oxide-
d ispersion Strengthened nickel-chromium alloy hollow a I r f o i l net
shapes using f i l l e d  b i l l e t  ex t rus ion  methods and di rect  ex t rus ion from
powder.

Progress- D 12 NOV 74 To 30 APR 75 ( I n t e r i m - D i

((ii Rev iew end publ icat ion of f ina l report is in progr ess.

-
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PROJECT ~lO. 7351 - SU PPLI ES

TITLE . HIP TECHNIQUES FOR PRODUCING HIGH QUALITY BILLET FROM T !TAt.TUM
,m LLO Y POWDER

CONTRACTOR . NUCLE AR ME TALS INC
F.  CONTRACT. F33615-73-C-5O92

CONTRACT DURATION JUL73-SEP74
A FML PROJECT ENGINEER. ADAIR A TTW ELL M
PROJ/TASK /MN UNIT. 7351-08-13

Ob Jectiv e - 26 SEP 72

u To determine the ex ten t  of mic roStructura l control and mechanical
propert ies attaina b le in wrough t products prepared from prealloyed Ti -
6Ai - 6V-2Sn powders and correlate them ~,ith the variabl es associated
w i t h  compacting the powder into b i l l e t  form .

I

Proo’ess - D 10 SEP 74 To 30 APR 75 (Int ~~r im- O!

(UI A l l  phase I: powder b i l l e t s  have been prepared . The parameters

• for the ex trusion consolidated b i l l e t s  were alpha-b eta temperature
range and a 6 25 to I reduction ratio. Four hot i~~static pressing
cycmes were chosen- an alpha-beta and a beta cycle for both a fast HIP
arid a convent tm ona l autoclave. An unf or t una t e acc~ dent during the
alpha-beta fast HIP cycle resulted in tie loss of those fi l l e t s .  The
subcontractor then refused to do the fast beta cycle, however , a
portion of that material was able to be inc l uded in the beta cycle for
the conventiona l autoclave. The draft copy of tile fina l report has
been reviewed and this effort w i l l  cl ose out in the near future.

PROJEC T NO. 735 1 - SUPPLIES

TITLE. P~~R A r. ETERS I NVOLVED IN METAL PROCESSING OPERAT IONS FOR AF HIGH
STREi~GTH METALLIC PARTS

CONTRACTOR . WESTINGHOUS E ELECTRIC CORP
CONTRACT . F33615- 74-C-5O59
CONTRACT DURA TION . DEC73-
AF ML PROJECT ENGINEER. ADAIR A TTWELL M
PRO TASK/W it UNIT . 7351-08-17

- 
Objective - 26 JUL 73

(U) To provide a quantitative basis for the selection of parameters in
• m e tallurgical processing operati~~ns for the econom i ca l and timely

pr .iuCt ion of desired shapes from high performancc alloys which have a
f i l Ch  decree of r e l I a b i l i t y  in Air  Force structural and engine

ica t Ions.

Pro -pSs-C 10 SEP 78 To 1 APR 75 (InterIm-C l

(UI The sub cOn tiact for i o t l v ~~~ir ,il forging lubrmc n nt development for
t i t . r i i u ’- al lo yw has been a~ ar de~ and sO r k  ii . underway . Various
f~~.’i .-uIa tion 5 hd~~ been prepared and lubri c a n t - d i e  m ate r ial
co- 1 i-i t i b i l i t y  v a ) -~it ion has 01- e n  p e rf o r m e d  for IN .100 die material.
Lu hi ’m c ,in t shear r n  stance tests have also been performed . The depths
of the Iub r i c a nt .wc-kp i e c e reaction zones of a n ii-ber of additiona l
C a r i i d n ~.e iSo~~~erma I f orging lubricants ai - e being evaluated in
Coi -b i n.~ t fon w 1 t h  T ,5Al- 4V and T i 6 A l - G V - 2 A r i  al l oys over the temperature
re -ce cc 1 350-IEOO degrers F M- - d i f i e d  tooling has been obtained for
usv i n  “eterm ’ ni ng the adhesion characteristics of l ubricants in
coriac t w i t h  typica l d ie-wor kpi ece comb i nations. Candidate ceramic
materia ls for use as i sotherma l forging dies cOnt l nue to be screened
fo” eva luation . Re l a t i v e l y low cost, hot pressed alum ina (not

• comp le tel y dense ) i~~~ currentl y being eva l uated.

~ R~
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PROJECT NO. 7351 - SUPPLIES

TITLE . DEVELOPMENT OF TIT ANIUM ALLO Y CASTING TECHNOLOGY

CON T RA C T O R . GARRETT CORP
CON TRACT . F33615-74-C-5O55
CONTRACT DURAT IC-N . FEB74-
A FML PROJECT ENG INEER. KERR W I L L I A M  R
PROJ /TASK/Wit UNIT 7351-08-18

Object i~~c - 27 jUL. 73

(U) To develop a t i t a n i u m  alloy - cru cible, mol d c ombinat ion wr iich
w i l l  permit the production of h i gh q u a l i t y ,  low cast t it a n i u m  alloy
cas tings by conventiona l p recisir ’n casting ~ec l ri rj u~~s.

Prociress-C 17 SEP 74 To 11 APR 75 )Int e r i m - C l

(UI Material DE .elopr ent ( Phase I of the p”ograrii m has been completed.
T itanium alloy and cruc ib e material selections h .~ve Dew. i~~de for
PhR- .€~ Ii,  Casti ng Development. The alloys chosen are T ;-l 3Cu which
has a r e l a t i v e m y h i g h m e l t i n o  p c m n t  (2613 degrees F > but good
pri.p erties and tolel -an ce for contamination from crucible materials and
T i -1 3Cu-4.5N m which has a lower melt ng point (2 t 5  degrees F )  less
to le rance for contam ination , arc lower d u c t i l i t y  i s t i l l  w i t h i n  program
r e t u rer’ents). Crucible mater ia ls for Phase II —‘. 1 1  be ytt r i a  plus 15
we igh t percent t i t a n  a which has good theriiia l shcck resistance, and
pure ~t t r i a  Plasma sprayen on a material w i t h  good therma l shock
resista nce W-~~ld mate r ia l s w I l l  consist of cur ren tly used mold
ma terials, a zi’c on facec~~at , and HREMO (Heavy Rare Earth M ix ed

$ Ox~ des) wh ich nave shown lower cnintam i nation as crucible material.

PROJECT NO. 7 3 51  - SUP P L I E S

TI TLE . AMORPHOUS GLASSY ~‘E TA L A L L O Y ~.

CON TR ACTO R . B A T T E LLE MEMORIAL INSTITUTE
CONTRACT . F3 3615-74-C-5179
CONTRACT DUR ATI ON . JAN75-
A FML PROJEC T ENGINEER. C .EGEL HAROLD L
PROJ/TASK/Wit UNIT. 7351 -08-19

Obj ective - 03 APR 74

(U) To search for new PoSSible alloy g lass Cn’pOS~~t ions having
Specif ic stren qlh propert ies approaching those of boron or graphite

- 
. f i l , r r e r ~~s and to chai~ac ter ze the elastic arid p l a n t i c  pro~ ert es of

thcse materials by relatin g them to their st ructure and therma l
st a b l i l i t y  of each s~ st en1 .

ProqreSs-B 17 SEP 74 To I T APR 75 l l n t e r i m - B

)Ui Research to iiar.uf actL ,re T i -6 41- 4V powder using the pendant drop
me lt e)’tract (oil )PDIIIE ) Process i~~ pr ogressirq as rl a i ned . Pc-.~~der h as
been made using electron beam heating of a i r a c i i - ’ cnt rod On a
la boratory scale. Plasma arc me l t i n g  w i l l  be 05cc as an a lternative
method to prev cnt loss of hi r ’h vapor pressing a l ! .~~ioQ ele ments such
as alum ; num. Packing parometer s are being i nvest gated and ~l’iey a-c
observed to be a funct ion of the l eng th-to-dia rotrr ratio iL ,- D ) .
Sc-ale-up concepts are also being cOns dered . The advantages Of L/D
powder over con vent m oral titanium powder aphears to be (a) free f r .m
exta rancous tungsten contam inati ni n , )b I Start ing ma ter Ial can be scrap
in a green Compact ~c’rm, ( C )  V e ry  homogeneous.
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PROJECT NO. 7351 - SUPPLIES

TITLE . COMPUTERIZED ULTRASONIC INSPECTION SYSTEM

CONTRACTOR . GENERAL DYNAMICS CORP
CONTRACT. F33615-72-C-1828
CONTRACT DU RATION.  1JUN72-FEB75
AFML PROJECT ENGINEER. ALLISON ~JOHN E
PROJ/ TASK / W i t  UNIT . 7351-09-34

Ob)dc tivo - 04 OCT 72

(U) The p~ ogram seeks to (a) Improve the ultrasonic inspect ion of
• forged shapes to prov i de 100 percent material inspection with a

min i m u m  of machining : Ib ) To minimize equipment and operator error as
a source i ncons istent forgino flaw detection : and (C) To use state-of-
t i- ic-art Computer c a p a b i l i t y  to accompl ish these goals as w e l l  as
provide future capac i t y  for addi tiona l improvemilerts and use wit h  other
scanning NDT techniques ,

Prouress-C 26 SEP 73 To 30 APR 75 (Interim-Cl

(UI The scanning system has oeen completed and integrated with the
u l tra s o n i c s  sys ’ ’m and the POP 11/45 min icomputer  The u l t r ason i c
contour following device has a l lni w ed the in!.oecti on of o b j e c t s  w i t h
tapers , f i l l e t s ,  holes and large radii (greater than 2-3 inches) at a
sc-an ra te of six inches per second. At slower rates smaller radii (3/
4 - 1 inch l can be scanned. A sp ec ia l ly de’igneu m u l t i p le flaw gat ing
system has been developed L i  detect m u l t i p le, tn- l i n e  flaws and to
reduce )but  not to e l i m i n a t e )  pr~ blerr s w i th t he loss of the bottom
su— face reflection . Inspection results are disployea in real-time on
a tektronix 4010 Graphics Term ina l . Post - in spect i on data ana l ysis
i rc i udes data f i l t e r i ng , arnp l itude d t s c r i m in a t i o n . flaw si gna l hom i ng .
spec t ra l anal y s i s  o r the f l a w  s i gnals  r f -w a v e f o r m . and fur ther  data
di sp lay. The system was demonst rated on 6-7 Febrm.ary 1 975 to
re p”esen ta t ives  from both ‘he A~~r Force and the aerospace industry.
In the inspection of aircraft e.-mgi n e disks it was shown to have the
potent ia l  of reducing the i nspection time by a factor of four over
convent i onal u l t r ason i c  sys tems . The d isk  was ) f l l.pectecl in the
long itudina l (nornia l incidence pu l se-echo ) mode as ~~ as T ”e radial

• and circumfere nt ial shear modes . Various features of the system were
st’mown including computer controlled flaw gat ing . computer control of
a l l five degrees of freedom of transducer m an ipula t ion , adaptive
contour followin g , data fi l t e r i n g  and analysis and the a b i l i t y  to
arigulate the transducer about a f l a w  signa l to max im i ze i t s  u l t rason ic
response . An F - i l l  landing oear fit t i n g  was Scanned in a stan d -of f
(norma l C-scan mode . This was only m i n i m a l l y  satisfactory and
subsequent data f i l t e r i n g  appeared inadequate to g iv e a completed
unambiguous depic t ion of the s imulated f l a w s  present.
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P R O J E C T  NO. 7351 - S U P P L I E S

H TITL E . PRACTICAL SENSITIVITY LIMITS OF PRCDUCTION NONDESTRUCTIVE
TESTING METHODS IN ALUMINUM AND STEEL

CONTRACTOR . BOEING CO
CON TRACT. F33615-72-C-2202
CONTRACT DURATIOPI . MAR73-SEP74
A FML PROJECT ENGiNEER . MULLINS FREDDY D
PROJ/TASK/W it UNIT . 7351-09-37

Ob jective - 31 MAR 73

(UI The overall objective of this program i~~ to increase the safety.
reli ab i l i t y  an~ integrity of A ir Force ai rcraft structures and
propulsion Systems bY developing reliable nondestructive inspection
techniq ues to loca te  and assess de fec t s  in m ater ials. (Surface Flaws
Onl y).

Progress-B 26 SEP 73 To 01 MAR 74 (I nter im-B ,

(U) Spec i men fabrication is nearing comp let ion and the comp leted
spccimens are being inspected both in l aboratory and production
fa c i l ities with ultrason ics , eddy currents. Penetrants. radiography .
and magnet ic p a r t i cle s .  Severa l  of t hese inspected samples have been
opt i c a l l y  examined so as to f u l l y  character’mze the flaws present.
Prel iminary S t a t i s t i c a l  data has been compiled.

PROJECT ~iO. 7351 - SUPPLIES

TITLE. ADAP TIVE SIGNAL PROCESSING OF ULTRASONIC WAVE FORMS

C O N T R A C T O R . A DAPTRONICS I N C
CONTRACT. F3~ 6l5-74-C-5l22
CONTRACT DURATION . MAY74 -
A FML PROJECT ENGINEER. BUCKLEY MICHAEL J

- 
. 

PROJ/TASK/WI< UNIT . 7351-09-42

• ObJect ive - 14 NOV 73

( U I  The i d e n t i f i c a t i o n  of .de fec t . s i z e  d i r e c t l y f rom Ul t rason ic
Nondes t ruc t i v e  T e s t i n g  (UNDI ) da ta .

Progre s s - B  10 SEP 7~ To 11 APR 75 (Interim -B I

(UI The first task Is complete. The adapt ive signa l processing system
was 96 percent SucCessful in determi nino the size of flat bottom holes
independent of the particular aluminum sample or transduce employed Ir.
col l ec t i n g  the data . The samples for task 2 are fabr ica ted  and data
Collect i on Is underway.
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PRO~lECT NO. 7351 - SUPPLIES

TITLE . INTERDISCIPLINARY PROGRAM FOR QUANTITATIVE
FLAW DEFINITION

• - C O N T R A C T O R . ROCKWELL INTERNATIONAL CORP
CONTRACT . F33615-74-C’518O
CONTRACT DURATIC .N . UUN74-JUN75
A FML PROJECT ENGINEER. BUCKLEY MICHAEL J
PROJ/TASK/W it UNIT. 7351 -09-43

Objective - 08 MAY 74

(U) Development of s i g n i f i c a n t l y  improved ultrasoni c nondestructive
evaluation System. Particularl y in the area of qoant itative flaw
de finition .

Progress-B 10 SEP 74 To 1 1 APR 75 (Interim-B)

(U) The proceed i ng of this workshop have been publi shed as AF M L-TR - 74-
238. An onsite rev i ew by the DOD executive advi scry board was held at —

the Sc ience Center  on 11 FEB 75 . Progress to date has been excellent
on the major ity of the tasks.

PROJECT NO. 7353 - METALLIC AND CERAMIC MATERIALS FOR ADVANCED AEROS PACE

TITLE . EFFECT OF PURITY ON RELIABILITY CHARACTERISTICS OF HIGH STRENOT )-
S T E E L S

CONTRACTOR . UNITE D STATES STEEL CORP /RSCH LAB !
CONTRACT . F3361 5-75-C- 5137
CONTRACT DURATION. MAY75-
A F M L  PROJECT ENGINEER. GRIFFITH WALTER M
PROJ/TASK /Wit UNIT. 7353-02-17

Ob JectIve - 25 SEP 74

(U) The object ive of this program is to defin e the role played by
residua l elemen ts in determining the r e l i a b i l i t y  of various classes of
aer’ospace structural steels.

Progress-A 26 SEP 74 To 30 SEP 75 (In t e r i m - A m

(Ui The normal -purit y heats of 4340. l8Ni Maragir ig , and 4F1410
(formerly known as IONi-Mod ) have been melted and processed .
Mechanical testing on these steels is underway. The u l t r a - h i g h  pur i t y
steels are being melt ed and processed at this time .
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PRO JECT NO. 7353 - METALLIC AND CERA S1IC M A IE P I A L S  FnP A DVANC ED AEW~SPAC E

TITLE . T HE EFFECTS OF MINOR ALLOYI NG ELEMEN T ADDITIONS ON MECHftNICAL
PROPERTIES OF T ITANIUM ALLO YS

CONTRACTO R . ROCKWELL I NTERNAT .O NAL CORP
CONTRACT. F33615-75-C-5O89
CONTRACT DURATI ON DEC74-
4FML PROJECT ENGINEER. BANI A PAUL J

PROJ ,’TASK/WK UNIT . 7353-02-18

Objrcti

~~

o - 26 JUL 7~

(U) To determ i ne individual and interaction effects of the minor
a l l o y l n o  e l e m e i t S  Si . B i. Fe. S and M0 and s i m i l a r  effects of the

i r t e r s t t t i a l s  H sub 2 & 0 sub 2 r~n the mecha ni ca l properties of a

ti t e n i u m  a l l o y .  T h e  inte raction s t u c i es  ~ i ) l also inc l ude heat
treatment/s tructure effects.

- Prociress-B 01 flAP 75 To 2 .~ SEP 75 I Inte i m B m

(U Creep tests of T ask I allo ys have been comp leted along wi t h  room

and elevated temperature property determ inations. ~e5ult5 indicate Si

ard Bi to be effective creep strengtheners w h i l e  Fe is detr imental.

Sulphur . in small quantit ies, is a lso shown to I Drove creep
res istance. Optica l and electron microscopy have also been conducted

on the Task I alloys. S i l i c o n  effects on fatigue crack propagation

are be ing determined at room and elevated temperatures. Mat erial
fabrication for Tasks V and IV has also been completed.

~ -i
— I

- 
I
• PROJECT NO . 7353 - MET ALLIC AND CERAMiC MATERIALS FOR ADVANCED AEROSPACE

TZ T LE. THE I NFLUENCE OF SUBSURFACE DEFECTS ON F A T I G U E  P R O P E R T I E S  OF
T IT A NiUM ALLOYS

CONTRACTOR . UNITED TECHNOLOGIES CORP /RSCH LABS !
CONTRACT . F33615-75-C-5138
CONTRACT O U RA T V s  MAR75-
A F M L  PROJECT ENGINEER. KERR W I L L I A M  R
PROJ/TASK/WIt UNIT. 7353-02-20

Ob i~~c t i v ~ ‘ 16 SEP 74

(UI To ~Ptermine th~ effec t on mechanical propert i es, w i t h  special
• at tention to fat i gu e properties i’f two types of sm all scale defects

Cleavage Roset tes , and Beta Flecks. - i d e n t i f i e r ’ in a lpha -be ta
t i tan l ui t alloys .

Pro-~ress .A 31 JUL 75 To 14 OCT 75 ( I n t e r i m - A l

(UI A d i f f u s i o n  bondi ng techn mn ue which incorporates defects and
Va” b u S  contamin ants has been developed . Fr actu i~~ at the bonding
su’ face w i l l  0’ mi t comparison of the synth esized defects with
cl ’ rmva g c rOS etti -t Previousl y id e n t i f i e d . Rosette defects found in IMI
685 a l t oy and i i - 6 A l ’ 2 S n- 4 Z r - 2 T i .~ are be ing sub jec ted  to Auger
so..-c trcscOpy ‘n a n  attempt to identif y the cont al’n ant responsible for
th ’ se d e f e c t s .  T l - 5 A 1 - 4 V  material containing beta flecks has been
Ob tained and is being character (7ed ma crosco p ica ll y and
microscopicall y. Ctt aracte r l za t i i -.n includes qu an t-t 5 t iv ~m etallograp ily . hardness and micr ’ probe ana l ys is
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PRO JECT NO. 7353 - M ETALL IC AND CERAMIC MATERIALS FOR ADVANCED AEROSPACE

TITLE . PREDICTION OF MECHANICAL PROPERTIES OF METALS USING
PHOTOI ,IJCROGRAPHIc INFORMATION

CONTRACTOR . DRE HER JOHN U DR
CONTRACT . F33615-75-C’5l69

• CONTRACT DURATION . FEB7 5-
A FML PROJECT ENOII’J EER. SAN TNER JOSEPH S
PROJ/TASK/Wit UNIT . 7353-02’21

• Obj cctivc - 08 JAN 75

(U) To examine the f e a s i b i l i t y  of pre d icting the properties of metals
,.n i  al l o y s from their microst ructure using du an tit ative ana l ysis
itechniqueS.

Pro- :~i-ess -A 08 JAN 75 To 17 OCT 75 (In t e r i m - A l

)U I Color sepa’-a t ion strohoscopy was used to obt r- n 13 s t a i u - n g
pattern pa ram et er’s. It aprears parameters charact erizing the number
of standing pa tterns have a higher correlati o n w i t h  toughness .
du c t i l i t y ,  anti fatig ue w h i l e  parameters chara ctei- zing the geometric
Sh— ipe of the standin g patterns carry no prop erty nform ad ion . In
addition , the correlation of one parameter suggests the different

• pa - t i c i c s  may be pla ying different i’Oles in Controlling fracture
toughness. Op t i c a l - .o-aucm itory translation of p~ otomic rographsIacou st .gram l of 14 specimens w e e  anal yzed to Q..~-n ti ze the color
st ’Obosc opy ob~ erv aiio n s . Major effect s on certa -n properties are
seor to be associated in the spatia l distributio n of secondary alpha
p a r t i c l e s .  A t h i r d  approach to classif y rnicrost nl .ctures i nvolv es the

• generations of optical Fci .,rier p”wer transform Patterns by
i l l u m i n a t i n g  m:crograph transparencies with coherent ligh t .  The
expe rimental apparatus is being assembled.

PROJECT b . 7353 - METALLIC AND CERA ’.’IC MA T ERI A LS FOR ADVANCED A ER. S PACE

TITLE. STRENGTHENING OF TITANIUM ALLOYS B~ PRECIP ITATION NARDC ”JING

• 
, CONTRACTOR . RUTGE RS UN IVERSITY

CON TTACT. F336i5-72-C- 1 566
- CONTRACT DU PAT 1-~N. APR72~ JUN75

.~ FM L  PRO JECT ENGI~~EER. FU~JISHIRO SHIRO
PROJ/TASK/W it UNIT . 7353-02-54

Ob Jri ~t l v O - 05 OCT 73

lU m  SF FUNCTON - Aerospace Primary Structure and ~n opu i~~m o n Sys tems .
- . I DEFICE I.CY - St ’-u ctur al i n s t a b i l i t y  and loss of 0 - -  t r u l y on exposu~ e.

RES EARCH - Str engtr. .~n u n g cf Tl .M r~A l system by second phase
d i ’ .persion .

• 
Pro , ess-F 16 APR 75 To 30 SEP 75 (I n t e r I m - F l

l U i  The f i n a l  --5-Dor l has been review ed by the or cct engineer and
SF51/TSR e d it o ” ial ~t~~ff and the repr oducible cor -, has been returned - •

to ‘~~e contractor w i t h  a d istribution l i s t  ~~d DC 1pm 1473 and Fo” m
• 257 For pr Int rig on 18 Uu l~ 1975 . Trw techni ca l - nor ’ was assigned

to IDe SF ML - TR ’ 7 5 -l i e . After i t s  P r i nting a d  C i 5 trmb ,..t lO fl the
pr  - c i t  contra nt w i l l  be conr p le t d The h i c ~h l m q ’ t s  o4 the results

• ol-- u i i n cc under ‘his contr ,ct are as follows - St ’.i l -- a g i fl g programs.
ha O o n  pr i n c - r I e s  of par t i c l e - d i s l o c a t i o n  inte r~~c t,ons were -~~
de~-r- l o p d  sy st o i ’- it i ’all y to obt-i l r, increases in the high-t ern p ei- atu ”e
St  c - g t h  and C’j c t i l i ty proper-ties of a T i - I  at 0’:- ’ cent ltlo -16 at
pe’ i.e nt Al alloy . A t ri of e- s te p aging or~~~ra~ p’-r duced a y ield stress
of ~ibou 1 1 ,500 t,1N/m super 2 at r”om tempe-a.ure er’iØ 900 MN/rn super 2
at a deformat i on tem perature of eno degrees C. Pr eli minary results
ac hi eve d by thermom echanical treatments , consis ting of deformation in

• th i Beta plus T i Sub 3 Al phase fie l d  prIo r to aa-ng In the Beta plus
a lpha p lus TI ~ jb 3 51 phas e f i e l d ,  sno w ‘eas onac l e hmgh-tem pe ratu’e
de formation propert ies, but a b r i t t l e  behavior at l ower test
te mperatures.
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PRO JECT NO. 7353 - M ETALLIC AND CERAMIC MATERIALS FOR ADVANCED AEROSPACE

TI TLE . CORROS ION FATIGUE OF HIGH STRENGTH OIR CRA FT STRUCTURAL MATERIALS

CONT RACTOR . MASSACHUSETTS INSTITUTE (‘F TECHNOLOGY
CONTRACT. F33615-72-C .i286
CONTRACT DURATI ON. APR72 -NOV7 3
A FML PROJECT ENG INEER. LYNCH CHARLES T
PROJ/TASK/Wit UNIT. 7353-03-01

ObJ -, t i ve - 30 AUG 73

-
. (U I To in~ est lgate ihe mechanisms Of corrosion fatigue 0f high

strength alum ’ri um arid titanium alloys, with emphasis on metallurgical
and mechanica l aspects of crack i n i t i ation and growth , Investigate
the corrosion mechanisms w i t h i n  a propaga ” in g corrosion fatigue Crack .

Pro’mress’C 08 APR 74 To 01 MAY 75 (Interim-Cl

(U, The rate of fatigue crack proDagat iom ’m of T i ’6A l - 6 V - 2 , 5n anti Ti-
651 ‘4V ,n aqueons environments has been found to have three types of

~rcquency function a l dependency. Crack growth rates increase w ith
decreas , ng frequency in d i s t i l l e d  water , are I ndependent of frequency
in sodium sul f i ’ .i solutions and show a reversal in frequency
dependence In chlor i de contain ing solutions . In the latter case .

- croi .k gi-Owth retes decrease with decreasing freoucncy at very low K
levels and then revert to (ncreauing with decreas ng freouency at
r i -  cc i’ K levels. A study of th e Bauschinger effec t in preci pi tation
st or’gthe ned aluminum alloys was conducted . and the corrosion fatigue
benav o’- Of 2024 A l and 7075 Al after various heat treatments
determined in humid air and after various heat treatments determined
in humid air and inert atmospheres. A final report Is in preparation .

PRO JECT NO. 7353 - METALL iC AND CERAF .1IC MATERIALS FOR ADVANCED AEROSPACE

TITLE . METALLIC COMPOSITES PRODUCED BY UNIDIRECTIONAL SOLID’SOLID
TRAN SFORMAT IONS

CONTR A CTO R . GE NE RA L ELECTRIC CO

- 
. CONTRACT . F336l5-73~ C-5O83

CONTRACT DURATION. M~~Y73-AUG75
A FML PROJECT ENGINEER. DUNCO ROBERT M
PROJ/TASK/Wit UNIT. 7353-06-04

‘(-I

0bi~~et Iv c 
- 08 NOV 72

i U) The objectives are thre efo ld - l a m  Produced aligned composite
st-uctui-e s by unid i rectional transformat ions in a system with a

4 transfom ’m ation t emperature of 1400 degrees C or h gher. and Offers
potential to be used coated as a gas tu rbine bla cic material . (bI
De ’ine the i cilpoi ’tanl prob l em areas that mus t be rive sti gated if a
co- -p os ite structure i~~ to be capable oF be ing used as a gas turbine

• blade material w ith  the inheren t therma l . mechan ,.al . and
env ironm ental pr ob lvi r s th at such m aterials must r- tn standi . Ic ) Make
pr l i m i n a r y  tesis t o  see if the ir - o te rla ls produceci can survive the
problems I dentified in (hi .

protmre ss-D 01 NOV 74 lo 01 JUL 75 Iln te ’ -i m - D I

i U l  Work In t hm ~ pe r ad wa~ cdi’c i - r t . ted on the h fn m u m  chrom i um
eu t - :ct c; d. l ’u-- e r cu 5 casting t r i a l s  ‘ave bce - maci , to Produce a
hoi oqereOus St” c cture su ita ble °“r d i r e c t i i r a l  tran s format ion .
Reai- tl on with C ’uc ibl e s ha ’. ca.oi-d some i ngot co,- ’a m m nat on. Though
sonic d rection a l st~~uctu’ -e has h -en pro duced, f u ~~ther work on
di r ectio nal trans f r ” ’ at io n was r’ t p romising. Th c effort has been
r e d - ”ec ted to a study of oxlOa ti i”n ~~F d i r e c t i o n a l l y  sol i d ifie d in situ
eu te ct ic composites such as N I- T aC . N i-1QC r’Ta C . Si-TaC ’B and N i - 1 9 .
7Nb .6Cr .2 .SAi . i F i n al Report, A FM L - T R ’7 5- 1 33 , is bei ng fina li ze d and
w i l l  soon be p ”inte d and d iSt ribut ed. - -
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PROJECT NO. 7353 - METALLIC AND CERAMIC MATERIALS FOR ADVANCED AEROSPACE

TITLE . OPTICAL DETECTION OF ULTRASOUND IN PARAMAGNET IC MATERIALS

CONTRACTOR . ILLINOI S UNIV ERSITY OF
CONTRACT. F336l5-73-C-5O48
CONTRACT DURATION . JAN73’i.JUN7 5
AFML PROJECT ENGINEER. BUCKLEY MICHA EL U
PROJ/TASK/WK UNIT. 7353-08-02

Objective - 09 NOV 72

(U ) TO determine the sensitivit y of quantum emissi on from excited Sp in
states to ultrasound perturbation s and consequentl y the su i t a b i l i t y  of
quantum detection or microwave and ultrasonic electron spin resonance
as a method of materials evaluati on

Procjness-E 01 APR 75 To 28 OCT 75 (Interim-E l

(UI Exco l lent results down to 5MHZ with Ge detectors have been
obta i ned . Further experiments and theoretical anal ysis are currently
underway to determine the bandw idth , sensit iv i t y  and frequency
response of those devices .

PROJECT NO. 7353 - M E T A L L I C  AND CERAMIC MATERIALS FOR ADVANCED AEROS PACE

TITLE . NON-DESTRUCTIVE MEA SUREMENT OF ADHESIVE BOND STRENGTH

CONTRACTOR . M ICHIGAN UNIVERSITY OF
CONTRACT . F33615-75-C’5134

- - 
1 CONTRACT DURATION . JAN75 -JUL75

‘.‘~~ I A FML PROJECT ENGINEER. PANOS RODNEY N

~~~~‘ 
,
~ PROiJ /TASK/WK UNIT . 7353-08-09

Objective - 30 SEP 74

(UI Determination of a p p l i c a b i l i t y  of ultrasonic pulse/echo
information to adhesive bond strength measurements .

Progress-A 19 DEC 74 To 01 APR 75 (In t e r i m - A l

(U) Adhesivel y bonded samples have been supp lied to the contractor by
AFML. Ini t i a l  set-up and preliminary studies are under way .
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PROJECT NO. ILIR - LABORATORY DIRECTORS FUI,D

TITLE . HIGH PRESSURE FURNACE GROWTH OF MERCURY CADMIUM TELLURIDE

C O N T R A C T O R  L I T T L E  A R T H U R  0 INC
- - CONTRACT. F33615-73-C-5155

CONTRACT DURATION . 1JUN73-
A FML PROJECT ENGINEER . HICK~ OTT ROBERT L

• PROJ ,’TASK/WK UNIT. IL IR- OO-39

Objective - 26 JAN 73

(UI Establish techniques for growing single crystal mercury cadmium
- - 

: telluri ci e (HgCdTe) based on separatel y controlling to tal  pressure and
- i mercury partial pressure In the growth apparatus as well as

contr ollin g temperature.

Proqress-E 31 MAR 75 To 01 OCT 75 (Inter Im-El

(U) Five detectors with X equals 0.2 have Deen d~~li ve re~ tu ~AMSO fortest-

PROJECT NO . IL 1R - LABORATORY DiRECTORS FUND

TITLE . DEVELOPMENT OF THE HGCDSE ALLO Y SYSTEM FOR IR SENSOR
APPL ICATIONS

- C O N T R A C T O R . MCDONNELL DOUGLAS CORP
CONTRACT. F336 15- 74-C-5167
CONTRACT DURATION JUL74 -
A FML PROJECT ENGINEER. HICKMOTT ROBERT L

- PROJ/TASK/WK UNIT . ILIR -OO- 66

• 
- Objective - 12 APR 74

- (U Established the f e a s i b i l i t y  ‘~f develop ing selected compositions
from the HgCdSe alloy system for infrared sensor applications.

Proqress-C 01 MAR 75 To 01 OCT 75 (Interim -C l

(UI The phase diagram for HgCdSe is le ns shmrmd i ik e  th at of HgCCITe
but li es abou t 150 degrees C above it L iau iCus and solidus ar e
clo0e r togethe” for HgCdSe than for HgCdTe. The properties of
ca ” e f u l ly  processed HgCdSe are cr~mparable to those of HgCdTe of the
same Cai’rier concentration . Fund i ng or~ th is progrt .m i~~ be i ng
comp leted b~ AFAL. 

- ~~~~
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PROJECT NO. ILIR  - LABORATORY DIRECTORS FUND

TITLE . INTERCALATED GRAPHITIC MATERIALS

CONTRACTOR . PENNSYLVANIA UNIVERSI TY OF
C O N T R A C T .
CONTRACT DURATION . JUN75-MAY76
A FML PROJECT ENGINEER. DIMIDUK PAUL W
PROJ/TASK/WK UNIT. ILIR-O0-7 5

Objective - 06 JAN 75

(UI The cbjective of this program is to prepare.  cha racte r i ze , and
deve l op Interca lated grap h itic material s whi ch exh ib it high
reflectance in the infr3red . The characterizat ion information that
w i l l  be needed includes reflectance and/or absorptance measurements.
sti’ength properties , and st a b i l i t y  information in various anticipated
ambient environments . The successful comp let ion of this program is
expected to yield Candidate mate rials wh ich have improved high ene~ gylaser hardness.

Progi’ess-A 06 JAN 75 To 24 SEP 75 (Interim-Al

(U) The contrac t for this program started on 30 ‘JUN 75. Prelimina r y
results on several newly prepared intercala tes Indicate that their
ref lectances have i ndeed increased as a result of the intercalation
process.

PROJECT NO. 2071 - PHASE EQUILIBRIA

TITLE. STUDY OF PHASE EQUILIBRIA IN THE SYSTEMS TL-AS-S AND TL-AS-SE

‘I CONTRACTOR . WESTINGHOUSE ELECTRIC CORP -

CONTRACT. F33615-72-C-1976
CONTRACT DURATION . JUL72-JUN75
A FM L PROJECT ENGINEER. DONLAN VINCENT L
P R O J / T A S K / W K  U N I T . 2071-00-01

Ob jict .0 - 30 AUG 72

• 
iU ( The objectives of thi s program are to continue studies of device
ap r ,li ca tiOns of single crystals in the Tl- As - Se and T l -A s- S systems
anti to i nvestigate the phase relations of the TI- P - S  and T I-P-Se

- 
Sy t cr 5

Pro- .-ess’ F 01 SEP 74 To 31 MAR 75 (Inte rim -Fl

(U) Further Phas.e diagram study In the TI-P-S syntem lecj to a new
crystal growth composition and a T1l3 (PS(41 Crys tal w ith improved
optical transparency. As yet . nn oscillatio n has been obtained in t f’l~
2 micron pumped T1 (3)As Se (3) parametric oscillator . A large single
Crystal of TI(3iLsS (3) was grown , x-ray studies indicate that this
crystal has 2/rn mon oclinic symmetry.
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PROJECT N O.  2387 - LASER COUNTER MEASUREMENTS

TITL E. DEVELOPMENT OF SPECIAL INFRAR ED FILTERS

CONTRACTOR . PERKIN ELMER CORP
CONTRACT . F336i5-74-C-5168
CONTRACT DURATION . JUN74-NOV7S
A FML PROJECT ENGINE ER . CONRAD PHILL IPI M
PROJ/TASK/WK UNIT. 2387-00-08

Obj e c t i v e  - 10 JUN 74

(UI The objective of this work is the development of special infra-ed
hardening filter s for a c !assified applicatIon .

Progress-C 01 APR 75 To 17 SEP 75 (Interim-Cl

IU ) Selectively absorbing and refl ecting filters have been fabricated
which approach , and in some cases, meet, design goals. Scattering
measurements and Other performance tests have been completed . Fina l
report is in preparation .

PROJECT NO . 2612 - HALIDE GROWTH

TITLE . CHEMISTRY OF HALIDE WINDOW GROWTH

CONTRACTOR . HUGHES RESEARCH LABORATOR IES
CONTRACT . F33615-74-C-5l15
CONTRACT DURATION . 4PR74-JUN76
A FML PROJECT ENGINEER . FENTER JOHN R
PROJ/TASK/W’vc UNIT. 2612-00-01

Objective - 23 OCT 73

• (UI To tie ~elop Reactive Atmosphere Processes (RAP) for single crystal
halides to serve as laser window starting materials.

Prc,r;i -ess-O 01 APP 75 TO 01 OCT 75 (Interim-D I

(UI Studies have in - ” icated that both CBr (4) and CF (4I are not useful
RAP agents for brom i des and fluor i des . However . CF( 4) does Convert
water to HF e ff m c t e r m t l - y . If the process temperatm .r’e is above 1000
degrees C. then C Fm 4~ ShOi.ild be used for RAP in the gas phase . HF
shou ld be used in the condensed phase .
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PROJECT NO. 317~J - ADVANCED RADIATIO N TECHNOLOGY

TITLE . DEVELOPMENT AND CHARAC TERIZA TION OF PRO TECTIV E-ANTIREFLECT ION T
FILMS FOR POLYCRYSTALLINE POTASSIUM CHLORIDE LASER WINDOWS

C O N T R A C T O R . HONEYWELL INC
CONTRACT. F336l5’75-C-5228
CONTRACT DURA T ICN. APR75-
AFML PROJECT ENG iNEER. OHMER ME LVIN C
PROJ/TASK/WK UNIT. 3l7 J-OO- 17

ObjEct ive - I~ OCT 74

m U )  A n t t reflec tive t h i n  f i l m  sy s t ei r s shall te de~~eloped ~or
p o l y c r y s t a l l i n e  a l k a l i  ha Hde high Power Infrare d laser window
m ater ia l s. Moisture passivation of the a l k a l i  h a lid e ma terial shall

be prov i ded by chemical processes and/or incorporated into the AR thin
f i l m  design .

P R O J E C T  ~O. 3i7J - ADVANCED RADIATION TECHaGLOGY

TITLE . INFLUENCE OF SUBSTRATE CRYSTAL ORIENTATION ON THIN FILM ANTI~
REFLE CTION COAT I t.OS FOR CA F2 LASER WINDOWS

CONTRACTOR . NORT HROP CORP
CONTRACT. F336 15-75-C-5190
CONTRACT DURA T I~~s MAR75

• A FM L PROJECT EN GiNE ER . OHMER M ELVIN C
PROJ/TASK /WK UNIT . 3l 7 J -OO -lB

Ob,’ m..t i~~e - 22 OCT 74

(UI The rela t f onship between the c r y s t a l l i n e  nature of the substrate
a r l  the structure-optical properti es of th i n  f i l m  coatings app l icable
to ;-r- t - r e f l e c t i o n  coated windows for lasers operating in the 3-6

E 
m i c r o n  region w m l l  be inve sti gate d . Ant i reflectic - n thin f i l m  systems

I hr dOv~~l- ..ped rC’r single crystal and pol y c r y s t a l l i n e  calc ium
4 f l u i r m c j e  subStr atc- s .

Pro ’;-ess-A 01 A PR 75 To 30 SEP 75 ( I n t e r i m - A )

I U I Quanter wave coatings of ThFm Sub 4 l . Mg F l Sub2 l . 3aFISub2 I end
SrF)Suh2 ) for 2.8. 3.8 and 5.3 miCrons were deposited on oriented
sin o le crystal CaF)Sub2 I substrames. The index of refract ion of
Pc-V(S u t 2 ) and ThF )Sub4) showed n” ori entat ion dencnclence indicating
t h u  ti’cse m a t r r i a l s  are e .cell ent choices for a n t i r e f t ect ion coatings
of Pol y c rysta l l i n e  rl uori d es. Si-F (Sjb2 ) shows thc strongest tendency
to prefer the o ri e r l a t i o n  of the substrate - Absorption measurements
on AR coated Sairp lE? ty p i c a l l y  had fractiona l abso’ptior.s of .0004 at
5.3 m icrOn s , a figure substant iall y l ower tr.ao for AR coatings at 10.6
m icr’onS wnich are t ypical ’ y .002. The AR des ign was a cioub~ e quarter
wave lenm gt i’ coating w i t h  PbF(Sub2I next tO the substrate . A f ina l
report t escrib ing the results w i l l  be wr i t t e n  by 30 Sep 75.
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P R O J E C T  NO . 2387 - LASER COUNTER MEASUREMENTS

TITLE . THERIt1AL CONTROL MATERIALS

CONTRACTOR . GENERAL ELECTRIC CO
CONTRACT. F336l5-75-C-5160
CONTRACT DURATION , FEB75-AUG75
AFML PROJECT ENGINEER. VA NVLIET ROBERT M

- - PROJ/TASK/WK UNIT . 2387-00-09

Objective 26 SEP 75

(UI To determine therma l contro l materials for sat ellites ar ch are-
ab le  to w i t hs tand  a t rans ient  hea t load and s t i l l  f unc t ion  as
designed.

Progress-B 31 MAR 75 To 26 SEP 75 ( l n te r lm - B .

(UI Hea t stable insulating blanket developed. Also , a heat re sistdrt
quartz fiber therma l control Coating developed . Device to measure
effective enwnittanc e in vacuum was deve l oped.

I:

PRUJECT NO. 62 7A  - ABUES SUPPORT
- 

.
-
, T ITLE . REFLECTIVE COAT ING DEVELOPMENT

C O N T R A C I O R . HONEYWELL iNC
CONTRACT . F33615-75-C-5164
CONTRACT OURATION . JAN ’15-
A FML PROJECT ENGINEER. VAN VL IE T ROBERT N
PROJ/TASX/WN UNIT. 62’lA-O0-26

F--

Objective - 2’/ NOV 74

(U) 10 develop a reflective coating f~ r use on Pen Aids (details
• c lasst f iedi . Supports AUP e27A .

_ _ _  
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PRO JECT NO. 7342 - •4ONM ETA LL IC MATERIA LS FOR ADVAN CED AEROSPACE SYSTEMS

TITLE . ‘.‘ECHANI SMS OF ABLATION OF SILICONE PLASTICS AND ELAS TOMERS EXPOS
TO HIGH INTENSIT Y LASER RADIATION

CONTRACTOR . AVCO - EVERET T RESEARCH LAB
- I CONTRACT. F33615- 75-C-5153

CONTRACT DUk4TIC~j . A l R75-APR76
AF SIL PROJECT ENGINEER. RL’NCEA U ROGER E
PRO J/TASK/Wv. UNIT - 7342-02-23

Ob jic tiv e - 10 OCT 74

(U) To determ i ne the mechanisms ~-f abl ation of opti cal l y transparent
silicone plastics arid elastomers exposed to high ntensity 10 .6 CW
la’,er radiation and to relate these mechanisms to materials

- - I composition and performance.

Prorjress-A 23 APR 75 To 23 SEP 75 (Interim-A ,

(U; Con tractor s t i l l  in information gathering stage . Experiments have
been defined experimental set-ups prepared and materials processed.
Some in i t i a l  laser tests have been made but results have not yet been
reported .

PROJECT ~LO . 7350 - CERAMICS AND GRAPHITE

TITLE. INVEST IGATE THE SYNTHES IS, PROPERTIES. AND MICROSTRUCTU PES
OF REFRACTORY CERAMICS AND OTHER NONMETALLIC MATERIALS

CONTRACTOR . CINCINNATI UNIVERSITY OF
CONTRACT . F336l5-73-C-5097
CON TRACT DURAT ION APR73-
A FML PROJECT ENGiNEER. ROLI t.SKI EDMUND U
PRO~J/TASK/WK UNIT . 7350-01-38

Obj r ctive - 29 SEP 72

(UI To cstab l i sh methods of synthesis of ceramic and Other non-
m e l e l l i c  m a t e r i a l s ,  the re l ationshi p s between the structural
cha’ actcristic 5 and the re ’u l t i n g ph ysical properties, the kinetics of
st-uctu i’ a l and ri~3per ty chances , and the intera ctions between these
m aterials and various environmental condit ions. i fl order to define
approaches to new s t r u c t u r a l , e l e c t r i c a l , and O p t i c a l  m a t r i a ls  for
ad~ onCetl systems a pp l ica t i ons .

Proqress-C 16 MAR 74 To 09 SEP 74 (Interim-C)
•
~i I

(U I Sodium l i t h i u m  aluminate precursor powder of the propper
coiipo~ Ion was prepared from sod i um and l i t h i u m  alkoxm ci es reacted
wi th aluminum ? .i,p rhpoX iClC . Anh~ dro .4s pota~~sium rubid ium chloride was
successfully pi epa- ed also by the al kox y process. I n i t I a l  work was
bei un i n cold ni - essing and slnte rt n g of sili c o n  n I t r i d e  powders.

f 
ls-~~.ta t i c  pre~~~ ing lo 40 k I ar-cl s inten in g to l6flO .1800 degrees C has
Sh - -.n l~~t tl e success in densif i cati on thus far w i t h  the doping agents
us’d . Excellen t results previou.ly obtaine d in Preparing y tt ri a
cru cib les )fOr containing molten Ti ) us ing ti tan a or magnesia
ac~- i. t l~~cS. were fo l lowed by attempt s to make the crucibles w ith out
actci iti vc s. T hE. perfect crucible s coming from the d ies  cracked on heat
tr i~ i t rnen t . ano diff erent heating-cooling .chedules w i l l  be tried.
Consi derable effort is underway In the closely related area of metal
o x i d a t i o n . P a r - t l c u la r ly  at high heat ing rates  encountered In laser
heat ing .
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PROJ ECT NO. 7360 - CHEMISTRY AND PHYS I CS OF M A T E R I A L S

T ITLE . CHARACT ERIZATION OF ORGANIC M A T E R I A L S

C O N T R A C T O R . DAYTON UNIVERSITY RESEARCH INSTITUTE
CONTRACT. F33615-72-C-1666
CONTRACT DURATION . APR72-JUN74

-. AFML PROJECT ENGINEER. DIMIDUK PAUL W
PROJ/TASK/WK UNIT. 7360-01-35

- - j Ob Jective - 29 SEP 72

(U) To ir .iest i gate the thermoPh ysical and thermod~ namic behavior of
se lucted solid materials at high temperatures and to synthes ize and
cha rac te r i ze s € l e c t e d  organic molecu les tha t ex h i b i t  lasing
proper t ies .

Progress-E 02 MAR 74 To 27 AUG 74 (Interim-El
- 

(U i The contractor has been notified that this effort w i l l  be
term inated at the convenience Of the government.  Remaining FY74 funds
w i l l  be used to achieve as orderl y a term in ation as possible and to
propare a final report . Many additiona l organic dye laser materia ls
and liquid cryst3l materials were synthesized . characterized and
t es ted .  The resu l t s  w i l l  be rep-’rted in the final TR to be Issi..
the termination of this program .

P R O J E C T  NO . 7360 - CHEMISTRY AND PHYSICS OF M A T E R I A L S

TITLE . DEVELOPMENT OF LOW-COST HARDENED ZNSE FOR IN WINDOWS

CONTRACTOR . RAYTHEON CO
CONTRACT. F336l5-75-C-5 131
CONTRACT DLRATION . MAY75-
AFML PROJECT ENGINEER. FISCHER DAVID W
PROJ/TASK/WK UNIT. 7360-01 -40

Objective - 17 SEP 74

(U I  To develop a low cost techn ique for producing hardened ZnSe
in f ra red  wi ndOws , nomina l ly  12 inch x 24 inch x 3/4 inch in
dimensions, for use with mu ltisensor systems on hi gh performance
at rci’af t .
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PROJ ECT NO. 7367 - C H A R A C T E R I Z A T I O N  AND PROP ERTIES OF AEROSPACE MATERIALS
T I T L E . SP ECTROSCOP IC TECHN IQUES FOR MOLECU LAR STRUCTURE AND INTERA CT IONS
CONTRACTOR . OHIO STATE UNIV RESEARCH FOUNDATION
CONTRACT . F336 l5-7 2-C - -i912
CONTRACT DURATION . MAR72-MAR 75
AFML PROJEC T ENGINEER. BENTLEY FREEMAN F
PROU ,’TASK/WK UNIT. 7367-02-08

Obi~~c t i v ~ 
- 04 OCT 72

(UI Updating the performance of a one-of- a-kind infrared
Sp ctrOphotometer . and develop techni ques to help determine the
mo l ecular structure of intra cta b le materials.

-I

Pron.’ess-D 02 JUL 73 To 01 IYitR 74 (Inter jm-D )

(U The contractor continues to use the infrared spectrophotometer in
support of his inhouse research . A un i que capabili ty to characterizec .
b iol ogm c a l mater ial s has been established . Through the use Of an
inc reased flow of dry air Purge in the optical system , useful infrared
m~ asurements have been made down to 250 cm super rO~~ j 5  1, Studies of
m.p t m c a l i y  dense irat~~n ia l s have crinttnued in order to optimize signal/
noise in the spectral reg i ons of interest.

PROJECT NO. 7367 - CHARACTERIZATION AND PROPERTIES OF AEROSPACE MATERIALS

TITLE . CORRELATION OF SUPERCONDUCTING PROPERTIES WITH SURFACE
PROPERTIES IN BOTH THIN FILM AND BULK SUPERCONDUCTORS

CONTRACTOR - OKLAHOMA UNIV RESEARCH INSTITUTE
CONTRACT. F33615-73-C-5O49

- I CONTRACT DURATION . MAR73-NOV7 5
AFML PROJECT ENG INEER. OHMER M ELVIN C
PROJ/TASK/Wi~ UNIT. 7367-03-09

N O l i  t t~~e - 25 SEP 72

(UI The characterization of surfaces of superco ncimictors by stanoard
su’-~~ace analy si n technique s and the estab lishment of a ccrremat i on of
th - S-JNr-rcO rm(luc!ing properties of the ni at rnial w i t h  its surface
com m d i t i o f l .  Th..- properties of p rimary interest arc T sub C , U Sub c.
and the AC loss characte ri stics r~f the m a t e r t m a ’  - either in a thin f i l m
Or in the bul k .

prorjress-E 01 A PR 75 To 01 OCT 75 ll nter iiii-E )

(UI Th i-ce areas were eirpha~~i zed in trw last six i’ -nth S. thin f i l m
cie1 . -sl t ion . sup c con duct ing prcp ertie s nieas iremei i t apparatus anti
sputte red COPPE-i’ contacts . I n i t i a l  sputtred n iobi um f i l m s  had hig h
ox~,qen and carIr .on conta rrm n st iOn . Con t a m i n i t l O n  hCs been el i m i n a t e d  by
reducing total ~ ressure , cooling chamber w a l l s  e t h  dr y ‘cc .

• irc’-eas in g sputter target coolin g ~nd S u b s t i t u t i i u  xciiun for argon .
B in a ry gas m ix t y - r os of xenon a’d n it ’ - c-ccn •-m- ~~e usi d t n prQauce ND (sub .
3) Ni su~~.7l. Th e se-nisi t l v i t y o~ the ac lo’~s a~- m ; - - - at us was in crease d
u~ a f a c t o r  o~ 400 wi t h  a photo-resist s p m r - a i  ~~t-- e ar-c mICrograPnS
et ‘put tered coL per samp le Contac ts In dicate I- ‘~t adhesion . A f i n a l

report covering th is effort w I l l  D~ a v a i l a b l e  w~~t i ln 2 monthS .
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PRO JECT NO. 7367 - CHARACTERIZ AT ION AND PROPERTIES OF AEROSPACE MATERIALS

TITLE. ,,~~SEARCH TO MEASURE ABSOLUTE ELECTRON IMPACT IONIZATION
CROSS SECTIONS

CONTRACTOR . MASSACHUSETTS INSTITUTE OF TECHNOLOGY
CON TRACT. F33615-71-C- 142O
CONTRACT OU R-A lIGN. APR7 1-MAR7 S
AFM L PROJECT ENGINEER . DIMIDUK PAUL W
PRO1J ,’TASK/WK UNIT . 7367-04-01

Obj oc ti v e - 12 APP 72

(U) To measure the electron impact ioni zatio n cross sections of
selected refractory vapor mo l ecules. The si”gle-cross ecl beam
technique with a modu lated atomic beam, an electron monochrometer . and
a thin f i l m  thickness monitor w i l l  be used to conduct these studies .
Low temperature elements whose vapor compositions are relati v e l y
simple w i l l  be investigated first. These are ma terials such as
silver’ . gold. aluminum . and titanium .

Prog ress-F 01 SEP 74 To 01 APR 75 ( I n t e r i m - F l

(U) Contractor has refused to give an estimated date for submi ssion of
the final report. A letter from the Director of A FML has been Sent to
the con tractor requesting an estimated submission date of the draft
final report. HOwevvr. data on the following po si tive ions have been
submitted to the project m ohitor- Iron (1 . 2. 3 1 . Gold (I , 2. 3).
Ch romium (1. 2).

F
1

PROJECT NO . 7367 - CHARACTE RIZATION AND PROPERTIES OF AEROSPACE MATERIALS

TITLE . STABI L ITY OF GASEOUS MOLECULES AND CONDENSED PHASES t’~~~S
SPECTROMETR ’1’

CONTRACTOR . NEW YORK STATE UNIVERSITY OF
CONTRACT. F33615-72- C- 212 3
CONTRACT DURATI~~N SEP72-JAN76
AFML PROJECT ENGI NEER. DIMIDUK PAUL W
PROJ/TASK/W it uNIT . 7367- 04-02

Ob ,rcti.e - 23 JUN 72

(UI To determine the s t a b i l i t i e s  of selected m olecules In both the
-. ga-,eous anti condensed phase by means of h lQ h temperature masS

spcctron’etry. The program Is to be conducted in exchange for’ the
contr ac t or ,s use of certain Gove-nri,ent Furnished Eouipment at no
a ddi t i onal cost to the A i r  Force. S i l i c i d e s .  borides. monocarbi des
arid alloys w i l l  be Studied.

Proriress .D 01 SEP 74 To 01 APR 75 (Inte ’ - - L i

(U I ProspectS for the contract~~r to accc inpl i~~b ar- y -jsefu l work under
this program q—ow irmcrea s ing l y d im A four-day s’ r-~~mc e ca l l by
Nuc I ide Corp . Icost ing $700 to 5800 dollars I succeeded in rep airing
so-n of the ma~~y sPCCtrOOt ’ter Syotems but t~~ CO t ’ ac ’- ’ has s t i l l
bCrn unable to Obtain an ion her-i,- It ~ir)mn ars 

t 0 ii t b e uni..e~~si ty
w i l l  be unable to rr .i1- e avail able add itm o na l ~p a -  f~~riC~ in ‘ i c .
i m iricc iate fut u ’ e The contractor was t h u s  f O rc e~ ii a’-s iQ r t ’e - •
graduate student to anoth er pro i c t  so th at he Cc , id make some
progress on h i~ thesis. Papers .,ubi ititted mn l ie. - of or’ogress repo’-ts
iri — l ude - .Vaporlzat ion Behavior ‘f Au Sub 2 , P sip 2 and LcD sub 2 .
.A Case for Cova len i Bonding in Lanthaniae T- itialI d e s . and , A Par t i a l
iriermodynamic An alysis of the Ia.O Phase Diagram

L 



_ _ _

PROJECT NO. 7371 - RESEARCH IN ELECTRICAL  MATERIA LS

TITLE . HARDENED CVD ZNSE FOR FLIP WINDOWS

CONTRACTOR . RAYTHEON CO
CONTRACT. F33615-74-C-5145
CONTRACT DURATION , APR74-M4y75
AFML PROJECT ENGINEER. FISCHER DAVID W
PROJ / TASK/W i t  UNIT , 7371- 0 1-46

Ob Je ctive - 07 JAN 74

(UI To increase the surface hardness and modulus of rupture of zinc
selenide to provide a hard . str ong and o p t i c a l l y  superior
mu~ tispe ctral (0.5 to 14 micrometers) window for use with multisensors
on high performance aircr aft.

Progress-B 24 OCT 74 To 11 APR 75 (Interim-B I

(UI Good quali ty hardened ZnSe d’~ped with Al or S i has been obtained.
Some degradation of transmission is ewperienced beyond 10 miCrons when
thc A l concentration exceeds appi’oximately 1 percent. At this
concentration a har dness of 300 to 400 Knoop can be obtained. A
second technique of increasing hardness by deposi ting a th in layer of
ZnS ont o bulk ZnSe is  being inves t i ga ted .

PROJECT NO . 737 1 - RESEARCH IN E L E C T R I C A L  M A T E R I A L S

TITLE . LEAD TIN TELLURIDE FILMS BY SPUTTERING FOR INFRARED
SE NSO R A P P L I C A T I O N S

CONTRACTOR . GENERAL DYNAM ICC CORP
CONTRACT. F33615-72-C-1042
CONTRACT DURATION . AUG7 1-OCT74
A FML PROJECT ENGINEER . HICKMOTT ROBERT L
PROJ/TASK/W it UNIT. 7371-02-19

Ob Jective - 04 OCT 72

(UI The PbSnTe variable band gap alloy system may prove superior to
th o HQC ITe variab le band gap a l l i -iy system for some appli cations. A
th in f i l m  approach to IR detector arrays mig h t have economic
ad-.-antages over- the bulk aPproach. HoCtiTe cannot be deposited in thin
f il m ’ m form due to th~ high vapor pre ssure of mercur y. PbSnTe can be
depOSit ed in thin f i l m  form. This program )S to determ i ne whether
thin f i l . .~ PbSnTe can be processed to compete with HgCdTe .

Proe r e ss - E  02 t.NAR 74 To 09 SEP 74 (Inter ’im-E l

(UI Films have been produced using the Ion team soutterin g system and
contro lling substrate temperature, sputtering rate , and substrate
bias. This has permitted growth of p-type mate ria l on n-type material
dur i ng a single depo~~i tIon .
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PRO JECT ~O. 7371 - RESEARC )-i IN ELECTRICAL MATERI A LS

— T I T L E . MERCURY CADMIUM TEL LUR IDE IMPROVEMENT , PHASE I I

CONTRACTOR . HON EYWEL l INC
CONTRACT . F33615- 74-C-5041

- - CONTRACT DURATION. JAN74’JUN75
AFML PROJECT ENGINEER . HICKMOTT ROBERT L
PROJ/-TASK/W it UNIT . 7371-02-22

Object ive - 05 JUN 73

(UI A l l e v i a t e d  a potentia~ shortage of HgCdTe for AF requirem ents by
- - inc reasing the y i eld . This is t’- be done by br inging the current

growth methods under bet te-- control which involves deliberate doping
by aod i ng e l e c t r i c a l l y  active impur i ties comb i ned with  improved
quc-nChing and annealing schedules .

Prog ress-C 10 SEP 74 To 11 APR 75 (Interim-Cl

(UI Copper and si lve r are accept’-’rs in HgCdTe and are probabl y sing l y
ion i zed . Acceptor im p u r i t i e s  are not i rnpor~~ant in HgCdTe but are
swamped by native defects (mercury vacancies). Thc-se are best
ar-inealec l out by a charge of powdered i-(gCdTe . Their ioni zat ion ene”gy
;~~ p e t we en  .01eV anti .024ev. Silicon is a donor but its source (if
present ) in undoped i ngots is st i l l  to be determined.

PROJECT NO . 7371 - RESEARCH IN ELECTRICAL MA TERIALS

TITLE . AC MEASUREMENTS OF EXCESS NOISE IN MERCURY
- 

CA DMIUM TELLUR IDE

C O N T R A C T O R . MINNESOTA UNIVERSITY OF
CONTRACT. F336 15-’74-C-5104

- . CONTRACT DUOA TIC -N . APR74-
IFML PROJECT ENGiNEER . HICKII1OTT ROBERT L
PROJ ,’TASK/WK UNIT. 7371-02-30

• Ob J c- c t lv e - 25 JUN 73
L 

- (Ui Identify mochan i sms responsible for excess no I se in HgCdTe.
Ex.n -~ ine proceOures for reducing excess noise to ri-prove the signa l to
no se ra tio in photoconductive infrared snn5ors.

Prog ress-B 10 SEP 74 To 11 APR 75 (Inte rim- S I

(U) AC modulat lon techniques now work satisfacto r il y and w i l l  be put
to use . A detector with a grain boundary is ready for test. —
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- - PROJECT NO. MTP 1 - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE . CLOSE TOLERANCE. THIN WAL LED T I1AN ILM SHAPES FOR AIRCRAFT
STRUCTURAL APPL ICLT ION S-1 62-O

C O N T R A C T O R . REM METAL CORP
CONTRACT . F33615-7O-C-141O
CONTRACT DURATION . FEB7O’JUN74
AFML PROJECT ENGINEER , LOVE KENNETH L
PROJ/TASK/WV. UN IT. MTP I-O O-15

Obie cti v e - 15 MAY 72

(U) To improve the preci sion casting process for n an c factu r ing
t i t a n i u m  alloy parts to obtain r e l i a b i l i t y  and repr oducibility for jet

- 
-, eng ine and airfi-ame structural app lica tions by using consumable

electro de vacuum arc skul l m e l t i n g  and refractory metal faced mold s .

Progress-C 15 APR 75 To 07 OCT 75 (Inter i m G )

( U I  Dra f t  of f i n a l  report was approved by l e t t e r  dated 19 Aug 75.
Cont rac tor  is delinquent as usual in d i s t ri bu t i ng  the Fina l Report .

- 
- PCO and ACO have been no t i f i ed .

er- C  ECT .Q ~~r i ‘,‘ANUFA CT IJR! ’,G TECHNOLOGY-AIRCR AFT

~Aw . CTUR rJ~. I.’E~~ ODS ROQUIREMENTS. ASSESSMENT AND UT IL IZATION-
191 - 0

-.4(.T0
~ 

L~N IV ERS t.L TECHNOLOGY
( ‘. ..ac~ ~j~ E~,15.75-C .51QO
I, ‘, ..~~( t  OUsA1I(~. SEP74 - .1UN75
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~~~ ‘FCT N~ MTI’ i M~~NLI , AC T L IR I I . T [Ch~ O C-~~~- A IR~~RA r T

I I  T I E  ~~~~~~~~ ~l r i , ’ - i ~1 I F n:’. -~~ AM M’-~~K I ~~ ‘~~d ESS -507- ~

I ~N T . AC T ’P RAflT -~ -T ENF O~ S~~sTrM i~ N i -~
- 1 C0~~t RA C T .

C0NlR~~rT DiJ :A T I~~~ MAR’ ’ -cF °7°
A F M L  p~~r).JECt ~~N~~~It i E F R.  ‘, t’  ~LER EUGENE H
Ppo~ T~~~ c - Y ~ UNIT . MTP 1-OO-3 6

Ob i c o t i v e  - 1’. r.’~~Y 72

H (UI To eSf ahli oh no ~ lnc~~ron op f i c ~m i -Pror ding f a c i l i t y  for LEin
f a i r i c d t l o n of h’y~ - - osol ’jtion masko for ‘n~~hqrate~ ci— cu i t
prod u ctiOn, t i c  System w i l  h~ ~ nnnb’ o o~ qene r -atin q a fam i l y of
comp lex i n t c c: nIeo C i r c u i t  ons~~o d i -’ectly Fr~~’i C cc-imcutc~~.

Pro -ess — E 08 ~ PR 7~ To 3 F - - cF 75 - In~ er i m -E

(Ui The e lect — --,r bo-m ir mask systort’ “ c -~ h’~~~’ ca~~r 4cat e d and oeci -ccc i ng of
the system Is in c~~ogress . Deir,onstra’ inn s c 0~ ~or-rr’ioq nissk patte rn
displays are In progress.

PROJECT NO . tnni ~~ t,~~~~C I ,J RIN ~ TEC INCLOr,Y - f t I R C R t i - T

T I T L E .  HIGH 1NT~~’~~ ITY F0Pc-INC~ OF A c M INU~ AND T I T A N I L r :  ALLOYS-224-~

CONTRACTOR 9~~ElNG CO
CON TRA C I . F33I~t 5 - 7 I - C - 1 6 O l
CON TRACT DURA ~~I(-N JUL7 1-FE8 7 6
AFML PROJECT ENGI NEER. KLA POI .IST NORMAN F
PROJ/TASK/Wit UNIT. MTP 1-0O-59

Ob li ctive - 15 MAY 72

- 
‘ (UI To estab li sh th~ manm .i fa cturin g ‘n-’tbods f~~n producing lnrge . c l ose

t o l e ranc e , high i n te g i ’ i t y,  struc tura l ‘orging’- of a l um in um al loys ~ nd
titanium alloys .

Progress-H 01 AP R 75 To Ol SEP 7’~ (Tn terlm - ~’

(UI Con t act has been extended by ~~i~ o ndmp nT p’)rlgc~ datad 22 A g  75.
The first titan i um Cas ti rm gs wore mac in by F ’Tn c in Ion cas t i ~~~s i--o re
g e n e r a l l y  s a t I s f a c t o r y .  some m o d i f m c n  ions 10 t h~ pa t t e r n  be ing
required . The completion of the cnst ’ngc is exPected i n October 1975.
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PROJECT ‘.0. M T P 1 - MANUFACTURI NG TECHNOLOGY-AIRCRl~FT

TITLE . MANU FACTURING METHODS FOR AN IMPROVED METHOD OF ULTRASONIC

iNS PECTION OF TI A t..LOY-22 5- 1

CONTRACTO R . T R W INCORPORATED
CONTRACT . F33615-7 1-C-1712
CONTRACT DURATIC- N . JUL7 1-FEB76
AFML PROJECT ENGI i~EER . LOVE KENNETH L
PROJ/TASK/Wit UNIT . MTP1 OO-63

Ob Jective - 15 MAY 72

(UI To estab li sh improved ultrasnnic testing methods for b i l l e t s .  0(1 a
- production basis, which w i l l  imp rove cleanliness standards and qua lity

of aircraft tit a n i u m  alloys .

Proccr ess- G 31 JUL 74 To 07 OCT 75 ( I n t e r i m G l

(UI Contract Was extended to provide opportu ”ll t Y for interested
parties (Titan ium producers , forgers and turbi ne engine builders) to

eva l uate the capabilities of the advanced system as compared to their
e x i s t i n g  NDI. Var ious sizes of tit a n i u m  b i l l e t  Stpck containing known

and unknown defects have been i nspected by three participants on two

teams . A l l  members are to meet at TRW to compare arid interpret

results .

PROJECT NO . MTP 1 - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE. COMPLEMENTARY BIPOLAR TRANSISTOR STRUCTURES-502-1

- 
-~ CONTRACTOR . TEXAS INSTRUMENTS INC

CONTRACT. F336 l5-7l-C- 1944
C O N T R A C T  D U R A T I O N , ,JUN7 1-J4N74
AFML PROJECT ENGINEER . MI LLER EUGENE H
PROJ/TASK/Wit UNIT . MTP1-OO-7O

Objective - 15 MAY 72

(U) To eEt ab l 1 sh advanced manufac turing methods reguire~ for
econom ica lly Producing comp l ementary INPN-PNP) transistor structures

Prog ress-F 01 SEP 7~ To 31 MAR 75 (I n t e r i m - F m

(UI A l l  of the hardware it ems hav e been d e l i v e r e d  to W PA FB, These
hardware items consist ot operationa l ampl i f i e r  c c r c U I t ~ v o l t a g e
re’julat or c ircuits. PNP-NPN device structures and test structures
Te—~ts performed by AF IT Co-Op Lab on some of these items indicates -
that they correlate wi t h  contractor ,s claim s . Thc rough draft of the
fina l  report ha~ been reviewed by AFM L and returned to the contractor
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P R OJ E C T  NO. M T P1  - MANUFACTURIN G TECHNOLOGY-AIRCRAFT

TITLE . EFFECT OF BEARING DEFECTS-743- 1

CONTRACTOR . M P B CORP
CONTRACT. F336l5-72-C-1243
CONTRACT DURATION . NOV7 I-JAN 7S
AFML PROJECT ENGINEER . HARRIS WILLIAM A- I PROJ / TAS K ,’W K UNIT . MTP 1-O O-8 O

Obie e tiv e - 15 MAY 72

(U) Determine the rCl atl on sh jp between defects in minia ture ball
bea ring ball track and performance and l i f e .

Prog ress-F 06 DEC 74 To 01 APR 75 (I n te r i m - F l

(U) This program determined the relationship between se l ected raceway
su face defects and performance and the li f e  of rn cn jat ur e ball
bearings. The fina l report A FML -TR- 75-6 has been reviewed aid
approved for printi ng.

P R O J E C T  ‘)O . MTP1 - MANUFACT URING TECHNOLOGY-AIRCRA FT

T I T L E . M F G  t~ETHODS TECHr-~1Qt,jES AND AUTOMA TED CONTROLS FOR THE CONTINUOU !
E P I T A X J A L  PROCESSiNG OF SILICON INTEGRATED CIRCUITS-5 12 • 1

CONTRACTOR . MOTOROLA INC
CONTRACT. F336l5-72-C-1242
CONTRACT DURATION . NOV7I-DEC76
A FML PROJECT ENG I m ’.EER . MILLER EUGENE H =PROJ/TASK/Wit UNIT. MTPI-OO -9 1

!~4~ Objective - 31 MAR 75

(U) The objective is to establ Ish advanced epita xi a l processes for
H continuous processing of specia l integrated c m - c u l t  wafers which w i l l

result in greater yields at lower Costs and . thus . improve the
rep r o d u c i b i l i t y  and a v a i l a b i l i t y  of many ln legratCd circuits

• structures.

Procjress-D 08 APR 74 To 31 MAR 75 (Int e r i m - D I

(U) A l l  the hardware concePts for the automatic e p i t a x i a l  system have
been f ir m l y  established and the phase of conve rtmn o design int o
hardware is in progress. The Softwa’e designs ha-Ye not been
fin a l i z e d .  The system modules have been fabricat ed and debugging is
in progress. To further enhance the epita x 181 process, additiona l
effort is underway 10 incorporate a gas samp ling probe in the
ep i t a x l a l  reactor for realtim e crintrol for the epit axial fi l m  gaseous
reactants and undesirable Contaminants ,
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PROJECT NO. MTP 1 - MANUFACTURIN G TECHNOLOGY-A IRCRAFT

TITLE . IE’PP VEMENT OF RE L I A B I L I T Y  AND THE MECHAN ICAL PROPERTIES OF
TITAN IUM ALLOY FORGING5-120-2

C O N T R A C T O R . ALUMINUM COMPANY OF AMER iCA
C O N T R A C T .  F336 15- 72 -C- 1030
CONTRACT DURAT ION MAY72-FEB75
A FML PROUECT ENGINEER. KLAROUIST NORMAN E
PROJ/TASK/W it UNIT . MTP I-O1- O 2

Ob i t- ct iv o - 06 NOV 72

(UI To establish controlled thermomechanica l processing procedures
w hich w i l l  Improve the mechanical properties and the r e l i a b i l i t y  of
t i t a n i u m  alloy forg i rmgs .

Progress-Q 01 APR 75 To 01 SEP 75 (Interim-G

(UI Amendment P00002 dated 75 Aug 13 extended the contract to 19 NOv
75. A l l  die forging~ for Phase II were produced and testing is in
progress. Some delays in testing have occurred because poor business
Condifioris have Caused a shutdown by a subcontractor, Al coa is
attempt i ng to p i k  up the testing wi th a resulting overload in thei rfac I l i t  las -

PROJECT NO, MTP I - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE . ADVANCED SANDWICH PANEL CONSTRUCTION-842-2

CONTRACTOR . UNITED TECHNOLOGIES CORP
-
~ CONTRACT. F33615-72-C-2 151

CONTRACT DURATION . JUL72-OCT75
- - AFML PROJECT ENG INEER. INOUYE SHINGO

P R O J / T A S K / W it U N I T . MTP 1-0l-O3

- 
~- Ob Jective - 31 MAR 73

I U I  To Os tab l i sh fabrication methods. and demonstrate app l i c a b i l i t y  of
engine hardwaro . for an unconventiona l sandwich panel.

pro~cress-O 15 MAR 74 To 01 APR 75 (Inter im-DI

(UI Three dive’-gent nozzle flaps have been completed an~ sent to
en ginee r i n g  to sche.iule in test stand . Th i s completes Ph Ic. A l t
sandw ich panels for Ph II testing have been fabr cated. Geonmetry C
core fabricat Ion was accomplm soed in vacuum hot press. Core segments
to be used in the constructIon of the aft fe-i duct are being
fabricated. Design drawings for the sandw i ch panel duct segment 8e
nearly complete.
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PROJECT MO. MTP 1 - MANUFACTURING TECHNOLOGY-AIRCRMFT

= 
- 

TITLE . IMPROVED PRODUCTION PROCESS FOR TITAN IUM HYDRAULIC TUBING- 10 9-2

C O N T R A C T O R . U N I V E R S A L  O I L  PRODUC TS CO
CONTRACT . F33615-72-C-217O
CONTRACT DURATION . SEP72-MAR76
AFML PROJECT ENGINEER. BLAU PETER J
PROJ/TASK/W it UNIT. M TP 1-O1 -O 5

Objective - 31 MAR 73

(UI To establi sh anti define manufacturing methods for tne product ion
- of seamless, welded . and worked aircraft quality hydraulic tubing

suitable for use in a 4000 PSI hydraulic system using the HPTR tube
reducer m i l l .

Progi-ess-E 01 APR 75 To 24 SEP 75 (In t e r i m - E l

(U) Phase III is completed and Phase IV . Manufact c .ring Process for New
A l l o y  Tubing . i$ underway . Three b i l l e t s  of T m - 1 0 - 2 - 3  were extruded
w ithout d i f f i c u l t y .  Tensile and d u c t i l i t y  properties were measured
and nietallography was performed to examine extruS nn microstructures ,
Atte mpts to achieve target fina l tub i ng reductions fail ed due to

4 cracking problems . These prob l ems w i l l  be attacked In the next
- reporting period and a new processing schedule may be developed after

materials limitations are more clearly defined .

PROJECT NO . MTP 1 - MANUFAC 1UR ING TECHNOLOGY-A IRCRAFT

TITLE . MOS-FET BIPOLAR INTEGRATED CIRCUIT-506-2

C O N T R A C T O R . FAIRCHILD CAMERA AND U-STRUMENT CORP
CONTRACT . F336 15-72- C- - l522
CONTRACT DURA TION . JUN72- .JlJL74
AFML PROJECT ENGINEER . MILLER EUGENE H
PROJ/TASK/Wit UNIT , MTP 1-O 1-O6

Obj Ective - 31 MAR 73

(UI To es tablish manuf acturing processes for the production of
compatible MOS - FET/ bi pola r devices on the same wafer and produce two
circuits using thes .e parts in a mo n olith i c struct i,re.

Prcgress-D 08 APR 74 To 31 MAR 75 (Interim-D l

(U) Test structures , opel’atioria a m p l i f i e r  circuits , and sample-hold
circ u i ts have been labricatec in the production f a c i l i t i e s .  Draft pf
final report has been Submitted for A FM L review.

r 
55

- . - - -



~ i!!IU!II~

PROJECT NO. MTP 1 - MANUFA CTURING TECHNOLOGY-AIRCRAFT

TITLE , CAPABILITY AND A SUPPLIER OF RELIABLE LONG LIFE ALKALI VAPOR
LAMPS- 519-2

CONTRACTOR . I L C INDUSTRIES INC
CONTRACT. F33615-72-C-1735
C O N T R A C T  D U R A T I O N . ~JUN72-JAN76
AFML PROJECT ENGINEER . TARRANTS ELIZABETH H
PROJ/TASK/Wit UNIT. MTP I-O1-O 7

-
. ObJec tive - 31 MAR 73

(UI To establish manufacturing processes for the volume production of
alkal i vapor l amps wi t h  particular emphasis on reliable , l ong life

• me ta l  to ce ramic sea ls  and lower cos ts .

Prog ress-F 31 MAR 75 To 17 SEP 75 ( I n t e r i m - F l

(U) The second piece of government furnished tes equipment became
i noperative and has not responded to treatment. The contractor has
worked out plans to complete the contract ex pediti ously without this
equ i pment . The des ign details of t~~e l amps were finalized. The
requ i red production run was completed in August Si th the l amps
undergo i ng evaluation . Preliminary data indicate the l amps are
meeting all the goals of the contract.

PROJECT ~O. MTP1 - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE . PRODUCTION OF TITANIUM ALLOY COMPRESSOR DISKS FROM POWDER
BILLETS-1 74-2

‘~ CONTRACTOR . UNITED TECHNOLOGIES CORP
CONTRACT. F33615-72-C-139O
CONTRACT DURATION . JUN72-JAN76
AFML PROJECT ENGINEER . KLAROU IST NORMAN E
PROJ /TASK/Wi t  UNIT . M T P 1 - O 1- 2O

Objective - 31 MAR 73

(U) Establish manufactur ing meth-ids for producing higher quality cost-
effect ive compressor disk s from titanium al l o y  powder b i l l e t s,

Progcess-E 01 APR 75 To 01 SEP 75 (Inte rim-El

(UI Two hundred f i f i y  pounds of powder were cleaned by the AVCO
Fe’rOf lu i d process. The tungsten inclus ions Introduced by the powder
production method were completely removed . Tests conducted on
compacts made from the cleaned priwder show acceptable Properties . The
contractor is proceeding to produce billets for suhsequent forging
into ful l  s i ze discs for testing.
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- PRO JECT NO. MTPI - MANUFACTUR I\G TECHNOLOGY-AIRCRAFT

TIT .E. PRODUCTION OF EXTRUSIONS FROM ALUMINUM AL LOY 7050-244-3

CONTRACTOR . ALUMINUM COMPANY OF AMER ICA
CONTRACT . F336l5-73-C-5Oi5
CONTRACT DURA TIO N. MAR73-MAR76
A FML PROJECT ENGINEER. FELKER TED S
PRO J/TASK/Wit UNIT . MTP 1-O 1-3O

Ob )ective - 01 APR 75

(UI To ct t ab lm sh m i l l  practices for i ngot casting and extrusion of the
7050 a luminum alloy for direct Subst itutio n of 7075-T6XX extrusions .
Tn- - use of 7050 ex trusions in current and new design w i l l  result in
b i I ~rer r e l i a b i l i t y  and decreased maintenance by the use of an alloy
ire e resistant to general and Stress corros m on .

Proqr-ess-O 0~ MAR 73 To 01 OCT 75 (Inte rim-D I

(UI ALCOA is cont inuing to test extrusions fabricated of 25-inch and
35- rch ingot Of 7050 A luminum a l l o y .  Data secured to oate confirms
pr’.v !ous Indica ti ons that 7050-173510 extrusions deve l op a hi gh
re.,~~Stance to s’”ess-corrosion cracking at stress level s of 45 and 52
KSI . The 35-4 nch ingot referred to above were of the group cast in
the ti r r c period of Dec . 1974 - Jan 75 which were Cf satisfactory
qu— ~ l i t y . Con tractor attempted t” repeat t hi s  casting success In
A p - l -’ ~’ay 1 975 but produced 38 c’-~nsecutive i’igots wh iCh failed b~
craL kin g, Th i s cas ti n g  effort was Sespended for a technica l review by
the ~FV L . The ~evi ew resulted in a determ inatio n that the casting
problems can be solved. It was decided to add $57 ,654 to the con tract
to cont i nue the work and this is presently being negotiated by
procurement. Work should continue In late Oct 1975.

PROJECT NO . MT pI - MANUFACTURI N G TECHNOLOGY-AIRCRAFT

TITLE . SLIDING SEAL ELECTRON BEAM WELDING-845-3

CON T R A C T O R . GRUMMt,N AEROSPACE CORP
- CONTRACT . F33615-73-C-5030

CONTRACT DURATIO N . FEB73-DEC 75
AFML PROJECT ENG INEER , ELLISON H
PROJ/TASK/Wit UNIT , MTP 1-O I-34

Obj ective - 25 SEP 72

(UI To increase the f l e x i b i l i t y  ef the s l i d i ’ g  seal election beam
weldin g process by equipm ent improvement. qenerat~~on of welding data.
and selected app lica tions .

Proc r’ess-D 01 APR 75 To 20 OCT 75 (In t e r i m D l

(UI We lc i i ng Was pertorri’ed on titaniu m  using the Fi a t  Plate Welding
F i x t u re- . Se te~~~ed (it ~~ni i .,m we lcmm ent s were subjected to tens i le
te-~t m n g . Alum nus and titanium tee sect ions were welded using the
Spe cial Shapes wel di n g Fixt ure. A he ating study ~.as conducted using
th€- Preheat Steel Weld Fi x ture , We l dments were made on HY 130 and
D6AC Steel Ptat e usin g the Preheat Stee l Weld Fixture and slot welding
technique. Lengthy flat p lates have been butt Welded . T shapes have
been we l ded and w elling of a cylinder has been demonstrated . Wing
beams of an F14 airc aft design have been welded as an added
demnonstret ion component .

~ 
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PROJECT 1-10 r~-T Pt MA NU FAC TURIN I~ TECh~ OL ~~~ A~ r~O~~.i~T

T i T L E .  H IOH D IELECT RI C CONSTANT E-IA TERI4L5 -~~(j~~- 3

ON ’kAC TOR IAYTI-IEON CO
. L N T k . -~C T .
cON i~~ACT DURATiON . 1EB7 3-tiiAY 7S
AFML PRO JECI E~~OiN EE R . TA- ~k.’.N TS EL IZAb ET H II
PROJ /T - - -~ ~ - i.J N I T .  MTP T’O i-3 0

C j n J € c t 1~~e 
- 30 AUG 72

(U; E s tabl is h rranufoctur ’ i q  prc~~etseS and a c c . ’ l f l . c i a l  source of high
O~ a le ct rlC Cons .~nt q ’ete- r tN30 t~~s~ri t y - f vel m a t e r i - i l s .  w i t h  low
elu c t r i t a l  let~s, i..~- r , 1 - e r ~i I . - 

~ St b i 1 m ~
- -~ ~ mici sui t i i . le sum- f ~rc

cm-iarac to r ll .t ’cs f~~r use in niiC r e.~’eve ~pp I i C .-mtiO ri s

Prog- r-s~~~h 31 MAR ‘5 To 17 SEP 5 (ln i - e - i m - E i

l U m  A l l  d p l i~~e- a b i e ~u .-pIes si- - i t he d ir p i i i - , i- o-.-e re,~- n received . The
edited rough dr aft i l n a l  repo t --55 r~~~ u i - r i r c i  t~ t i e  contractor on 4

- . Aug 75. This d i el ec tric 1k equals 38 has ri- c. - -.
~~~ to be excellent For

the fabrication o~ small b~~ mm f o r m i n g  l c i .~c. - ~s to b~ - 0 in the
pha--ed a r t - d y  i -dear , T~~ tne - -

~~
. I ~ci-~- s a~’c C - n0 eve I i.ated by the

Av~~~n i C C  ~~~ tory. Pro ducri c ,i tecnniocc~ for F c i m~~~~q large t i l e s . 9
inc n b~ 9 inch and 10 incr. by 12 i lICh . ~~+ r  de -- o; - : tr~~t..~ ,

ppi )JECT NO, M IPI - MANU1-/tCIUPIN ’3 TECHkO - dI ~’C-’~0i-T

T I T L E .  . .Ji-iJ CJMdUSIOR T A 5 R l C A T .N - 5 r ~2- J

t 
CON IRA C I R ~- EN E i t l l  ELEC T RI C CO
CON UTACT. F J J S t c - 7 3 - C  h~ 11
CON~ ’~ACT DU;, -.rtori r. Pi 3 .FECTC
SEMi Pi1OJEC1 f r ~~~~~~i f ~~~ W i l l  ~~~~ N 1 i~iN N
mIk O U/T A . . its u-~ J I :- - i - ~ - u i -  Jij

- 
4 0bJect l-~. - 24 .UL  ‘2

-I I UI To — rrpr’uve r~erf or~~.imic e ‘f adv .~i’t~ ~ Q t i’ t U i  O i  pngi t i C  S le t ’  At
-~~~~

- ~~~~ h-~ oIc~~,c l.yi ct ce t.m ,- - i ~,tor-; ~~m t h  s . -,ri i f i i  i - i t  l~, hig ner met l
t eiioora t ure Cu m t~ b I t y thee i im .e. ~~~ .i I 1 ~th IC -

-. ~- i O~ e~ s 0 IN - - I  I- j. i To 01 CAY ~5 ( ii 5i- i a O l

I U m The ur’.e.~ a , - ha -. encomin I er~~d - . - -ti-r hanoi -ac t o r t  ‘q p i n e  I e m s  in t i- me
Id i- , - - iCJ ~~ t Odi O~ tIl e n o t e ’  Shi ngle’ ; . lri vPSt t;,it i OIt’ i n tl  v a i m C i I s  md~~v
of 51.,i II ng WI t H the lowe - t i-m an- p rp er _ ted ro in - I I- 

~~~~~ r a t  ui e duct m i t y in
th’ E B - w e l e  ~o - - of tne c o l u h u m  Shingles O C  lii -c eeolng. e e i - l i e r
at t ~--r 5 atm F o~ i h g  an [0 me l C r i g  resu I te . in c. - 

~i~ ; I S i n I ite we I d
zone, The s t e m  b o i ç  mii V f’StiCi IltCd in clijde fl as i c.p i d i l q .
me- ~.ii IC  at 1 y .-.-~~~- km i -c t i - C  i.e 105 1 - -  gra ii i-ti -~~ i 1 t t ’, APO Ci ft erent wel d
gen’ -etr ie s to i c c l t - .. .- I’ . - Stress in th~ i..-el d Ocring tr~ ex pana mo l
r - p- - - ’at ion. A l l  tne .-; el d samples have IlCeil c e I - o I e t e d .  and te r isi Ic
~~~~~~ c f  t i e  v j~ ous ine t riodS w i l l  P - ned a- . SOO~1 as t O r i S i  Ic test be, s
-ma’’ be - -  ,lCh i liaC It-p trant. I net t i -  ,i~~ u r n  i - - i  l ysi s is part I ~ l 1 y
COii ,P I Ct C d .  An .., i ,~~~ . a Cl t i -a (hi t W i  1 ii ~,( ( ‘() (‘O t t ,  i.- t ne any
pussi bic tnerm.i C’ ~~t ii ar t i i e r , - - n  I stresS prob ’i- - - l i p  pyrom eter
It - .i g n  - S C _ P i C t c  A l l  t m i t  ram , d w a in  i~ cit oree - Prel i m i n a r y
cam b,-’ t. t i n a  of CCC I CO CO I c-i’ I) m UiI.  Li,.i 0 ShOw hat I’ Cliii Sb ’ i t y of the
a l l o y t i n y conaIa,l t ..~~cr s w id e ‘ - - i qn a t um ~(- ‘~~.i g’-’ ditC r the
I r im t i~~i oxi de Cl ..I I~~i I is  t cmnml,eC ~p on i i~ 0+ the i ci- I 10cr sil l m ig tes
~~~ not t-ui.O..teOSl i l l  C m i  w e l d i n g  pt-oi.ed Cm I eu I I. ~~~~ It I m ig I ri erack l u g .
It Chit lot .1p :.i.,.e that rc(ram r--h;cc di ves i :a it  b~ ~,nt m - thin the

~~
r Uq Cml 0.- em ii.-
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PROJECT NO . MTPI - MAN UFACTURINI3 TECHNOLOGY-AIRCRAFT

TITLE . SILICON ON INSULAT 1NG SUBSTRATE 0EVICES-516~ 3

CONTRACTOR . R C A CORP
CO NTRACT.  F 3 3 6 1 5 - 7 3 - C - 5O43
CONTRACT DUR AT i~~N. iJUL73-N0V76
AFML PROJECT ENGINEER. M I L L E R  E U G E N E  H
PROJ/TASK/WK UNIT . MTP 1-O1 -39

Ob jec t i ve  - 09 NOV 72

(UI Establish and demonstrate new manufacturing methods and techniques
applicable to volume production -‘f h igh performance MOS arrays using
s i t icon on Insu lat ing substrate technology.

Prog ress-D 01 SEP 74 To 31 MAR 75 (jnterim-D )

(UI A s i ’.icon-gate C-MOS on sapphire pilot line has been established.
Two types of SOS integrated circuits (the register array and the

- float ing po int scaler array) were processed . Fi f t y arrays of each
type were packaged , evaluated , and delivered.

PROJECT NO. MTP1 - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE . A DVA I-,CED COMPOSITES PRODUCTION/SERVICE EXPER IENCE-47 1-3

CONTRACTOR . L T V A E R O S P A C E  CORP
CONTRACT. F33615-73-C-5066
CONTRACT DURAT ION . JUN73-DEC74
A FML PROJECT ENGINEER. TANIS CHARLES

- 
- 

PROJ/TASK/WK UNIT . M TP1-O1-40

Ob~ ecttve - 31 AUG 72

(U) To establ ish /a/ manufacturing technology and production
ex perience for advanced Composite aircraft structures. (bI a cost
account i ng System for manufacturing costs. ooerat~~ona l and ma intenance

- I costs for advanced composites, IC) identify hig h cost centers for t~ emanufacturing operations Involved . (dl compare t)tal costs of advanced
co,iiposite structures to metal structures. le ) II1S t I I 1  i ndustry
confidence i n  highl y l oaded advanced compos i te Structures.

Prociress-E 31 MAR 75 To 01 OCT 75 (I n t e r i m - E l

~ 
-
~ 

; (UI Duri r this reporting period a complete ana l ys i s of the fai lure of
S/SNo t , wh ich fa i l e d  prematurely 1 Nov 1974 during static test. has
been made . The cause of the failure has bee t oetcrmined . redesigo of
t he critica area has been done , design ve” i f i c a t l o n  specimens of the
redesigned area have been made , tested and apprO .ed by means of a
cr i tica l design review . These redesigns were also checked Out
f u n c t i o n a l l y  by scabb i ng . the f i x  onto S/5No.2 which has subsequentl y
bet n used for l i g h t  ng strik e tettts. S/SN0 .3 has been completely
fa bricated ano instrumented and static tests are Scheduled to resume
or 23 SeP 75 and contirue u n t i l  approximately 15 Oct 75. S/SNo.4 has

-~ also been comp letel y fabr icated but w i l l  no~ be completely assembled
u n t i l  comp le t i on of S/SN0.3 static tests. S/SNO.4 is scheduled to be
used for fl i g h t  and fatigue testing . Contractua l action is Currently
be i ng i n i t i a t e d  tha t w i l l  reflect the i mpaC I on Quant ity, time and
costs that thi s fat lure de l ay has caused .
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PROJECT NO. MINi - MANUFACTURI NG TECHNOLOGY-AIRCRAFT

TITLE . SUPERALLOY POWDER PRODUCTION AND CONSOLIDATION-27 1-3

CONTRACTOR . AVCO CORP
CON TRACT. F336l5-73-C-5O40
CON T RACT DUhA T I (N . MAY73- 41J075
AFM L PRO,JEC ENGi NEER. CLAR k LARRY P
Ppo J;TASK /wt . UNIT . MTP1-O 1-43

• ~. t i e - 09 NOV 72

IU I To eStabl ’sh -“o”e economica l powder production methods and
COu’lsQli at Ion l re t h o~~s for making superalloy forgings and/or finished
pa ts for eng t ne appl i cations.

P u .  ass E 01 h .~Y 75 To 01 SEP 75 (Interim-El

(U I No ,.II C k has been accomplished due to the negotiations on the
con trac t rnodl f icat ion .

PROJECT NO. MTP 1 - MAN UFACTURI N G TECHNOLOGY-AIRC RArT

TITLE . MINA TURE TWT-6 16-3

CONTRACTOR VAR I A N ASSOCIATES
- CONTRACT . F336 t5-i3’C-5032

CONTRACT DURATION . OCT73-APR76
AFML PROJECT ENGINEER . MEULEMANS JOSEPH I
PROJ / T A S K / W K  UNIT .  M T P 1 - O 1 -4 4

Ob~~c c t i ~~e - 29 SEP 72

(U) To provide a manufact~~r ing capab ility fot ’ the tow cost production
of m ic rowave  tubes required for the B-I ECM equipment.

Pr o~t r e s s ’ E  30 SEP 75 To 14 OCT 75 (Interi m-El

(U I The tube cc nign has been established. Power r’utput of 26 watts.
ga :n of 45 dB and a bandwidth of 5.2 to lO . 4 GHz have been
establ i shed. Electrica l tolerances have been de~ erminecl . Mec hanical
to lerances are near com pl etion . Thirty-two t~ cc have been bui l t .

- THC tube to tube variation in electrical performances i~~ extremely
sr’.i ll. Prepara t ions are being Initiated for li fe testing of several
of these devices. -

_ _  
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PROJECT NO. MTP1 . MANUFACTURING TE CHNOLOGY-AIRCRAFT

TITLE. ELECTROSLAG CAST HOLLOWS FOR SUPERALLOY RINGS-262.3

CONTRACTOR . CABOT CORP
CONTRACT . F33615-73-C-5046
CONTRACT DURATION . aJUN73-4UG76
AFML PROJECT ENG I~ ’EER . LOVE kENNETH L
PROJ /TAS K/WK UNIT . M T P 1 - O 1- 4 6

- I O b j e c t i v e  - 09 NOV 72

(U) To establi sh a manufact uring process to produce high strength andtemperature resistant rofled turbine engine rings disks, spacers  an d
hollow shafts of rotating part quality and at a l ower cost .

Proqress-D 15 APR 75 To 07 OCT 75 (Interim-D I

interim reports and is currentl y three (3) months delinquent. It hasj (U) Contractor has been consistantly ciPlinqu ent in Submission of

been vem-bal l y repor ted that a se’— i es of five 20 inch 0.0. hollow
i nuots were cast repe titively. A water coo l ed copper mold to Produce
16 i nch O.D. hollows has been delivered and atteir p~~ e-e under way toduplicate the results of the larger size prior to holding a program
review with AFM L and the subcontractors to discuss more complex
alloys .

PROJECT NO. MTP 1 - MANUFACTURING TECHNOLOGY-AIRCRAFT

TiTLE . DEVICE APPLICATIONS FOR LOW OCST RARE EARTH COBALT MAGNETS-610-3

CONTRACTOR . RAYTHEON CO
CONTRACT. F33615-73-C-5O59

- CONTRACT DURATION . .JUL73 -MAR75
A FML PROJECT ENGINEER . GARRETT HAROLD ii

PR O~J/TAS ic/WK UNIT. MTP1-O l-49

ObJective - 31 AUG 73

(UI To demonstrate the appli cat i ”ns of low cost rare earth cobalt
magnets in jet fue l starter and acturatOr pump motor.

Proqress-E 01 APR 75 To 15 SEP 75 (Inte rim-El

U I Prob l ems were encountered in the assembly of the permanent magnet
status of the pump motor. However , the prob l ems were solved and
testing of the un it is expected to be completed before 30 Oct 75. The
use of the htgs energy product samar ium cobalt magnets enabled
subs tan t ia l  S ize  reductions of the motors w h i l e  a l l o w i n g  the
achievement of the c h a r a c t e r i s t i c  high e f f i c i e n cy  of permanen t magnet
mo to rs .
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PROJECT NO . MTP 1 - MANUFACTURI NG TECHNOLOGY-AIRC RA FT

TITLE . QUALITY STANDARDS FOR PRODUCTION TITANIUM ALLO Y CASTINGS-261-3

CONTRACTOR . UNITED TECHNOLOGIES CORP
CONTRACT. F33615-73-C-5039
CON TRACT DURATION. MAY73-APR7 6
A FML PROJECT ENGINEER. LOVE KENNETH L
t-l~OJ , TASK/WK UNIT . MTP 1-O 1-50

- Ob ic ct iv e - 09 NOV 72

(UI To iur ~~rove the manufa cturing methods for producing sound. close
• tolerance, ti tanium alloy cast shapes for engine and a i r fr~ rne

app l icat Ions.

Proc.ir-ess’C Oi APR 75 To 07 OCT 75 (Inter i m - C l

(UI A rc.~uest for a program modification and request for approva l to
Order long lead t i m a  m aterials submitted to 495O. PMRB in August 1974
was eve n t ua l l y acted upon and the amendment became effective in
February 1975. During thi s m ne~ cusable delay both material prices and
l abor rates inc reased necessitating additional Submitta ls. evalua tions
and funding. The chemistry optimization scheduleC for phase ii was
cancelled . A dditio nal castings and evaluation of hot isostatic
press ing were substit ued for the deleted effort. The program
completion date has ueen extended to accommodate thq procurement
delay.

PROJECT NO. MT P1 - MANUFACTURING TECHNOLOGY-AIRCRAFT

~ I 
TITLE - LOWER COST TOOL II .G FOR SHELL STRLICTuRES-474-3

CONTRACTOR GENE RAL DY NAMICS CORP
CONTRACT. F33615-73-C-5i 19
CONTRACT OURA T1~~N . ,JUN73-JUN75

~~ AFML PROJECT ENOI NE ER . LITVA K SIOI.EY
-
~~ PRO J/TASK /WV UNIT. MTP I -O i - 5 1

Ob J € c t l v O  - 30 OCT 72

(UI To establ i sh new and - o r  impr’-ved manufa cturi ng processes for
laflge . h ig hl y-cc nt ou ’~eo CLii-ole * tools that can prc.duce shel l-type

- . al -craft structures . p refe rably fusel age-type. na- .lng su fficient
accurac y to men- b- .th aerodynamic and prod uct ion mat ing requirements
arel fl addit i on. re sul t In reduced i n I t i a l  a-id recurring component
C O - IS

Proo—ess -E 01 A PR 75 To 15 SE P 75 l l n t e r i m - E l

(U I Phase I - Ci ’r-pan€-nt Too l Se t~~ct ion and Subscale Cour’-ionent
F.hr i cnt io n (T i V A- t’ ete ria l and Process E,~a lua ti or , . T~~ w B-Component
Se le ct i on l - - Compl eted. Phase Ii - Fabricat ion Cf Fu l l - S ,a l e  Too l
and Comeonents iTask A - F u l l - S c a l e  T Ool Design and Manufact cre Full-
Scale V e r i f i c a t i o n . Task 1’- Comp~ nen t - Three A r t ,c l es. Full-Scale
T~ qI Life Dete’-uii n a t ion ) - Comp ’eted. Phase I I I  - F u l l- S c a l e

Co- - ponent Evalu~’t Ion and Component Testing - Comoleted. Phase IV -

PrOductiOn Anal -/sis - Comp leted . Fi nal report bein g corrected by GD/
FW prio r to P.~b l i cat ion and distribution. Contractual movie is in
fina l stages of pro.iuctiori.
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PROJECT NO. MTP 1 - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE . ADVANCE D ISOTHERMAL FORGING LUBRICAT ION AND TOOLING PROCESS-128- .

CONTRACTOR . WYMAt, GORDON CO
CONTRACT . F33615-74-C-5O 11
CONTRACT DURATION . MAR74-A PR77
A FML PROJECT ENGINEER . XLAR OUIST NORMAN E
PROJ/TASK/W V UNIT . MTP 1-O i - 5 3

0b~ ect i ve - 22 JUN 73

(U I E stablis h economical and rel i a b l e  manufacturing methods for the
production of isoth erma ll y forged a ircraft cua l it y components using
im proved forg’ng lubricants and a modular design concept accommodating
part Sizes up to 600 square inch plan area .

Proc;ress-C 01 A PR 75 To 01 SEP 75 (Interim-Cl

(1)1 Phase ii procurement of materials and design of tooling is in
progress. Wynman-Gordon is work i ng closely with ~‘CDonnel 1 Aircr aft and
Battelle during this phase to assure that al l  reQuirements in th~forging designs are coord i nated , Procurement is processing a request
for contract ex~~-?nsion of Phase II.

PROJECT NO . MT Pi - MANUFACTURING TECHNULUUY-A ZRCRA FT

TITLE . AUTOMATED DIRECTIONAL SOLIDIFICA TION OF SUPERALLOYS-867-4

CONTRACTOR . GENE RA L MOTORS CORP
CONTRACT . F33615-74-C-5007

I
. CONTRACT DURATION . JAN74-JUL75

AFML PROJECT ENGINEER . GLEN N GEORGE M
PROJ /T A S K / W V UNIT . MTP 1-0 1-5 5

Ob J c - cti v e - 01 JUL 73

(UI Establ Ish automated orocesses for direct ionall y solid ified
castin gs of Conventional superalloys.

Progress-B 01 SEP 74 To 17 OCT 75 (inte rIm- B)

• (UI This program was compieted in Oct 75. The Final Tech Rpt . , AFML-
TR .75~~l5Ci w i l l  be d is trib oted in Nov . 75. The rc-~.ul ts of th is program
support the fol low in g conclusions. (a) The DDA l~~~ot herm ic pack
pr ’uessl for d ir- ecti onal s o l i d i f i c a t i o n  IS suitable for automated
pr ciii uct lOn O~ b l ade and vane castings at s l q - i f I C a n t  cost savings over
the most wid e l-~ usd 1 comme” cial practice . Ib ) 1h~ production base
for~~a w I de Var iety qf d IrectIonall y s o l i d i f i e d a i r f o l l s  can be readi l y
and ine iipenS iv rly enpande d through simple modification of conventional
ca’~t in g ~quipm . nt. id Me chanical propert y test results indicate
t hat exothe rmid proc.ssed nickel-base 0$ castings have sign ifIcant
Stress ru pture li f e  and du C t i l i t y  advantages over equiaxed castings .
Such property improvements are ~artic u )arl y obvious in thin sections.
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PROJECT NO. MTP I - MANUFACTURI NG TECHNOLOGY-AIRCRAFT

TITLE. BRAZED TITANIUM HYBRID STRUCTURES-848-4

CONTRACTOR . BOEING CO
CONTRACT. F33615-74.C-5O47
CONTRACT DURATION . FEB74-
AFML PROJECT ENGI~~EER . KOLLMORGEN L
PROJ/TASK/WV UNIT. MT PI-01-58

Objective - 03 JUL 73

(U ) To develop nianuracturing technology for redundant brazed titanium
h ybr id structure,

Proq .’ess-C 31 APR 75 To 17 OCT 75 (In te r i m - C l

(UI Subscale components have been fabricated and tested . Electron
beamim frames were we l ded and tested w i t h  mechanica i properties of the
welds determine d acceptab ’e for app l i c a t i o n  to thc full-scale
coi ponents. Fey su— face hi’aze techni ques were established for the
p a r t i c u l a r  joint designs of the ~.elected component, Braze cycles were
established and subscale panels were fay surface b azed . Two fu l l
scale 124 inCh by 6C inch ) engine support beams have been brazed.
Inspection revealed a prob l em with conversi .’j-T to titanium alum i nide in
the shear web , face sheet to honeycomb core braze. In both components
a special effort i~~ now belnq made to ident i f y t l’i e cause of the T iAL
sub 3 conversion which results in a brittle structure , A third
component w i l l  then be fabricated and tested.

PROJECT NO . MTP 1 - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE . MULTI-LAYER FASTENER SYSTEMS-752-4

CONTRACTOR . BOEING CO
CONTRACT. F33615- 74-C-5O14
CONTRACT OU RA T ICN . APR74-JAN76
A FML PROJECT ENGINEER . HAGER JOSEPH W
PROJ/TASK/WV UNIT . MTP 1-O i-59

ObJect ive - 21 JUN 73

(UI The objective is to as~~ess and min imize or el iminate necessity for
destack and deburr operations during hole qe-lerat ion In th ick  sec t ions
of m u l t i p l e  layered material , develop and evaluate auxiliary equipment
in destadk and deburr operations and estahli Sh cost effective methods
of manufactu ring.

Prog ress-B 01 SEP 74 To 31 MAR 75 (Inter im-B )

(UI Due to a projected Cost overrun of S82.000 . AFM L ant icipates cost
reductIon modifications to the original contract and possible
complet i on of Phase IV Production Evaluation b~ a subcontractor.
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PROJECT NO . MT P1 - MANUFACTURING TECHNOLOG Y-AIRCRAFT

TITLE . CONSOLIDATION OF BLENDED ELEM ENTAL TITANIUM POWDER TO NEAR NET

SHAPES- 179-4

CONTRACTOR . PRATT AND WHITNEY INC
CONTR ACT. F33615 74-’C-5028
CON TRACT DURATION. DEC73-MAR76
AFML PROJECT ENGINEER . CLARK LARRY P
PROJ/TASK/W V UNIT . MTP 1-O l-60

Ob jective - 01 MAR 74

(U) To cstab ll sh m anufaCturing methods for the consolidatio n of

blended elemental titanium powder to near net shapes for engine

appl ications using the press and sinter consol idation technique.

Prog ress-C 01 APR 75 To 01 SEP 75 (Interim-Cl

(UI Discussions w it h  several proposed new subcon ractors here reId

w ith Gould Laboratories of Cleveland be i ng selected as the new

subcontractor . Pratt and Whitney Aircraft has prepared a proposal for

con tract mod ification and submitted It to procurement for approval .
In the inte r im the contract has been in a ,hold . status .

P R O J E C T  140. MIPI - MANUFACTURING TECHNOLOGY .A IRCRA FT

TIT LE. REDUCED COST PROCESSING FOR DIRECTIONALLY SOLID iFIED ELTECTIC
A IRIO 1LS-868-4

C OrY_A CTO R UNITED TECHNOLOGIES CORP /RSCH LABS/
CONTRACT. F336i5-74-C- 5O1 8
CO N TRACT DURATION FE874-MAY76
AFML PROJECT ENG INEER. ELBAUM JEROME K
PROJ /TASK/WV I.J N IT . M TP 1-0 1- 61

Obj ic tiv e - 21 JUN 73

lU) To establish automated procecses for d irection ally s o l i d i f i e d

- 
- castings of h i gh ternpe rati,ire eutectics.

I~
I. Pro ii— ess-B 01 SEP 74 To 17 OCT 7S ~1n t e r ’ m - E i

I. (UI A l l  master be ats have been r- uruu arid ev el u an~~d c~~r Chem ical
com pos it ion and cleanlines s . Both a l u m i n a - s i l i c a  and magnesia
cr uci b l c s  resulted in exce Ptionall y clean maste r m elts when vacuum

• 
c a - ’ing was eml,l oyell . Direc t i o n a l l y  s o l i d i f i e d  n- -cr’os tructure and
cr cp’rupture properties compared favorabi’; w i t h  r-5oratory grown
m a t e rial - A sr-cond sequence of JTDE hol Io~ blade casting t r i a l s  using
a three blade per m O ld confic’urat Ion and O e v i o u s i y established
opt irrum r therma l paraietert. shosed s ’ c i i f i c a n t  irir uvements in overall
rio il-ci es t ru ct iv d’ q u a l i t y  w i t h  no change in mmcrostruc t ur a l or
co pus t i onal qua Ii I y due to vacuum process i - - g. Commercial grade
al u-’ i n a - s i l l c a  “ e l t  crucibles and fas ter alloy melt charges had no
S ( t m n i f i c .ant Impact on overall ca .ting q u a l i t y .  Creep rupture

- prr pert ie s at 1800 I~egrees F/4O ksm ~ere in excess of PWA 1422 . 1400
de’v-ees F. IOO ks i creep rupture -es u l t~ in tui- b lnc blade root sections
exceeded Current root attachment pr rm - ’-ty re qu ire- - ents . Evaluation of
th N iTaC -l 3 eu te ct ic a l l o y  t r i a l s  cast In he P l o  bla d e
configuration showed reduced non - des tru ct .~~e q u a l t t y  when compared to
t he F100 blade t r i a l s .  A control /monitor program for the casting
process has bet-n incorporated Into th~ process control computer
System. instrument ation for computerized contro l has been ins tall ed
in the furnace syStem .
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PROJECT NO. MTP1 - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE . PLASMA ARC WELDING-849-4

CONTRACTOR . ROCKWE LL INTERNA T IONAL CORP
CONTRACT. F33615-74-C-5O36
CONTRACT DURATION . mJAN74-SEP75
AFML PROJECT ENGINEER. MILLER FREDERICK R
PROJ/TASK/WV UNIT . MTP I-O1-62

ObJec tiv e  - 25 JUN 73

(U ) To develop the plasma arc welding process for joining thick
sect ions up to one (1) inch or greater .

Progress-C 01 APR 75 To 22 OCT 75 (Inte r i m - C l

(UI Under Phase II material thickness l i m i t s  were established for each
of the three p-ogram materials. Ti 6AL-4V . HY18O Steel , and qNi-4Co-
.20C steel Usi ng the baseline headboard p lasma arc welding system .
Mechanic-al property test specimen plate s were we l ded and evaluated
nondestructivel y us ing radioOraphic and dye penetrant inspection
techniques. Phase III was init i a t e d  to fabricate a simulated airframe
w ing. Carry th r- ~ugh upper cover by plasma arc welding .

PROJECT NO, MTPI - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITL E . STRATEGIC MATERIALS RECLAMAT ION- 1 62-4

CONTRACTOR . UNITED TECHNOLOGIES CORP /RSCH ~.ABS/CONTRACT . F33615-74-C-5O19
- - . CONTRACT DURATION . MAR74-NOV76

A FML PROJECT ENGiNEER , LOVE KENNETH L
PROJ ,’ T A S K/ W V  UNIT.  M T P 1 - O 1 - 6 3

Ob je ctive - 31 OCT 73

(UI To establi sh processes for the econom ica l reclam ati on of titan ium .
sur.m era ll oy scrap, arid the valuable alloy ing elements that are now

• do .irmgraded or not recycled ,

Progress-B 15 APR 75 To 03 OCT 75 (In t e r i m - B I

(U) W ith out PresentIng results of several i rflport .lilt phase I tasks.
contractor submitted request for approval of a rrn cI f led ~hase II, in
t i-m e absence of these resu ’ts there is Insufficie n t data on which to
base a decision . Program is app roxImately 3 months behind schedule.
Data has been promi sed and arrangements for meetin g with PCO w i l l  be
sc heduled for mid October to dec i de ott phase II efforts,

66

lb _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~~~~~~ — --- _~_~~~~ — — - ---- -
~~



-
~~~~~

I
PROJECT 1W. MT p 1 - MANUFACTURIN G TECHNOLOGY-AIRCRA FT

TITLE. ESTABLISHMENT OF PRODUCTION MACHINAB ILITY DATA-755-4

CONTRACTOR . METCUT RESEARCH ASSOCIATES INC
CONTRACT. F33615-74-C-5O25
CONTRACT DURATIO N . N0V73-AUG75

• AFML PROJECT ENGINEER. HARRIS WILLIAM A
PROJ/TASK/WV UNIT . MTP I-O l-64

Objective - 25 JUN 73

‘U ) This program w i l l  establish m a c h i n a b i l i t y  data that can be used to
- reduce cost and increase produc tivity in manufacti~rlng of present andfuture A i r  Force systems .

Progress-D 15 APR 75 To 30 OCT 75 (Interim-D I

(U) The work effort is continuing on estab lish ina the non-l Inear
reg r’ess~~ve anal ysis equations to describe face m i l l i n g  on Ti- 6-4 and

P R O J E C T  NO . MTPI - MANUFA CTURING TECHNOLOGY-AIRCRAFT

T I T L E . RELAXED MANUFACTUR ING /DESIGN TOLERAN CE CONCEPTS-866-4

C O N T R A C T O R . GENERAL DYIiAM ICS CORP
CONTRACT . F336l5-74-C-5O44
CONTRACT DURATION . APR74-JAN76
A FML PROJECT ENGiNEER. WILLIAMSON JOHN R
PROJ/TASK/WV UNIT . MTP I-O1-66

• Objective - 03 JUL 73

(U) To i C-3ntif y design/manufacturing concepts for cost reduction
through relaxation of manufacturing tolerance requirements.

prog ress-C 01 WAY 75 To 23 OCT 75 (In t e r i m - C l

(U) Mach ining studies to estab l i ’.h tolerances (dimensional ) vs.
mach ining speed , depth of cut , cutter diame t er . etc . have been
Comm i p let ed for alum i n u m  and desi gn gui delines established . These

gu idelines are now be i ng arip lied on F- 1 6 draw ings . T itanium
gu idelines are being established , Fatig ue testing for surface
in te g rity of as-machined versus hand finis hed surfaces is progressing .
Studies lndicat a slight effec t of surface f in i s h  in alum i num , none
on titan ium. Design changes on F-16 parts w i l l  save about 14 percent
Hig her machine speeds may save another 14 perCent.

1’
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PRO JECT NO. MTPI - MA NUFA CTUR ING TECHNOLOGY-AIRCRAFT

TITLE . HIGH QUALITY GALLIUM ARSENIDE PRODUCTION-538-4

• CONTRACTOR . RAYT HEON CO
C O N T R A C T . F 3 3 6l 5 - 7 4- C- 5 O 3 1
CONTRACT DURATIC N . MAR74 - MAY76
AFML PROJECT ENGINEER. TARRANT S ELIZABETH H

-
- I PROJ/TASK/WV UNIT . MTP I-0 1-67

ObJect iV e - 06 JUL 73

(UI To prov ide the manufa cturing processes that w i l l  supply the
rei- u irecl type and quality of g a l l i u m  arsenide . epi taxial layers needeo
fo r  the fabrication of eff i c i e n t ,  reproducib le microwave devices, An
add itional facet of the objective is to establish a commercial source
of the high quality g a l l i u m  arsenide layers resulting from tills
pru Jec t.

ProL; ess-C 31 MAR 75 To 25 SEP 75 llnte ni m - 1”.l

(~~) A nu mber of runs have been made in the production reactor using a
fOu r or quadra - wa fer holder . There were d i f f i c u l t i e s  in adjusting the
gas flows p artmcu l arl y . A series of baffles have been prepared to
aT ust the flow pattern . An undesirable flow p 3ttern degrades the

— 
~ u - l i ty of the epita ~~ia l tayer 0’ tray prevent it f rom d e p o s t i n g .

- 
I Du ng t he next quar.er the flc ~ ve locity w i l l  be lowered and U-c

sou’-Ce area w ’  I l  be increabed by adding two a d d i t o n a l boats C t
ga i h u m  w i t h  the in l ention of improv i ng the q u a l i t y of th e deposited
la- ,e- s . This contractor has ha~ d i f f i c u l t y in obtaining both Te doped
an d sem - i ns u l a ’ i n g  substrates. The vendor of Substrates (also an A F
contractor ) had Ø i H i cu l t y  during the last three months in growing
semi-in su la t i n g  g a l l i u m  arsenide . This Condition has been Corrected
and sem ;-lnsul a ’ ing g a l l i u m  arsen ide is now ava ilabl e , Substrates
have been ordei,’ed bath from Japan and England.

PRO JECT NO. MTP1 - ~i4NUFA CTURING TECHNOLOGY -A IRCR A~~
T

TITLE . ICR - WA VE L IMITER FOR RADAR RECEIVER PROTECTION MiCROWAVE
LIM ITER-62 1-4

- 
- CONTRACTOR . HUGHES AIRCRAFT CO

CONTRACT . F336l5-74-C-5102
CONTRACT DURATION APR74-NOV76
AF ML PROJECT ENGINEER . MEULEMANS JOSEPH I
PROJ/TASK/WV UNIT . MTP I-O 1-68

F I ObJective - 10 JUL 73

(UI To establIsh economical ano reliable mariufactory methods for the
product on of Microwave Limiters for Radar Rece iver Protcetiori .

Proires s-B 30 SEP 74 To 3m MAR 75 (Interim-BI

l U l  The mu it ip a c tqr 1 I m l t ~~r has bccr, scolc d 0 tondw ldth of 9 to 10.
2 GHZ . The mu l i paCtor li m i t e r  is a passband dev ce, 2nd and 3rd
har- iiiOni~ Suppression is at least 50dB . The multi cact or plus diode
tand em limiters have shown recovery time of less than 15 manoseconds
The’ mechanica l design has been selected as a mu t t ~,‘actQr’ un it nested
i n a U shaped liquid cooled heat sink . The heat sink can be changed
to a ir blast cooling without redesign of ~he mul tipactor limiter.
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PROJECT NO. MTP 1 - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE. LOW COST METAL MATRIX COMPOSITE MATER IA L-365-4

CONTRACTOR . COMPOSITE MATERIALS CORP
CONTRACT . F33615-74-C-5066

-: CONTRACT DURATION . mJUN74-FEB76
AFM L PROJECT ENGINEER. ANDERSON CHARLES S
PROJ/TASK/WV UNIT . MTP I-O 1-7O

Objective - 19 JUL 73

(UI To establish lower cost processing methods for the production of
metal matrix Composite material ,

Progress-C 31 MAR 75 To 15 SEP 75 (Int e r i m - C l

~ (UI A tape manufacturing line has been Constructed to produce three-
inch w ide continuous (in excess “f 100 ft l accurately collimated .
b inderless di f fusi on bonded boron /aluminum tape . Overall , the
ope ration of the tape line using air atmosphere was good . When
operat ing in vacuum the tape along with the stainless steel separator
foi ls did not pu l l  smoothly through the cooling jacket. The channe l
th rough the cooling jacket Is being enlarged. The i n i t i a l  results
indicate no degrada iion of filament tensile strength under the

- 
- 

condit ions used . The results also suggest that the time required to
compact the monolayer tape adequately w i l l  be on the low end of the
times schedu l ed for evaluation .

PROJECT NO. MTP1 - MANUFACTURING TECHNOLOGY-AIRCRAFT

T ITLE . RESISTANCE SPOT WELD-ADHESIVE BOND JOINING OF TITANI UM-4O8-4

CONTRACTOR . GRUMMAN AEROSPACE CORP —

CONTRACT . F33615-74-C-5O73
CONTRACT DURAT IC- N . MAR74-NOv75
A FML PROJECT ENGINEEP. STARKS DOUGLAS F
PROJ/TASK/WV UNIT. M Tp 1-O 1-72

- Ob jectiv e - 23 JUL 73

(U) To establish a reliable man u facturing method fOr weldbonding
• t itanium aircraft siructure.

Progress-C 31 MA R 75 To 01 OCT 75 (Interim -Cl

(UI This program is In its third and fIna l phase of operation . which
is scheduled ~or completion November 1975. Task be i ng conducted now
are the preparatIon pf demonstration articles. e g. , fuselage , tai l
section . and nacell e representative of aircraft structures.
Prcpar’ations a re now underwa y for an I ndustry demonstration for mid
November 1975 . It is anticipate d that th is program w i l l  be Completed
wit h the time and funds allotted.
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P R O J E C T  NO . MTP i - MANUFA CTURING TECHNOL OGY-AIRCRAFT

TITL E . LOW COST MANUFACTURING CONCEPTS FOR ADVANCED COMPOSITE PRIMARY
AIRCRAF T STRUCTLJRES-4O6-4

— CONTRACTOR . NORTHROP CORP
- I CONTRACT. F33615-74-C .5153

CONTRACT DURATION MAY74-5EP75
AFML PROJECT ENGINEER. REINERT HARRY S
PROJ/TASK/WV UNIT . MTP 1-O1- 74

ObJ”ct ive - 27 JUL 73

(U) To demonstrate the cost competitiveness of advanced composite with
w i th advanced aluminum technology in primar y aircraf t structures ,

Proqress-Z 02 APR 75 To 22 OCT 75 i~Fina l I

(UI Camera Ready Copy of final report AFML- TR -75- 145 received 10 Oct75 and in publication .

¶ PROJECT NO. MTP I - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE. LOW COST FOD RESISTANT ORGANIC MAT RIX FAN BLADES-4 13-4

CONTRACTOR . GENERAL ELECTRIC CO
CONTRACT. F336 15-74-C-5O72
CONTRACT DURATION . MAR74-JUN76
A FML PROJEC T ENGINEER. PIRRUNG PAUL F
PROJ/TASK/WV UNIT. MTP1 O 1 7 5

Obj~~ct ivc’ - 01 AUG 73

(UI The chjective or this program is the developircnt of FOD resistant
- . hyi~r id c omposite fan blades which car-i be manufact ured in production

quant it i e s  on a re l i a b l e  and reproducible basis at costs lower than
the ir m e t a l l i c  counierparts. Successful Completi on of this program
would allow the application of c mp osite fan blades to future Ai r
Force engines w i t h  improved perfnrmance and reduced acqui sit ion cOSts.

Prouress-C 31 WAR 75 To Ul OCT 75 (Interim-Cl

(UI The hybrid sCre.~nin g phase of the prog”am (Phase II was comp leted .
Th’ local impac t damage problems which surfaced in late 1974 were
solved by the u~~ Oi high shear strength materials The BOAS/20S-
glass mater ial syster selected f-r manufacturing demonstration has
bem n ju ’ged Capable of me eting FAA FOD requirements. W ith the
excc p t m d n  of the design v a l i d a t i r~n testi ng . Phase II - Blaae Design
was also completed. Phase III - Man u facturi ng Me thods Improvement IS

ccmn pl etc with the exception of fabricating blades with the fi n a l
too l ing . Phase IV - Manufacturing Fabr ication Demonstration was
i n i t iated. Blade mold tooling has been completed and product of the
di r checkout t s complete and acceptable. Blade process evaluat ion .
inc l uding the manufacture of si x blades, is In process.
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PROJECT NO. MTP 1  - MANUFACTURING TECHNOLOGY-AIRCRAFT

T I T L E . CHARGE COUPLED D E V I C E  M EMORY A R RA Y S - 52 8 - 4

CONTRACTOR . FAIRC H ILD CAMERA AND INSTRUMENT CORP
CONTRACT. F336l5-74-C-5088
CONTRACT DURATION . MAY74-AUG76
A FML PROJECT ENGIN EER . GARRETT JACK A
PROJ ,’TASK/WV UNIT. MTP 1- O 1 - 7 6

Obj .c t i v e  - 12 OCT 73

(UI To establish manufacturing processes, contr ols and materials for
economical volume production of Large Charge Coupled Device (CCDI
d i g i t a l  memory arrays.

-1
Progress-B 31 MA P 75 To 30 SEP 75 (Inte rim Bl

l U l  A meet ing was he ld w i t h  the F a i r c h i l d  program manager on 4
Sep tember 1975 . Th~ LTE prooram has not met m i t r a l  prc~~i’a ‘~~l l ve ry
rer lu i rerrients for the 16. 000 bit CCD memory. but it now appears
de livery of thot .e devices can ue made in October c-f 1975. Three (31
process runs Of these 16.000 b i t  neniory devices have been obtained in
tht ’ last 2 mOnths. Two of these runs were fabricated from an earl ier
mask set. which required a m inor mask change to correct a problem
ob.~c’rvedi on th~ input c i r c u i t  to the CCD register . Contro l of the
a m i l i t u i I e  and unifor ity of dark currents co’~tinu cs to receive much
attention on this program . Th is dark current control is essential for
ach ieving deslred operation at higher temperatures. Fairchild plans
to marl’et these CCD memory devices and w i l l  make a formal announcement
of thi s 16.000 bit memory after O e hi ve r~ of required devices to LTE.

- I A detailed specificat ion w i l l  accompany this announcement and also be
prcvided to LTE.

PR O~iECT i-JO . MTPI - MANUFACTURING TEC !-INOLOGY-A IRCRAFT
-

, TITLE . SURFACE INSPECTION TECHNIQUES FOR LSI PRODUCTION-503-3

CONTRACTOR . TEXAS INSTRUMENTS INC
- - CON 1RACT. F33615-73-C-5047

CONTRACT DURATION . JUN73-JUN76
A FML PROJECT ENGIN EER. MILLER EUGENE H

-
, . PROJ/TASK /WV UNIT. MTP I-Oi- 78

Ob ie ctiv e - 08 APR 74

- , (UI TO estabHsn rapid manufactur i ng process controls In Large Scale
- . Integrated (LSI) c i r c u i t  manufacturing fabrication related to process

in duced damage . con t amination , and geometric varia tions or flaws.

- 

Proqr-ess-8 08 APP 74 To 31 MA P 75 (Inter i n - S I  -

(UI Process con t rols are be ina c- tab ! shed to m i n i m i z e  I nduced dan’fI~ efo - the manu’ac•ur ing operations relat ed to ~1 ) s1l c e preparation . 1 2)
diffusion and ‘it ita ri al pro cessing, and 13 ) m e t a l l i z a t i o n , overcoating
and assembly. Contamination process controls are being established
f p -  the areas of Sli c e  preparat l ,i . ep - t a x i a l  and b erma l ly grown
Ox de f I l m s ,  photor ’esist and pho omask . m e t a l l i z a t  Ion and packaging .
Vai-i ng the improved wafer slicing machin e parameters (stroke speed and
blade speed) did noi y le lo less process Induced damage . With respect
to contaminati on Control a singl e nozzle molecular bE am-masS
spectrometer System has been desIgned . constructed , and Is be i ng
applied to the ana l ys is of plant gases and furnacc amb ients.
Photoresist process control as related to geometrIc varia tion or flaws
Is in p rogress .
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PROJECT NO. MTPI - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE , IMAGE INTENSIFIER TUBES WITH 40MM DIAMETER OR GREATER MICROCHANP
PLATES 6O4 4

CONTRACTOR . N I-TEC INC
CONTRACT. F33615-74 -C-5 1O1
CONTRACT DURATION . JUN74-MAR764 AFML PROJECT ENGINEER. TRINVLE HAROLD K

-

~ 
~- 

PR OJ ,’TA5K/wV UNIT . MTPI-O1-82

-: Ob juctive - 31 JUL 73

(UI To establish manufacturing processes and techniques for economical
product;on Of image intens ifier assemb l ies u t i l i z i n g  a microchanne)
plate amplificati on stage .

Progress-C 30 SEP 75 To 14 OCT 75 (Interim-C l

(UI Two tubes have been produced and l i m i t e d test and evaluations
performed on these devices. Nei’the r tube has been completel y
characterized to date . Limited test data is contained in reports.

PROJECT NO . MTP1 - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE. PRODUCTION OF POWDER METALLURGY NICKEL-BASE SUPERALLOY TURBINE
DISKS- 178-4

C O N T R A C T O R . PRATT AND WHITNEY INC
CONTRACT , F33615-74-C-5108
CONTRACT DURATION . DEC73-APR76

- 
- A F M L . PROJECT ENGINEER . CLARK LARRY P

PROJ/TASK/WV UNIT. MTP 1-O1 -8 6

Objective - 30 NOV 73

(UI Establis h manufactur ing meth-ds for the production of Tu’bine
• Disks of powder metallurgy nickel-base alloys to prov i de capability of

higher operating temperature and/or reduce e gine costs.

Progress-C 01 APR 75 To 22 OCT 75 (Interim-Cl

(UI Federal Mogul was selected as the source for the AStro (Oy powder
product ion and consolidation . The preforms ~ere successfully forged
by Ladish . The forged discs have been heat treated and testing is in
progress . I-lo t spin pot testing rif the 4F2 10A disc is s t i l l  in
abeyance because of heavy test schedules.
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PROJECT 1,0 W P 1  - MANUFACTURING TECHNOL OGY -AIRC RA FT

T I T L E .  A DVAI ,CE RA DCME PRODUCTION-492-4

CPN~~~ACTOR . BRUNSWICK CORP
CON TRA CT . F336 l5-74-C-5132
CONTRACT DURATICN. APR74-OCT76
A FML PROJECT EN G 1t EER. LITVAK SIDNEY
PROJ/TASK/WV UNIT . MTP 1 -O1- 87

Ob jr.ct iv e - 18 DEC 73

(U) To establ Ish new and /or impi-oved manufacturing processes for the
ut i l i z a t i o n  of poly i ir .ide resin/quartz fabric prepregs and pol yimide-
based syntactic foams in fabricating advanced , h igh-performance
plast ic aircraft h i gh temperature radomes.

Proc~ress-C 01 A PR 75 To 15 SEP 75 (Int e r im - C l

(UI Phose I - Evaluations and Selection of Mate rial s and Processes
Completed. Phase II - Fah ricati nn , Analys is and Testing of Radomes
The first f u l l - s c a l e  poly imide fr~am sandw ich conf gured B-i radome has
been fabricate d. ThI s is the structural test and (- ‘Ivironmental
evaluation radome . and m i n i m a l elect rical range testing w i l l  be
performed prior to environmental testing.

PR O ECT NO. MTP I - MANUFACTURING TECHNOLOGY-AIRCRAF T

T ITLE . PRODUCTION OF METAL MATRIX STRUCTURAL COMPONENTS-304-4

L ONT RACTOR . GENERAL DY NAMICS CORP
CONTRACT . F33615-74-C-515i
CONTRACT DURATION. JUN74-JUN76
AFML PROJECT ENGINEER . ANDERSON CHARLES S
PROJ/TASK/WV UNIT. MTP 1-Ot- 9O

Ob ji .tive - 14 JAN 74

(U! To eS tabl i sh economical manufactur ing methods for the production
of m etal matr i x structura l Components.

Pro-i’ess-C 31 i.’Ag  75 To 16 SEP 75

(UI The boron /aluminum (6, A 1 ) Shear w~~b concept sas Chosen as best
me t in g  the design loads for the B - I  wing r r b .  A n economic analysis
w e~, cori r ucted that con-pa ed the product ion costs f or B A l  w ing rib
pa el w ; t h  tho~ e ~or the mach ined and diff u s i o n  bcnded t it a n i u m
ba- ,e l in e  wing ri b  panel. We i gh t savings of 36 percent and cost
saving s of 49 perc€ -nt have been projected. Develc .pnrent of the
c a n . b i l i t y  at Rr :ks~~l l  Int e i-nat i’ --na l to consolidate unidirectiona l
bo o n - a l u m i n u m  p la te or sheet w i t h  m i n i m u m  a~~erdG~ l ong it u d i n a l  and
trans verse tensile strengths of 200 ksi and 20 k~~- has been
del onstrated , The subcomponent ~-pec i mens have been fabricated and
ter,ted . A lin ner f i n i t e  elemen t ana l ys is of the P-i wi ng rib has
prcv iou sly been run and the output is currently be i ng analyzed in
l io ht of the subcomponent and coupon test data. Fabrication Of the
f u l l  sire compos ite wing ri~~ component has been started .
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PROJECT NO. MTP 1 - MANUFACTURING TECHNOLOGY-AIRCRA FT

ITLE. CONSOLIDATION OF PREALLOYED TITANIUM POWDER TO NEAR NET
SNAPES- 171-4

ONTRACTOR CRUCIBLE STEEL CORP
CONTRACT. F336l5-74-C-51 i4
CONTRACT DURATION . FE874-NOV76

4 A FML PROJECT ENGINEER. CLARK LARRY P
PROJ /TASK/WV UNIT . MTP 1-0 1-92

Obj ect ive - 22 MAR 74

(UI To establ ’ sh manufacturing methods for the consolidation of
pr~- a l l o yed titani um powder to near net shapes for engine and airframe
ap e l i c at i o n s  using the Not Isost~~tiori Pressiog (HIP) method of
consoli dation .

Prog ress-C 01 APR 75 To 23 OCT 75 (Interim-C ,

(U) The first compacts of the hi gher oxygen powder have been made ann
eva l uation is being conducted . Additional keel-splice fIttings have
becn macic and sent to MCA IR for evaluation . The neck iterat lon of the

- subscale stub shaft was HIP ,ed In August, The part w i l l  be ciecanned
and sen t to General Electric for evaluation .

PROJECT NO. MTP 1 - M A N U F A C T U R I N G  T E C H N O L O G Y - A I R C R A F T

TITLE . MULTI-AXIS LASER CUTIINQ-753’4

CONTRA CTOR . BOEIN G CO
C O N T R A C T .  F33 615’74-C -5091
CONTRACT DURATF N . FEB74-AIJG 75

• AFML PROJEC T ENGI~~EER . W ILLIAMSON JOHN R
• PROJ/TASK/WV UNIT. MTP 1-0 1- 93

Ob iective - 20 APR 73

(UI To establi sh laser cu tting manufa ctur ing techniques and equipment
• foi’ cu t t i n g  ano tr i rr ir i ng titanium and othe- d i f fi c u l t -t o - m a c h i n e  alloy

coflto~ rcd parts.

Proqress-C 01 MAY 75 To 24 OCT 75 (In t e r i m - C l

(UI A manua l router’’ ,pe ‘amer cu tt i ng ~y~. tem has been fabr icated end
Cutt in g testS ace be i ng conduc t ed . Testing lndicdte s that the optica l
pa th retains f ’ c i e l i t y  throughou t nan ipulat o’ . A minor focal length L
prob l em has Slos ed tests , Mirror is be i ng replaced. Sample Parts
w i l l  be trilmied durin g the next period. The cOntr :t i s t e c h n i c a l l y
complete. A fin a l report draft has been received .

- A
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PROJECT NO. MTP 1 - MANUFA CTURING TECHNOLOG Y-AIRC RAFT

T I T L E , LOW COST M A N U F A C T U R I N G  CONCEPTS USING A D V A N C E D  COMPOSiTES
BROADG000S-419-4

CONTRACTOR . GENERAL DYNAM ICS CORP
CONTRACT . F336l 5- 74-C-5i 56
CONTRACT DURATION . MAY74-JUL75
A FML PROJECT ENGINEER . REINERT HARRY S
PROJ/TASK/WV UNIT. MTP 1-O1- 98

Objective - 07 JUN 74

(UI To establish draping as a viable low cost manufacturing techniques
for fabrication of advanced composite aircraft structure.

- 
Progress-C 01 APR 75 To 01 OCT 75 (Interim-Cl

(UI Industry review as conducted. Draft of fina l report was received
and rev i ewed and is In ed iting . Processing Specification and
Mater ials Specifications have been delivered,

- - 
I PROJECT NO. MTP 1 - MANUFA CTURIN G TECHNOLOGY-A IRCRAFT

TITLE. BORON A LUMINUM PREFORM TAPE-3 16-4

CONTRACTOR. AVCO CORP
CONTRACT. F336 15- 74’C-5l23
C O N T R A C T  D U R A T I O N .  M A Y 7 4 -A P R 7 5
A F M L  PROJECT E N G I N E E R .  A N D E R SO N  C H A R L E S  S
PROJ /TASK/WI t U N I T . M T P I -O 1 .99

ObJect ive - 22 FEB 74

(U) To estab li sh s i g n i f i c a n t l y  l~-wer ccst i”a - -u fac tur in g methods fo’
-

- the pro rluction of metal m a t r i x  c- - i - p osite ma ,er i a l  -

Proo ress-C 31 l~lA R 75 To 15 SEP 75 (Interim-Cl

(UI The contrac t ha~ been te c h n i c a l l - ~j Completed s - t h  the production Of
ten pounis 0’ s i x  rich w ide continuous boron alum num tape us i ng
pol yiscbuty lenn . fug it i v e  binders . The tape was F Oun d to be Iayable
sim i l a r  to boron/epoxy, and based upon its perfornance in hand layup
crp’-rations. i t  was projec t ed to be app l i cable for future mach i ne lay
Ups and automa ti c  Pl y genera tion . Ph ys ical properties of consolidated
b~~’-on/a l um i num by diffusion bonding are being confirmed by the
dis tribution Of the ten pound saiiipl e to potential users. The draft
final report Was lacking in numei’ous areas of technical , non-techn ica l
and contractur’a l req i rements and has been returned to the contractor
for revisions .
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PROJECT NO. MT pl - MANUFACTURI NG TECHNOLOGY-A IRCR~~F T

TITLE . GALL IUM ARSENIDE MI CROWAVE SUBSTRATES-S26-5

C O N T R A C T O R . LASER DIODE LABORATORIES INC
CONTRACT . F336l5-75-C-5006
CONTRACT DURATION . A U G 7 4 - N O V 7 6
AFML PROJECT ENGINEER . TARRANTS ELIZABETH H
PROJ/TASK /WV UNIT. MTPI-02-2 1

O o i i c t i v e  - 15 APR 74

(UI To provide the manufacturi ng processes that w i l l  supply the
required type and quality of galli u m  arsenide substrates needed for
ti, fabrication of ~ ff icie nt . reprodjcible m icrowave devices. In
addit ion a comnercial source for these substrates w i l l  be established .

Pro- .’~ess-B 31 liAR 75 To 16 OCT 75 (Interim-B I

(UI D i f f i c u l t y  has been experienced w i t h  the sem i-in su lating g a l l i u m

arseni de, in that it was no longer high r e s i s t i v i t y. Every possible

source of contamination was Investigated . W i t h i n  the last month good
ma terial has been preparecf ’w ithout the cause of tbc trouble being
pin pointed. A bad lot of g a l l i u m  and/or contamination by the quartz
i s suspected . Materials have been provided to the Nava l Research

-: Laboratory. Avionics Laboratory , and Cornel l Uni ve rsity.

PROJECT NO . MTP 1 - MANUFACTURIr.G TECHNOLOGY-AIRCRAFT

TITL E . PRODUCTION INSPECTION OF NEAR NET TURBINE DISK SHAPES

CONTRACTOR . UNITED TECHNOLOGIES CORP /RSCH LABS !
CONTRACT . F33615-75-C-5193
CONTRACT DURATI C-N . JUN75-SE p7’
A FML PROJECT ENGIN EER. WHEELER EDWA I~D

• PROJ/TASK /WV UN IT. MTPi- 02-30

Ob irc t lv e - 18 JUN 74

(U) To establ i sh a production com patibl e insp ection system for
reliabl y inspectin g contoured near net tu rbi~~e disk Shapes of hi h

— turbine disk alloys with emphasis on powder 
g

Prou!-ess~~A 18 JUN 74 To 24 OCT 75 ( I nt e r I m - A l

(UI Major des i gn dec isions have been made . Subcc-ntracts have beensirn ed with General Dynamics and TRW. Effort is row uncerway in 11

- 

apr)~~opr1ate areas. The contract was predated 28 cays from the i r u i l indate ari d this reduces the first Quarter year effor t, Efforts andex penditures Shc- - jl d be on schedule in a reasonable time .
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PROJECT NO. MTP I - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE . MANU FACTURING COST/DESIGN GUIDE-87O-5

CONTRACTO R . BATTELLE MEMORIA L INSTITUTE
CONTRACT. F336l5-75-C-5 194
CONTRACT DURATION. MAY75-JUL76

- - AF ML PROJECT ENG iNEER . WILLIAMSON JOHN R

- 
-! PROJ/TASK/WV UNIT . MTP 1- O2-31

Objecti ve - 15 MAY 74

(UI To estab li sh th~ format and data requirements for an aircraft
air f rame structural Manufactur ing Cost/Desi gn Guide . The purpose w i l l

be to make manu racturing cost informat ion readily available and

va riab le by the des i gner in making design decisions involving
manufacturing cost, performance , and re l i a b i l i t y  tradeoffs.

PROJECT NO. MTpI - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE . SUPERALLOY ENGINE COMPONENT-26O-5

— CONTRACTOR GENERAL ELECTRIC CO
CONTRACT , F336t5-75-C-5O84
CONTRACT DURATION . FEB75’OCT76
AFML PROJECT ENGINEER . GLENN GEORGE M
P R O J / T A S K / W V  U N I T , MTPI-02-32

Ob ie ctiv e - I i  JUL 74

• (U ) To reduce aircraft turbine engine manufactu r~~ng costs through useof advanced state-o f-th e-art sL .perallo y precision castings.

Progress-A 29 SEP 75 To 20 OCT 75 (Inte rirro A li n .  -

-: U An enginee~~ing r~raw irq for a cat~t frame was accomplished
• concurrently w i ’h  t rade-off studies on c-.onsid erat on of us ing a

se mented mob approach for  the casting of a one piece F1O I fam frame .- , Prior to the 0-C P1 ece casting CiemOnstratior.. the frame was studied
f0r symm etry and divided into segments for cast ing i n d i v i dual parts
using segmented mol~~-ng procedures. Molds represcr .tlng 1/6 hub
se’~i~ents with inserts to allow f~-r differen t conf gurations Of strut
bosses were con~.tructed and two castings poured . The fir st hub
cas ting did not have comp ete f I l l  in two th i n  Pare) areas but the
second casting was comp ete and Sound with a unifo r m mi crostruct ure
except for one sma~~l area exhibiting some columnar grains. Casting
studies for the outer r i ng an d strut assemblies have been completed
and tool ing is being made prior to casting.
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PROJECT NO. MTP 1 - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE . COMPUTER DESIGN ISOTHERMAL FORCING-228-5

CONTRACTO R BATTELLE MEMORIAL INSTITUTE
CONTRAC T. F33615-75 C-5049
CONTRACT DURATION . JUL74-JUL77
A FML PROJECT ENGINEER. KLAROUIST NORMAN E
PRO J/TASK/WV UNIT . MTP 1-02-33

Ob jective - 28 MAY 7.

(UI Imprcie the efficiency and c’~st effect iveness of Isotherma l
Forg ing as a production process through the apphcation of Computer-
Aided Design and Computer-Aided Manufacturing.

Progress-B 01 APR 75 To 01 SEP 75 (Inte rim- El

(UI Software development of the preform designs 15 proceedIng
satisfacto ril y. Ba t telle is working very close ly with Wyman-Gordon to
coor dinate their designs with the forg ing outline be i ng developed by
W-G. W-G is prepa ring to adopt the computer programs to a mini
computer in-house .

— PROJECT NO, MT P I  - MANUFACTURING TECHN O LOG Y -A L RC RA ~ T

TITLE, HIGH QUALITY. LOW COST TITANI UM POWDER PRODUCTION-274-G

CONTRACTOR . NUCLEAR METAL S INC
CON TRACT. F336l5-75-C-5197
CONTRACT DUR ATION . MAY75~ MA Y 7 7
A F t L  PROJECT ENGI ~EER . CLARK LARRY P
PROJ/TASK/WV UNIT. MTPI-O2-34

t~b jective - 28 MAY 74

(UI To e5ta b l l - ~h Manufacturing Methods fon the r- cduction of High
Q u a l i t y. Low Cost Prealbo yed Titanium Powder for use In airfram e and
en gine applica tions.

Pro~ire5s-A 05 JUN 75 To 01 SEP 75 (Interi m-Al

(UI Mos t of the t i t a n i u m  bar needed for the proq’ a~ has been received.
E x~~cri i ii cnt s have shown that the exist ng long-bar seat design can be

CONTRACT . F336l5- 75-C .521l
C O N T R A C T  D U R A T I (N . M A Y 7 5 - A P R 7 8
A F M L  PROJECT E N G I N E E R .  W H E E L E R  E D W A R D
PROJ /TASK /WK UNIT. MTPt-O2-36

- 19 JUN 74

i~~~~ - T• , r s t a b l i i.,h low cost manufactur ing methods for the fabrication of
~ ‘c - o i rd irit e n .-a ll y .bladed turbine wheels of advanced super’alloys.

•~~~g ~~~~~~ 1 9 UN 74 To 24 OCT 75 (Interim- Al

~~~~
. - .  I A a- t i v i i i e ~ are proceeding on schedule and are expected to

c’~~ .r.d on ~~~~
‘-

~~ w i t h  funding on Schedule, The FY76 funds for
e~~. I •r’ø II hav e been ob l iga ted .
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PROJECT NO. MTP I - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE . TITANIUM ALLOY ENGINE CAS TING S-261-5

CONTRACTOR . UNITED TECHNOLOGIES CORP
CONTRACT. F336l5-75-C-5263
CONTRACT DURAT IC-N . MAY75-SEP76
A F M L  PROJECT E N G I N EER .  LOVE K E N N E T H  L
PROJ,’TASK/WV UNIT . MTP I-O2-37

Objective - 24 MAY 74

(U) TO re-Juce aircraft turbine engine manufacturin g costs through use
of advanced State-o f-the-art titanium alloy precision castings.

Progress-A 24 MAY 74 To 24 OCT 75 (I n t e r i m - A l

- l (UI Plans for outer ring wax injection tooling ha-ie been fina lized and
machining of aluminum component parts is in progress. The first
interim report due 15 Aug 75 has not been submitted,

PROJECT NO. MTP 1 - MANUFA CTURING TECHNOLOGY-AIRCRAFT

TITLE . SHROUDED BLADE FA BR ICAT ION-87 1-5

C O N T R A C T O R . GENERAL ELECTRIC CO
CONTRACT . F33615-75-C-5053
C O N T R A C T  DU~~A T I C N . JAN75-
AFML PROJECT ENGINEER. INOUYE SHINGO
PROJ/TASK/WV UNIT. MTPI-02-38

Object -e - 29 MA Y 7 .

(U) The objective of this program is to reduce S i g n i f i c a n t l y  tne cost
of shrouded t itanium blades and vanes for turbine engines by

• establishing a rel i able manufacturing process for join ing midspan and
ti p  shrouds to shapes less complex than conventiona l forglngs .

Progress-A 14 JAN 75 To 15 APR 75 (I n t e r i m - A l

(U) Ti- 6-4 and T i - 8 - 1 - 1  are be i ng machined into me cnanice~l tost
specimens and bond ing blanks , Process drawi ngs for F1O I stage 2
blades and vanes are comp~ eted . Bonding tooling has been designed and
engineering drawings are being prepared . Pressure bonder is
operatIona l except icr checkout of Inst rurnentat Ion and modification of
hydraulic cylinder t~~ achieve increased head travel,
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PROJECT NO. MTPI - MANUFA CTURING TECHNOLOGY-AIRCR AFT

TITLE . LOW COST NONROTAT ING TITANIUM ENGINE COMPONENTS-875-5

CONTRACTOR . GENERAL ELECTRIC CO

CONTRACT DURAT ION. 0EC74-MAY76
CONTRACT. F336l5.75-C.5079

— AFML PROJECT ENG I~ iEER. HARRIS WILLIAM A
PROJ/TASK/WV UNIT . MTP1-02-39

Ob Jec tiv e - 09 JUL 74

(UI This program w i l l  establi sh manuf actu ring parameters and processesto fabr~~cate non rotating titani um eng i ne components form sheet . be” ,and plate stock .

I
Progress-A 05 DEC 74 To 01 APR 75 (In t e r i m - A l

l IJ I A l l  T~ 6-4 shee t 1 . 125 i nch and .063 inch th i c liness ) and p late (1/4 i nch . 3, i inch , and 1/2 i nch thickness) ordered for the Contracthave been received. The friction testing test bed has been completedand i~~ being shipped to General Electric from the machining vendor .
— Di ffusion bonding spec i mens have been prepared an~ i n i t i a l  vacuum hotpress diffusion bonding cycles have been made , The diffusion bondingstudy is being conducted as a two-phase sta t istical study .

I- I
F~ PROJECT NO . MTP 1 - MANUFA CTURING TECHNOLOG Y-A IRCRA FT

TITLE . ADVANCED n i ~ESS DIFFUSION BONDING-8 74-5

CONTRACTOR ROCKWELL INTERNATIONAL CPRP
CONTRACT . F336 t5-75-C .5Ol6
CONTRACT DURATI CN . SEP74-JUN76
AFML PROJEC T ENGINEER. MILLER FREDERICK R
PROJ/TASK /WV UNIT. MTP I-O2 -4O

Objective - 30 MAY 74

(UI To adjance the press dif fusi”n bond i ng process for bonding closer
-
~~ 

- to net dim ens1 ons fo r  cost effect ive aircraft components.

Proi-ess-8 31 .‘~~Y 75 To 24 OCT 75 (Interim -B )

(U I The evaluation Ic’ determine the potent i al of m i n i m i z I n g  time under
pri-3sure to produce d iff u sion w a s  continued . Te-~si le tests and
m etallograph iC eyam lnat lon s conducted to da~ e to evaluate bond quality
ir d i ca tc that bond parameters of 15 m Inutes 10 k~ are adequate fo’
pr ,iJuCi ni g complete if ~~u5 i On bonding at 1 700 degrces F Monitoring of
retort atmosphr e ~as con tinued for d l f f u s i o i  bo~ ci n g  runs, w i t h
vacuum level. t i  .ipe’-ature , and gas anal ys is data be i ng recorded on
tape throughout the diffusion bonding cycle. This data was digitized
1 o- compu ter p’-ocesslng requ i red to obta in exposure factors.
Conpenison of e~ pcsure fac tors with q u a l i t y  rat i n ’.~ as determined by

~ p ’ t i f i c -  metal bograph ic eva luat l ’~n was init I ated - Studies to de~ebop
ar, 1 e~ nlUate ultrasonic inspecti”n techniques res- .ire d to evaluate
bond qu a lity 4 n high deformation areas were coic ’rue o. Results of the
ev aluation o~ tool iria ox idation and leveling treatments up to SC -

~~~
si’- u lated dif fusIon bonding cycle exposures are C’esented . The ft’st
su bsca~ e dif ’uslon bond tes t part used to demonstr ate press
u t i l i z a tion and net part technol’-gy imp rovements has been fabricated
and partially evaluated. Al l  titanium details anci too l modI fic atIon
for the second part have been completed . The fabri cat ion Status of
t he tooling and titanium detai ls required for the fir st full-scale
demonstration part is presented .
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PROJECT NO . MTPt - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE. LAMINAT ED STRUCTURES- 851-5

CONTRACTOR . GENERAL DYNAMICS CORP
CONTRACT.
CONTRACT DURATI ON. JUN75 .SEP77
AFML PROJECT ENG iNEER. WHEELER EDWARD
PROJ/TASK/WV UNIT . MTP I-02-41

Objective - 21 MAY 74

(U I lo extend the ap p l ic atl on o ’ mu l’~~la - 1 e- . aar.? i~i ve l~~~oonded .
lam Inat ed components into b u i l t  ~p str uct u e repre sentative of an
advanced desiqn aircraft . To ~e -- i f y new low cost m anufacturing
methods and dem onstrate their ac~equacj for advanced aircraft
s t - uctures . 

—

Progress-A 21 t~A Y 7~ To 24 OCT 75 ll n t e r -i i r - .-

(UI The F-l6 w -n g is the b asel ine a r t i c l e  chosen to cE.i~ cnstra te
advenced manu fd cturing techniqu e— .. Ei fort IS pr - ceding in Structural
design . The PABST Program is being reviewed and an adhesive selected.
E l n ~ent concept formulat ion and eva l - ~a t i on is narrowing the celect ion
of desi gn concepts. Fi ria~ l oads and cr iteria for the F - 1 6  ba seline
w ing are not available as yet . There is under COn si de”ation a
pa ’-a l le l program to -..e Subcontracted to LIV for a h~ b rid structure
w i t h m a t e r i a l s o p t i o n a l ,  The de~~ig n p hase myi l y - ~.c.uld be i n i t i a l l y
fun ded by A FFDL. The Contract ~.as Predated I Tr O.c t f l  f r om the m a i l i r g
date. This put the contractor 1 month behind schedule when work
started . Effort s and expend I tures Should be on Schedule in a
reasonable tim e .

P RO ~ L O T  ~0. M T P 1  - MAN UFACTURI NG TEC I-4NOLOGV-A IRCRAFT

T I TLE ISOTHERMALLY FORGED TITANIUM ALLOY t..REELS-230-5

CONTRACTOR LADISH CO
o~~’~~~ACT . F33615-~~5-C-5257
CONTRACT DURATI ON . MAY75-
A FML PROJECT ENGINEER . FELKER TED S
PROJ/TASK /WV UNIT. MTP 1-02-43

Ob jr ctlve - 11 duN 74

(U I To establ i sh processing techniques for isothermally forging 23
inch diameter main landing gear wheels,

Pro(:~-es5-A 01 MAY 75 To 01 OCT 75 (Interim- .
~-~

(Ui The Bendix Corporation (South Bend. m d  I pr~~-,l ded wheel and
fo’-qIOU drawin c— , to the Ladi sh C~’mpany in J o - p  IYT c Bendix perfo”med
t h i s  wr cel design under a Contract w h  ASD for the sum of
app ”oxiniateb y 598K. Mate ria l  selected for the wheel was the t i t a ~iium
alloy 6-22-22 5hiCh is a React iv e Metals a l l o y  Seve ral meet inns were
conducted between Bendix. Ladish , ASD and A FM L to re v iew a l l  aspects
of the project. Several minor engineering changes were made to the
wheel and the forging to improve the manufacture hnd revised pri nts
were provided to Ladish during Sep. t975. Design of forging dies and
re lated tooling is being performed . Dim ma t er ia is being ordered.
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PROJECT NO. MT P1 - MANUFACTURING TECHNOLOGY-AIRCRAFT

- 
- TITLE . LOW COST AUTOMATED FABRICATION OF COMPOSITE STRUCTURES-421-5

CONTRACTOR . MCDONNELL DOUGLAS ASTRONAUTICS CO
CONTRACT, F33615-75-C-5155
CONTRACT DURATION . APR7S-4PR77
AFML PROJECT ENGINEER. PIRRUNG PAUL F
PROJ/TASK/WV UNIT. MTP1-02-44

ObJective - 29 OCT 74

(U) The cbjective of this program is to establish low cost
manufacturing methods for automated fabrication of composite aircraft
structural Components.

Progress-A 29 OCT 74 To 29 OCT 75 (Interim- Al

(U) Prepreg braiding tows of glass/epoxy. Kevlar/cpoxy. and graphite !
e p o x y  have been bra i ded . Chemical anal ysis of the prepreg materia l Is
under w a y  to fingerprint the material and to establish an opt i mum cure
cyo le. Tension and Compression properties for braided g l ass an d
Kevtar/epoxy laminates have been determined at room temperature and
350 degrees F. -Jork on a braiding mandrel for a F-15 rudder spar has
begun.

PROJECT NO. MTP I - MANUFACTURING TECHNOLOG Y-AIRCRAFT

TITLE . LOW COST AUTOMATED MULTI-PLY CONTINUOUS BROADGOODS-42O-5

CONTRACTOR . HERCULES INC
CONTRACT. F336l5-75-C-5111
CONTRACT DURA TION , MAR75-
A FML PROJECT ENGINEER . STARIc S DOUGLAS F
PROJ/TASK/WV UNIT , MTP1-O2-46

Objective - 22 AUG 74

(UI To establish more econom i ca l methods for the production of mult i -
pl y broadgood s from sing le ply un idirectiona l tapes of any width,

Proqress- ,A 22 AUG 74 To 17 OCT 75 (Interim-Al

(U) Th is program In its Sixth month of schedu l ed operation is
continuing Sati sfactorily as scheduled . Orders for the procurement of
ma te rials needed for the construction of the 4~ ft ply wrap uuøchl ne ( 

~
-

have been placed , It is anticipated that t~ e machine w i l l  be operable
by mid November 75. Rockwell Internationa l is conducting tests fo”
ver i ficati on of tests conducted at Hercules . Inc . This program is
proceed i ng Sati sfacto rily and Is within the time an~ funding schedule.
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P R O J E C T  ;‘~o. MTPI - MANUFACTUR ING TECHNOLOGY-AIRCRAFT

TITLE . STRUCTURAL FABRICAT ION GUIDE FOR ADVANCED COMPO5ITES-42~ -5

CONTRACTOR . LOCKHEED AIRCRAFT CORP
CONTRACT. F336t5-75-C .SOO9
CONTRACT DURATION . N0V74-FE876
A FML PROJECT ENGINEER. REINERT HARRY S
PROJ/TASK/WV UNIT . MTPI-02-48

Objective - 28 MAR 74

(UI To establ ish a production manufacturing guide for the fabricationof advanced composite aircr aft and engine Structure.

Progress-B 01 APR 75 To 01 OCT 75 (Interim-B I
- . (UI Format of the First Edition of the Fabrication Guide has beendrafted by Lockheed with support of Grumman . Pratt and Whitney, ARA P .arid t~~e AFML Projec t Engine er , Addition a l data has been acquIred fron

in dustry and placed In the Data Bank . Plans have been made to extendthe contract ~or an additiona l ten months.

PROJECT NO . MTPI - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE . AUTOMATED ASSEMBLY FIXTUR E DRILL ING-8O 6-5

CONTRACTOR . GRUM~ AN AEROSPACE CORP
CONTRACT. F33615-75-C-5192
CONTRACT DUPAT ICN . MAY75-JUL76
AFML PROJECT ENGINEER . HARRIS WILLIAM
PROJ/TASK/WV UNIT . MTP 1-O2-49

Ob Jective - 06 JUN 74

(Ut The cujectives of the program are to reduce the number of man-
hours required to perform the manua l assembly d r i l l i n g  operations In , -

ai ’-craft manu factur ing and depot rewcrk , to keeP the cost of captial
equipment for performing this taok to a m ’n lmum tc- assure realistic
economic bene fits, and to prov i de a capab 1 li ty to assure proper
str-uct ural integrity. The program w i l l  evaluate develop and
establis h man ufacturing methods for automati ng cc-nventior %al aircraft
asseinly d r i l l i n g  operations. 
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PROJECT NO. MTP 1 - MANUFACTURING TECHNOLOGY-AIRCRA FT

TITLE . CARBON MONOF ILAMENT PRODUCTION-424-5

-
. C O N T R A C T O R . AVCO CORP

CONTRACT . F33615-75-C-5O46
CONTRACT DURATION . NOv74- jUL76
AF ML PROJECT ENGINEER. KOPELL LAWRENCE L
PROJ/TASK/WV UNIT. MTP 1-O2-5 1

Objective - 18 JUN 74

(UI The refinement and scaleup of a process to produce large diameter
carbon mno no filam ent for use as a sUbstrate In the boron deposition
process.

Progress-B 31 MAR 75 To 01 AUG 75 (Interim-B)

(UI Modules and holes in the carbon monofi lamn ent ~ere greatl y reduced
by agitation of the pitch under vacuum during the spi nri i r.g process.
High temperature treatment of carbon monofi lament at 2500 degrees C
eliminated tar deposits on the b”ron reactor entrance electrodes. Al l
major equipment for the 100 lb/yr Di lot plant facility were designed
arid ordered.

P R O J E C T  ~O. MTP1 - MANUFAC TURING TECHNOLOGY-AIRCRAFT

TITLE . ALUMINUM WELDBOND-854-5

CON IRA CTOR . NORTHROP CORP
CONTRACT. F33615-75-C .5O83
C O N T R A C T  D U R A T I O N . N0V74-0CT76
AFML PROJECT ENGiNEER , HAGER JOSEPH W
PPOJ ,’TASK/WV UNIT. MTP 1-02-52

O b J i c t i v e  - 03 JUL 7.

-~ (UI The objective of this uroject Is to establ ish a production method
of weldbond process control which optimi zeS surface preparation .
adhesive app l 1 cat ion procedure and Spot welding variables to assure
env i ronmental d u r a b i l i t y  and consistent spo t weld q u a l i t y .

m )

Pro’i ress-A 05 JUN 75 To 24 SEP 75 (Inte r i m - A l

(UI After procuring 2219-T81 aluminum alloy and f;ve candIdate F i l m
adhes ives, m e l t i n g  point measurements and te sion shear tests were
per-formed on the adhesives. Preliminary we ldab l l~~ty tests on the
th ee best adhesive s were performed using deoxidi zr- I 7O75-T6 sheet.
No epprc’c lab le  w e l d a bi l i t y  d l f f e i ’ e n c e s  were observed. Crack growth
wedge tests on several adhesively bonded spec i mens are show i ng godd
resistance to cracking after 24 hours exposure to 120 degrees F at 90
percent relative hum i dity .  Further studies of f l owab i lity of Paste
arid f i l m  adhe s i v e s ,  temperature e f f e c t s  on lap j o In t s ,  and tes ts  on
peel strength are scheduled for the next repor t ing period .
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PROJECT NO. MTP1 - MANUFA CTURING TECHNO LOG Y-AIRCRI~FT

TITLE . SUPERPLASTIC FORM Z NG/OIFFLJSION BONDING PROCESS-79$-5

CONTRACTOR . ROCKWELL INTERNAT IONA L CC’RP
CONTRACT. F33615-75-C-5O58
CONTRACT DURATION , JAN7S-APR77
A FML PROJECT ENGINEER, BLAU PETER J
PROJ/TASK/WV UNIT , MTP I-O2-53

— 
Objective - 11 JUN 74

(U ) The objective of this program is to establish manufacturin g
methods to concurrently sup erplastically form and diffusIon bond
titanium sheet material to titanIum structural elements ,

-I

PROJECT NO, MTPI - MANUFA CTURING TECHNOLOGY-AIRCRAFT

TITLE . AVIONICS SYSTEMS COST REDUCT ION - 52l-5

C O N T R A C T O R . HONE Yt~E L L  INC
CONTRACT . F33615-75-C-5O42
CONTRACT DURA TION . AUG74-NOV7 6
AFML PROJECT ENZ~tNEER . YARRIN GTON LARRY I

~ J PROJ ,’TASK/Wl< UNIT. MTPI-02-54

- - Ob jective - 01 OCT 74

- I (U) To improve or develop new fab r ic at ic - n and assembly techniques for
the syS:~ m or subsystem showning the best promise of having the
gr

~~otes t possibil ity of cost reduction p o t e n t i a l -  To identif y the
sp c i f i c  are~~s whic h offer greatest potential of cost reduction and
develop and apo l y new or improved manufacturing methods to demonstrate
t n - - cos t reduction. -:

Prouress-B 31 MAR 75 To 30 SEP 75 (In t e r im - R i  - ;
-
~~~ 

- (UI A complete i n i t i a l  rev iew of ac qu i sition and l i f e  cycle Ccst
drivers i d e n t i f i e d  several areas which could lead to s i g n i f i c a n t  cost
reductions through improved ranufactur ing techniq i es and processes.
W or(~ on these areas is proceeci ng. Application of the hot forging
Process for al l .a l i  h n l i d e  lens€- - is showing excell ent progress as the
process parameters w ich affect bulk and surface ciefects are beIng
aral yzerl for o p t i m i z a t i o n . Asphoric sing l et lenses are showing
promise of replacin g spherical d’-’ub le ts at s i g n i f I c a n t  cost savings.
Th is is made possible by means of N/C cont rolled machines for diamond
t u n ing german ium . Honeywell is presently an alY z Ing proposals from
coi pani cs wh ich employ th e advanced techno l ogy. Graphite/Epoxy
substra tes are being stud i ed for use in applying the replicat ion
process for fli l rrors . F e a s i b i l i t y  depends on surface control and
to leranc e overi t eniperature . Honeywell is con tinu ’n g to evaluate test
and eva l uation techniques with an emphasis on aut ci -a tion . Tro pel w i l l
rent equi pment necessary to dete- -m ine the cost adVantages In automated
eva l uat ion of IR systems . Subtaoks are be i ng pUrsuCd towards
obta inin g long li f e  vacuum dewars , Scanner hOuSinQ vacuum integrity
improvement, total evaporated lead attachments to detector arrays and
non- destructive testing of detector slabs.
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PROJECT NO. MTP1 - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE. IMAGE INTENSIFIER TUBES WITH 40MM DIAMET ER OR GREATER MICROCHANNI
PLATES-6O4-4

CONTRACTOR INTERNATIONAL TELEPHONE & TEL CORP
CONTRACT . F33615-74-C-5178
CONTRACT DURATION . JUL74-MAY76
A F M L  PROJECT ENGiNEER. TRINKLE HAROLD K
PROJ/TASK/WV UNIT . MTPI-O2-55

Objective - 19 JUL 74

(U) The objective i 5 to establ ish or redesi gn tooti ng and to establish
si m p l i f ied processing for economical and reliable production of
imp roved image in ten sifier assemblies .

Prog ress-C 31 MAR 75 Tc 30 SEP 75 (Interim-C)

(UI Parts, too l ing , fixtures . etc .. are be ing purchased and/c”
fabricated in preparation for prototype production of microchannel
plates (MCP .s) and image intens Ifie r tubes. Tube design is be i ng
fi n a l ized anO some pre-prototype MCP .s have been fr~~ricated and
tested . The contractor is currently concentrating on 10 micron center
to center spacing for the 40 mm MCP. Some problems are being
ex perienced wi t h  warping In processing the solid rim glass MCP, The
first tube has been built and subjected to lim i t e d  test and
eva l uat ion .

PROJECT NO. MTP I - MANUFACTURING TECHNOLOGY-AIRCRAFT

TITLE , VER i FICATION OF PRODUCTION HOLE QUALITY-7 6O-5

- 
.

~ CONTRACTOR . METCUT RESEARCH ASSOC IATFS INC
CONTRACT. F33615-75-C-5173
CONTRACT DURATION . AUG75- 5PR77
AFML PROJECT ENG INEER. HARRIS WILLIAM A
PROJ ,’TASK/WK UNIT. MTP1-02 - 56

Objective - 08 JAN 75

(UI The cojectives of thi s program are (1 ) establish quantitative hole
qua l i t y  data for- a aluminum alloy and forms (2) correlate the
estrbli she d Qu antitative data to present NDE techniques and (3)
id i~nt If y the ranked order of hole quality characteristics as a
fun ction of the impact on the fatigue li fe of non-interference
fas ener system and joint .

Pro ress-A 08 JAN 75 To 16 OCT 75 (Inte rIm-A)

(UI The mater i a l to be used on the program has been ordered .
Presently, the ~eChnlques are be i ng developed to prepare the needed
sur face ir i te g r i~~j an d metro logy charact e ristics.
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PROJECT NO. MTP1 - MANUFA CTURIN G TECHNOLOGY-AIRCRAFT

TITLE . RIVET QUALIFICATIO N OF ALUMINUM AL -OY 7050-808-5

CONTRACTOR . ALUMINUM COMPANY OF AMERI CA
CONTRACT . F33615-75-C-51l7
CONTRACT DURATION . FEB75-4L1G76
AFML PROJECT ENGINEER. KOJOLA KENNETH L
PROJ/TASK/WV UNIT , MTP1-02--57

Objective - 26 AUG 74

(UI The objective of this project Is to establish manufacturing
me thods for the production of alumin u m alloy 7050 rivets by
determining suitable aging practices and a range of purity level for
which 7050 equals or exceeds the strength , heading, h o l e - f i l l ing and
Stress corrosion resistance char-acteristics of 2024-T31 (,$ce box .)
ri v e ts.

Progress-A 26 AUG 74 To 20 OCT 75 (Interim-P. )

(UI Ingots of the 7050 alloy containino two d ifferent levels of i ron
— and siliCon were cast . These i ngots were converted Into 0.092 . 0.184

arid 0.372 inch diameter rivet w i n e  in the H 1 3  tel- cer. Universal head
and countersunk head rivets were produced from each diameter using
no”ina l manufacturing practices. No ~~~r t i c u l t i e 5  sei’e encountered in
producing the 7050-F rive ts from the 1i3 temper wi res. Curren t wo”k
is directed toward evsluat inç i hea t treatmen t schecules and effect on
mm chanical properties ,

PROJECT ‘
~O. MTP 1 - MANUFACTURIN G TECHNOLOGY-AIRCR~~F T

TITLE . DUAL MODE TRAVELING WAVE Tt BES-643-5

CONTRACTOR . MICROWAVE A SSOCIATES INC
CONTRACT . F33615-75-C-5l75
CONTRACT DURATION . JUN75-N0v75
AFML PROJECT ENGINEER. MEULEMAN 5 JOSEPH I
PROJ/TASV /WV UNIT . MTP1-32-58

Ob Jective - 03 SEP 74

(U) To establish th~ manufectur in~ technology necessa ry to make Dua l
Mode Traveling Wave tubes a v a i l a b l e  for systems use at reasonablecos ts.
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PROJECT NO . MTP 1 MANUFACTURING TECNNOLOGY - AIRCRAF T

TITLE . NEAR TERM. NEAR NET SUPERALLOY DISKS-278-5

CONTRACTOR . PRATT AND WH ITNE Y AIRCRAFT
CONTRACT . F33615-75-C-5184
CONTRACT DURATION . MAY7S-MAY77
AFML PROJECT ENGINEER. CLARK LARRY P
P R O J / T A S K / W V  U N I T . MTP1-02-59

Ob jective - 22 OCT 74

(U) To establish manufactur ing processes for the production of near
ne t superalloy disk shapes by isotherma l forging and to refine
establ i shed NDI techniques for inspecting the disk shapes.

Progress-A 19 MAY 75 To 01 SEP 75 (Inter i m - A l

(U) Design ano fabrication of the subscale forging dies for the 1st
and 4th stage turb ine discs have been completed . Die design for 2nd
and 3rd stage turb i ne discs , lst-2nd turbine spacer and 13th
cor.ipressOr Cone sea l have been completed, Forging trials for the 4th
stage turbine subscale dies were conducted. Some deficiencies in the
preform design c-~used forging laps.

PROJECT NO . MTPI - MANUFA CTURIN G TECHNOLOGY-AIRCRAFT

TITLE . INDIUM ANT IMONIDE DETECTORS-535-5

CONTRA CTOR . RA YTHEON CO

-; CONTRACT , F336 15’75-C-5154
CONTRACT DUPATIC-N . iUN75-4UG77
A FML PROJECT ENG iNEER. HUTCI-IENS ROBERT D
PROJ/TASK/WV UNIT. MTP 1-02-60

H - 
0b jr~cth. o - 01 OCT 7~ 3

l U )  Provide cosl effective manufacturing p-ocesses for the fabrication
• of long l i f e  i ndium anti rro nide detectors and dewai’ packages. These

pru r.esscs shall be generic and easily translated to solving y i e l d ,
co-..t and lif e  prob T~~ms in Infrared detectors.

Pro ir -ess -A 01 JUN 75 To 30 SEP 75 (Interim- Al

(UI Ind i um antim onide arrays of five elem ents he’ d been fabricated and
packageci Ifl mi n iature dewars. Testing is proceeding on the expecte d
l i f e t l i r e of these packages. Work has been i n i t i a t e d  on ten element
arrays.
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PR - - [CT ‘.0. MTP 1 - MANUFACTURING TECHNOLOGY-AIR CRAFT

TI T L E  FEEDBACK CONTROLLED SPOTWELDING FOR ALUMINUM WELDBOND ~ PPLICATI-817-5

CflN’~~A CTOR . GENERAL DYNAMICS CORP
F33615-75’C-5229

1 -  ‘.‘ PACT DURAT ION MAR75-AUG75— 
O I M L PR,1JECT ENGINEER. SZABO R
PPO J ,’TP .,K/WV UNIT . MTP 1-O2-6 1

Ob~~~ct l~~c’ - 27 JAN 75

(UI The objective of this project is to establish a producti-Dn method
of feedback con ’rol led SPotwe l ding which prov i des consistent spotweld
qual i t y  under the var iab l e conditions of aluminu m weldbonding .

4 Progress-A 25 JUN 15 To 24 SEP 75 (Interim-A)

( U )  A l u m i n u m  alloys 2024 and 7075 were procured in thic i~nesses of 0 .
063 and 0.080 inches. Cleaning f a c i l i t i e s  for Surface preparation
have been establishe d and welding parameters are be i ng optimized for
a l l o y  2024 in the 0.063 inch thickness,

PROJECT NO. M T P 1 - M A N U F A C T U R I NG TECHNOLOG Y - A I R C R A F T  -

TITLE. LOW COST RADAR SIGNAL PROCESSOR-541-5

CONTRACTOR . HUGHES AIRCRAFT CO
CONTRACT . F33615-75-C-5242
CONTRACT DUP~~TICN . SEP75-JUN77
AF ML PROJECT ENGINEER . BELLEM RAYMOND D

— P R O J / T A S K ,’W V UNIT. MTP 1-C2- 62

Ob ic - c t i~~e 
- 18 FEB 75

IUI Estab lish the manufacturing techniques required to I ncorporate an
est ablis hed large scale intecirated c i r c u i t  techno l ogy to on- l i n e
manufacturing capability of modules for the F-iS Radar Signa l
Processor.

Progress-A 15 SEP 75 To 16 OCT 75 (I n t e r i m - A )

- ¶ (U Contract has just started . No reportable progress at th is time .
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PROJECT NO. MTP 1 - M A N U F A C T U R I N G  T E C H N O L O G Y - A I R C R A F T

TITLE . FIUXLESS ALUMINUM BRAZED ANTENNA-816 -5

CONTRACTOR . HUGHES AIRCRAFT CO
C O N T R A C T .  F33615-75-C-526 6

— 
CONTRACT DURA TICN . M4Y75-DEC7B
AFML PROJEC t ENGINEER. M ILLER FREDERICK R
PRO J/TASK/WV UNIT. MTP1-02-63

Ob Jecti v e - 20 lIAR 75

- . (UI To advance the flu xl es s alumi num bra zing proccs5 and establish
- i cost effective joini n g methods for the production of complex aluminum

planar array antenna assemblies for use in airborne radar systems ,

Progress-A 20 MAR 75 To 24 OCT 75 (In t e r i m - A l

I U I A deta il design review of the APG63/64 producti on ptanar array
- 

- 
an tenna was conducted. The det ail componen t par e s and assemoly
lalouts for aaaptat ic i n of flux le ss alumin um braz ing were identified .
A sl”ess anal ys is was conducted to assure that the brazed aluminum can
sus tain the spectrum of applied stresseS in c r i t i c a l  areas of the
antenna array . Fou r test panels (quadrants; were fluxies s brazed and
eva ustod. A f u l l  scale 136 inch diameter l pane l array w i l l  be brazed
in ~he next month. The f u l l  size array w i l l  be inspected ,
m ec h anically and e l e L t r i c a l l y tested to assure that the desired
elec trical and mechanical properties are obtained .

PRC ECT ~O. MT~~2 - MANUFA LTUR IN G TECHNOLOGY-MISSILE S

TITLE . ESTABLISHMEN T OF MANUFACTURI N G METHODS FOR THE PLASMA M~~L T I N G  OF
HIGH QUA LITY STRUCTURAL MA TE R IALS-2 C 2-1

CO N TRACTOR CARNEGIE-MELLON UNIVERS iTY
CON~~IAC T F33615-7 1-C- t 68l
CON TRACT DURAT I~~N JIJN71-DEC7 4
A F ML PROJECT ENGINEE R. LOVE KENNETH L
PRO J/TASK/WV UNIT . M TP2-O O’ll

Ob Jevtivc ’ - 09 JAN 73

(UI To i nves t i gate anti establish new . high effic iency melt ing
— te hnlque s to pi ocess aerospace materials.

Prouress-H 01 APP 75 To 20 OCT 75 ll nte rim- HI

IU I Aft e r rev i Cw of draft fina l repor t . contractor was nnt l f l e d that
it  was cr.acceptable due to exaggeraterl claims of process,
m e t a l l u i g l c a i . and cost benefits which were ~ot si pported by program
re- .ults. Rev i sed Sections for the draft were subm itted the ast of
Sept. w h i C h  rende ’ the report suitable for dis tr rb l .tio n , Contractor
h a- . requested that the A ir Force prov I d, reproduction ~nd d istribution
though not called for in the contra ct . The request w i l l  be discussed
with PCO .
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PRO J ECT NO . MTP2 - MANUFACTUR II.G TECHNOLOGY M ISSILES

TITLE . MFG PROCESSES TO iNCREASE THE YIELD AND PERFORMANCE OF METAL
NITRIDE OXIDE SEMICONDUCTOR MEMORY ~RRAYS-526-2

CONTRACTOR . GENERAL ELECTRIC CO
CONTRACT , F336 15-72-C-l706
CONTRACT DURATION . DEC72-
A FML PROJECT ENGINEER . GARRETT JACK A

- 

I 
P R O J / T A S K / W V  U N I T . MTP2-OO- 12

Ob Jective - 20 NOV 73

(UI The objec t ive or this project is to establish manufacturing
processes, con trols and m aterials for economica l production of Metal-

-.1 N i t r ide-Oxide Semiconductor (MNOS) memory arrays . These MNOS memo”y
ari-ays w I l l  be ut i l i z e d  in E l e c t r i c a l l y Alte r able Read Only Memory

- - I EAROM random access semiconductor rr.emory arrays to be used in USAF
systems . Manuf acturing processes w i l l  be advanced to increase the
y i e l d  and ach ieve reprodu cible manufacture of MNOS memory arrays.

Progress’E 31 MAR 75 To 24 OCT 75 (Interim-El

(UI Progress on the 1024 bi t  MNOS memory has been delayed as a result
of delays in p roviding additional funds to complet e the program . Some
of the MNOS 1024 b i t  memory chips have been processed w i t h  the new
mask se t, however complete test results arm not yet avai l a ble. These
dev i ces must be packaged before performance paraiiicters can be fu l l y
dete rmined. Processing belna used does not appear to provide the
des i red voltage separation of the memory cell logic states anti
excessi ve threshold voltages are being experienced in some of the
percipheral circuits on the memory Chips. Processing is being pursued
to optimize these parameters.

I
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PRO~lECT NO. MTP2 - MAN UFA CTURIN G TECHNOLOG Y-MISSILE S

TITLE. SA D IA TJO N HARDENED MULTIP LE IC CHIP PACkAGE-S OS-i

CON TRACTOR . FAIRC HILD CAMERA AND INSTRUMENT CORP
F336 15 -72-C-1 125

• C h N T R A C T  DURA TION . MAY72-JUL7S
I~F~~L PROJECT ENGINEER. GA RR ETT ~JA C k A
PROd ;TA SK/Wlc UNIT. M TP2-OO-1 8

Obl c t ivr - 06 NOV 72

101 ista ol ish m an ufacturi n g processes and teChn ia e~ to ach~ eve an
c.pt mi zc’d IC m~~ a ll1za t i o n  syite in on exist ing rad ’ation hardened
in ’ eqrated C l r i u i t s . Th is IC Chip r i e t a l l i z a t i o n  System w i l l
incorporate th~ alu minum anodi zation process. Tbi ~ process w i l l  also
be apphered to complex radiat ion hardened TIL ned um scale integrated
c i r c u i t s . Processes m i i i  also be establis hed to r e l i a b l y interconnect
these IC chips in a hermetical l y-scaled m u l t l p Ie -~-rii p ceramic package.

Prour’ess-C 10 ULN 75 To 31 MA R 75 (Inte r i m - C l

• (Ui A n;ajor pr ob lem area was enc”untered whi ch inv olved paS sivat lOn of
the th in f i l m  re sistors u t i l i z e d  in the radiat ion hardened IC .s. A
pr Less was ae ,elo~ed which enabled s i licon l i t r i c ie to be u tili z e d  to
pa -~~i~~~te the reS )St~~rs. h~~t the hjqh deposition t eir~perature5 required
ca- c uridesireci e f fects in the o~ pii 1 g profi l e of th-~ transisto r
st uctu -es. Silicon di ox i de has been u t i l i z e d  instead to passivate
th ‘h i f i l m  resistors and achieved desired c irc i t operation .
A p t T l i C a b i l i t y  ci t h .~ aluminum an --di zat ion process to two level

~eta )i Z3 t ion ~ t e a  for rrore c~~ p 1ex IC . s ras becn demonstrated. The
t w  l e .Ci m e t a l i z a t i c n  system uses th~ alu m i n um an odization PrOCeSS
ac~. ncect on this pr~~~ r~im for the first leve l and conventiona l
pr .~~erS n9 to ir ul e rn e nt the second level of ireta i zat ion . The
cont ractor IS encouraged sith the results of the aluminum anudization
prrn.ess when an~~l i e i  to either sing le or dual lev el IC meta l ization
sy5tems . 60 cerami c substrates for interco re ect rc n of either beam
lead or bump IC device s have been fabricated and checked out
el o c t r i c a l l y .  Ful l y implemented suhStratPs r. ,ith 6 ~ond1 IC chi ps
should be ava i lable shortly with IC chi ps u H l i z i n g  aluminum bump for
ir ’erconne ctina to the substrate. D i f f i c u l t y  has been encountered
fab~~icati ng al un’ i num beam leaded IC devices and it  is unlikel y this
intercon nection approach w i l l  be pursued to SUCCes~,fUl completion .
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PRO~IEC T NO. MTP2 - MANUFACTURING TECHNOLOGY -MISS ILES

TITL E . RADIA TION HARDENED INTEGRATED CIRCUi T$-500-l

CON TRACTOR . FA IRCHI LD CAMERA AND INSTRUMENT CORP
CONTRACT. F33615-72-C-1200
CON TRACT DUI~AT ION . JUN72-JA N75
A FML PROiJECT ENG INEER. GARRETT JACK
PRO~J/T ASK/W(c UNIT . MTP2 -OO-1 9

Ob~~ ct ivc - 27 AUG 73

(U I The purpose of th i s  project is to establish and to demonStrate new
m a l u fvict ur i fl g metho is and techn i iues app li cable to the product ion of
r a d i a t i o n  har dened S i p o l a r  in t e g r a t e d  c i r c u i t s  w i t h  MSI/LSI c o m p l e x i t y
leve ls and to derroristrate the Compatibi li ty of the new processes and
techni queS when combined wit h  exist i ng processes n a pilot prO duCtiOn
f a c i l i t y .

Pr.o:r’ess-D 31 £.‘AR 75 To 20 OCT 75 (Int e r lm -DI

(UI A review v. .. held with Mr . Myers . the Fai rCh ld program manager ,
or. 14 Mzi y 1970 ‘o discuss the techn ical resu lts cf this program .
E a l ’ c h i ( d  stat.Q ti~~ y ha~ie been ‘~Derating On int e nal fund’~ Forsevcrai monthS ~nd w o u l d  l ike to eit he r obtain more funci ng to pursue
pr’ . c.Iram objectives or b r t r g  the lirogram to a close . Subsequent to
0i i uSs~~On S W i t h  SA M S O .  i t  was dec i ded to bring t h i s  program to a
cl~~ .e . The process~ ng of these c i rc ~~it s is very nv olved and
d i f C u l t  to a~ h i e..r . Ten 110 1 w~ ski ng stecs are required to achieve
Oc red dieiec tr ic solat ion of C i r cu i t  Components. Rece nt process
con tro l techn i ques have reveale d reduced CO l l e C t ~~r to base breakdown
voltages when c L - r - e r ~~ is i ncreased in this C-B diode in Order to
si ul a t c the r icj!a t :on env iro nrrent . It is considcred the severity of
t h i s  problem ma~ take consi derable tim e and effor t to Correct and more
funds . It was also learned a rr .a k redesi~~n would be requ i red for the
co iter and Sb ft register c i rcu i ts in order to achieve reasonable
y~ clos . It appears program requirement s w i l l  be ‘ct on the 2
mu I t I p Ie xer C’ ‘cu it s and 25 have already bee i recel ved . Fa I rchi Id Is
flow ~.oi-king or The fin a l report and w i l l  deliver a display and
av a i l a b l e  parts fabricated on t h is  Contract.

k- .! P R T ) ~~ECT NO. tTTP2 - MANUFA CTUR ING TECHNOLOGY-MISSI LES

TITLE. RES IT . MATR IX PROCES5ING-41O-2

CONTRACTOR . MCDONNE LL DOUGLAS CORP
CON TRACT. F33615-72-C-1486
CON TRACT DU RAT ICN . dAN73 -UUL7 5
A FML PROIJECT ENG~ N [ER MA TERNE HARRY P
(R0J/TASK/Wh UNIT. MTP2-0O-23

O b j . i . t ’ v O  - 25 AUG 72

(UI To cm ~ ab l 1 ,h m anufa ct jr -in g technology resin impre gnation methods
fe ii u ri qua l i t y  frustr a and Cylindrical Shaped three-dimensi ona l
F 1I~ir  r einfOrcC(1 cornposite~~.

Pro~~ e~ s E  16 SEP 74 To 30 OCT 75 lln te rim .1

(U I The Struc tu al tcui, i nq for the large centr if u ci e is being completed
a p i  rir~i a l l a t i on of The ce ntr i f L ,~ie is un derway. A method has been
e~~l a b t i ~~hed for repe ated m anufac lur e of lOw v o id con poulte s in a ore-
st’p i n i r ec n e t l pn  c~ c le . Imd rov  nt In the f U e r volume content w i l l
t P i ’~ovQ the recI ,ct ip n in voi d Content. Compus t.s obtained from
cen t r i f ugal in ’ ~‘irat ion procedu res e x h i b i t  m i n i m a l  to no Cra~ kiflg
after the post cure cycle Efforts are directed to achieveing
Cornposite mat e ”iais repeatedly wi t h a l .4 vfo por CSl ty. 
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PROJECT NO. MTP2 MANUFACTURING TECHNOLOGY-MISSILES

TITLE . A DVANCED BUBBLE DOMAIN MATERIALS-540 .5

CONTRACTOR . ROCKWELL INTERNATIONAL CORP
CONTRACT . F33615-75-C-5010
CONTRACT DURATI I~N . SEP74-DEC7S
AFML PROJECT ENGINEER . TARRA NTS ELIZABETH H
PROJ/TASK/WK UNIT. MTP2-OO-4O

Ob~oc t iv e - 22 ~.PR 74

(Ui To extend the manufactur ing processes evolved under F33615-73-C-
1299 for’ the produCt ion of high qualit y garret thi n magnetic fi l m s  for
use~ in bubble mass memories.

Proqress.B 31 MAR 75 To 16 OCT 75 (Inter im -B I

IU The ~‘:ork has be~sn completed w i t h  the exception of the fina l
deliverables and the fina l technica l report. It is anticipaL ed the
Contrac t w i l l  be approximate ly 30 days delinquent occas ioned by the
delivery of more complex devices than was o r i g i n a l l y  planned .

PROJECT NO. MTP2 - MANUFACTU RING TECHNOLOGY-MISSILES

TITLE . HIGH QUALITY LOW COST TITANIUM TUBING-24O-5

CONTRACTOR
CONTRACT . F33615-75-C-512O
CONTRACT DUPATICN. JUN75’DEC77
AFML PROJECT ENGINEER. FELKER TED S
PP0J,’TASK/WK UNIT. MTP2-O0-46

Ob jrt t iv e - 23 AUG 74

(U) The objective is to re fin e t O  or more p OCe~~~eS to the production
of r igh  aual ity low cost t h i n - w a l l  t i t a n i u m  a lloy tub ing for
app li catiO n to the hydraulic system of m iss les ar~ aerospace systems.
Such tubing may also be used on alrcra ft suc h as the F-1 5 arid B - I .
One process w 1 11 be the present commercial method wh i le one or more
others eu 1 be an advanced i nnovat ive method ,



PRO JECT NO. MTP2 - MANU~ ACTURING TECHNOLOGY-MISSILES

TITLE. HI DENSITY ANALOG TO DIGITAL CONVERTERS-503-5

CONTRACTOR . T R W INCORPORATED
CONTRACT. F33615-75-C-5135
CONTRACT DURATION . APR75-AUG78
AFML PROJECT ENGINEER. MILLER EUGENE
PROJ/TASK/WK UNIT . MTP2-OO-47

Obj ective - 04 SEP 74

(U ( The Object ive is to manufacture low cost 10 bit Hi density ana l og
to Dig ital Converters.

I
PROJECT NO. MTP2 - MANUFA CTURING TECHNOLOGY-MISSILE S

T I T L E . SHEAR SPIN/FORM FABR ICATIO N OF TITANIUM TANKAGE-799-5

CONTRA CTOR . BELL AEROSP A CE CO
CONTRACT. F33615 75’C 5232
CONTRACT DURATION . iJUN75-AUG76
AFML PROJECT ENGINEER. KOJOLA KENl~ETH I
PROJ/TASK/WK UNIT. MTP2-OO-48

Obj~ r.t)vo - 16 JAN 75

(UI The objective of thi S project Is to establish manufactu ring
methods for thc proTiuction of titanium alloy (Ti 6Al -4V )
pri t~suriz at ion and propellant tankage by the comb nat ion of room
teiiiperatU re sh ar sp inni n g and subsequent shaping by hot forming. The
emphasis is to provide a lower c”st fabriCa ~~ion method and to minimize
. pput ma ter ial for produc i ng SpheriCa l and cy l ind r ical t itanium allo y
tankage U t i l i z c d  in s t r a t e g i c  m i ’ s i l e  systerrs .

Pron i’ess-A 16 JAN 75 To 01 OCT 75 (Interim -A l

(Ut Titanium - 6 percent aluminum - 4 percent vanadium in thicknesses
of 0. 10 to 1.2  i nche s were procured f r om tw o prod i cers. Sp i n n a b i l i t y
tei,ts on a l l  thi c kn~~sses are alrv’st Comp lete . Exc e l l e n t  sp i n n a b i l i t y
wa . obta i ned W i t h  30 to 50 percent cold reduction befo”e material
fa i lure occurred. T~.ats were performed on a hem ispher Ica l mandre l and
ma chine parameters were mandrel speed , roller feed , ro ller “adius and
gap settings . This aata w i l l  be used for Op t im i zTn g shear sp i nning
parameters on subscale cones.
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PROJ ECT ~O. MT p3 - MANUFACTURING TECHNOLOGY-OTHER

TITLE . SURFACE INSPECTION TECHNIQUES FOR LSI CIRCUITS-503-3

CONTRACTOR . CANAD iAN COMMERICAL CORP
CONTRACT. F336i5-73-C-5175
CONTRACT DURATION . JU173-JUL76
A FML PROJECT ENGINEER. MILLER EUGENE H
PROJ ,’TASK/WV. UNIT. MTP3-OO-14

ObJective - 09 NOV 72

(U) To establi sh rapid manufacturing surface inspection of Large Scale
Integrated (LSI) CirCuits operating under dynam ic conditions using a

• sc-ar m ing  electron microscope in the voltage contrast Condition and
St ubosc.opic mode .

Proqress-B 08 APR 74 To 3 1 MAR 75 (Interim-B)

(U) An automated electron beam v-’l tage contrast System is being
construc ted for LSI ana l ysis. This system w i l l  produce voltage
waveforr .s and voltage maps of a device which is Operating under
dynamic condi t ions. The compute’ system to be used for the automatic
Operati on of the stroboscopic voltage contrast system i~~ pre sently
being characte— ized . Electronic circuitry for operation of the
stroboscopic system has been partiall y cons~~ructec) and tested .

PROJECT NO. MTP3 - MANU FACTURING TECHNOLOGY-OTHER

TITLE . PRODUCTION PROCESS FOR LOW COST DEPLETED URAN IUM
PENETRATORS-264-S

CONTRACTOR . NUCLEAR METALS INC
CONTRACT. F336 15-75-C-5174
CONTRACT DURATION . JUN7S-JUN76
A FML PROJECT ENGiNEER. I NOUYE SHINGO
PROJ/TASK/WV UNIT. MTP3 -OO-3i

0b~ r~~t iV C - 08 JAN 75

(U) Time l y estab lisiT rr,ent of an integrated ma ’ufactur ing process . f”om
uranium derby to finished configuration , which wi 1 1 provide low cost
dep leted uranium penetrators suitable for ~ i r Force armament needs .
PenetratOr alloy w i l l  be uranium plus 0.75 Ti , two penetratOr s
configuratio ns w i l l  be evaluated.
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PROJECT NO . M1P3 - MAN UFA CTu RI r .G TEC HNOLOGY-OTHER

TITLE . ZINC SULFiDE FLI P WINDOw-327- 5

CONTRACTOR . RAYT HEON CO
CON TRACT. F33615-75-C-5129
CONTRACT DU IIAT Iis . JAN7S• .1UL76
AFM L PROJECT ENG I NEER. KOPELL LAWRENCE
PROJ/TASK/WIK UNIT. MTP3-OO-33

Ob J ective - 20 SEP 74

• (U I The establishme nt ~ f a manufacturing p - ocess foe the fab ricati on
of large (12 ‘ncr) x 18 inch ii 1 Inch) p late s of zn C  s~~lf  Ice w hi c h

• w i l l  s i g n I f i c a n t l y  reduce the acquis iti on costs a i d incrense the
co’,r erc i a l a v a i l a b i l i t y of IR windows for ap p l i c a tiq n of FLIR SySters

Progress-A 15 JAN 75 Jo 15 JUL 75 (I n t e r i m - A l

(U) NOrk was begun on scaling up the deposition r.~ 34 inCh oy 34 irCh
plates. Process parame ters were established for controlling the
thickness profile and the successful operation of m u l t i p l e  hydrogen
su lfide gas input nozzle by flow units.

~1 PRO J ECT ‘.0 2487 - CUTTING TOOL TECHT,QLOGY

TITLE . DIAMOND AND BORAZON COMPACT CUTTING TOOL TECHNOLOGY

CON T RACTOR . UE NE RA L ELECTRIC CO
CON IRACT . F336 15.73-C-51BO
CONTRACT DUisTICH . MAY73-
ArM L PROJECT ENGINEE R . HARRIS WILLIAM A
PRO J/TASK/WV. UNIT. 2487-00-01

Obj ctiv c ’ - 09 AUG 73

)U) This program w i l l  establish borazon and diar .c~~d compact technology
as a v i a ble ma nufac lurir ig method for the ti m e l y  arp li cat ion to
Selec ted DOD m j ’~~r i a i s  and metal removal o~ ocesses .

Proiii-csS-D 15 APR 75 To 16 OCT 75 ( I n T e r i l n - D i

(U i Advanced B i a Z o n  C8N compact tools T u i - n i i c  Inconp l 71d at
re. iin rlded SP. e05 C x h i b i t  one h,ilf t h~ DCL ‘o tC” ng wee” i f  e a r l i e r

• 1 C~~~ tools. The ad anced tools also turn HTP . d P . 0  95 at 12C~ SFM .3 X
th i  vprc d found optim um f0r forged $i .pi2 i’,il lO~~5. (.BN c :rpact r can be
051 1 t~ . m i l l  Sand q~ ay iron but are not yet adea .0 ,  fpr m i l l i n g
In c onel 71$. T L i ra i ’~~ e - brazed d r i l l s , b o~~.- v e r . sbO~ grea t prom ise for
d r i l l i n g  the Same Suter’a l  isy . Incone l 718 w..n-kP cCe hardness varies.
pa’ icu la rl y at t - c  irachired surf ace . Re irc .al i..f the work-hardened
ski n d~~~5 riOt red uce the DCL - n-’tching tendency of CBN compacts.
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PROJECT NO . 627A - ABRES SUPPORT

TITLE. FABRICATION OF BERYLLIUM STRUCTURAL COMPONENTS FOR TEST AND
EVALUATION

CONTRACTOR . KAWEC KI BERYLCO INDUS TRIES INC
CONTRACT . F33615-75-C .5O41
CONTRACT DURATI C N . JUL74 -A UG74
A FML PROJECT ENGINEER. KOJOLA KENNETH A
PROJ /TASK/WK UNIT. 627A -OO-li

Ob Jective - 28 MAY 74

(U) To obtain structural components for tes t and evaluation in support
of a SAMSO/AFWL /ArML sponsored program known as the Carbon-Carbon
Des ign Program CCOP) for the eva l uation rf carbon-carbon heatshield
conce pts using ber y l l i u m  as the substructure material .

Progress-B 01 APR 75 To 01 OCT 75 (Interim-B)

(U) 4 major modific ation by SAMSO in the Carbon-Carbon Design Prog”am
(CCDP) elimina ted the reqi.~i rement for bery ll ium hardware from this
contrac t. The work which was actuall y accomplished was consolidation
of the i n i t i a l  t . l l e t s  and a l imi ted mach )neab l lit y study . The
con trac t has been modifie d to prepare a final report on the work
actuall y performed wit h i n  the li m i t s  of available funding.

PROi.IECT NO. 627 A - ABR ES SUPPORT

TITLE . FABRICATION OF BERYLLIUM STRUCTURAL COMPONENTS FOR TEST AND
EVALUATION

CONTRACTOR . BRUSH-WELLMAN INC
CONTRACT . F33615-74-C-511 9
CONTRACT DUR ATION . JUN74-M4Y75
A FML PROJEC T ENGINEER. KOJOLA KENNETH L
PROJ/TASK/WV. UNIT . 6274-00- 15

ObJe ctive - 19 MAR 74

(U) To obtain struct ural components for tes t and evaluation in support
of a SAM SO/A FWL /A UIi L sponsored program known as the Carbon-Carbon

• Des ign Program for the evaluation of carbon-Carbon heatsh ield Concepts
usi ng bor yll )uin as the Substructure material.

Progress-B 02 APR 75 To 02 OCT 75 (Inter im-B I

(U I A major modification bY SAr~tSO in the Carbon-Carbon Design Prog”am
)CCDP) reduced the amount of beryl l i u m  hardware required from this
con’rac t . Rather than furnishing finished rdac hined components, the
contractor was d rected to supply bery ll ium structural blanks to a
SAMSO con tractor for subsequent final mac h ining . Preparation and
de livery of these blanks have been accomplished. The remain ing effort
IS to develop a mach ning process Criteria to prevent machining damage
dur i ng lathe turning of long thin-walled reentry body substructures .
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PROJECT ‘
~0. 7371 - RE.~ EARCH IN ELECT RICAL l.dA TERIALS

TITLE . IMPRO~~EMENT OF CYD FOR DEPOSITING PASSIVATION
LAYERS ON INTEGRATED CIRCUITS

CONTRACTOR . R C A CORP
CONT RACT . F3 3615-74-C-5146
CONTRACT DURA T i~~N APR74-JUN75

AF ML PROJEC T ENL.i~~cER . HUTCHENS ROBERT D
PPOJ/TASK/W K UNIT . 7371 -02-31

Ob J o i~t isa - 23 JAN 74

(UI To gain an increase In the understandin g of the material
requirements for successfu lly glass passiva~~ing S l i c o n  planar

,ne ’a li i zed lC .s.

r Pro~;’ess-B 17 SEP 74 To 11 APR 75 (Inter 111-81

d l
(UI A va r i~~ty of PSG f i l m s  for use in s e l f - l i m i t i n g  dielect ric

breakdown Studies and for electr . chei’iical cocros co tests were

prepared and Charac ’erize cl . The ef fects of depos ition temperature on

t hr  q u a l i r y  of ‘he PSG f i l m s  have been inve stigate d . Etch rates of St
super 0 (21 and PSG have c’een determined as a fu .ction of f i l m

deposit .On i a t v ’ and of storage c’-ndit ions after chemical vapor

deposition . PSG f~~t m s of l o~ ph’ sphorOuS cortent at various oxygen-

to-h ydrogen ratios have been prepared . Tha feas ibi lity of low-

teiiiperature cata lytic densif ication has been demonstrated . The sheet

res istance 0’ P53 ~as been studied as a method wh i ch could be useful

fo compositional quality control . A surVey has been made that

compared all types of passivat ion systems For sil’con devices. This

survey wa3 presen ted at the Fa ll meeting of the Electrochemica l

Soc iety in New York.

PROJECT NO. 7381 - RESEARCH APPLI CATIONS

• TITLE . PLASMA POLYMERIZATION COATINGS FOR
INTEGRATED CIRCUIT ENVIRONME NTAL PROTECTION

CO NT RACTOR . MISSOURI UNIVERSITY OF
ACT . F33615-74-C-5

CONTRACT DURA TI CN . JUN74-
AFML PROJECT ENGINEER. HUTCHENS ROBERT D

Ob J ’.c t lv e - 26 MAR 74

:1 a e ~~~~~~~e
4
a

t
r t ~ 

ted circu it using recent

Prociress-B 17 SEP 74 To 11 APR 75 (Interim-B)

c irc u its have been delivered by A FML

devices using en argon ~~~~~~~~~~~~~~ 
clea nin g technique s were

L eHects of the RF f eld 
. The i n i t i a l  stud es were on the

coa t ed w i t h  pol yc hl.)rot 
on the elect ronics components. Six IC.s were

three Out of thc PT f i e l d  
uOroe thy )ene - three iii the RF field  and

te .~tlng . The I n i t i a l  res It 
hese devices were transferred to RADC for

occurred in th .. presence 0f the RF f 
that no appreciable degradation

phy sica l chara cieniz ation 
~ 

i el d. Work is con tinuing on the

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
o ked patt ern. ThIS work i~~
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PROJECT NO. I L1R  - LABORATORY DIRECTORS FUND

TITLE . A NT ISTA T IC COATII .35 FOR USE ON AIRCRAFT TRANSPARENCIES

CONTRACTOR . HONE YWELL INC
CONTRACT . F336l5-74-C-505O
CONTRACT DURATION . APR74-MAR76
A FML PROJECT ENGINEER. PETERSON TIMOT”iY L
PROJ/TASK/WIc UNIT . IL IR ’OO -4 1

Object ive - 2 JUL 73

(U ) To develop and characterize permanent , stable , th in , o p t i cally
• transparent a n t i s t a t i c  Coatings for plastic aircraft transparencies.

P’ unress-D 01 APR 75 To 31 JUL 75 (I n t e r i m - D i

(UI Stu dies of oxide semiconduct .-r f i l m  proGerties as a function of
Vacuum vnpor Cht .O SiI i O n properties ha~ con td n ue d. Non-crazed .
adheren t , conduct ing rnu l t il a y e r f i l m s  have been OCDOSItCd u i  pl astic
substrates . A new technique which invo lves subjecting vacuum vapo”
deposited tin oxide films to an mxygen glow discharge has been
developed for obta ining conductive f i l m s  on p l astic substrates. The
ant (sta tic coating systems developed to date offer good abrasion .
solvent and therma l cycling resistance, but suffer deterioration in
coa t ing adhesion w i t h  pro l onged humidity and accelerated weathering
exposure .

PROJECT NO. ILIR - LABORATORY DIRECTORS FUND

TITLE . INTERLAMINAR STRENGTH OF LAMINATED POLYMERIC MATRIX COMPOSITES

CONTRACTOR . DREXEL UNIVERSIT Y
CONTRACT . F336 15-73-C-5146
CONTRACT DURATICH . JUN73-FE974
A FML PROJECT ENGINEER . PAGANO NICHOLAS J
PROJ/TASK/WN UNIT . ILIR-OO- 50

ObJect tve - 02 tEB 73

(UI Development of a failure criterion for de l amination of fibrous

Composite lam i nates .

pro~~i.ess-C 01 MAR 7~ To 31 MAR 75 (Interim- Cl

(UI Final report suDrritted . but data taken were not of the highest

qua (ity whiCh m8de d ef in it iV e ConC l uS i Ons d i f f )C~~ t . W i l l  close out
contraC t as soon as the report is processed .
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PRO JECT ND. IL 1R - LABORATORY DIRECTORS FUND

TITLE . CORROSIO N RESISTANT SURFACE TREATME n TS FOR ALu rfiNuM ALLO YS FOR
SPOT-WELD BONDING

CONTRACTOR . NORTHROP CORP
CONTRACT . F33615-74-C 5027
CO NTRACT DURATI ( N , FE674-JUN76
A FML PROJECT ENGINEER. APO NYI TED J
PROJ ,’TASK /WK UNIT. IL IR- O 0-57

Ob Je ctive - 20 JUN 73

(U) To develo p and characterize new. improved surface treatments for
alu m inum al loys which w i l l  prov ; de s~~rfaces havi nq a hig h leve l of
corros ion res’s ’ance . high af f i n i t y  for adhesives . tnereby prov lcling
h i n h  bonded joint strengths anti be amenable to sp ot-weld bondingr processes, that is . w i l l  assure the formation of h i g h - D u a l i t y ,  crack-
fr~~c. oc c lus i or .free nuggets w i t h  no expulsion , so tha t the seld-
bondin g process can be exp loite d for use in structural components of
AF f l i g h t  vehicles.

Pr~~u’-ess-C 15 MAR 75 To 21 OCT 75 (Inter m - C I

(UI The required cr~~stallog raph~ c surface charact eristic of aluminu m
al loys for the assurance of long term corrosion resistance has been
id o n t i f i e d  as alpha alum ina mono-hydrate. Thi s Si.r face can be formed
by anodizing and by i mmersin g the aluminum part i n b o i l i n g  aQueous
Solu tions. Dur ing the F i r s t  year’ an i mm ersion treatm ent was die~ e i .~~ed
whi ch provided a weldable , bondable corrosion res’ stant surface at
arrih ient conditions. However . Specimens expoced to high h u m i d i t y  ir. a
st’ossed state fail ed due to incept ton of corrosien. Subse quent wCrk
h~~s led to the development of an acidic anodize .‘ ich shows good
p otential for success. Corrosion inh b i t i n g  chrc~~ates were added to
the w e lcibond adhesive and provided significant Improvem ent In the
resistance to corrosion of weldbcnded specirrens. Reference AFML-TR-
75-27.

PRO JECT :1)0 . ILIR - LABORA TORY DIRECTORS FUND

T iTLE. UNIPI ED ANALY SIS OF ABLATIVE MATER IALS

CONTRACTOR . ACUREX CORP AEROT HERM DIV
CONTRACT. F33615.74-C-5030
CONTRACT DURAT IC N. MAR74-DEC7S
A FML PROJECT ENG iN EE R . FARMER REX W
PRO J,’TASK /WIK UNIT . IL IR-OO - 60

ObJ ’. c t i ve - 05 JUL 73

(U I To c.!evelo p a cohesive and unified ablati on anal ysis for guiding
the exploratory development of future ablative therma l protection
‘r ~~ t en Ia is

P r o c i ’ e s s ’ C  01 APR 75 To 03 OCT 75 (Int e r i m - C )

(UI 10 CMA and 20 charring ASTHMA cOrid diuter rode analses were conducted
f0r a repreS ent atI v-~ rocket nozz le problem. Acceptable accuracy was
found ‘or the 20 code . A typical f l i g h t  test v eh I cle case was
se 1 ectc ~ I for ID CM .~ and d)screte fiber /resin mode (20 charrIng ASTHMA )
ana ly s i S of Carbon/phenolic heat shield response . Icscessary SAANT/E ROS
code m od if ications were made and trajectory env)ronment predictions
were in ;ti ated.
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PROJECT NO . ILIR - LABORATORY DIRECTORS FUND

TITLE . NON-SPECULAR COATINGS

CONTRACTOR . HONEYWELL INC
CONTRACT . F33615-74-C-5070
CONTRACT DURATI CH . FEB74-
A FML PROJECT ENGINEER. WEAVER JAMES H
PROJ/TASK/WK UNIT . ILIR-OO-59

Objective - 26 JUL 75

(UI To develop and optimize aircraft coatings hav ing low diffuse
re flectance , low specular reflectance and (ow retroreflectance in the
0.7 to 5.0 micrometer reg i on of the electromagnetic spectrum w i t h
capability of color ta i l o r a b i l i t y  in the 0.4 to 0.7 mic rometer region ,

Prociress.Z 01 t.~AR 75 To 15 OCT 75 ‘FInal I

(UI The main objective of this pi-ogram was to de’ c lop airci ’ d r t
coatings having low diffuse rr-Tlectance arid lo~ specula r reflectance
i n  the infrared (0.7 to 5 0 mi~~r’~meter ) and color t a i l o r a b i l i t y In the
v i s i b l e  (0 .4 to 0.7 micro m eter i . Such coatings were tn be developed
w ithout sacrificing the norma l s e r v i c e a b i l i t y  expected 0f coa ting
systems for USAF a i rcraft. Paint coating systems were developed w i t h
h i U h - v i s ibl e and lo w-IR reflectance using WO sub 3 as the basic
p i c ~i .ent i ng rr at er ial . Co lor t a i l i ~r a b i l i ty. w h i t e  re taining low-I R
reflectance , was achieved with the addition of various organic t i n t i n g
p ig .ents. Three coating s~~stems. a li g h t  grey po l yurethane , an olive
drab pol yureth .ne and an olive drab acry li c . we re investigated in
d e t a i l .  F l a t t ng agents were used to improve gloss, d u r a b i l i t y  and
ba id l in g charac ’er is tic s . Coated test panels w e r c  prepared w i t h  each
coating system and subjected to environment al du r abilit y tests w i t h
optical perforrrance measured before and after . Ccmpa ratlve tests w i t h
commercially a a i t a b l e  (oW gloss paints demonstrated the fe a s i b i l i t y
of significan t improvements with the newly developed coatings . (AFML-
TR- 75-1 46).

PRO JECT NO. ILI R - LABORATORY DIRECTORS FUND
• 

TITLE . EXTENDED FLOW LIFE LAMINATING RESIN SYSTEM

CONTRACTOR . WHITT AN ER CORP
CONTRACT . F33615-74-C’518l ‘I

• CONTRACT DURATION . 0CT74-DEC75
AF~~I. PROJECT ENGINEER. APONY ! THEODORE J

• PRO.7TASK/WK UNIT. ILIR-OO-6 5

Objective - 31 MAR 75

(U) To cle /elo p laminating resins that exhibit seventy-five days shelf
• . l i f e  at ambient cond itiOns in prepreg form that W i l l  result in a

structural compositC exhibiting properties equivalent or superior to
st o te-of - the - art graphite epoxy Composites for 350F service

• temperatures.

Progress-B 31 LiAR 75 To 21 OCT 75 (Interim-B)

(U I The use of curing agents whi ch possessed latency and were
pulve rized to micron size did not prove to be successful because the
finely powdered curing agent cauned an excessive increase in the
v iScosity of th impregnatin o reo)n solution so as to preclude
pr paratlon of prepregs. An aromatic amino -sul fone was found to be
both latent and capable of providing uniform cures. This har dener has
prov i ded high q u a l i l y  prepreos which have ex hib ite d 70-day flow l ives,
In i t i a l  composite strength properties were comparable to the best
state-of-the - art 350 F capability epoxy resil at ambien t temperatu”e .
but slightly lnfer lor at 350 F. Resin modifIcation is underway to
improve the 350 F properti es .
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PROJECT ~J0. ILIR - LABORAT ORY DIRECTORS FUND

TITLE . HIGH PERFORMANCE IHIC WENERS

CON TRA CTO R . PENNWALT CORP
CONTRACT . F33615-75-C-5187
CON TRA CT DURATION . MAR7S-JUN76
A FM L PROJECT ENGINEER. CHRISTIA N JOHN B
PROJ/TASK/WK UNIT . ILIR -OO - 72

• ObJec tive - 23 DEC 74

( U )  To deve lop and evaluate th i ckeners and add i t i v e s  for high
• t emperature. an Tiwear , extr’eme Pressure . hi c ’ perf ormance greases.

This effort w I 11 provide suppor t to A~ r Force weapon systems Includi ng
th e B-i , F-i S . F-16 and T-38 Aircraft .

Progress-A 01 JUL 75 To 01 OCT 75 (Inte rim-Al

(U) Products ranging from viscous liquids and low m elting solids to
infusible materials wi th very h (gh decompowition temperatures have
been synthesized. Many of these materi als are the rmally stable at
temperatures In excess of BOO degrees F.

PROJECT NO. ILIR - LABORATORY DIRECTORS FUND

TITLE. DEVELOPMENT OF TEMPERATURE CONTROLLED QUART..: CR Y STA L MICROBALANCES

CONTRACTOR . FARADA Y LABORATORIES
CONTRACT. F33615-75-C-5i71

I
i . CONTRACT DURATION . JUN75-A11G76

4 A FML PROJECT ENGINEER . WINN ROBERT A
PROJ/TASK/W IT UNIT . IL IR- OO-7 l

Objective - 07 JAN 75

(U Development of a contamtnati x. n measurement cap ability for use in
the space environment to ident if y Sources of contamination and its
effects on therma l control costings. solar cells and other satellite
components.

Proc~~ess-A 02 JUN 75 To 15 SEP 75 (Inte rim-A )

(U) Design has been received for conformance to SCATHA Space Vehicle
requ i rements and no problems are foreseen. Components are be i ng
ordered for assemb l y of the TQCM ,s, Therma l modeling of the radiar .t
Cooler i S being done now .
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PROJECT NO, IL IR - LABORATOR Y DIRECTORS FU’.D

TITLE . STRESS ANALYSIS OF PLA STIC B’~~D

CONTR ACTOR . C A L l  O~~N IA  RSCH AND TECHNOLOGY INC
CO N T R A C T .  F336l0-75-C-5206
CONTRACT DURATI~~ .. APR7 S-SEP7S
AFML PROJECT EN~~iN EER . TSAI S 1L PH E N W
PROJ/TASPT/WIT UNIT . ILIP-OO-73

Objec t i ’.e - 15 NOV 74

(U) Determination or m~~resses in a pla v ic band as it tunnels through
a r i g i d  barre l  at a high ra te  of speed .

Prp:~’~e s 5 - A  01 APR 75 To 30 SEP 75 ( I n t er  Hid -A I

( U i  S t r e s s a n a l y s i s  of p l a s t i c  band undergoing rap id  c o n t r a c t i o n  by a
• ‘~~r i i t e - c i i f f e r e nc e  code has been comp le ted .  The S p e c i f i c  cases so lved

i n v n l v e  a s p e c if i c  GA U- 8  bar re l  w i t h  ent rance v e lo c i t y  cf  500 feet  per
• s~~~ond. Two levels of frIction factor were assu ’cd. The zero-

‘ r i c t i o n  case appears more r e a l i s t i c .  A d i f f e r e n c e  band geometry w i t h
ze c. f r i c t i o n  was  also solved to shOw the f l e x i b i l i t y  of the Stress
anal ysis code . The code Is now ready for any des;gn Improvement

4 study .

PROjECT NO. IL IR - LABORATORY DIRECTOR S FUI,D

T I T L E .  EROSIN RESI STANT  A N T I S T A T I C  THERMAL FLASH
R E S I S T A N T  POLYMERIC COATINGS

C~~~~R A C T O R . A VCO CORP
CONTRACT . F336l5.75-C-526O
CONTRACT DU PAT I~~N MAY7 5-MAv76
A F M L  PROJECT E N G I N E E R .  SCHMITT  GEORG E F
PRG.J/ TA S H/WK UNIT . I L I R- O O - 7 4

Obi~~c t i v o - 07 MAR 75

( U i  10 develop coa~~~n~~_ fo r  a i r c r a f t  radomes and antenna covers  wh i Chare ra i n erosion resista nt, ant i static , therma l flash resistant , anø
possess dielectric transmission properties.
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• P~lj1 ,ECT NO. 2079 - IMPROV ED 20MM PRB

TITLE. ENGI .EERING CRITE RIA FOR BONDED PLAST IC ROTATI NG BANDS

CONTRA CTOR . DEBELL AND RICHARDSON INC
CONTRACT . F336l5-75-C-5226

• I C (~~ 1 RACT DURATION . MAY7S-DEC75
A r r i L  PROJECr ENGINEER. HUSMAN GEORGE E
PROJ /TASK/WK UNIT. 2079-01-01

O b j e c t i v e  - 07 JAN 75

(U) The cbjective or this program is to develop engineering criteri a
fo’- ma terials se l ection an~ performance prediction for bonded plastic
ro tating bands .

Progress-A 01 MAY 75 To Dl SEP 75 ( I n t e r i m - A l

(U) The parameters for band per f~~rmance have been reviewed and ageneral analysi s of the Stresses and rates of Strain have been made .
• The hi gh stra ’n-rate shear and c~~mpression :est apparatus have been

designed and b u i l t ,  and i n i t i a l  tests have been performed to
demonstrate it s use . The simulat ed gun-fire test apparatus has been

• designed . howe~~~r . safety requirements are Celay~~ng its construction .

i~ROJECT NO. 2079 - :MPROVED 20MM PRB

• T I T L E .  DEVELOPMEN T OF P L A S T I C  M A T E R I A L S  FOR 20MM P L A S T i C  R O T A T I N G  SANDS

CON T RACTOR . DEBELL AND RICHARDSON I NC
C O N T R A C T .  F 3 3 6 t 5 - 7 5 - C - 5 2 2 5
CONTRACT DURATION. MAY 75 .MAR76

• 

. 
AFM L PROJECT ENG I~~EER . BROWN ING CHARLES E
PROJ/TASK/WIT UNIT . 2079-01-00

i
_
f

Obi~~c t i v o  - 03 JAN 75

(U ) To cleve (Op p(ast ic mate ria(s suitab le for use as pl astic rotating
bands on t h i n - w a l l . h i g h - v e l o c i t~ 2Omm p r oj oCti le s.

Prciqress’A 03 JA N 75 To 29 OCT 75 ( I n t e r i m - A )

l u t  Severa l Potent i al mate Ia l s nystems ln c i oinq botri p la St i cS arid
pni r er s have p . r. ‘-e’’~arcbed Ma te ”ia ’ s ci~r ”ent !~ b ein ; eva luatc d
i n c l u de polyamides. urethanes. n’,lons , spec~~a l t y  clastomers. and
th€ . rmOp la sti c elaSt ’~ ers. I n i t i a l  project iles ha,e been banded. Test
programs have been s t u d i e d  and ~n I t Ia t e d . Screeo ng t e s t s  w i l l
inc l ude tens i l e  adhesion and actual gunfire test in ç.
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PROJECT NO. 486U - ADVANCED METALLIC STRUCTURES

TITLE . DEFIN ITON AND NONDESTRUCTUVE D~~TECTI0N OF CRITICAL ADHESIVE
BONDL INE FLAWS

CONTRACTOR . MCDONNELL DOUGLAS ASTRONAUTICS CO
CONTRACT. F33615-75-C-5209
CONTRACT DURATION . JUN75-
A FML PROJECT ENG Ii~EER . HUSMAN GEORGE EPROJ/TASK/W IT UNIT. 486U-O1-O8

• Objective - 23 OCT 74

(UI The objective or this program is to• determine the severity of
• comm onl y occurr ing adhesive bond-line flaws and to assess the a b i l i t y

of NDI techn iques to detect and discriminate between critica l and non-
cr itica l defects,

Progress-A 27 JUN 75 To 01 SEP 75 (Interim- A)

(U) Phase I of the program is in progress. Mater~ als se lect ion and
specimen designs are being defined . I n i t i a l  reviews of exper i ence
with flaws and methods of detection are continu ing Techniques for
introducing ‘laws into specimens are be i ng developed,

PROJECT NO . 486U - ADVANC ED METALLIC STRUCTURES

TITLE . FRACTURE MECHANICS FOR STRUCTURAL ADHESIVE BONDS

CONTRACTOR . LOCKHEED AIRCRAFT CORP
CONTRACT.

L, 

CONTRACT DURATION . MA R7S-JUN7B
AF ML PROJECT ENGIN EER. JONES WILLIAM B
PROJ/TASK/W IT UNIT . 486U-OO -O9

~~~~ ~ 
• Ob Jc ct lv o - 18 NOV 74

(U) The objective of this program is to develop the methodology
required to determin e the failure loads and service l ife of adhesive
bond lines containing i n i t i a l  cracks.

proq ress-A 18 NOV 74 To 30 OCT 75 (Interim-Al

(U Analyt ica l and experim ental effor t is being conducted to measu e
energies for Mode I and Mode II Fracture, Mode l i i  type sp~ ctm en s are

r development . Selected Materials and Process ing inc l ude AF-5 5 ,
707~~-T6 with Phosphoric Acid-anodized surface.

106



— —‘- . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ::: . . r 1 ”~~~~~~~

• PROJECT NO . 627A - A BRES SUPPORT

TITLE . NOSETIP MATERIALS EROSIN AT HIGH VtLOCITIES

CONTRACTOR . SCIENCE APPLICATIONS P’C
CONTRACT. F336i5-75-C-5182

• I CONTRACT DURATION . JAN7S-SEP7S
A FML PROJECT ENGINEER. SCHMITT GEORGE F
PROJ/TASK/W IT UNIT. 6274-00-25

Objective - 14 NOV 74

(U) To determ i ne the erosion mass loss and comparative resistance o.f
advanced carbon-carbon composite nosetip ma t eria l s .

• Progress-A 16 JAN 75 To 18 SEP 75 (Int erim- Al

• (UI Erosion data has been obtained on six advanced carbon caroon
composit e  materia l s u t i l i z i n o  single part ic le tests at room
temperature. 4000 degrees F and 5500 degrees F . The i-in C weôve
spacing mater ials w i th a high percentage of fiber l oading in the ax Ial

• direction were found to posess the best erosion resistance. These
improvements were also maintain ed at elevated temperatures,

PROJECT NO. 627A - ABRES SUPPORT

TITLE . HEAT SHIELD MATERIA LS EROSION AT HYPERSONIC VELOCITIES

CONTRACTOR . SCIE !,CE AP PLICATIONS P.C
CONTRACT . F336l5-75-C-5l8 1
CONTRACT DURATIO N . 4JAN7 5-
AFML PROJECT ENGINEER . SCHMITT GEORGE F
PPOJ/TASK/WI~ UNIT. 627A-O0-24

• Objectiv e - i4 NOV 74

• (UI To evoluate RV (eat shield design concept erosion performance in
par ticu l ate environm ents using state-of-the-art technology to
establish the cxi5 t ~~ng level of balanced erosion performance relative
to nose tip des ign concects.

Proqress-A 16 JAN 75 To 18 SEP 75 (I n t e r i m - A l

(U) Assessment of 3 base ilne nose tip m ate ”ia ls and a Current
opi rational hea tshi eld material has been conducteci usi ng specification
weather environments and two di fferent trajectories. The erosion of
the nosetip was sensitive to trajectory anqle w h i l e  the heatshleld
eros ion was sent it ive to cone frustrum angle, Erosion data on 8
advanced hea t shield materi als has been obtained and analyzed .
Assessment o’ the performance of these advanced mat erials Is
proceeding.
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PROJECT NO. 6 2 7 A  - A8RES SUPPORT

TITLE . OPTIMIZE D FABRICS FOR ELECTRICAL PENETRATION AID DEVICES

CONTRACTOR . MCDONNELL DOUGLAS ASTRON~ tjTjCS CO
CONTRACT. F336l5-75-C-5 195
CONTRACT DURAT I~~N . MAR75-
AFM L PROJECT ENC NEER. SCHULMAN S
PROJ /TAS IS fW r UN IT. 6274-00-28

O b j e c t i v e  - 09 DEC 74

(U) Develop Hybr id rabr ’ics for EREP Decoy Systems .

Progress-A 09 DEC 74 b 24 OCT 75 (Ir.ter lni- A

(U ) Samples were fabricated from bi-component mat e rials with and
without heat elements , Op tical properties were measured for each
sample. Samples were prepared and Submitted for Husky Pup

PROJECT •~0. 62 7A  - ABRES SUPPORT

TITL E , INFLATABLE EXOATMOSPERIC OBJECT (LEO)

CONTRACTOR . L:GARDE INC
CONTRACT . F33615-75-C-52O5
CONTRACT DURAT II N . FEB75-
~.FML PROJECT [NGITEER . SIERON JERRY K
PROJ/TASK/WIT UNIT . 6274-00-27

O b j e c t i v e  - 09 DEC 74

( U i  To develop . o p t im i z e ,  and demonstrate f l e x i b l e  bladder m a t e r i als /
co ,tructions for inf latable pene tration aids w i t h  proper t ies meeting
tn requirement s of SAMSO .S lEO concept/configurati on .



PROJECT NO . 7320 ’- F iBROUS MATERIALS

TITLE . HIGH STRENGTH . HIGH MODULUS. BORON NITRIDE FIBERS

CONTRA CTOR . CARBORUND UM CO
CONTRACT. F336l5-74-C-5O92
C ONTRACT DURATION . APR74-MAR76
AFML PROJECT ENGINEER. ROSS JACK H
PROJ/TASK/WIT UNIT, 7320-01-37

Objective - 24 SEP 73

(U) To conduct exp lo ratory development leadin g to potentiall y l ow
cos t, h igh strength , high modu 1 us boron n itride fiber for use as
reinforcements in structural an~ In structural-d ielectric composites.

I

Prou-es s-B 10 SEP 74 To 11 APR 75 (Interim- S I

(UI The new 450 hole stainless steel bushing has been put into
operation with partial success. The fine diameter (3-4 micrOn ) bo’)c
oxide precursor fibe rs were achieved on the i n i t i a l  runs. The problem
of t i p  f lood ing was  f o u n d  to occur as has in the past w i t h  the 100
hole stainless stee l bushing. An analysis of the prob l em revealed the
flooding to be c ..iused by poorly located fin heaters around the tips of
t he bushing and operator inexperience , Pre l iminary modifications in
the f in heater placem ent has resulted in longer runs (up to 5 minutes)

with a reduction in the number of broken filament s , The final
solution to this prob l em Is the use of a plat inum bushing . A suppl y
of the precious metal (180 troy ounces) has been supplied to the
con tractor the design and fabri cation of a 450 hole bushing ini tiated ,

PRO~!ECT ~lO. 7320 - FIBROUS MATERIALS

TITLE . GRAPHiTE FIBERS FROM PITCH

CONTRACTOR , UNIO N CARBIDE CORP
CONTRACT. F336t5- 71-C-i5 38
CONTRACT DURATION . JUN7 1 -MAR75
A FML PR OJECT ENGINEER.  GLOOR W A L T E R  H
PROJ/TASK/WIT UNIT . 7320-01 -35

‘1 Ob~ ’.’ t t t v e  - 12 APR 72

(UI OBJ ECTIVE- Developmen t of low-cost h igh  performance g r a p h i t e
fi bers for rei nforcement in structura l cOm Posites from commerci ally
available pitch materia l s . The high carbon content of these materials
w i l l  provide tee c a p a b i l i t ~ of formi ng fib or s . yarns and ribbons in a
v a r i e t y  of c o nf i g u r at i o n s

Prouress-G 10 SEP 74 To 11 APR 75 lI nte i- i~~- Gi

lUl Emphasis du ing t h i s  reporting pr - cd has cul-ti nue d to be on fiber
fin e ln ernal s’ructure and its dependence o-i p i t C h  rh eo logy , sp inn ing
cond i t ipfl S , and spec i i cs of ore x i o.~ ion a’ 0 p ‘ si S scI’eo . ies .
Tecl’nlques for etch:ng of f rac t 0 e  S~~r~~, ,ii. i  f i be r  encIs i r a v e been
developed whiCh provide v8luaP~ e fine Stru ctu re ‘ f o r m a t i O n  as a
function of Orii iar y Droce~ sln g p .irame ’.. rs. ia . ’ t i C ul art~ t~ pe anddegr ee of preox i oat on . F iber chara cteri za, iofl ~a the S i nclai r loop
test has been i nitiat id .
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PROJECT NO, 7320 - FIBROUS MATERIALS

TITLE , HEAT RFSISTANT AND NONFLAMMAB LE FIBROUS MATERIALS

• CONTRACTOR . FABRIC RESEARCH LABORA TORIES INC
CONTRACT. F336l5-73-C-5034
CONTRACT DURATION . JAN73-DEC74
AFML PROJECT ENGINE ER. SCHULMAN STANLEY -
PROJ/TASK /WIT u NIT. 7320-02-17

O b j e c t i v e  - 08 AUG 72

(UI To develop thermally stable fl e x i b l e  fibro us ma ter ia ls suitable
fo  p r o t e c t i o n  of AF a i r c r ew  members.  The goa ls  ~‘ i l l  inc lude the
t h. rnia l response of fabrics . e’~aluat io n of the en vironmental effects
on po l~~reric and inorganic mate rials and the effect of aerodynamic
load-extension i’esponse of fabric s and new experi m enta l yarns . Those
eva luat ions w 1 1 (  include voven and kni tted fabrics for l i f e  Support
applic ations i nclud i ng fli g h t  cl o thing. res:raint Systems . cabin
accessoi’ i es an~ decelerator components .

pro(~r e ss - D  10 SEP 74 To 11 APR 75 )Inte rim- D }

(U I Tens i l e  pr’.pertie’ s of ITev lar and PSI yar ’s at t o w  ( 0 . 1 6 7  p e r c e n t/
Sec I an~ h igh (8000 percent/sod st rain rates over the temperature
raiige Of  mi num 65 cl~~oree5 F to 800 degrees F . Single fiber propert ies
w e e  mea sured (er ~~~ lar 29 and 49. including te’.s ile properties, the

• e f i i-c t of be nclir g . t w i s t i n g  and late ral cdrrnress icn . The tensile
pr rert~~es of ~et  e~~,lar ya rns ~‘v re measured at 70 degrees and 190
deIi’ees F as v.. I I  as the response of ITevlar 29 ~a r i  t o low  speed
t e’’ ,i le stra in cv cl eq at 70 cleg”ees and 400 degrees F , The bending
r~~ overy of fe .. l n’- ri  l~~’i~r.’ot~ was iiieasured for different i mpoSed
Cur ’vatu ”rS acci di ’ferent times under Stra in , Measurements of the
ten-,,’l e proper ’, .es ~ f 0ur ,~tte and HT-4 fabrics Ucic e r radiant heat flux
w e’ e m ad e. Th morp holog y of K ev l ar 49 fibe rS sudjecteci to various

• t r i~’rs of rrecha. ca work in g was exam ined usi ng a Scanning electron
m icroscope . Th0 i n i t i a l  fabrics. webbin gS . tapes . ribbons, braids and
sewing threads have been designed using Nec Iar 29 and 49 continuous
m u l t i f i l a i i e n t  yarns. I n i t i a l  weaving tr i a l s  usina 200. 400. 1 000 aria
1400 denier fKe,la r 29 have resulted in webb i ngs. braids and ribbons SC
pe ’cent lighte ’- in wei ght than the currentl y used ny lon 6-6
decelerator materials Space Or bu lk reduction of 50 - 60 percent
ove’- tri o prese ntl y used ny lon 6-6 materia l s w i l l  rr~~u l t  in signifi ca r .’t

• savin gs in storage space in current and planned ai rcraft is
antic ipated when decelerators are required.

4
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PROJECT NO. 7 3 2 0  - FIBROUS MATERIALS

TITLE . POLYESTER /WOOL UNIFORM FABRICS WIT H IMPROVED DURABILITY AND
• APPEARANCE

CONTRACTOR . GEORGIA INSTITUTE OF TECH
CONTRACT . F33615-72-C’1822
CONTRACT DURATION MAY72-NOV74
AFML PRO JECT ENGINEER. MAY DONALD P
PROJ/TASk/WIT UNIT, 7320-02-24

Objective - 23 JUN 72

( UI  Develop  pol ye st~~r/w oot  Blue 1549 uniform fabr’cs (tropical. serge .
• gab..trdine ) having improved drape . handle, f a b r i C a b i l i t y ,  wear and

resistance to fros ling s over Current Air Force fabrics. Th i s
oblective is based on CSA F TWX RD 32225Z Nov 7’ “EX .

‘ i

Proqress-E 10 SEP 7~ To 1 1 APR 75 (I n t e r i m - E l

(UI Upon completion cf the evaluation of twelve Prototype fabrics,
irccrpo;’ating selected variable s, appr opriate spe cifications were
defined for the six 500 yard lengths of fabric to ~~ produced for
un i form wear tests and evaluati on , Subsequently the s ix fabric s were
pruducedi b~ four comm ercial organiz at Ions in the worsted business

• u t i l i z i n g  standard m i l l  pra ctices. Thi s indu str~ aI , rat her than a
Labora tory  or s r e ci a l iz e d  manu fac tu re r  f ac i  l i t y ,  approach was
undertaken to demonstrate Proces’.ing and produCt ’cn f e a s i b i l i t y  while

• con clus r ve l y 1 l l u s t r a t i n g  that future fabrics could be produced
• . cc, ’ o r ’ ci all y in vo l ume in responce to procurement requirements. The

si . .~ovon fabrics have been delivered to the A i r  Force and upon
com plet~~on OF samp l i n g  and Laboratory evaluation w i l l  be prov i ded the
Cl u th l rg Branch . Aeronau ti c a l  Systems D i v i s i o n .  W i - i g ht Patterson Ai r
Foi-ce Base . Ohio for fabrication of uniform s which w i l l  undergo a
thr ee yea r test. Specifications, w hich def Iced and specify those
physica l properties, characteristics, and related attributes, to
i rcure future fabri c s are manufactured i den tical to the ones
undergo i ng test . ar0 currently in preparation .

PRO JECT NO. 7320 FIBROUS MATERIALS

TITL E . IR REFL ECTI V E COATED FABR ICS FOR FIRE
PROTECT IVE GARME NTS

CO NT R A C T O R . F ABRI C RESEARCH LABORATORIES INC
CONTRA CT . F33615-74 .C-51l7

• CON TRACT DURAT I ’. N A PR 74- .JtJr-474
AFML PROJECT ENG INEER. SCHULMAN STANLEY
~ROU,’TASK/Wk UNIT . 7320-02-28

Ob i r i.t (.e - 13 NOV 73

(UI Dev e lop te .h - i Q ues fur app l y ing a binder-pigmen t coating system to
n onflammable ~~~~~~~~~ to provide improved therma l protection and
d u r a b i l i t y  at lower w eight.

Proi.i’-ess-B 10 SEP 74 Io 30 APR 75 (Interim-B)

• ,, (UI Tvo l i-pros . ~~ nt s were deveIoped (a) sUb 5tl tut ’ ng a uiton/bron ze
,; coa t inr,~ f o r  the al um inum , and adding a topcoat of pigmented urethar,e

to i mprove wear resistance. (b( adding a topcoat of pigmented urethane
to the alumin i ze d fabric to improve wear resistance. Sample lengths
of both types Cl coated fabric were produCed ,
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• PROJECT NO. 7340 - NON-METALLIC MATERIALS

TITLE . LOW COST ORTHOGONAL CARSON/CARBON
COMPOSITES FOR HE~ TSHIELD5

CON TRACTOR . AVCO CORP
CONTRACT. F336t5-74-C-5042
CONTRACT DURATION . APR74-JUL75

• A FML PROJECT ENGINEER . FARMER REX W
PROJ/TASK/WIT IINIT. 7340-01-34

Objectiv e - 17 JUL 73

(U) High perfor- niance m i s s i l e  entry systems w i l l  be required, which
have improved penetration and lower v ulnerability characteristics for
future AF m issions. Improved m i s s i l e  heat shields wit h l ower ablatior
rates, higher load carry ing capabilities, hig her shock hardness , and
co i ii p at ib ll ity w i t h  si gnature control devices. Th’~ program provide s
for the development and Cha racter ization of orthoconal ablative !
structur a l pyro lyze t~ plastic composites hav i”g properties
s i g n i f i c a n t l y  superior to state- of-the- art pyrol”zed te lt /C ’~D graphiteheat s h i e ld  c o m p o s i te s .

Progress-B 10 SEP 74 To 30 APR 75 (Interim-B)

(U) The re inforcement screening , radial material development , and
later mater ial deveLpment tasks were completed . The op timized low
cost composite was selected (150 latera l s/WCA rad-als/SC1008
process i ngl an~ cylinder fabrication was initi ated (9 inch 00 x 12
inCh length x 1/2 inch wa l l . A sub-r/ A sub-t ratio of 0.5). The
density of a reference ring (T50 laterals /WYB 40 1/0 radials ( was
nearly stabi li zed at the 5th cycle (1 .59 g/cc ) With synthetic pitch
(pinnamy lideneincjene . CAI) processing . High pressure (2000 ps i)
fur fury l alcoho l impregnatl~~n on tIle 8th cycle gave a significant
improvement (1:62 up to 1.70 g/cc). CAI/CVD (2nd cycle) processing
was less successful.

PRO JECT ‘JO, 7340 - NON-METALLIC MATERIALS

• ‘ TITLE. REVERSE BAILMENT AGREEMENT

CONTRACTOR . OWENS-ILLINOIS INC
CONTRACT. F336t5-74-C-5008
CONTRACT DURATION . FEB73-FEB7S

‘ AFML PROJECT ENGINEER . SCHULMAN STANLEY
PROJ/TASK/WIT UNIT . 7340-01-36

Objective - 05 JUN 73

(U) To spin continuous glass filaments with improved mechan ical
propert I es.

Progress-B 10 SEP 74 To 01 APR 75 (Interim-B)

(UI Proprietary glass formulat ions were spun by I ITRI produCtiflg a
uriform diameter f iber w i t h  moduli over 17 x 10 super 6 PSI wi t h
moderate to high tensile Str.ngth .
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PROJECT NO. 7340 - NON ME IALLIC MATE RIALS

T I T L E .  SING LE PHASE FIBROUS A B L A T I V E  M A T E R IA L S

CONTRACTOR . UNITED TECHNOLOGIES CORP /RSCH LABS!

C O N T R A C T .  F 3 3 6 1 5 - 7 3 - C - 5 13 1
CONTR ACT DURATION . JUN73- AUG75
A FML PROJEC T ENGINEER . FARMER REX W
PROJ/TASK/WIT UNIT . 7340-01-48

Objective - 09 SEP 74

(U) Expl cratory deve lopment shall be continued to prov i de improved

single phase ~ i brOU5 ablat ive materials for future A i r  Force therm a l

protection uses . These mate rials are expected to prov i de a dense

st
~
uCtui’e , con t r o l l a b l e  rnicrostruCture or ’enta ti on . a low ab l a t i v e

rec c’ssion rate in s.~vere 
therm ostructural environrents . high strength ,

lci~ 
fabr ication costs. and fast processing times as compared to state-

of-the-art graphites and carbon/carbon composites.

Progress-B 10 SEP 7~ To 11 AP R 75 (Interi m -D I

(UI Continuous Dralon T precursOr’ material was processed using a

radi a l  ,onipress )ri technique . Pre liminary flexur a ( strength/modulus

re ’,ul ts were (53,000/53,000.000) psi . Frac ture strain enhancement

investiga tions were initiated . A lternate precursor investigations

)cro ppecl /COnti nuOiiS PBI and Kelvar-4 9. PBI b raid. and unox idized

Dra lon TI were completed . P81 braid gave gave an ex cellent

m icrostructure , reduced DralOn T oxidation generall y ImproVee

properties.

PRO JECT NO. 7340 - NON-METALLIC MAT ERIALS

TITLE . A T Y N M ON J
CONTRACTOR . AVCO CORP

CONTRACT DURA TION 
F33615-73-C-5l28

A FML PROJECT ENGINEER . FARMER REX W
PROJ / T A SK/W IT UNIT . 7340-01-SO

Ob j.~cc lye - 01 NOV 72

(U) Explo ratory develo men
reinfor ced composi t-s 

p 5 a 1 be continued on carbon fabric

matrice s. Hi gh p
~~~
;;,

~ uti~~i zin 9 aromatic -heteroc yclic resinous

developed . wh $ ph ext ’ibit s~ 

l’iea t- .h ie ?cl composite m ateria l s Shall be

to sta te of th~ ar t carbon/ hen 
~~ nt y improved properties as compared

Potent i al use ~~ entry mi ssile he at sh 1e 1cj~ . 
are suitable for

Proqr’ess-D 10 SEP 74 To Ii APR 75 (Int e rim -D I

on carbon fabric/aromatic-

propert y eva l ua tion d 
. ca e-up , flat wrapping , flexura l

cor Thcrnel 30o woven ~~~~1c 
.aC t .Ul*s 

(NR ~ l5OB ). p
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PROJECT NO. 7340 - NON-METALLIC MATERIALS

TITLE . A BLA TI VE PLUG NO5ETIP MATERIALS DEVELOPMENT

CONTRACTOR . MCDONNEL L DOUGLAS CORP
C O N T R A C T ,  F 3 3 6 15 - 7 4 - C -5 O4 8
CONTRACT DURATION . MAY74-iJUL75
AFML PROJECT ENGI~~EER. CRAIG ROBERT 0
PROJ/TASK/WIT UNIT . 7340-01-52

Objective - 16 JUL 73

(U) To cievelop a high performance , ablative plast ic composite material
in coni c,al configu ration , which w i l l  exhibi t a S i gnificantly l ower
ablation , improved Insulation and more tailorable mechanica l
properti es as compared to state- °f-the-art carbon fiber/phenoltc
coliiposi tes.

Progress-B 31 AUG 74 To 11 APR 75 (Interi m -RI

(UI Three resins were evaluated aria a modified ph en o lic was Selected
as the matrix on the basis of i t s  good therma l performance . Four f l a t
preforins were woven , and the ablation screening Of the preforms was
coiiipleted , The model to be used fOr the thermostructural test was
designed , and the skirt weaving mar idrels have been fabricated .

PROJECT NO . 7340 - NON-METALLIC MA TERIALS

TITLE , GRADED PYROLYTIC GRAPHITE /SILICON CARBIDE COATINGS FOR THROAT
INSERTS OF SOLID PROPELLANT ROCKET NOZZLE ’

CONTRACTOR , ATLANTIC RESEARCH CORP
CONTRACT. F33615-74-C-5103
CONTRACT DURATION , A PR74-A PR75

~ FML PROJECT ENGINEER. LATVA .!°“ N 0
PROJ/TASK/WIT UNIT . 734O-L’. - ’~ I

Ob J rctive - 11 OCT 73

( U )  To develop a graded PG/ S iC  c ’ a t i n g  hav ing the required s t ru c t u”a l
• capab i l i t y  and overall erosion capabili ty apProaching that of pure

pyr-o l y t ic  g r a p h i t e  for  use on s o l i d  rocke n o z z l e  throat inser ts  of
advanced ICBM propulsi on systems.

Prog ress-B 10 SEP 74 To 11 APR 75 (Int e r i m - B I

(U) The process-study deposition runs have been Comp leted . The recent
runs provided additi ona l data to determine the effect of deposition
t emperature an~ trichloromethane concentration on the SIC composItion
arid microstruct c ‘e of codeposited coatings. The resu lts w i l l  serve as
guidelines in establishing temperature schedules for depositing
selected graded coalings for the therma l stress and erosion Specimens,
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P R O J E C T  NO.  7 340  - N O N - M E T A L L I C  M A T E R I A L S

T I T L E .  LASER BARRIER MATE R IA LS

CONTRACTOR . MCDONNELL DOUGLAS CORP
CONTRACT , F33615-74-C-5120
CONTRACT DURATION . MAY74-
A FML PROJECT ENGiNEER. FARMER REX W
PROJ / TASK / WIT UNIT . 7340-01-58

Objective - 03 DEC 73

(UI txp lorator y development sha l i be conducted on hi g h therma l
per f ormance abl ati ng and insulating materials for interna l laser
b a ’rier protection qf advanced AF weapon systems app lications ,

Prc~uress-B tO SEP 74 To 11 APR 7~ (Inter im- B I

(UI Spe~~’rnens uf t h i r t y - e I g h t  (38) candidate materials were
arr a , t c e l l y  sized lareal weight/thickness for a backface ter .perature
o f  ~OOIT i and f,1ibrica ted, Laser heating Character IzatiOns were
conducted. A preliminar y analysis of heat of ablati on , peak backface
te’ per ature rise , area l we ight, thickness, and ablative mechanisms was
comp le ted .  lPie barrier pa ramet r ic o pt i m iz a t io n  task was i n i t i a t e d,

PROJECT NO. 7340 - NON-METALLI C MATERIALS

TITLE . IM PROvED FATIGUE STRENGTH ADHESIVES

CONTRACTOR . DEXTER CORP
CONTRACT, F33615-73-C-5 133
CONTRACT DURATION . JUN73-MAY75
AFML PROJECT ENGII’EER . APONY1 TED U
PROJ/TASK/WI: UNIT. 7340-02- 15

0b~~i .ctive - 27 NOV 72

(UI To develop and characterize reinforced structural adhesives which
w i l l  have s i g n i f i c a n t l y improved l oad bear ing capa bilities in fatigue
t han that attainable w i t h  state- °f-the -art adhesives and . preferabl y.
w i l l  provide bonded Jo int S/N cu’ veS which atTProsich the S/N curves of
the adricrends thereby enabling the design of bonded components on AF

~~~ f l i c~ht vehicles to be of mi n i m u m  weight and m ax iir i ,m fatigue resistance
aril possessing durability characteristics at least equivalent to those
coiiiponent s bonded ~~it h state-of~~~he-art adhesives .

Proiiress-E 24 OCT 74 To I l APR 75 ( I n te r i m - E l

(U ( A f~~ft y -t o .n in e i y  fold increase in fati gue l i f e  at equa l stress
levels was ach eved when a woven high modu lus graPhite fabric was
substituted for the conventiona l ny lon kn it support iii the adhesive
g l u e - l i n e .  Th~ highest level of fa tigue l i f e  imoroverrent was found
us ing a woven graphite fabric as the adhesive Support. A study of the
effects of th in versus thick g l u e - l i n e s  and variations in
reinforcement Cl oth densit y did not provide any positiv e results. The
contractor p lan -~ to make at (east one adhes )ve w i t h  Improved fatigue
re’.istance comm ercially availab le In the near future. Reference AFML-
TR - ’74-169, Imp—oved Fatigue Strength Adhes ives.
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PRO JECT NO. 7340 - N:N .ll’E TA LL IC IiA TER ;4LS

TITLE . CHAP A CTER I ZAT ICN OF SOLID SURFACES AND
SURrA CE INT ERACTION PHLNUi ..ENA

c ON TRACTO R , DAYTON UNI ’.’ER SITY RESE~~~CH I NST ITUTE
CO N T R A C T .  F33615-73-C-5099
C0NT~~ACT DURAT ]i N . M4R73-1EB76
AF M L PROJECT EN~~.NEE R . DAVIS KENNETH A

• PROU T~~SK /Wr UN i T . 7340-02-17

• Ob i m i .t i~~e - 01 ..t~1 73

l U l  To os tab li~ ,r in vestigative techn i ques an d reo .ired apparatus, and
obtn (n researco inf o r m a t i o n  on the ch emiSt ry . iro~ choIogy. and

r to ’. cgraohy of soli d surfaces ari o on the interaction of these surfaces
w i t h  I ’ aui dS S OC O  as moroi’erS and po i vrre,5 . an d w t h  gases. Such as
tn .’.ein toe a m : J ’ e n t  n~~’c~ p heric envir onme nt , I n fc r ir at i on obtained
w i l l  gu ;de dcv” l opi”..~ n t  of composites. adhesives, Coatin gs, lubricants
and re~ nforCeCi olast cir or s havi ng improved ergineei - i ng properties ,
d u r a b i l i t y ,  and r e l i a b i l i t ~~.

Proi..ress-D 12 1~0V 74 To ii APR 75 (Inte r im-D I

iU) Work contInued on formin c’ improved oxide f i l m s  on m e t a l l i c
surfaces in Order to e l lu c id at o proper procedures to be followed to
Ins ure ~ore durable and r e l i a b l e  adhesive booded joints . Auger
sp’ctroscopy was uSed to  f u l l y  characterize the C~~ide surfaces. A BET
~ci’ crp t~~on system ~as used to measure surface areas and pore size
d i s t r i b u t i o n  of sarpies. Work c.”ntinued to characterize the surfaces
of graphite fiber’ s in an attempt to promote adhes~ on between fiber and
matrix m aterials.

PRO JECT NO. 7340 - NON-METALLIC MAT ERIALS

TITLE . HIGH TEMPERA TURE ADDITI ON CUPED ADHESIVES

CONT RA C T O R . HUGHES A I .~C R A F T  CO
CONTRACT . F33615-73-C-5O62
CO NTRACT DURATI On . MAR 7J-FEB7S
A FyL PROJECT ENUI NEER. APONYI TED J
PRO J’TA SK /w ~ UNI T .  734O’c2-20

0b~~~c t i v p  - 01 i.~LR 73

(UI To ce velop r i g -  ter~pe ratui-e c a p a b i l i t y  struct ural ad hesives wh’ch
cu e by add it’o n r’~.c o a nis r n s (e~ o l v i n g  no v o l a t i l e s )  at moderate
te ’ peratures ar.d ich w i l l  pro..nde h~ Qh le vels C f  strength in metal-
tO ’i .etai brncie i an(t ~n ot-w e ld bonded t i t a n i u m cOnc .truCt ion s after
long - t’r’e e~ po re it’ e(evated tlii.p crature s for use in the
Con’. ’’L.c tiOn Ofboncied str .ctura l Components for A F f l i g h t  vehicles
h avin g ; iilprove i r e t : a b i l i t ’, and du r a b i l i t y .

P~ o ~~~~~~~ 24 OCT 74 To Ii APR 75 (I n t e n l m D l

(U) The ad d i t i i.~n reacti on cu -ab le a t c t y lene termin ated modi fied
po ’~~i m m’s have r 1i . i . ted continued im provem ent in strength
pr- t i e r t  es. A -ore recen t pol~~rri’ r . HP-65O . which is a more du c t i l e
r e i n ~ b en Cur ed , has yiel ded tensile Ian ST ear Strengths greater than
4000 psi at ron~ tE’ -nm at one w i t h  t i t a n i u m  c’d-,ererids and retaine d 75
oe’ (ert o~ that ,a~ oe at 500 dog ces F . Tne new adhesive s are
a c . i - ’abie tO  spot-~~~ld bonding t l t a n ’ urr a lloys. Erratic results w it r ’
t i t a n i u m  adherc’nos cleaned by the phospha~~~- fluoric je e’ch has
necess itated a~ invC’ l i g a t i o n  of the effect of oti’er Comm erc ially
avm i a t e  t r e a ’ ” e n t s  on bonded J ” fn t st’-enq~ hs . es t result s are
~e i q  gathered . 1~eference te c-n i c aI report A FM L -TR - 74 -8 8 , Developm ent
of High Tempera t ure Addition-Cured AChes Ive~~,
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PRO UECT iiO . 7340 - NON-MET ALLIC M A T E R I A L S

TITLE . DEFECT/PROPERTY RELATIONSHIPS IN CC!~POSITE LAMINATES

CONTRACTOR . VI RGI NIA POLYTECHNIC INST & STATE UNIV
CONTRACT. F33615-75-C- 5l l9
CONTRACT DURATION . JAN75-JUN76
AFML PROJECT E NGINEER. PAGAT .O NICHOLAS U
PROJ/TASK/WIT UNIT . 7340-03-Al

Object ive - 03 SEP 74

(UI E x p l o r a t i o n  of t h e  nature of damage induced in composite laminates
and Its influence on time-dependent residua l strength and l i f e .

PROUECT NO. 7340 - NON-ME TALLIC MA T E R I A L S

TITLE. MOISTURE EFFECT ON EPOXY- l’,lA T R I X  COMPOSITES

CONTRACTOR . MICHIGAN UN IV E R S I T Y  OF
CONTRACT. F336 15-7 5-C- 51 65
CONTRACT DURAT Ir N . MAR7 5-JUN76
A FML PROJECT EN.;INEER. TSAI STEPHE N W
PROU /TAS ’l,Wv UNIT. 7340-03-AS

Ob j m c t i v e  - 12 SEP 74

(UI To ~ r .adict ‘he Ic ing-t e rm effoct of mOis L’re on the structural
p cr T i o rt;e s 0’ ç~ 

a p ” i i e ano b o r o n - e p ox y  c o m p o s i t e s .  T r a n s ie n t  and
st . ’ci y-state e~ rosu~-~~s to ‘ro i S t u e, Stress a d tenperature shall be
sim ultaneousl y i mposed on the ceirposi te s, Effects on structur a l
prc~pt’rtie s shall include changes in complex m o d u li and residual

• strengt hs . Re sult of th i s research Shoula lead to real- and
accele rated-time property eva lu ation , and qu lde li res to materials
im provement. I~ may then be pos ’iiib le to assess the long term
d u r a b i l i t y  of compos ites ‘n service.

I
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PR°.ECT NO. 7340 - NON-ME TALLIC MATE R IALS

flTLE. PROCESSABLE LAMI N AT ING RESINS WITH IMPROVED TOUGHNESS AND
‘.c~~f~’AT E TEMPERATURE CAPABILITY

CCN’RACTOP T P ~ INCORPOR ATE D
C ON TRA CT. F33 6l5- 72-C -2 122
C N R A C T  DUPATV ’ s , JUN 72-4UG75
. tF i .’ L. PROJECT ~~~~ NEER. P IC IT LES IM E R LEWELL YN G
I c c  T A ~~m~~W , L:’~I~ 7340-03-79

Ob J v . t i ’~e - 25 AUG 72

(U ~o ‘ c s e i c p  iimfr OyeCi l a m i n a t i n g  resin s m a . i n g  a high resistance to
m o’ S t u m c .  a •~ i( ’O  degree of  toughness .  mode— a t e  tC’p e rat ’~”e capa b i l i t y
(3.ni ovor ees t ~5t~ decrees i (  .3rd pa’ocessaoi l i t , equivalen t to
cc • ms C5 rr , v t sianoard graphite and boro-i f itc r reinforced epoxy
cu~posi e ma le’ a l s a-’e d ef i c i en t in strenq:h prop ertie s at moderatel y

• e l ’ .,-at ei t e i m p e ’ d t u r ’ e after high h u m i d i t y vx r .osure The rebins are
• , ‘ia’qifla l for use at temperatures of 365 degreeS F and above. Also

to ..gbe r res~ n5 ‘b an the current r e l a t i v e l y  b r i t t c resins anu are
ex~.,cte~ l to mn~~ove  the composites as to stren gtb properties and
f r a cture toughness.

Proq’-ess’E 10 SEP 74 To 11 APR 75 (Inte r im ’El

U I The pol ymerizat lc .n of monomeric reactants is being used as a means
of lam inating large panel s using methanol as a (Ow boiling so l vent. A

• new dian ne . 3 .3 inCh -sul fony l d i a n i l i n e . has been used to produce a
• va~~nish  of forty weight percent solids. The va rn~~sh was stable and

did not form a precipitate as did several other dlam ine s investigated .
The varn ishes are being used to form lamina t es for evaluation ,

PROJECT kO . 7340 - NON-METALLIC MAT ERIALS

• T ITLE. LO W FLOW . LOW PRESSURE CURE LAMINATIN G RESIN SYSTEM

CO N T R A C T O R . T P W INCORPORATED
CON TRA CT. F336l5-73-C~ 5O94
CON TRA CT DURATION . MAY73 -JUL75
A FM L PROJECT ENGINEER. BROwr .ING CHARLES E
PROJ/TASK/WIT UNIT. 7340-03-87

- . •‘: Ob j ’ctive - 25 OCT 72

(UI To develop a (ow-flow . low- pr essure cure lam in ating resin system
th .’i t w i l l  u nif ormly ‘~e t  graphite filaments, possess some degree of
ta ’. v . w i l l  flow very s l i g h t l y  under iiioderate teni0cratures and low
pr . oSLirt ’ .  and ‘a i l I  result in an adequately performing structural
l a ” s n a t o .

Pror” ess-C 10 ‘.~E° 7A To 1 1 APP 75 ( In t e ” im - C I

(U I Lo’~ resi n flow , vacuum bag m’-’Ictab le gi’.iohite ‘iber prepregs have
he n developed us ing a Hystl modifi ed epoxy resin system. These
Pr’  pregs have provided comp osite , possessing mec ba i .ical properties
egu i va lont to siate .o f~~the~ art epox io s, Fab r lc at ’on was carrie d out
in ~‘in Oven us I ng vacuum bag prea’..ure On ly and no bleeder plies.
°scuciOiSotrOp i c composites have been fabricated ~~r’~ j mechanica l ‘

~
pr Iii.’ r t ’ V data is being obtained . Photomicrographa Show excellent .‘

~ci, pact  on and low voids . Fabrication procedures are being developed ‘l
Fe’ cocured honeycomb sandwich structures.
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PROaISCT NO. 7340 - NON METALL IC MATER IALS

T I T L E . MECHANICAL, PHYSICAL AND CHEMICAL PROPER TIES OF
EXPERI MENTAL OPTICALLY TRANSPARENT MATERI ALS

CONTRACTOR , GOOD YEAR AEROSPACE CORP
CO NI T A CT . F3361 5 - 7 4 - C - 5 0 7 1
CONTRACT DUPA TICN . APR74-
A FML PROJECT ENGINEER. ARVAY EDWARD A
PROJ/TASK/WV . (,IN IT . 7340-03-93

Obj c t i v o  - 09 SE P 74

(U To identif y, prepare, and characterize experimental optically
transparent m aterials , presentl y ava ila b l e  only iii research
qu antit i es, that show promi se fo~ use in a ircra ft transparent
enc losures. To ide n t i f y  approaches or new polymer structures for
development Of new and improved transparent mater als .

Proc;r’ess-B 10 SEP 74 To 11 APR 75 (Interim - O l

(UI An extens ive l ite r a t u r e  and personal conduct survey to identify
possible cand1date materia l s has been Completed . A screening of
av ai lable prOper ty data on plasti cs , elastonrers and glasses has been
conducted and many materials have been elimi n ated from further
considera tion . Candidate material s have been aGqi.ired and synthesized
(polyurothane si in sufficient cua ntities to perm it comprehensive
testing to trantpar~~nt ma terial s requ1remen~~s. sign i f ic ant
im provements have been attained with the GAC 574 . polyurethane, type
materials, Testing is continuIng on ten plastics and elastomers w h i t e
others are beIng reserved for future work.

PROJECT NO . 7340 - NON-MET ALLIC MATERIALS

TITLE . THREE-DIMEN SIONAL STRESS ANALYSIS OF A COMPOSITE LAMINATE
CONT AIN ING AN ELLIPTICAL CAVITY

CONTRACTOR . BATTELLE MEMORIAL INStITUTE
CONTRACT. F336 l5-74-C-5O96
CON TRACT DURATION. DEC73-MAY7 S
A FML PROJECT ENGI NEER. PAGAI4O NICHOLAS J
PROJ ,’TASK /WK UNIT, 7340-03-94

Ob jm ctiv o - 30 AUG 73

(U) To formulate and solve the e l a s t i c i t y  problem of a composite
l a i t n a te weakened by an e l l i p t i c a l  cavity under aop lied tractions and
th c”ma l 5t ra in~~. Of partic ular interest are the nature of the
inter lai,,inar Stresses in the region of the e l l i c i t cal boundary.

Prociress-D 10 SEP 74 To 11 APR 75 (Interim-B I

(UI Num eriCal results became available. Program Is now working as
part of AFML in house capability.

J— 
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PRO JECT ‘.0. 7340 - NON-METALLIC MATER IALS

TITLE . HEAT RESISTANT EL IaS TOM ER IC SHEET I’.TERLAYE RS FOR LAMI NA TING
• TRANSPARENT ITINCS I-IIEL D/CANO PY ASSE1.CLIES

CONTRACTOR . MONSANTO RESEARCH CORP• CONTRACT. F336l5-75-C-5O90
CONTRACT DURA TIE N UAN75- 0EC75
A FML PROJECT ENGiN EER. ARVA Y EDWARD A
PROJ ,’TASK/WK UNIT , 7340-03-97

Obj ’c t i y ~ - 11 APR 75

(U) Flew Improved, transparent, elastomeric interlay er material(s)
baocd upon an improved eth~.lene terpo l ymer shall be developed for
l a’ aai nating var ious r i g i d  transparent sheets intO w i n d s h i e l d  and canopy
construc tions . The—m e l S t a b i l i t ’ , . op t ical c l a r i t y ,  high elongation
ai’~l st rong adhesion to various materi als sh all be i nherent in the

• ma t e r i a l . Such materials w i l l  be provided in sheet form,

Proclr’ess-A 02 JAN 75 To 11 APR 75 ( I n t e r i m - A l

(UI The various ra.~ ma terial for synthesizing and oDd if y ing the basic
• . Polvir e ”iC system ha~ been obtained . A vailable pOl ,mer of slightly

• d i fferen t cOmpositipn has been evaluated at 400 degrees F . to prov ide
b u r d e l i n e s  for’ mod ifi ca t i o n  and an indication of mechan i cal
properties.

PROJECT NO. 7340 - NON-METALLIC M A T E R I A L S

• TITLE. BI AXIAL TESTING OF GRAPHITE/EPOXY COMPOSITES
CONTAiNING STRESS CONCENTRATIONS

CONTRACTOR . I I I RESEARCH INSTITUTE
CONTRACT . F336t 5’75 -C-5 1 (3
CO N T R A C T  DURA TION . APR75-4PR76
AFM L PROJEC T ENGINEER. WHIT~.EY JAMES M
PROJ/TASK/W IT UNIT . 7340-03-98

Ob Jec t ive - 19 AUG 74

(UI The purpO Ss of t h i s  program is to experimentall y ascerta in the

eff nct of biaxia l l oad ing on the Static stre ’gth Of flat lamin ated

graphite /epox y l~~t~~s conta in ing stress cr.ncentr ations in the form of

Ci r cular holes and through-the-thi c kness cracks. Notch size effects.
as we ll as b ia x i a l  load rat io, are to be Invest igated .
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P R O J E C T  NO. 7340 - NON META LLIC MATER IALS

TIT LE .  THE EFF ECT OF COM PRESS IVE LOAOING ON THE FATIGUE LIFETIME OF

CON TRACTOR . LOCKHEED AIRCRAFT CORP
CONTRACT . F336l5.75’C.5 1i 8

• CONTRACT D U R A T I C N  FEB7S .JUN76
A FML PROJEC T E N I  NEER. WHITNEY JAI,1ES MP1;OJ / TASK /WI’ UNIT . 7340-03-99

O b a r c t i v o  - 03 SEP 74

(UI To cxPeri m~ n t a l l~ and ana l y t i c a l l y ascertain the effect ofCo;rpressive loading on th~ fati gue response of graphite/epoxy

b: 
~~~~~~ 

a
E 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I

accoun ts or corpr~~~E .ive l oading. Tn~ main thrus t of the program,however , shalt be placed on the experim ental work

PRO JECT ‘.0. 7340 - NON-META LLIC M A T E R I A L S

TITLE . SYNTHESIS OF (NTEPI ,’EDI AT ES REOUI RED FOR HIGH TEMPERA 1’UPP
STABLE POLYMERS

CONTRACTOR . MID WEST RESEARCH INSTITUTE
CON TRACT. F3 3 6l5-7 2-C -13 l 4
CONTR AC T DURATION JAN72 -MAR76
AFM L PROJECT ENG INEER. ROSENBERG HAROLD
PRO J/TASK/WV UNIT , 7340-04-49

O b i o c t i v e  - 15 NOV 72

(UI Advanced a i rcraft and b a l l i s t i c  r iii s s i l e r , reqj re non m et a l l i c
r a t n r i a i s .  e.g. sea ls. sealan ts , f l u i d s .  slr uctu’- al and ab lative
co” posites . et c. hav ing superior resistance to hic i h temperature
exposure for long periods of time . Current mater ’a l s lack the
r e i u i r ’ e ’ l  s t a b i l i t y .  Th is program Is for the syntf’esis of starting
m a t e r i a l s  for several improved p” l ymers which are the base materia ls
re n ij irec t to provide improved c a p a b i l i t y  in elas t nr r,-s. f0r seals and

- 
- 

seri jnts . f l u i d s ;  Conpc sit e s ; etc . at higher te f Uc-atures and long
te ‘ operation.

Prü ’ . ”ess’D 02 MAR 74 To 11 APR 75 (In t e r i m - D l

I’ l U) Wo rk on th~ syn thesis of a number of chil m i ca l Intermediates and
m u ’ “ i  ers for u .e in the prepara tio n of high .tem Pali ’ature stable

r po ,irer l c mate al s was Complete d . The ne’.’ . l y  s~~~t hesi2ed compounds
inclu de 4-)OdOpheny l acetate, 2 . 2 I nch  .di odO’S .5 Inc h -

d in trob e flZ id ine , 2.8 -d ia iii ino -3. 7 ’dini trobe ’~Zoth’ophen e-5 .5- dlOx )de ,
4-hr om onaphtha lic anh ydride . t , 3 .d l n i t r o - 4 .  6- (p’totuene sulfa iiildO l
beilzene , na t e fis lO- phen om ypheny lg lyo xa l y ib enz e ” c , 2.2 Inch -

di i odobc’ nz l d ln c . 4-bromo- rer flu ”roalk y-tetra flu orob en zene , 1 .5- b is-
(3 .4-d in itr op hm nox yl na ph tha lene . 4,4 inch -d lna o ”t ha (ic anhyciricle .
and l .2’d lnitro -4-f (uorob enzene . (AFM L-T ci-69-32 6 Part V .
Explo ratory Da ve lopment on the Synth esis of inte rme diates RequIred

For’ High-Temperature Stable Pol ymers.. LuQust 1974),
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PROJECT NO. 7340 - NON-METALLIC MATER IALS

T ITLE. POLYtIER IC AND OTHER NONMETA LLtC MATER IALS FOR

• AEROSPACE VEHICLES

CONTRACTOR , DAYTON UNIVERSI T Y RESEARCH INSTITUTE
CONTRACT . F33615-75-C-5095
CONTRACT DURATI ON . MAR75-
A FM L PROJECT ENGINEER . DAVIS KENNETH A
PROU, TASK /WIT UNIT. 7340-04-56

Obj ective - 02 AUG 74

(UI Syn thesIs, formulation , processing, spec i men fabrication
characterizat Ion , and eva luation of po l ymeric base and other
nonmetal lic materials shall b~ performed to create , inves tigate, and
val idate new concepts for aerospace vehicles.

P R OJ E C T  NO.  734 0  - NON-METALLIC MATERIALS

TITLE . RESEARCH ON CROSS LINKING REACTIONS FOR HIGH TEMPERATURE
AROMATIC POLYMERS

CONTR A CTOR . A R IZONA UNIVERSITY OF
CONTRACT , F336 15-74 -C .5113
CO N TRACT DU;-AT IC .N , MAR74’A pR76
AF ML PROJECT ENG iNEER. LOUGHRAN GERARD A
PROJ /TA SK/ WV UNIT. 7340 C4-61

Ob jrctive - 05 OCT 73

(UI To conduc t Ors ic research in chemistry related to the cr’osslinking

3 of high temper ature stable polymer systems by meons of addit ion
reactions wh ich do ric.t give rise to the evolution of v o l a t i l e  by-
pr “ Ja i C t s  and pr duc . e crossl inks w i t h  s t a b i l i t i e s  comparable to the
mol ecu l ar bacho rie struct ures,

Pronjr’ess’,A 01 MAR 74 To 09 SEP 74 (Inte rim - ~ . l

(U) New Polyary leth ~ r’ket~~ne-~ u l fpne polymers w i t h  a hi g her percentage
of 4.4.cl i phenoxycjipl- en y lsulfo ne incorporated into the pol ymer backbone
ha,e been synthes ized in order t” obta in resins Of better s o l u b I l i t y

a ard hiqh~~r mol cu lar w e ight. These resins contain from 8 percent to
20 percent QF 2,2lparacyclophane units along the po l ymer’ cha in as
cro s s l ink fn g sites aid are soluble In 1 , 1 ,2 ,2 tetrachloroett’iane,

• . M o d i f i ca t i o n  of curing sites and determination of curing capabilities
are now beI ng investIgated.

I
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PROJECT .0. 7340 - N ON-METALL IC MATER IALS

TITL E , CHEMICAL COMPOSIT ION OF EPOXY RESIN S

CONTRACTOR . LOCKHEED MISS ILES & SPACE CO INC
CONTRACT . F336 l5-75-C-513 6
CONTRACT DURATION. M4R75-MAR76
AFML PROJECT ENGIf’EER . HELM INIA K THADDEUS E
PROJ/TASK/Wv, UNIT . 7340-04-62

Ob Jective - 12 SEP 74 
a

(U To determine the chem ical composition of epoxy resins used in
advanced fiber reinforced compos’tes and adhesives and to establish
testin g methods for monitoriin g these Chemica l compositions.

I

PROJECT NO. 7340 - NON-METALLIC MATERIALS

TITLE . ELAST OMERS FOR LIQUID PROPELLANT CONTAINMENT

CONTRACTOR . T R W INCORPORATED
C O N T R A C T .  F 3 3 6 l 5 - 7 4 - C - 50 9 9

3 C O N T R A C T  DURATION . M A R 7 4 ’ S E P 7 5
A FML PROJECT ENGINEER. SIERON JERRY K
PR O J / T A S K / W I T  U N I T .  7 3 4 0- 0 5 - 3 1

Ob jective - 15 MAR 74

(UI To de ielop and evaluate new elastomeric mater’a ls for use as
sea ls, v a l v e  S~~~ts . and positive expu lsion bladde’- s/diaphragm s for the
contain m ent or Transport pf very energetic l i q u i d  rocket propel lants.
Prii ’iary program objective is to develop N sub 2 0 Sub 4 compatible
mater ials for b a l l i s t i c  m i s s i l e  post boost propulsi on systems or high
t hr-USt iraneuve ”ing p ropulsion Systems for spacecraft.

Proci r’ess-C 10 SEP 74 To H APR 75 ( I n t e r I m - Cl

(UI tiF ’E- 124D type perf iuproelastoniers have clearl y emerged as
outstan ding materials for N sub 2 0 sub 4 reSist ant components. W i t h
Du Pont.s ass I s~~Jnce , a m o dified more easil y processed version of 124D
i d e n t i f i e d  as A F-E ’124T has been developed by IRk . A 4- inch diameter
diaphra gm mo l ded c rom 124T was success full y cyc l€d 3600 time e w i t h  N
Sub 2 0 sub 4 with rio evidence of damage . The material has low
c o m p r e s s i o n  set and was u n a f f e c t e d  by N sub 2 0 s b  4 a f te r  56 days at
160 ceç(rees F Ar- E - 12 4D 0-ring s have been gual 1ied and are being
installed on Titan Ii Tran~~tage vehicles as N sub 2 0 sub 4 pressu’-e
sw itch seals. Based on the above technology, A FR PL has initiated
Contrac t F0461 (-75-C-0023 with TRW to qualify AF-E- 12 4T bladders (9.5
ir’ch diameter ) and va l ve seats fe,r systems app licatio n s . This program
should be Successfull y completed by A pril 1976.
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bR .. ECT NO, 7340 - NON-METALLIC MA TERIALS

• TI TLE. LONG L I FE ELA STO I,E PIC H Y DRAUL IC SEALS

• C. .N T PACTO R . PARK ER HA NNI F IN CORP
CONT RACT. F336i5-73-C .5i22
CO N T R A C T  DUTA TIC iN , FEB73-
AFM L PROJECT E NCaIN EER . GRAHAM TOM C
PROJ/TASK/W IT UNI T . 7340-05-32

Ob~ i c t i v e  - iS MAR 74

(U) I n i t i a l  Ob ,Oc t i v c S  are to develop l o n g l i f e  h~~’ra~~li c  dynamic seal
• . s e t o r i a l  for Op e r a t i pn  in a minus 65 degrees F t o  325 degrees F

te’pera~ ure range h ydraulic syst o-’ at 4000 r .si  IY’rssures . Longer’ term
ct J e cti ’.es are for the development of l ong l i f e d’, a c  hydraulic seal
materials to Operat C  In a minus SO degr’ees F to -~i 0 degrees F

3 t e ’ pe ’ c .r.ure ra ge T y(l”a ul ic sySto”n at 4000 0si pressures.

Pray ‘em.m’C 16 ‘AR 74 To ii APR 75 (In t e r i m - O l

l U A lo w coirp.’ession set E-60 C f iu ’~ rc e l astyo €’r co pOO nd was tested
as a cand idate 0- r i n g  sea l r r .a le r i a l  to sat i r f y trii r ’.nus 50 degrees F
to 400 cegrees r ta? rr ~ , erat ‘..“ e rani ir ’ rodu i rese t ~esu Its of dynamic
p i . ’on rod seal eva l~~~ti ur ~ i n M l L ~ H-63282 r ,cl”a t i c  f l u i d  at 4000 psi
u s r i g Ire cast i r o aj  roO f ed Tefl on ba c k - ao n r a  system shoxed th i s
CO’ LaoU~~~’ to be an e ecti ”e o c a l  r O i l  r ia l  at  te~~r-. ‘atu ’e as low as

20 Cegre .. s r and as h oh a . 350 degrees F. Emph asis was
r ec ’ i t y  sh if ~~.j to th e atta irir en t of an 0-n rc seal to f i l l  the minus
65 ‘‘eqr’Ies F t ,  325 degrr’ o F te ” pe r’a tu re  ra- ige ce p .  A c o m p o s i t i o n
ba..~’O on exper r e i i a i n i t r i l e  polym er cont ai n in g a bounci antioxi d ant
suc e s sf ull y C . ” p ’ E t e d  the 1000 noc - dynamic test cycle at these
te ’ oer .t ure e x t  C ’~CV in a closee environment. Pol~~ac ry ]l c baseda cu ”p oa..’ac ’s have not cokeh pr omisIng thus far. A m odification of the
i i t i - a le rubber pased com pos i t Ion  (a hIg h modulus ‘ersiOn ( whi ch has

p 5 , r, proven to Ce e f iective at temperatures up to 275 Oegrees F Is
SChectuled for screen i ng on the 0-ring chew test r ig .

PRO JECT .0. 7340 - NON-METALLIC MATERIALS

TITLE , EL EVATED TEMPERATURE ELA STOM ERS

CONTRACTO R . DOW CORNING CORP
CON TT.A CT , F336i5-74-C-5046
CONTRAC T DURA T I C II . FEB74-FEB76
A I M L  PROJECT ENG INEER. G R I F F i N  WA RREN R
PR C. j TA S V 1 W ’  UN IT . 7340-05-33

C uJ Cc. t i m e - 10 J UL 73

l U i  To e’ . e ’ i a a n ra ’~ arid imOro’ied broad temperature range (minus 65
ic ‘ ees F to S o  dog’ees F) elastomer s requIred for the severe

.~~~. ‘I~t ’ ~~g cor d nor’s of advanced a ircraft. El as t omer’s developed w i l l
be used as baT1.. ra ’.rl ia ls i n i r. tc g r ’ a l  f uel tank sealants which are

• cr’ nca l in t in die~~~’ op eint of a l ong l i f e ,  r e l i a b l e ,  maintainable
speed (C r . ’  1 .-ic r- 2 5) a i r c r a f t .

Pro , ‘ess B 24 C T  74 To Ii AP R 75 ( I n t e n l m ’ B I

(U i  A 300 gram .m t r  0 f f o’ c u l a t e d  RTv sealo t was prepared from the
f luorocarbon flu oros ili Cor. e h m b r i d / f luO r’ O sili cO fl e r’)po l ymer’ using the
,-s.b r siOn res istant c h a in  c s t e r r i r g  and crosslln k ng agents. Channel
sea a r t  base ir.i ’ dr a n t 0f t he  ~~~ ad copolyia’er ser ~-s has a rapid loss
of v I S C o s i t y  55 the teiUi. ’ at ur ~ is increased. Tb’ 5 effect w i l l  be
co’ ’-el ated w t ”  mo i~~d. a.alar .truc tu re to determine the po l ymer
con ni cj..”a tlon w i t h  the fla t es t vi scosIty-tem peratur e slope ,
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PROJECT NO. 7340 - NON-META LLIC MA TER IALS

TITLE . HIGH PERFORMANCE ELASTOMER REINFORC ING MATERIALS

CONTRACTOR . GENERAL TECHNOLOGY CORP
CONTRACT . F33615-74-C-5085
CONTRA CT DURATION . M A R 7 4 - M A R 7 6
AFML PROJECT ENGINEER. SIERON 1JERRY K
PROJ/ TA SK/WIT L I N IT ,  7340 05 37

Ob j ectim e - 30 AUG 73

(U) To de’ielop new classes of reinforcing materials which have extreme
chrm ica l s t a b i l ity and are compatible with high performance elastomers
such as fluoroe lastomers. Such reinforcing mater al s w i l l  impart
necessary strength and temperature st abi l’ ty to seal s and gaskets
whi ch are needed for high temperature and pressure fl u i d  containment
systems on h igh speed (above Mach 3) Ai r  Force aircraft and missiles.

Progress-B 10 SEP 74 To ii APR 75 ( ! n t e ri m- B l

lU ) A novel method for determin ing the static-extrusion resistance of
0-r ing seals was developed , MgO . CaF su b 2 . and carbor fiber
r e i n f o r c e d  f l u ot e la stome r 0 - r i n g s  as w e l l  as c on t ro l  m a t e r i a l s  over-
spec gland were subjected to 400 degrees F a -,o 4000 psi , and extrusion
resistence was measured a~ a func t ion  of pressure decay. Under these
conditions. 0-rings f i l l e d  with particulate MgO Or carbon black failed
comp l e t e l y in a f ew  m in u tC s  w hi  Ii’ very l i t t l e  pressure decay. i f  any .
was observed in rant-’ cam f i ber r e i n f o r c e d  seals. Seals reinforce d with
radiall y oriented m icrof th er s tended to extrude more than random
reinforced Varieties, A l l  seals were mo l ded inhoa .se by AFML and the 8
micron diameter MgC’ and CaF sub 2 fibers impartec the best ph ysical
p r o p e r tie s .  MgO f i b e r  reinforced compounds also had outstand i ng
resistance to temperatures up to 600 degrees F.

PROJECT NO. 7340 - NON-METALLIC MA TERIALS

TITL E . PHYSICAL BEHAVIOR OF ELASTOMERS AND PLASTICS
-
‘ • CONTRACTOR . DAYTON UNIVERSIT Y RESEARCH INSTITUTE• CONTRACT . F33615-75-C-5093

CONTRACT DURATION . MAR7S’JUN76
AFML PROJECT ENGINEER. DAVIS KENNETH A
PROJ/TASK/WI~ UNIT. 7340-05-47

O b j e c t i v e  - 12 JUL 74

( UI  Develop , c h a r a c t e r iz e , and pred ic t  behavior  of s t ruc tu ra l .
therma l l y p r o t e c t i v e ,  f l u id  Conta inment  materials having improved
performance in natural arid hostile environme its, simpler and l ower
cost processing characteristics , and improved durabili ty and
r e l i a b i l i t y .
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PRC ECT . •0 73.T10 - NON-METALLIC MATERIAL S

T I T L E .  HIG H T E M P E R A T u R E  T IRE  M A T E R I A L S

CONTRACTOR . uNI RO YAL INC
CONT RACT . F 336l5-72-C .1881
CONTRACT DLJRAT IC N . SEP72-SEP7 S
A FML PROJECT ENG I NEER , SIERCN JERR Y K
PR OJ . TASK /W a ’ . UNIT . 7340’C.5-49

0 b i c c t i~ ’e - 30 JUN 73

( U I  De~ e lopment . tL ’~~t i ng . and f a .’ r . t i O r ’ a l e m a l u a t i r n  of m a t e r i a l s  for
a i ’ L r a fT tires capabl e of withs tanding brake heat soak back
t a h € T r J t ures 5 ‘h  a Tax i” 0 tin the rmal  r,”o f  i i a ~ o~ 2 r’ i-s/45O F at  the
wh i.’e l i t ; r e  beaci int erface. Current aircra f t  tires fabri cated froma na t u r a l  rubber and n~ lon I record are l i m i t e d  to 300 F capabi II t y
p r n i ’ ani  y because r’3 tura l  rubber r e v e r ts  (s o f t e n s  and ny lon  t i r e c o r d
is subjoct to fa t i 0oe fa i lore aC’~’ve thi 5 t e - r e r a t .  ~e.  Carbon brake
syo tems are be ing i nt r o d u c e d  int’~’ Air Force S v s t c ’ s  and , a l t hough
o f f e r i n g  many o d v a c t a g e s .  t h e y  a.pe r a t c a  at t e - p u r at u r e s  up to 40
pe ’cent h iC he r  ‘ r -~~n c o n v e n tio n a l b ra k e s .  3 e m e c C ’ ent of  high
t e i’pera ture a ’ ’ c r a f i  tire m a t e r i a l s  i~~ require d to upgrade the ove ”ail
cao a b i l ; t i e s  O f t h e  i i re / t i t a n l u r r  whee l/ ca rbo - i  brC~~a’ package for future
aircraft syste ro ,

Pro a-ess -D 1 0 SEP 7’~ To 11 APR 75 I l nteri rr. ’D l

l U )  Dyra momete e v a l u a t i o n s  of o f f - t e e - s h e l f  7 .50 x 1 4 / 10  P. R . t i r e s
to establish b,a e l i n e  performance c a p a b i ( i t i t e s  ‘.,rd e r  hot bead
c o ’ n i ’  t i i Lns  hay , been co m O l e t e d ,  E x p e r i m e n t a l  7 . 50 x 14 t i r es
f e i i t u r t nQ  heat e s a a t a n t  hR or NR /S BP b lends and r: y l on  66 toe s t r i p• f a b” ’ c  are now be ing  eva la at ed o’,en the  b a s e l i n e  cy c l e  of 100 land ings
w i t n  5 ntersperseo hot whee l C y c l e s  of 80 mi n /4 0 0  degrees F.  In
a d d i t i o n . 2 se t s  of expe r ;men ta l  t i r es fe1’tu r ir .g heat resistant ,
chopped Kevlar neir forceo bromo butyl bead rate nl als have been
tao” i c a t e d  and ~~i I I  also be tested as above , The two most prom ising
‘ r a te r la i s/ c o ns t ” u ct i o ns  w i l l  be i ncorporated in 26 x 6 .6/14  P . R . t i r e s
w h i c h  w i l l  a lso be beat cy c led  and si.j b jec ted  to dynamometer
qualif icat Ion pr ognaii- s,

PROJECT NO. 730 - NON-METALLIC MATERIALS

T I T L E .  SY N THESIS  OF E LA S T O M E R I C  POLkM ERS, POLYMER INTER MEDIATES AND
SPECIALTY ELAST On , ERIC COM POUn DS

CONT RACTO R . PEN Il~5ULAR CHEMICAL RSCH INC
CO N IRA CT. F336l5-74 C .5O32
C O N T R A CT D U RA T I C N .  F E B 7 4 ’ J A N 7 S

4 a A F M L PROJEC T ENG INEER.  COCHOY ROBERT E
P R O J / T A S K / W V ,  UNIT .  734O 05-5 3

0 b j i ct i~~e - 27 1.UN 73

Ida To develop new broad temperature canoe, f l u i d  resistant elastomers
and t o  s y r . t n es i z e  new or a J n av a l l a b l e  monomers. c r a s s l i nk i n g  a g e n t s .
and c h a ; n  ex t e n i . i o n  Compounds in support  a~ f s e v e r a l  A F 1 L e f f o r t s  such
as h igh tempera ’ure sea l and sealant programs and s e a l s  and bladde’- s
to ’ strong Ox~~d ”e r s  Development of high r,erfori’ance seals. sealants

~rd bla ’ders i s dependent upon the avai l ab a l i t y  on a t im e l y  basis of
nie~. broad teflipa ratune range l )Ou id polymers . elastome rs , and
c r um s  l i n k  ing agents

Pr~ ct r’e55’C 24 OCT 74 To 11 APR 75 ( I n t e r I m - C l

I 

‘ (UI Fluorocarbon eu-er  oligome rS containin g m ethy l ene groups have been

sa’i b es zed for inhduse oevelopnn ent of a perox ide curable, broad
I v,  pc ra ~~ure raooe sea t m aterials , Fl uorocarbon ether diacety lene
01 gomea-S have been synthesized for i nhouse development of a thermall y
st~~r’l e polyis oxazole elastomer system for hydraul i c sea l app li cat ion l .
T e c p n i c a l  report cove r ing  work during period 01 FEB 74 to 3 0 - J A N  75
c u r — e n t l y  in prepara t ion .
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P R0~lECT NO. 7340 - NON ’METALL IC MATERIALS

TITLE. ELECTRICALLY CONDUCTIVE COATING MATER IALS

CONTRACTOR GENERA L ELECTRIC CO
CO N TRACT, F336i5-72-C- 1657
CONTRACT CU TA T ICN , JUN72-JUN75
A FML PROJECT ENGINEER, WEAVER JAMES H
PR O’J ,’TA SK/W IT UNIT , 7340-07-50

0b~ c’ctiv e - 06 NOV 72

lu) TO deve lop special n o n m e t a l l i c  pi gment mater ia ls f~~r use in the
pr~ para tlO n of conduct ave or a n t i s t a t i c  pol ymeric coa tings. White
coniluct (ve piq ’-ent e” coatings are needed to comp lem ent the presently
av a i l a b l e  caroon black pi gmented coatings f a ~~~ tharma l flash
p rotect i on . The-se p i gments wo u ld be used ir a poI~~v e ni c  coa tings Over
p lca’ ;tlc Compo sit e radonies and a i cra ft compo’ ents to prevent static
charge buildup car to reduce damage caused b y I i gh tning strike.

Pro’acoss -F 31 AUG 74 To 11 APR 75 (InterIm-F I

IU ( The best results obtained so far ha~ e Oven W i t h  tin cxi de doped
w i t h  1 percen t antim on y oxide anti heated an oxygen at 1150 degrees C
for- 30 m inutes. A number of ccsti ngs have been Orepared with such
pi g ent s hav inv 1 r e s a s t i v i t i e s  in the rarage of 0.6 to 15 megohms/square
ar-cl i ’e fi e c tiv 1 t i e s  b~.cwee n 0.4 and 1.0 mI cro ’ s as hi gh as 69 percent.
Th~ resa stance of these coatings to rain erosion s significantly l ess
than that of state-of-the-art carbon black f i l l e d  antistatic
po lyurethane coatings , but is remarkabl y good considering the high
pigm ent loadIn g requir ed for adequate conductiv ity in the tin oxide
s’1stem. Reference AFM L -TR -73-2 O 7 . Part II.

PROuECT NO, 7 3ao  - NON-METALLIC MAT ERIALS

TITL E. r .AT E RIA LS R ESISTANT TO SUPERSONIC RAIN .
SA ND. AND ICE EROSION

((,NIPACTOR TEXT RON INC
C” i.~~~A CT . F336l5-73-C- 5O57
CC?,T RAC T DU R ’A T I (N MAR7 S-J 1JL7 5
aTFML PROJECT [i,/1NEER SCHMITT GEORGE F
TF.Oa /TA S k W~ U’itT 7340-07-52

Ob~ r c t i .~ - 12 5CC 72

(U i To ; nve st .~,Te erosion res is T ant Transp e’o rt p l a s t i c  and t norganic
m at e rial for On ’I cal and infr ared m i s s i l e  ri ‘cs. To conduct
So’ a” 5Cr - ic 1,4 ii 1 - 31 rain , sa nd r i o  ice er’os’or eval ua tions on
aC,,,ico ’ — ‘ate r i a ls develcp ~ d in’house at A TT,I L and on other contractu al

• e t f , n t o  for usa. in aircr aft and ir i ssa IC r c a  rev  i ’C se cones, leadin g
eo cs and eng’ne compressor blac ies,

Pro’,”ess’D 31 AUG 7~ To Il APR 75 I I n t e r i m - D a

U I In~ r’s t l gation s oaf the erosion of transpa~ en t C r - y l i c .
pol ’,.carbo nate .~nc Po1 ysulfone pla st ics have beon cor,’pleted. These
m a t u i i a i s  were deb t-m i ned to e x h i b i t  cll f fe re ’ a t r . .hanl5m s of damage
d0a to cl rop l e t l ii .pinagemen t and this ~ai’ aed w i t h  ‘c l o c l t y  Exp eriments
or’ ‘nfrared wIndow i norgani cs including zinc sul f’d e and zInc selenide
r-a,e begun. The evan s whereby t”ansm isslon throuc;h these materials is
reduced has beon determined to oe In te i ’sec ti ”g f r ecture sur faces
d i f f r action of the energy . The damagw is r l” .g fractures which arepropagated by succeeding droplet Impacts.
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PROJECT NO, 7340 - NON-METALLIC MATERIALS

T I T L E . INVESTIGATION OF CONTAMINATION EFFECTS ON THERMA L CONTROL
COATINGS

CONTRACTOR . MCDONNELL DOUGLAS CORP
CONTRACT. F336l5’73-C-5O91 a
CONTRACT DURATION . MAY73’A0G75
AFMI. PROJECT ENGINEER. PRICE BRIA T4 C
PROJ/TASK/W IT UNIT. 7340-07-56

Objective - 26 OCT 72

(Li ) To i nvest4 gate the effects of contamina tion on the optical
properties of v 3riou s satellite thermal con~ roI and other optical
se- faces, Con tamination from the outgass ’ ng of adhesives, seals and
sealant s, insulation . anct other p o lym e ric spec i es inc lu cl ing the
binders used ~or therma l contro l paints have been cited by SAMSO as a
potentia l cause of reduced performance and failure of satellite
opt cal and thermal contro l  sur fa ces ,

proclm- ess-E 11 APR 75 To 15 AUG 75 lj nte r i m - E l

4 (UI Effort is cc ap letea except frr final reporting. Work during this
final period was directed towards comparing the outgassing rates of
commercial and di s t i l l e d  P7V602 and 5R585, A d d i t i onall y the effects
of con tamination on cross polarl?a tion and the effect on a mu l t i  layer
stalked dielectric mirror were determ I ned .

PROJ ECT NO, 7 340  - NON-META LLIC MATERIALS

TITLE . CA RC~ FI/CARB ON CO1,’POSITE MATER IALS HAVING IMPROVED HYPERSONIC
PARTICL E EROSION RESIS TAN CE

CONTRACTOR . MCDON NELL DOUGLAS CORP
- CONTRACT. F33615’73’C-5140

CONTRACT DURATION , duN73~ AUG74AFML PROJECT ENG iNEER. SCHMITT GEORGE F
PROJ/TASK/W it UNIT . 7340-07-59

Objective - 04 JAN 73

lUt To develop and investigate carbon/carbon nose tip materials
r€s i st ant to rain . otust or ice er-osiva env lrO nne ’ts by assessing the
,rfluence of materials parameters as they quvern the erosion behavio r
of these m a t e r i a l s .

ProgreSs-7 12 APR 75 To 30 SEP 75 ‘FIna l

)ul The optimum erosion resistant carbon-carbon construction requi ’es
a balan ced 3C i orthogona l weave which Inclu des SO’.are X - Y yarn bundles
arid fin e spac I ng of Z bundles. An i n i t i a l  resin impregnation step to
f i l l  voids is indicated w i t h  CVD and pi tch Impregnations thereafter .
Improved compressive strength through higher transverse yarn volume
fra ct IO ns is desired , A 40 percent Improvement in Cros i on resistance
over the StatO ’of-th,,, -art 2-2-3 carbon ~arb~n construction . Reference
- A FML IR-75 157 , VO1um~5 I . II . III and IV.
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PROJECT ~O. 7340 - NON-META LLIC MA TER :AL S

TITLE. EVA L AN D MODELING OF CA RBON /CARBON
C O i , P ( S Y T E S  R E S I S T A N T  TO HYPERSONIC P A R T I C L E  EROSION

CONTRACTOR . MCDCONELL DOUGLAS CORP

CCN TRACT DURA TIC .N 
F33515-74-C .5l63

~ FML PROJECT ENG iNEER . SCHMITT GEORGE F

Ob jectiv e - 04 DEC 73

~ i a ~~~~~~
0
~ a~~~

d inv e st igate carbon/carbon nose tip material s

J
Prouress-C 01 MO y 75 To 30 SEP 75 ( I n t s r i m - C i

(UI Fin a l procc.~ s~ ng of three improved cons.~ructi cn carbon carbon

construction ca rbon-carbon have 
3Do rthogoria l anti a 1 - 1 - 1 - 4  pseudo 4D

and CVD lmpreqnat ion Th~ hinh re 
g 

- 
t i a l  

~w pressure pitch

Sobi, as the nec a u t o c l a v e  ~~~~~~ p1~~Ch Cycle w i l l  begin as

c o nst r u c t i o n  have been es~~e~~t i~~~~~ 
o p e r a t i o n a l , Two b i l l e t s  of 2 - 2 - 6

b i ll e t s  w i l l  beg in  Sho r t l y to be ~ ~~~~~~~~~~~ and Se c t i o n i n g  of the
a b l a t i o n  and e ros ion  t e s ts .  

o owed by mechanica l p r o p e rt ie s ,

PROJECT NO. 7340 - NON-METALLIC M A T E R I A L S

TITLE . HYPERSONIC PARTICLE EROSION -ABLATION PROCESS

INTERACTION 4N6LYSIS

CONTRACTOR , AVCO CORP
CON TRA CT. F336 l5-74-C’5O49
CONTRAC T DURATIO N . FEB74-MAY76
AF’ML PROJECT ENGINEER. KESSLER WILL I A M
PROJ/TASK/W I~ UNIT , 7340-07-6 1

Ob nci. 1ve - 23 JUL 73

(U) To r eve)Op an an al y tical mode l of the interacti on between
h yperSoniC particle erosion and ab lation processes inc lud lng effects

of i n-øcpth co’ (.ost lion and temperature p r o f i l e  on crater ing processes

~ I 
in graphite anti carbon/carbon materials and coup l ng of surface

roughness effects with a b la t i o n  p rocesses .

P r0 ’ ~ss-D 12 APP 75 To ~O SEP 75 
(Interim-DI

IU( Hu ’i Gn io t p” .pe t i e s Fo’-  the 2-2-3 carbon carbon composite have

becn obTained and Incorporated into the 2-0 -iur ab er ic al computer code

f0r modeling im~ act in the m a t e r i al .  A separate l oading f u n c tlo n

rout ine has been developed to model the loading 45 a function of time

‘o— a water dr clpl et i mpact. Incm-m rporat ion of damaged material
charaCtori st ics tietermined by the impact code tnt o the ablation

anal ysis code is underway .
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PROJECT NO. 7340 - NON-METALLIC MATERIALS

TITLE . HEAT RESISTANT ABRASIO N RESISTANT COATINGS FOR TRANSPARENT
PLAST IC

CONTRACTOR , HONEYW ELL INC
CONTRACT . F336l5-74-C-5O80
CONTRACT DURATION . APR74-APR76
AFM L PROJECT ENGINEER. PETERSON TIMOTHY L
PROJ/TASK/W IT UNIT. 7340-07-62

Ob~~~ctiv e - 28 AUG 73

(U) To develop and Characterize. hign performance . heat res istant.
t h i n ,  op tically tranispare nt abrasion resistalt coatings for high
tem perature transpat-ent p~~ast ic materials.

Proqress’C 12 APR 75 To 30 SEP 75 (Int e r i m - C l

(U Accomp l ish ents duri ng this period have ln c l’Ioeo oeRos it ~~on of
adheren t, abrasion resistant glow discharge po l yir .crized
hexameth yla i s ilo xa n e f i l m s  on pol ycarbonate and stretched acry lic  and
deposit i on of adherent, craze-free ceram ic f i l m s  Cf total thickness
greater than three microns. Effnrts are also being directed at
im prov i ng the adhes i on between the pl astic surface and the coating
materials using surface etching procedures so as to maintain good
adhesion after prolo. ged humidity exposure.

PROJECT NO . 7340 ‘ NON-METALLIC MAT ERIALS

TITLE . DEVELOPMENT OF HIGH TEMPERATURE FUNC TIONAL FLUIDS

CONTRACTOR . PENINSULAR CHEMICAL RSCI-l INC
CONTRACT . F336l5-71-C-14O6
CONTRACT DURATION , JUN7 1 -
A FML PROJECT ENGINEER . SNYDER CARL E
PROJ/TASK/Wa’, UNIT . 7340-08- 14

Ob i c c t i v c  - 06 NOV 72

(U) To synthesi ze new candidate high temperature gas turbine engine
lu hm’i c a nt s an d hydraulic fluids which w i l l  be required for use in
advanced A i r  Force aircraf t systems. Targe t objectives for these
flui d s are (a) therma l s t a b i l i t y  to BOO degrees F: (b) operationa l
l i quid range from min us 40 to plu s 700 degrees F; and Ic )
ncanf lamr”ab ) 1 i ty.

Pro’;r-ess- F 31 AUG 74 To ~ 1 APR 75 (I n t e r i m - F )

IU I Synthesis of targer samples r~ f candidate fluids has facilitated a ,
thi correlation of physical properties Inclu d ing oxi d ative , therma l ,
and hydi’olytic t a b i l i t i e s  with chemical Structure , New moiet ies have
been synthesized which when Incorporated int o the S-Trlazlne molecule
prov i de imprOved low temperature rheo l ogical properties with no
sacrifIce in their exce ll ent stabi l it y at elevated temperatures.

130



_____ 

—
~~~~~~~~~~~~~~~~~~

--:
~~~::-:-

PRO JECT NO. 7342 - NONMETALL IC MATERIAL S FOR ADVA NCED AEROSPACE SYSTEMS

TITLE . SYNTHESIS OF THERMALLY STABLE TRANSPA RENT MATERIALS

CONTRACTOR . WRIGHT STATE UNI VERSIT Y
C O N T R A C T . F336l5-75-C-5073
CONTRACT DURAT ICN , NOV74-
AFML PROJECT ENGINEER. ARNOLD FRED E
PROJ/TASK/ WIT UNIT. 7342-01-06

Objecti ’.o - 01 JUL 74

(U) To syn thesize nov el , thermall y stable pol yme r systems mol ecu la” (y
str-uct ua ’ed to be transparent and displ ay a high degree of impact and
aba-asion resistance as candidate transparen t p las ti cs for oevelopment
as winds hield m aterials,

Pro0~~eSs’A 01 NOV 74 To 01 SEP 75 I n t e r i m - A l

(U I A sc ries of carcoxy la ted polyphenylenes have been p r c p 0. ’ccl by the
Die l s - A i d e ’ ~e ’cti on of bis cyclcp entadien o .’es ~. i t b  various
d i e ’h’~n~~~a ’oira t ics The carboxylated po l ypheny lc’res have been
h v~ l r O i ’ y Z € d  w t h  Group I metal h ydroxides to y ielo transparent aromatic
o” .r t~’s . Tra’a’..par~~nt aromatic phenyla ted po l y i m ~ des nave also been

prepared :th glass-transition temperatures in tre 200 degrees - 250
degrees C range . ~f’e high molecular weight . comp ’ ete l y cycli zed
pca i y i m ictes are solub a In low-boiling chlorinated solvents.

PROa ’ECT NO . 734 2 - NONMETAL LIC MATERI A LS FOR ADVANCED AEROSPACE SYSTEMS

T I T L E .  THE SYNTHESIS OF HIGHLY FLUORINATED POLYETHER ALIPHAT IC COMPOUNDS

CO NT R A C T O R , P C R I NC
CONTRACT . F336l5-75-C-5o75
CONTRACT DURA ’rICN , FEB7S.JUN76
A F M L  PROJECT ENGIN EER. EVERS ROBERT C
PROJ/TASK /Wit UNIT . 7342-01 .16

Ob j h r t i v Q Ol a.AR 75

(U) To ‘erive new synthesis r’eth—ds for oxygen cont aining d i -
Furi c;ti r na l p e r f l u o r a l i p h a t a c  ether monomers and Other types of
fluo rocarLaC’~ Compounds and intermediate s The molecular structures
w i l l be t a i l o r - t i  ~or eventual use as monomers , monomer precursors,
etc. in research to synthesize lo~ Tg. h i qh temoc rature and oxi dation
re~~a sten t pol y’-’ers w I t h  e~ cept i cn al i y good ‘-tab i I~ t~ so tha t  p h y s i c a l
proper ;es can be ~‘e ai ”Cd a t elevated temperatures. Poly mers of this
t yn~ arc needed to provide :andiate mat erials For subsequent
de~ elopr’-ent of seals . sea ’an ts, etc.

PrO;.’ess.5 01 FEB 75 To 1 5 S E P  75 (I n t e r i m - A l

(U I Research l€~iding to an improved method f .ir the synthesis of
f luorocarbon ether ii iodicies has been i n i t i a t e d .  V ariations in
‘~~ac tio n Conditions involy)r,o h~ gher pressures a d  alloy reaction
veo’~els were unsuccessfu l and resulted in incomp lete reactions,
Reactions run in g lass reactIon vessels proceeded smoothly tn g ive
hi g h yi e l dS of the desired compounds .
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PROJECT NO . 7342 - NONMETALLIC MATERI A LS FOR ADVANCED AEROSPACE SYSTEMS

TITL E. DYNA I,’ :C BEHAVIOR OF LA r.’.JNATED POL YI.IER I C MATRIX COMPOSITES

Cn NTI~ACTOR . DREXEL UNIVERSIT Y
CONTRACT . F33615-73-C-5 1O2
CONTRACT DURA TION . MAR73- MA R 76
A FML PROJECT ENG INEER. TSAI STEPHEN W
PROJ/TASK/WIT L IN I T , 7342-02-0 1

Obj~~~t (ve - 12 SEP 7’~

)U) To a5~ e5S ct: pH c abi lit y of numerous ex isting codes for transient
st ess anal y s ’ s for gross ber-a . ’-r o’ structures and local stresses at
point of i mpact o~ laminated composites. T he most eff i cient code
sha ll  bp Chosen and n .odi ’ied to describe r .ractica l laminates under
boih oc ’t and nerd lr l pa ctois .

P r o~;’-ess’E 01 L°R 75 To 01 OCT 75 (I n t e r i m - E l

(U) Both ample-pl y and cross-pl y lam inates under ~n-p lane and
she’arbending modes of loading of a cantilever pl at e were tested . The
measured trans ient stress agreed well with those predicted us i ng a
modi f i e d  1am )nat .

~d p l ate theory,

PROJECT NO . 7342 - NONMET A LLIC r~lATER IALS FOR A DVA~~CED AEROSPACE SYSTEMS

TIFLE . MECHA NI SMS OF ADHESION FAILURE BETWEEN POLYMERS AND t ’ETALLIC
SUBSTRATES

CONTRACTOR , ROCKWELL INTERNATIONAL CORP
CONTRACT. F336l5-72-C- 1641
C D N r R A C T  D U - A T I~~N . J U N72-JUL7 5
A F IaI L PROJECT ENGINEER . ARV A Y EDWARD A
PRO J/TASK/W IT UNiT . 7342-02-04

Obi~~ct I v c 
- 28 APR 72

(UI OBJECTIVE- To investi gate Fundam ental structural /pr operty
re l a t i o n s h i p  of pol ym eric adhes i ve f i l m s  and nOn ’~~olymer ic substrates
to ascertain primary adhesion fa i l u r e  mechanisms .

Prcaoi’ess-F 01 APR 75 To 01 JUL 75 (Int e ’- i m - F l

(U) A l u m i n u m  arid t i t a n i u r r  iu r face st J d i Q s co .itir , c Using various
1 r , ta ’umr nta l technaques to in v e s t i g a t e  the affect of com ,tamin atiO n arid
tn nature o~ cor ’OCC S ufoon the i’esu l tant joint strength and
du r ’ a b i l t t y .  T’e cor.bin at ion o~ con tc’ir ’nat io ’ and water vapor on the
su ’~~ace governs t he re a c t i v i t y  t~~ward the adhesive and accelerates
decradat lon. Sur f ace changes occur preferent i all y at the periphery Of
etch pi ts . in al umi num , the ent I re ti t a n i u m  surface is invol ve d in
changes with this me.a l. Interpretation of expe rimm nta l find i ngs are
be I ng reviewed prior to publication Of A F M L - T R - 7 4 ’ 7 3 ,  Par t  II.
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PRO J ECT dO . 7342 - NONMETALLIC MATERIALS FOR A DVA NCPnI AEROSPACE SYSTEMS

TITLE . RELATIONSHIP OF STRUCTURE TO PROPERrIES IN GRAPHITE FI~~~RS FROM
POLY O E R I C  PRECURSORS

CONTRACTO R , RENSSEL AER POLYTECHNIC INSTITUTE
CON TRACT. F33615.72-C- 1422
CON T R A C T  DU;~A 1 I r N  MAY72-MAY74
AIML PROJECT ENG INEER . ROSS JACK H
PROJ ,-’TASK /~~ Ch I T . 7342-02-08

Ob jec tive - 06 NOV 72

(UI To ;n v es t  4
~~ eate t~~e mornho (Og~’ of graphi :e fibO r reinforcements for

l; ’.ht~.e;gi’i t str -cc tura l coerosites . Knowledge of the relationship
be t ,’,ccn mor pholo gy and the mechanical properties of grap h ite fibers
w i l l  provide t”.~ bas is For devel’-~prien t of lower wei ght and improved
st ’ u C t u ’ a l  compo sit,~,s.

Pro .-ess-E 01 SEP 7i To 01 APR 75 I n t e r i m - E l

(UI St~~ ’ es of ~be ..a ffect of various forms of abrasion on graphite
f i h ~~rs have be r ’~ con ducted and the f o l l o w i n g  conclt .sions drawn - 1 .
Si nce’ the abrasion rid not effect tensile s~~reng tri or a propensity for
fai lure in the ab~~Imed znre . either the abrasion did not cause
si gn i f i c a n t  flaw damage or’ the fla w s introduced d id not subs tantiall y
increase the * l a w  co”centration . 2. Rough handling of the graphite
‘abe rs ~tur ing p ’- .~~~ a ,ci ng did cot decease compos ite properties
d r a , t i c a l l Y .  3. F ’ te ’—  breakage was the only Opt~~Ca1 indication of
severe abrasion , any flaws introduce d ‘were probab l y beyond thea r e s o l u t i o n  of the optical microscopy . Fina l report is delinquent.

PROJECT NO . 7342 - NONMETALLIC MAT ERIALS FOR ADVANCED AEROS PACF~ SYSTEMS

TITL E . RELAT IONSHIP OF I N T E R L A M I N A R  STRESSES TO ‘TiE DYNAMIC FRACTURE
BEHAVIOR OF FIBER REIN FORCED POLYMERIC MATR IX COMPOSITES

CONTRACTOR , PURDUE UNIV ERSIT Y
CONTRACT. F33615-73-C-5112
CONTRACT DURATI ON . MAY73-JuL75
AFML PROJECT ENGINEER, WH IT NEY ~JA J7E5 M
PROJ/TASK /WIT UIN IT. 7342-02-10

O b a i c t i v o  - 15 NOV 72

(U) To invest i ga te a n a l y t i c a l l y  the in t e r l a m i n a r  stresses induced i~~F i ber roinf or cc- d po l\ rro r ic m a t r i x  composites ~Dy an im pact loan .
A n a l y t i c a l  results w i l l  be compared against stat i c fracture data and a
dyriar r i C ,co rre ,tio n factor . determined,

4 Pr~~n ress-E 01 ~‘A P  75 To 3 1 AUG 75 (Interim-E l

(U) Impact work Completed Model developed relat ng impact energy to
damage energy . Fi nal report In process.
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PROJECT NO. 7342 - NONMETALLIC MATERIAL S FOR ADVANCED AEROSPACE SYSTEMS

TITLE. MORPH0LOGY OF HIGHLY ORIENTED POLYMER IC FILMS

CON TRA CTOR AKRO’. UN IVERSITY OF
C O N T R A C T . F 3 3 6 i5 - 7 3 - C .5 1 (3
C O N T R A C T  DuRAT I~~N . APR7 3 ’ JUN7 S
AFML PROJEC T ENGINEER. W ERETA ANTHONY
PROJ /TASK/W IT LIN IT. 7342-02-Il

Ob~ Ci- t i v o  - 28 NOV 72

( U I  To oxam in~ the p o t e n t i a l  of h içh degr ees of high molecu la r
o r ie nt a t i o n  ii’i po lymeri c f i l m s  t r~~prov i c e h a g h moCu lus of e l a s t i c i t y
anti teri c ile strength properties . and to relate these properties to
macremo lecu lar morphology and approaches to achi e- .ing controlled
me ’ phol ogy.

Proqress-D 01 MAR 75 To 01 OCT 75 (I n t e r i m - D I

(U i A dditiona l f i l m  of M arle x 50 were prepared in the stirred
crystallizer at temperatures ranging from 96-102 degrees C and shear
rates between 500 and 900 secs minus super I . Tensile strength on the
order of 2 .000 kg/cm super 2 ~ere Obtained a”nea l ng gave moderate
im ~i ’oven’ent of tensi l e stren c’tb s and WAXS orientation . Addition of
pr. ssure during stirred c r y s t a l l i z a t i o n  was not as effective 55
ant icipated, Two-a nt., three-ply laminates of orthc ’gonally crossed
My lar T films were made and tested at 0. 30. 45. ~0 and 90 degrees toa given orientation axis. W h i l e  maximum tensile strengths were found
at 0 an d 90 de’arees it was surprising to find tha t values at 45
degrees exceeding those at either’ 30 or 60 degrees , More r i g i d
polymer inc l u din g  K ev i a n . po ly bu t yl -  and po lya c t y l f s o cy - a n a t es  were
exam i ned for the p o s s i b i l i t y  of r .btaining high or ientat i on anti
strength under less rigid crystallization condition s. F inal results
of this program w i l l  appear in an AFML TR now in preparation.

PROJECT .~lO. 7342 - NONMETALLIC MATERIALS FOR ADVAN CED AEROSPACE SYSTEMS

TITLE . INTERA C TIVE STRESS STATES AND EROSION MECHANISM IN IR TMTER IA I,S

CONTRACTOR . C A LIF ORNIA RSCH AND TECHNOLOGY INC
CONTRACT . F336 l5-75-C .5O81 -

CONTRACT DUR ATION . DEC74-
A FML PROJECT ENGINEER. SCHMITT GEORGE F
PROJ/TASK /WIT UNIT . 7342-02-13

Objective - 27 JUN 74

(U) To calcula te the stresses and subsequen t f a i l u r e s  i nduced in IR
transparent materials by rain dr”p let i mpac t and to determine the
mechanisms whereby lran sm issio n losses through these materials are
o~ cur ing a f t er r a i n  exposure.
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PROJECT NO. 7342 - NONMETALLIC MATERIALS FOR ADVA N CED AEROSPACE SYSTEMS

TITLE , BIAXIAL FAT IGUE BEHAVIOR OF GRAPHI TE/EPOXY COMPOSITE LAMINATES

CONTRACTOR , SOUTHWEST RESEARCH INSTITUTEr CON TRA CT ,
CONTRACT DU~~ TICN . FEB75-JUN75
A FML PROJECT ENGINEER. PAGANO N U
PROJ/ TASK /WIT UNIT. 7342-02-14

Ob~~ecti~~e 
- 27 AUG 74

( U I  TO i n ve s t i ga t e both e x pe r i m e n t a l l y and a na l y t c a l ly  the e f f e c t  of
b i a x i a l  loading on ihe fatigue strength of bidir e ctiona l graphite !
epox y compoite laminates. Experimental data, wh i ch shall be obtained
on tubular spec i mens. sha’l form the basi - for de .eloping an
anal y t i c a l  fatigue m ode l for predicting l i f e t i m e  under a given b i a x i a l
load history. In addition , mechanisms of biaxial fatigue damage shall
to i nvestiga t ed with special emphasis on de t ermin rn g the effect of
f i r s t - p l y  failure.

Progress-A 27 AUG 74 To 16 OCT 75 (Inte rim-Al

(UI High qua Ii t~ tubular specimens w i t h  volume fraction s comparable to
flat laminates have been fabricated. Only prel imi nary exper imental
“ork has been conducted at this time .

PROJECT NO, 7342 - NONMETALLIC MATERIALS FOR ADVANCED AEROSPACE SYSTEMS

TITLE. INVEST IGATION OF tINOD IC OXIDE FILMS OF ALUMINUM ALLOYS

- .1 CONTRACTOR , NORTHROP CORP
CONTRACT . F336l5-75-C -5121
CONTRACT DURATION . A PR75-JUN75
AFML PROJECT ENGINEER . MC DEV ITT NEIL I
PROJ/TASK/Wit UNiT . 7342-02-15

Objective - 06 SEP 74

(U I To i nvest i cate anodic surface treatments for al umi num alloy s that
w i l l  provide high corrosion resistant oxid 5s for adhesive bonding .

Pro’~ress-A 06 SEP 74 To 17 OCT 75 (Int e r i m - A l

(U) Specimens of bare and clad 7O75-T6 and bare and clad 2O24-T3
alui ’u i num have been anodized In a phosphoric acid e lectrol yte at 10.
20. 30. 40 , and 50 volts for 20 minutes at room ~. rr perature, These
su’ faces have been chemically. p h y s i c a l l y  and Cr’,stal lo grap h ical ly
characterized . Surface contaminants and their concentration
th roughout the anodic ox i de layer have been determined. Impurities
found on the anodic oxide surfaces are expl ainable in terms of
chemica l Constit uents of the electrol yte.
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PROJECT NO. 7342 - NONMETAL LIC MATERIALS FOR ADVAN CED AEROSPACE SYSTEMS

TITLE . MECHANI SM OF EPOXY MOISTURE EFFECTS

CONTRACTOR . MCDONNELL DOUGLAS ASTRONAUTICS CO
CONTRACT . F336l5-75-C-5144
CONTRACT DURATION . MAR75-
A FML PROJECT ENGINEER. GOLDFARB IVAN ij

PPOJ/TASK/WK UNIT. 7342-02-21

Ob j c t i ~~e 16 SEP 74

(UI To determine the mechanism by whi ch exposure to environmental
moisture influences the elevated temper-dture mechanical properties of
epoxy re~~In5 ut ilize d  for hiph performance composite matrix materials
and adhesives .

Prog ress-A 26 MAR 75 To 01 AUG 75 (Inte ” i m - A )

(UI Repr oduci ole specimen preparations method has been established anc.
impurit y  levels in commercial epnxy resins been determined , internal
reflectance infrared spectra using Fourier Transform Spectroscopy has
shown p r eliminary evidence of Changes with mo isturr .

PROJECT NO . 7342 - NONMETALLIC MATERIALS FOR ADVANCED AEROSPACE SYSTEMS

TITLE . NATURE OF POLYMER SOLVENT INTERACTION S REQUIRE TO
ENHANCE POLYMER SOLUB ILIT IES

CONTRACTOR . TEXAS TECHNOLOGICAL UNIVERSITY
CONTRACT . F33615-75-C-5072
CONTRACT DURATION. DEC74 -
AFML PROJECT ENGINEER. HELM INIAI ( THADDEUS E
PROJ/TASK/WIT UNIT. 7342-03-02

Ob iec ti~~e - 01 JUL 74

(UI To discover and predict mo l ecular struc ’ ure c~ solvents and/or
sol vent systems for aromatic and heterocycl lc pol ymers which e x h i b i t
resistance to di ssolution by common solverts and are not adaptable to a
Cu’ rent po l ymer solution techn iques and processes .

Progress- A 02 DEC 74 To 15 SEP 75 (Int e rim-Al

(UI Sample prep orat Ion and instrumental techniques have been
estob lished for the study of aromat ic hetero Cyc lic pol ymers as well as
elastomeric pol ymers. A test battery of Solvents has been se l ected
and used for Ao l i b i l i t y  verific ation for a known polymer system to
establish the suitability of the batt ery for sot’.cnt searches.
Prel iminary solvent searches for new polymers have been successful.
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PROJECT NO. 7 3 4 2  - NONMETALLIC MATE R1ALS FOR ADVANCED AEROSPACE SYSTEMS

TIT L E .  THE i’EASUREMENT OF PROPERTIES AND RESPONSE FUNCTIONS OF LIOUID
L UBR iCANTS RELATED TO TRANSIENT VI SCOELA STIC REGIMES a

CNN rRAC TOR , RENSSELAER POLYTECHNIC INSTITUTE
CONTRACT. F336 l5-75-C-5 105
CONTRAC T DURATION. APR75’JUN76
AFr ,-1L PROJEC T ENGINEER. BROOKS FREDRICK C
PROJ/TASK/W IT UNIT . 7342-03-06

Ob j e ctive - 23 AUG 74

(UI To determ i ne and meas~~a e those l i q u i d  lubricant properties and
responso functions for viscoetastic processes w hic h w i l l  permit
d e f u n i t , O n  of f l u i d  behavior in elastohydrodynamic l ubrication (EHL)

regimes .

Prociress -A 01 APR 75 To 25 SEP 75 (In t e r i m - A l

(UI The high pressure diamond cell has been received and the
microscope is be i ng located and fixed for viewing . An order is being
placed for the laser . The micrometer spheres have shown a tendency to
agq’-egate after a period of time . Th i s is not considered a serious

problem .

PROJECT NO . 7342 - NONMETAL LIC MATERIALS FOR ADVAN CED AEROSPACE SYSTEMS

TITLE . INFLUENCE OF CROSSLINItING ON THE MECHANICA L PROPERTIES OF HIGH TG
POLY tERS

CONTRACTOR . LE HIGH UNIV ERSIT Y
C O N T R A C T .  F33 6 l 5 - 7 5 - C . 5 1 67
CONTRACT DURATION . M4Y75’JUN76
AFML PROJECT ENGI .tER. WER ETA ANTHONY
PROJ/TASK /WK UNIT . 7342- 03-07

Ob je ctive - 18 OCT 74

(Ui To dete rmm ne the infl u ence of cros sli nki -i g on the mechan i cal
propertie s of po1y”-~~rs e x h i b i t i n g  h l gh ’ glass tra .lsition temperature s.

Procuress-A 01 MAY 75 To 31 AUG 75 ( I n t e r i m - A l

(UI A l l t e r a t u e survey and pre l i m i n a r y  lab u~ork were conducted andth e selc’ct(on of m a t e r i a l s  was made , A sys~~em based on pol ystyrene
we’ . selected f . pri~duc ing well-d efined network Structures v ia Bamford
synth e sis technique s. In addit ia- n a b i spheno l-A epoxy resin wi t h  a
sta’~,m ght chain dian ne curino agent w i l l  c on s t at ut r a system o~ mo ’e
applied Interest , Synthesis of mode l compou nds i~~ now in progress.
Epoxy samp les prepared from a series of epoxy am ne ratios are
cu’-rent (y being characterizea in a DSC for va ria t~ ons In Tg.
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PROJECT NO . 7342 - NONMETALLIC MATERIALS FOR ADVANCED AEROSPACE SYSTEMS

TITLE. PHYSICAL CHEMICAL PROPERT IES OF CO~.’PLEX AROMATIC- HETEROCYCLIC
POLYMERS

• CO NTRACTOR . CARNEGIE-ME LLON UNIVERSITY
CONTRACT. F33615-70-C 1058
CON TRACT DURATION . FEB70-
IuFML PROJECT ENGINEER. HELM IN IA PI THADDEUS E
PROJ/TA SK/W IT UNIT . 7 3 4 2- 03 - 8 6

Ob jective - 17 JAN 75

(UI To elucidate an~’i interrelate aggregation phenomena and mechanical
prcupa-’~~~ies of new complex aromat ic-heteroc yclic Polymers in order to

- I cr~.elo p new and improved aeproaches for processing these pol ymers.
Such po l ymers would be expected to lead to new high-temperature
pol ymer~~c mate r ’ials w ith superio m ’ mechan ica l properties .

Prooress-H 15 r A P  74 To 01 APR 75 (Interim-HI

(U I Creep and recovery mea~~urements have bees used to study the
the rm al-mechan ical properties of polyb isben zimid xizObenzophenant-
hro line d ione ( B E l l  over the temperature int erval ~O to 500 degrees C
(in vacuo ). The creep measurements were augmented by x-ray
d i f f r a c t i o n  i ss herma l con tracti ”n , and s o l u b i l i t y  measurements. It
as found that ext e r sive intermolecular associat ion g i v i n g  a
sup ’amc iecu lar structure n i t h  (ne arl y l planar pol ym er ic repeat units
stacked in a .grxa ph ’i t e - l i k e ,  array dom lnate the properties of BBB and
tha t this struc t ure is not melted out at temr eratl.res as high as 500
deo’-ees C. Th0 pr in cipa l mode Of creep gi~~es risc to f u l l y
recoverable Ani.li’ade creep for which the strain is proportiona l to the
cube-root of t i n e .  Rheo logica l ptud ue’s on solution s of po 1y -p -
ph’ ny lene b ibenzoxazole (PBO ( in methane su l fonic acid were anal yzed
to obtain c r i t e r i a  f c r  the shear rate necessary to i nduce non-
Ne.~to n ia n flow behavior and consequent molecular ori entation in flow.
Ad d i t i o n a l  studies on concentrated solutio ns of PEIO have shown that
t he  v iscosity of these solutions passes through a m aximum in the
concent u-ation interval 4 to 8 Percent polymer by a -eight . Rheological
studies on a moderately concentrated so lutio n of tlbL in nie L uane
su (foric acid as a function of temperature and water content of the
acid have Shown that the w et Solution can form a weak gel . and that
the intermo l ecular aggregation responsible for the gel is shear
deg-adable but w i l l  reform in the quiescent solut~~ori thus adversely
affec t in g Solution processing .

PRO JCCT NO. 7342 - NOIY.~ETALL IC MATERIALS FOR ADVAN CED AEROSPACE SYS

TITLE. PHYSICAL CHEMICAL PROPERTIES OF COM PLEX AROMATIC- HETEROCYCL IC
POLYt’. ERS

CONTRACTOR . CARNEGI E-MELLON UNIVERSITY
CONTRACT . F336l5’75-C .5227
CONTRACT DURATION. UuN7S-MAY7B
A FML PROJECT ENGINEER. HELM IN IA It IHADDEUS E
PROJ/TASK/wy. UNIT , 7342-03-86

Objective -

L~.



PROJECT NO. 7343 - AEROSPACE LUBRICA NTS

TITLE . NEW AND IMPROVED LUBRICANTS AND EFFECTS OF EXTREME ENVIRONMENTS
ON THE BEHAVIOR OF FLUIDS AND LUBRICANTS

CONTRACTOR . MIDWEST RESEARCH INSTITUTE
CONTRACT. F33615-72-C-1374
CONTRACT D (JRAi’ION . ~JAN72-DEC74
AFML PROJECT ENGINEER. BROOKS FRED C
PROJ / TASK/W IT UNIT , 7343-01-14

Ob Jective - 15 JAN 73

(Ui To develop high temperature and less fl~~mmab lc hydraulic fluids
and to characterize the physica l and engineering properties of liquid
and solid lubricants for appliC ations in current and advanced aircraft
and aerospace systems.

4

Progr-ess-E 31 AUG 7~ To 11 APR 75 (I n t e r i m - E l

(UI The fina l report of the contract has bees sent to techn ical
editing . No report number has been assigned at thi s date. The
following technical reports have prev i ously been C’stributed in
de finin g the resi,jlts of this effr’rt. A FML- TR 73-39. .The Ef fect of
Wean on the Compressive Stress in the Sphere-On- Plane and Multip le-
Fla t-O n- Cu rve Con figurations. , A FM L -TR- 73- 12 1 . .Graphite Fluoride - A

V Proposed Solid Lubr i cant, and A FML-TR - 74- lB l. ,Performance of
Lubricant Compact Materia ls In Ball Bearings. .

PROJECT NO. 7343 - AEROSPAC E LUBRICANTS

TITLE . INVESTIGATION OF HEAVY LOAD ANTI-WEAR GREASES IN HELICOPTER
TRANSMISSIONS

CONTRACTOR . UNITED TECHNOLOGIES CORP
CONTRACT. F33615-72-C-2031
CONTRACT DURATION . AUG72-SEP75
AFM L PROJECT ENGINEER. CHRIST IAN JOHN B
PROJ/TASK/WIT UNIT. 7343-01-15

Ob Jective - 30 JUN 72

(U) To lubricate and S-61 main helicopter transmission with AFML
developed MCG-68-63 grease l ubricant. - :

Proqress-D 31 AUG 74 To 11 APR 75 (Inter im - D I

(U) Baffles f or the main S-61 transmissIon have been designed and are
now being fabricated .

139



~~~~~~~~~~~~~~~~~~ 
_ _

~~~ —~~~~~~~-—- ,-~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

___ 
- - .—.~~ -- ~

‘ 
~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~

- — —
~~
----

~-‘.~~~~ 
—
‘i

- 

~1
’

PRO JECT NO. 7343 - AEROSPACE LUBRICANTS

-

~ TITLE. THERMO CHE IIICAL BEHAVIOR OF GREASES AND FLUIDS

CON TRACTOR , PHOE NIX CHEMICAL LABORATORY INC
CONTRACT. F33615-73-C-5 1O3
CONTRA CT D U RA T IC..N.  A P R 7 3 - M A Y 7 6
AFML PROJEC T ENGINEER. SNYDER CARL E
PROu ’TASK /WK UNIT. 7343-03-09

Objective - 02 APR 73

— 
(UI To determine the thermochemical behavior of advanced flu ids .
l uisricants and greases when they are subjec Led to simulated
en vironm ents of anticipated futuu’e aerospace syStems. Part icular
emqhasis w i l l  be p laced  on their f (aanmabi l i l y  characteristics ,
oxau ja t i v e  degradation and l ubricity characterist ics

Prouress-C 31 AUG 74 To 11 APR 75 (Interim-Cl

(UI The micro hot m anifold f l a m m a b i l i t y  Character i zation teennique
developed under thi s contract demonstrated excellent reproducibility
and correlated well with data obtained on the same fluids using the
full-scale method , An oxygen absorption apparatus was developed which
can be used to determine the kinetics of f lu i d  Ox i dation at any

a , selectedi temperatures and the effectiveness of anti ox idant additive
effectiveness . Sevaial candidate fire resistant hydrau liC fluids were
characterized by methods developed under this contract ,

PROJECT NO. 7343 - AEROSPACE LUBRICANTS

TITLE. DEGRADUATION MECHAN ISMS OF ADVANCE D LUBRICANTS

CONTRACTOR . PENNSYLVANIA STATE UNIVERSITY
C O N T R A C T .  F336l5 - 7 3 - C - 5 1 0 l
CONTRACT DURATION . M 4Y73-APR7O
AFML PROJECT ENGI NEER. MORR IS GEORGE ~
° R O J / T A S K / W K  UNIT ,  7 3 4 3 - 0 3 - 1 0

Obi e t i v e  - 0 1 NOV 72

(U) To invest I gate the degradati ”n mechanisms of advanced lubr i cants
under varying en a - ir onmenta l condition s and ~o provide longer lif e  and
more reliable (ubr icants. Specifically therma l and ox i dative effects
as well as wear mechanisms relative to l ubricant Stabilit y/degradation

I’ . . w i l l  be explored.

Proci-’ess’C 31 AUG 74 To 11 APR 75 (Int m r in i-C I

• (U i An ope ’atf’na al porous media viscometer has been developed . Th is
vistoiT e~~er i S  des iaric’d to de termine  the nature of a f l u i d  f i l m  nea ’
the sur ’ace Which appears to  be quite different f rc-n the bulk f l u i d
p ra  sent in any syst~~~ ar . The prescnce of such a f i l m  Is indicated by
chnnqes in the flow characteristics of a given fl u id through these
m e t a  a-~h a C n  ar c cal~ brate d as v (scometers by the a x e of saturated
r 1 ru; c acbons ~ . t b  known vi ~~cosi t~ cha ra cteristic s . Preli m i n a r y

~~~ I c s  show t ca t p o lar crns t ltu ent s which can be added Or result from
tb. - . r~m al or ~~~~~~~~~ tori degradation produc s alter th e f l o w
ch a ’iic t r l st i c. , of th e fl u i d .  Thi s behavior indicates they are
ir.ea,urable near suriar.e films equiv al ent to mu l t i ’l ayer adsorption on
t n  sur ’a .e .  Such s tud ies  should be d i r e c t l y appli cable to
elu c i da tIng gear an~t bearing lubrication of gas turbin e lubricants and
inst rume nt oi Is by providing a better in sight into the surface
Phenomena oCCu r-ing at the wear surfaces.
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PROJECT NO. 7343 - AEROSPACE LUBRICANTS a-

TITLE . GAS TURBINE ENGINE OIL FOR BULK OIL TEMPERATURES OF MINUS 40 TO
465 DEGREES F

CONTRACTOR , MONSANTO RESEARCH CORP
I I  CONTRACT. F33615-73-C-5O79

CONTRACT DURATION . APR73-

~
j AFML PROJECT ENGINEER. MORRIS GEORGE J

PROJ/TASK/WIT UNIT . 7343-03-Il

Objective - 15 SEP 72

lU l To perform exploratory devel’~pment to provide finished gas turbine
enq i ne oil (OTO ) formulations having proven bul k Oi l s t a b i l i t y  in the
teaaaperature range or’ minus 40 to 465 ciegru .as F.

I

PrO (lress-D 31 AUG 74 To 30 APR 75 (Interi r n-Di

(U) The five gallon formu lation was evaluated at A FML and most
pr epert ies were verifi ed wit h the exception of Ox i dation-corrosion
s t a b i l i t y .  Thi s is currently being investi ga ted at the contractor and
at A FML. Important rig type tests in conformance w ith  MIL-L-275O2
suc h as Ryder gejr loadin g , the 100 m i l l i m e t e r  bearing deposition and
the simulated higl’u alt itutde foam i ng were Performed by AFAPL and
considered satisfactory. Reference A FML-TR-74-247 ,

PROJECT NO. 7343 AEROSPACE LUBRICA NTS

TITLE. EXPERIM ENTAL MEASUREME NT OF LUBRICANT FILM THICKNESS

CONTRACTOR . SOUTHWEST RESEARC H INSTITUTE
CONTRACT. F336l5-73-C-5 123

‘a CONTRACT DURATION . JUN73-
AFML PROJECT ENGINEER. WARD WAYNE E

~ 

I PROJ/TASK/WIT UNIT. 7343-03-15

Ob Ju~cti v O - 30 OCT 72

(UI To develop technique for the experimental measurement Of. and
ar’~r l ~~sr s of , the lubricant f i l m  thickness in a slow speed. lightly
loaded. elastohydrodynamic contact. R e l a t r o ’ship s w i l l  be developed
to expl a i n  lubricant f i l m  thickness in terms of lubr I c a n t  and system
pa umeter s Si g n i f i c a n t  to l ong term performance.

Progress-C 10 SEP 74 To 19 JUN 75 (I n t e r i m - C ,

(UI Beau- l ng endurance tests to Invest i gate the in fluence of lubrican t
pr ispert ies On fi l m  thickn eS s in an operating bear ’ng are continuing .
Twa’.u of the endurance test bearing s have far led (locked-up). Both
bea~~in qs were lubr i cated with A plezon A oil  and bad the rough and
standard surface ‘inisheS respectivel y In th at order. ‘i he third test
bearing which also has a rough surface ftn isrt arIa i~~ lubr i cated with
Ap lezon C is s t i l l  o,.erat l ng normall y.

141

L



-~~~~~ ~~~~~~~~~~~~~~~~~ ‘~~~~~~~~

PROJECT NO. 7381 - RESEARCH APPLICATIONS

TITLF . HANDBOOK OF NONFLAMMABLE FIBROUS MAT ERIALS FOR AIRC RAFT INTERIORS

a l CONTRACTOR . MCDONNELL DOUGLAS ASTRONA UTICS CO
CONTRACT , F33615-75-C-5142
CONTRACT DURATION . MAR75-
AFML PROJECT ENGINEER. OPT PRESTON C
PROJ/TASK/WIT UNIT. 7381 -06-90

ObJective - 10 SEP 74

(U( Prepa.’ation of a handbook or technical manua l on fire resistant !
retardant textile mat eria ls for use by Air Force and contractor
per sonnel involved in the selection of materials intended as interio r
refurbishments in m i l i t a r y  aircraft ,

Progress-A 10 SEP 74 To 11 APR 75 (Interim- Al

(UI A substantial erfort is continuin g in the fail ure analysis area In
Sunport of aerospace operationa l weapon systems. Determination of the
COi a p a t i b i l l t y  of various alloys used for fasteners with high strength
cooposite mate-~ia(s is continuin g , The eva l uat ion of weld-bond joints
fQr’ res istance t) corrosion and the effect qf severe environments on
joint strength is in progress. Suitable waterbase coating material s
for’ exterio r app lica tion to aerospace equipment i~ a continu in g goa l
to reduce demand on petroleum derived so l vents aeci meet air p o l l u t i o n
rec L ulat t ons . More extensive f l i g h t  tests are in Progress on 8-52
a ir- c raft to eva l uate the f l e x i b l e  pol y sul f ide pr imers. An extensive
ef tort is  continuing in the area Of visu a l camoufl age/infrared
suppression coatings for new aircraf t ,  An evaluation effort is in
progress to io en tif y non-ski d retroreflective marking paints and .
mat u.’i’i als for aircraft runway applica t ion . An environmental exposure
program is In p rogress to evaluate the corrosivit ’y of grap hite and
mol ybdenum d i s u t f i d e  l ubr i cants r’n various coup le D m e t a l l i c
Sub strates. A n eval uat ion of long term effects of decontaminants on
ai~’c ra ft structur al materials is continuin g . Considerable emphasis i~~
cont inu i ng to be placed on i d e n t i f y i n g  non’ p o llut ’ ng pa Int strippe”s
for d i f f I c u l t  to remove coatings and surface trea tment chemicals for
f i e l d  maintenance of aircraft, Considerable eff n rt Continiue~ towa’ d
prc pararion of new and revis ion r ” f  O ld specificat ons in the area of
fa lure analysis and corrosion c~~ntro l . A new specification on white
ther’m a l l y  reflective rain erosion resistant mate r i als has been issued .
A new siec i f icat ion for a thermally refl ective general exter ior
a ircraft coating has been issued. Three add ition al specifications for
co’ rosion prevvnt on and therma l energy conLrol are in preparation .
Considerable partic i ,..ation and i nput on space environment protective
materials for several satellite Systems has been accomplished and is
continu i ng.
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PROJECT NO. 7343 - AEROSPACE LUBRICANTS

TITLE . INVESTI GATION OF CAGE AND BEARING INSTABILITY
DUE TO CHANGES IN LUBRICANT PROPERTIES

CONTRACTOR . BATTELLE MEMORIAL INSTITUTE
CONTRACT. F33615-74-C-5012
CONTRACT DURATION FEB74-1JAN76
AFML PROJECT ENG INEER. 8ENZING ROBERT d
PROJ/TASK/W IT UNIT. 7343-03-16

ObJective - 13 JUN 73

(U) To ana l yze the influ ence of lubricant propertie s on cage and
bearing insta bility in a slow speed lightly l oaded elastohydrodynamic
Contact.

I

Progress-A 01 FEB 74 To 09 SEP 74 (Interim-Al

(U) A numerical slmp l(ficat (on of bearing - dynamics computations has
been addressed. A block diagram has been generated. The simplified
program Is 75 percent complete.

PROJECT NO. 486U - ADVANCED METALLIC STRUCTURES

TITLE . CRACK GROWTH CORRELATION SPEC MEN FOR QUALITY CONTROL

CONTRACTOR , DEL WEST ASSOCIATES INC
CONTRACT. F33615-75-C-51O6
CONTRACT DURATION . APR75-JUN76
AFML PROJECT ENGINEER . GUNCERSON ALLAN W

• PROJ/TASK/Wv, UNIT. 486U-Oi-O7

V : Ob jective - 07 AUG 74

(UI To develop a rapid , inexpens ive test and procedure for correlating
to the fat igue gro~~ih rate of a material. A test procedure useable as
a quality COntu’ol test is desired .

Progress-A 01 APR 75 TO 15 SEP 75 (Interim-A l

(U) The anal ysis efforts on the various spec i mens is continuing.
Mater ial s have been procured and the specimen ma rh ln lng is u~
progress.
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PROJ ECT :~Jo . 734o - NON-METALLIC MATERIALS

TITLE . H~ PERSONIC SHOCK LAYER-ICE PARTICLE
iNTERACTION RESEARCH AND ANAL YSIS

CONTRACTOR . AVCO CORP
CONTRACT , F336 15-74-C-51 43
CONTRACT DURATION . 4PR74- APR76
A FML PROJECT ENGI wEER . ORMBREK GLEN
PROJ/TASK/WIT UNIT. 7340-07-65

Objective - 03 JAN 74

(U) To i nvesti gate the interact i ’-’ns between shock waves and Ice
cry stals to determine drag behavior , dispe-’siOn , acceleration , break-

‘ 1 up. spin-up and St rpp rng so that the state of the eroding particle
when striking the vehicle surface can be defined.

Progress’D 12 APR 75 To 30 SEP 75 (Inter im-D i

(Ut Wat~~” drops wit h diameters of 50 microns. chara cte ristic of
clouds, as well as larger drops have been subjected to flow behind
Shock waves up to 1.-ach thirteen . Breakup time is p.scertained from x-
ray anC shadow images of the drops. The reduction in drop mass prior
to breakup is measured from the xradiographs and crop trajectories are
determined from the shadougrapf’is. Anal ys is of the unstable wave
develOpa”ent on the front surfaces of the dm 05 is used to provide
co”elat ions parameters for the time to breakup . Data from several
sources are cor ie laied over the Weber number range shown to be
mportant in f light . from the cr i cita l value of e ght. below which no

breakup Occurs, to about one m i l l i o n , The data and correlations have
been applied to fli g h t  and representative calculations of fl i g h t  cases
ill ust rat e the practica l i mportance of drop breakup . The erosion
protectiOn is Shown to be s i g n i f i cant . Ba l l i s t i c  range tests were
conducted to verify that the breakup crit u -ion deteloped in the shock
tube tests does. indeed. corresp~ nd to the condit on in fligh t at
wh ich the drops no I canger damage the vehicle surface. A device fo”
for’uning ice crystals has been fabricated and install ed in the shock
tube . Dendritic crystals about rune m i l l i m e t e r  in size have been g’-own
and dropped across the test section , A Beckman and Whit le y high speed
camera is being used to study the breakup ard acceleration of these
ice crystals in the region behind passing shock waves, (Reference -

- . A FML-TR-75-7 1 )

PROJECT NO. 62 7A - ABRES SUPPORT

• I
, TITLE. HEAT SHIELD MATERI ALS SINGLE PARTICLE EROSION DATA

-~ I CONTRACTOR . EFFECTS TECHNOLOGY INC
CONTRACT , F33615-75-C-52 14
CONTRACT DUR ATI C - N. MAR75-0CT75
AFML PROJECT ENGINEER. HEINONEN EVERETT

‘1 PROJ/TASK/WIT UNIT. 6274-00-29

Objective - 02 JAN 75

(Ui To charcterize the erosion behavior of current and advanced heat
shield mater ial s at hypersonic ve l ocitie s ,

Progress-B 03 MAR 75 To 18 SEP 75 (Inter Im-B

(U( Eigh t advanced ccanstra~CtIon heat shield composites and six
basel ine composites were inv esti gated for 10w ana;e erosion using
single a mpacts at velocities up to 18 .000 feet per second . The
in f l u e nce of tape wrap angle in 2-0 carbon phemo li cs was determined
and higher wrap angles provide rlrre erosion resistance . Ana l ysis of
the spec i mens Indicates that residua l damage effects at low angle are
a key factor In the erosion behavior of these mat erials.
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PROJECT NO . 6274 - ABRES SUPPORT

TITLE . PURCHASE OF CARBON-CARBON BILLETS . CONE , A ND PING

CONTRAC TOR , AVCO CORP
CONTRACT, F336 l5-74-C-OO89
CONTRACT DURATION , FEB74-NOV75
AFML PROJECT ENGINEER, ROSS ERIC t~
PROJ/TASK/WIT UNIT , 6274-00-03

Objective - 04 FEB 74

(U) To purchase therma l protecti r ’n materia ls for test and evaluation ,

Progress-B 06 MAY 74 To 30 NOV 74 (Interim-B I

— (Ut Contract redirected to inc l ude another clan s of carbon-carbon
b i l l e t s  in Sep 74. Delivery of final items not later than Sep 75,
Some bi l l e t s  have been delivered.

PRO~’E CT NO. 6274 - AB RES SUPPORT

TITLE . DEVELOPMENT OF A CO~~TROLLEO QUA LITY CARBON-CARBON MA TERIAL FOR
TESTING AND E V A L U A T i O N

CONTRACTOR . GENERA L ELECTRIC CO
- 

. 
C O N T R A C T . F 3 3 61 5 - 7 5- C - 5 0 7 6

CONTRA CT DURATION . OCT74-
AFML PROJECT ENGINEER.  ROSS ERIC M
PROJ/TASK/WK UNIT , 6274-00-10

a ObjectI ve - 20 JUN 74

(U) To provide suffici ent controlled quality material for i n i t i a l
evaluat ion .

Proc j i ’ess - B  16 OCT 74 To 25 SEP 75 (Interi m-B I

(U) The processing ,‘nd NDT of all b i l l e t s  i~~ near l y comp l ete . Post
te’ t correlatIon has shown si g n i f i c a n t  advances in the a b i l i t y  to
detect, by NOT, low dens i t y  core material whic h has poor ablation
material , and has ti-us resulted in Identif ied needs for further
process controls. Good capability has been developed for determin ing
the quality Of the carbon preform.
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PROJECT NO. 627A - ABRES SUPPORT

TITLE . DESIGN CRITERIA FOR CARBON/CARBON COMPOSITES

CONTRACTOR . MCDONNELL DOUGLAS ASTRONA UTICS CO
a CONTRACT. F336l5-74-C-5 13O

CONTRACT DURATION . JUN74-JUN76
A FML PROJECT ENGINEER. HINNER ICHS TERRY 0
PROJ/ TASK/WIT  UNIT.  6 2 74 - 0 0- 1 4

Objective - 27 NOV 73

( U i  To ex p l o r e  the  ,~x t e n t  of phy s i c a l  p roper ty  change induced in
ca~~bon/carbOfl composites during thermostructura l or weapons effect
load ing which waS not catastropir .

a Prooress-B Ot APR 75 To 24 SEP 75 (I n t e r i m B l

lU Undenground-Tested-Mod 3a nocetip has been examined for x-r ay
degradation . Li t t l e  damage was noted but x-ray nt ensity or UCT was
re l a t i v e l y  low , Analytical effort has been progressing for
imp l ementing damage functions into a finite element computer program
to mode l l ocallized material degradation , due to thermostresses. x- ra y
effects etc.

PROJ EC T ~O. 6274 - AB RE S SUPPORT

TITLE . MU L T I A X I A L  THERMOSTRUCTURAL TESTING OF ADVANCED RVNT MA TERIALS
THERl~OSTRUCTU p4L TEST FACI LITY

CONTRACTOR . SOUTHERN RESEARCH INSTITUTE
CONTRACT . F33615-75-C-5148
CONTRACT DURATION A P R 7 5 -
AFML PROJECT ENGINEER. HINNER ICHS TERRY D
PROJ/ TASK /WIT  UNIT . 6 2 74 - 00 - 1 6

Objrctive - 16 SEP 74

(UI To develop a mu l t i a x i a l  therm ostructura l test f aci l i t y .  The test
f a c i l i t y w i l l  be used to e v a l u a t e  the t h e r mos t r uc t u r a l  performance of
advance d reentry vehic le noset (p materials in a hagh heat flux
environment.

Prog ress -A  15 A P R 75 To 24 SEP 75 ( I n t e ” l m - A t

(U) ShI pment of the AFML supplied 400 KVA Heater to 50. P .1. has been
accomplished. Inst allation has been progressing on schedule and
power-On status w i l l  be shortly.

I a.

i i
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PROJECT NO. 6274 - ABRES SU PPOR T

TITLE . THERIIlOSTRUCTURAL TESTING OF INSTRUMENTED CARBON-CARBON NOSETIP
MODELS

CONTRACTOR . ACUREX CORP AEROTHERM Dlv
CONTRACT. F336l5-75-C-5219
CONTRACT DURATION . FEB75-
AFM L PROJECT ENGiNEER . HINNER ICHS TERRY 0
PROJ/TASK/WIT UNIT . 627A-OO-17

Ob ia u t t v ~ - 0 1 JUL 74

Ui  To o b t a i n  tempera tu re  and s t r a i n  data for carbon-carbon shell ttp s
sub ,iectod to a reentry environmen t ,

I

P ro g re s s - A  03 FEB 75 To 24 SEP 75 (I n t e r i m - A l

(UI The rocket engine fac i l i t y  optimization study is i~ssent i a l l y
co p l e t e  i n d i c a t i n g  that  the R . P .L .  42 atm n o z z l e  con f i gu ra t i on
apucars to Of f0r’ th~~ best comprom i se between severity of
thu r - rflostruCtura l loading and instrumentation requ i rements,
Inotrumentat ion research and deve l opment for the c-c nosetip has been
ve ry limited du to nonaval l a b i l i t y  of G.E . 2-2-3 materIal.

PROJECT NO. 6 2 74  - 4B RES SUP PORT

T I T L E . NONLINEAR DEFORMATION OF GRAPHITIC MATERIALS

CONTRACTOR . SOUTHERN METHODIST UNIVERSITY
C O N T R A C T ,  F3 3 6 15 - 7 5 - C - 52 12
CONTRACT DURATION. JAN75-
AF M L PROJECT ENGINEER. I’IINNERICHS TERRY 0
PROJ/TASK/W IT UNIT. 6274-00-19

ObJ’-c~~l~~e 
- 27 DEC 74

(Ut Tr-e objective of th is program is to f i n a l i z e  a new material mode l
i 0r the i n e l a s t i c  m u l t i a x i a l  response of gr aphitic m ater ials. Then

t h is  mo~~~l w i l l  b~ extended so that  I t  w i l l  be v a l i d  for carbon-ca”bon
r’a e r i a i s .

Pi’~~.,r’r 5~ A 01 MAR 75 To 24 SEP 75 ( I n t e r i m - A l

(U ~e . S$ Of l  OF the e x i s t I n g  Jones-Ne lson mat e r in l  mode l for graphi te
to  ,OC I udC tempera ture  dependent behavior i~~ now in progress.
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°ROUECT .0. 6274 - A8RES SUPPORT

T I T L E  B I A X I A L  FAILURE OF 994 GRAPHITE

C O N T R A C T O R . MCDOt. NELL DOUGLAS ASTRONA UTICS CO
CONTRACT. F3361S-75-C-5216
CONTRACT DURATION. MAR75 -
A FML PROJECT ENGI NEER. H1NNE~~ICHS TERRY
P R O J / T A SK/ W I T  U N I T . 6 2 7 A - 0 O-2 l

Ob Ju ’ c t i v e  - 27 DEC 74

( U I  T he O b j e c t iv e  or t h i s  s tudy i s  to i n v e s t i g a t e  the w i t h  and across
g r a i n  failure s~~a t i s t i c of  994 g ra ph i te  under b i a x i a l  and u n i a x i al
loading . Also volume effect w i l l  be Investigated

Proci’-ess-A 01 MAR 75 TO 24 SEP 75 (Inte r i m - A l

( U I  Tes t p lanning ,  spec imen design and s t r e s s  ana ly s i s,  tes t  f i x t u”e
design . Specimen preparation for checkout have been accomplished.
Bar , e l l i p t i c a l, and c i r c u l a r  d i s k  Spec imens are planned. The
e l l i p t i c a l  disk specimens w i l l  ~ rO vi ct e various St ress ratios states

a depending on minor t o  ma jo r  a x i s  r a t i o s  of the e l l4 ’ ) s e  when t e s t e d  In
the spin pit  f ac i l i t y used in t h is  program.

PROuJECT NO. 6274 - ABRES SUPPORT

TITLE . ABLATiON /EROSION EVALUATION OF REE~.TRY VEHICLE MATERIAL S

CON TRA CTO R . MCDOr, .NELL DOUGLAS COR P
C O N T R A C T .  F3 3 6 15 - 7 5 - C .5 1 $ 6

- . 
. CONTRACT DURATI I N. rJAN7 5-

A FML PROJEC T ENGINEER. JUMPER GEORGE Y
PR OJ,’ T A S K / W I T  U N I T .  627A O 0- 2 3

~ . 1 ObJr c..tivO - 09 DEC 74

(U) To obtain comparisons of candidate noseti p ann heats n i ae i d
materials for possible reentry vehicle operationa l use .
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PRO~tECT NO. 627A - A BRES SUPPORT

T I T L E .  B I A X I A L  S T R A I N  M EA S UR E ME N 1  OF N O S ET I P  AND S UB T I P  M A T E R I A L S  USING

SURFACE LINE INTERF EREN CE

CONTRACTOR . M ICHIGAN STATE UNIVERSITY
CONTRACT .
CONTRACT DURATION. MA Y75.
A FML PROJECT ENGIN EER. HINNER ICHS TERRY D
PROJ/TASK/W IT UNIT . 6274-00-30

Ob Je ctive - 09 J A N  75

(UI The Objective or the proc’ram is to evaluate and Investigate the
41 use of surface line interference on the surface of po ly crystal ll ne

gr.~ph it e and tungsten spec i mens to determine the surface strain field
in a high heat flux environm ent.

Progress-A 01 ~‘Ay 75 To 24 SEP 75 (I n t e r i m - A u

(UI A nal ys ts of vaa i ous refl ective surfaces are being made for
ad’quacy at elevate n temperature~. (i. e.. 2500 deg’-ees F).
Irdentati ons made dir ectl y in the graphite have been unsuccessful,

4 Tongsten samplvs have pos sibil itie s for good ref1cctance if the hIgh
a temperature ox i dation can be stopped . Various bonding techniques are

being evaluated for bondi n g platinum Coupons to graphite spec i mens for
reflective Surfaces ~s platinum prov i des an adequatq r e fl et t v i t y for
the surface line interfer ometr y strain measurement technique .

PRO .~~~. NO. 7340 - NON-METALLIC MATERIALS

TITLE . CARBON/CARBON SUBSTRATES FOR THROAT INSERTS OF SOLID
PROPELLANT ROCKET NOZZLES

CONTRACTO R T R K INCORPORATED
CONTRACT. F33615-74-C-51 62
CONTRACT DURATION JUN74-0CT75
A FML PROJECT ENGINEER . LATVA JOHN 0
PROJ/TASK/W IT UNIT. 7340-01-56

Objective - 31 AUG 73

(U) To develop a carbon/carbon c-’mpos ite substrate that is thermall y
and structurall y compatible with pyrolytic graphite coatings for use
as solid rocket nozzle throat Inserts of advanced ICBM propulsion
Syst ems .

Progress -B 10 SEP 7fl To 11 APR 75 (Tn t e n I m - B t

(UI The objectives of the Task I ana lysis/ requirements definition
ac t i v i t i e s  o’ Identificat i on of property goals for the i n i t i a l
materials development were achieved , The target Pr pert ies were
defined and th c- four approaches to be pursued to achieve the
prope rtaeS In carbon/carbon compa’~site substrates v.ere outlined . They
consist of two coated and two substrated apr~roaches. A se l ection of
t h e  two concepts w i l l  be made for more detailed property
characterization and scale-up for fabricatio n of the 7-inch diameter
nozzle throat inserts. A revised program schedule is being defined .
The tentative test date for the first 15 Second fi r i n g  has been
slipped nine months to May 1976.
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PROJECT NO . 7350 - CERAMICS AND GRAPHITE

TITLE . RESEARCH ON DEVELOPMENT OF MULTID IRECTIONAL REINFORCED
GRAPH iTE COMPOSITES FOR ADVA NCED RI APPLICATION

CONTRACTOR . GENERAL ELECTRIC CO
CONTRACT, F33615-71-C- 1436

a CONTRACT DURATION . MAR7 1 -AUG74
AFML PROJECT ENGINEER . LATVA JOHN 0
PROJ /TASK/WIT UNIT. 7350-02-09

Obi: .ctive - 26 OCT 71

(U t TO PROVIDE THE NECESSARY TECHNOLOGY INFORMATION LEADING TO THE
a DEVELOPMENT OF IMPROVED HIGH MODULUS FIBER-R EINFOP CE D GRAPHITES

IC tiRBOf~-CARBON COMPOSITES ) SUITABLE FOR REENTRY VEHICLE APPLICATIONS.
SPECIFICALLY SOUGHT ARE COMPOSITES WHiCH HAVE IMPROVED STRENGTH AND
STWA IN-TO -FA IL U R E IN CRITICAL DIRECTIONS WIT HIN COMPONENTS AND
TOUGhNESS WHICH PREVENTS CATASTROPIC FAILU RE FRO~ HIGH THERMA L
GRA DIE irTS ,

Proqress-E 10 SEP 74 To 30 APR 75 tl n t e r i m - E )

(U I The C-Cap pc 3t- te st evaluati ’-’ns have been completed , The , f i ne
spnci ng. GE 2-2-3 modIfication fr”r the CERA program ,(GE 1-1 -3 ) . was
densifi od by the comb i ned CVD&Hiqh Pressure pitc h (Y-1 2 l process. in
recentl y completed ramp and high pressure ablation tests conducted in
t he A F F D L  50 M~N fac i l i t y ,  this material exhibitec the highest
trans ition pressure and lowest ablation rate of any 504 C/C flosetip
mater ia l .  The fina l report Is be i ng prepared .

~~TPACTS OF ACTIVE CONTRACTS AIR FORCE MATERI ALS LABORATORY
PREPARED ON IS JAN 76 REPORT - 05566

a 
PROJECT NO. 7350 - CERAMICS AND GOA PHITE

TITLE , IN VEST IGATI ON OF PROCESSING VARIABLES WHICH CONTROL THE STRUCTUR
AND PROPERTIE S OF CVD SIC/C FOR NOZZLE COATINGS

CONTRACTOR . AT LA NTIC RESEARCH CORP
CONTRACT . F336l5-74-C-5098
CONTRACT DUPATZCN . 4PR74-JUN75
AFML PROJECT ENGINEER. LATVA JOHN D
PROJ/TASK/WIT UNIT . 7350-02 - 14

Obje ctiv e - 05 OCT 73

(U) To formulate theoretical models ‘~hi ch can be u sed to predict and
con trol the codeposition of Pyrol ytic graphite and silicon carbide .
Tho sens i t i v i t y  of properties to structure w i l l  also be modeled and

• ir vestioated .

°roc4 ’-ess-S 24 OCT 74 To 11 APR 75 (Interim-Ba

(Ut Work has been completed on the flow analog tests which were aimed
a t obtaining v is ualization of fI”w In atmospheric pressure deposition
#u’ naces . Through use of the water analog it has been possible to
ob tai n  a aual i t a tiv rr characte riiation of f hmia pattern s to i d e n t i f y
major causes Of F l ow In s t a b i l i t y  and to identify regions where eddies
for m , The reouced pressure coating work is concluding w i t h  attemps to
coa t a rea l i s t i c  nozzle component shape. I n i t i a l  r’,ns have been made
on a sim ulate d one~ ITal f scale MX nosecap substrate . Th, inform ation
being obtained In this program has greatl y a i ded A FRPL In resolving
t h e i r large-scale nozzle deposition prob l ems. The f ina l report is  4
being prepared.
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PROJECT NO. 735 1 - SUPPLIES

TITLE. ARREST MECHANISMS FOR DYNAMIC UNSTABLE PROPAGAT iNG CRACKS

a CONTRACTOR . ROCHESTER UNIVER SI TY OF
CONTRACT. F336i5-74-C-5O64 a

a CONTRACT DURATION. MAR74 .
A FML PROJECT ENGINEER . HINNER ICHS TERRY 0
PROJ/TASK/WIT UNIT . 7351-06-95

Ob jective - 31 JUL 73

- 
:- (UI TO understand the mechanisms and variables responsible for

arresting dynamic unstable propagat ing cracks and to provide a
starting point for ~evelopinp a crack arrest rnethcdology for destgn ing
a ircraft parts and structures.

Procuress-A Ot li AR 74 To 11 APR 75 (Interim- A a

a (UI Fast runn t ng cracks (I .e. . gu-eater than 100 fcet/seCond l have been
propagated in M i l  Grade Ti - 6 A l - 4 V  doub le-car .tile~ cr- beam spec a menS at
rooji ter-peratu -es. The specimen is r i g i d l y  Supphrted at its uncracked
end and the Crack is wedged open by a moving wedgc ‘5 feet/secono) at
th- precracked end. Data reduction showed KId ecu ,al to 70 Ks) the
square root of inch . Also no stu ’aIn rate dependence was e al d ent in
eva l uat ang KId at crack velocities from 10 super 3 to 10 super 4 cm/
~ecouid . Side grooves of 1/4 the thickness r~er sice were required to
maintain the Crack along the DCB specimen ce ,ter l ne. T i - 6 A l - 4 V  as
receive d from an A i r  Force titanium scrap reclamation program has been
chosen as a potential crack arrestor material Cue to very hugh
toughness as Indica led by Chartu y i mpact tests . T~~e scrap tita n i u m
absorbed 3 to 4 times more energy in the transverse direction as did
t h~ Mi l  Grade ti tan i um at temperatures from 25 to minus 196 degrees C.
M icrostructural examinat ion showed the scrap titanium to have a much
f iner m icrostructur e than the M i l  Grade t talium . Mechanica l tensile
data has also been gathered on both materials ,

PRO~lECT NO. 7371 - RESEARCH IN ELECTRICA L MATERI A LS

TITLE, PHYSICAL PROPERTIES OF RAR E EARTH-COBALT MAGNETS

CONTRACTOR . DAYTON UNIVERSIT Y OF
CONTRACT . F336l5-74-C’SOSB
CONTRACT DURA TION. A PR74-
AFM L PROJEC T ENGINEER. HE INRICH JOHN P
PROJ/TASK /WIT UNIT . 7371-03-30

Ob jectIve - 28 JUN 73

(U) To provide data on the physical properties of rare earth-cobalt
mapnets so that they may be more eff icientl y and expediti ously
in tegrated in 4F Systems .

Progress-B 01 AUG 74 To 1 1 APR 75 (I n t e r im - B b

(U) Samole ma gnets have been obtained from Raytheon . the princ i pa l
suppli e r  for AF systems . Data on time- teireerature cycles has been
Supplied by Pra tt-whitney from on-e ng i ne al ~ernator tests done with
the assistance of the F-lS -S PO. The sample magnets are currently
being tes ted under static load. An F -t 5  alternator has also been
supplied by PWA -inC simulation tests using the time-temperature
characteristic s supplied are currentl y under way.
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PROJECT NO, 7381 - RESEARCH APPLICATIONS

a TITLE. RESEARCH EFFORT TO IMPROVE BULK GRAPH ITE MATE RIA LS

CONTRACTOR . STACKPOLE CARBON CO
CONTRACT . F336l5-75-C-5O80
CONTRACT DURATION . OCT74-SEP77
AFML PROJECT ENGINEER . PRATT CLARENCE A
PROJ/TASK/W IT UNIT . 7381 -02-48

Objective - 17 JUL 74

(UI To provide an erfective uiueans for assisting the contractor in
opt im i z i n g  cerporate efforts to develop an improvcd graphite.

Progress-A 01 OCT 74 To 11 APR 75 (Inte rim-Al

(U) Contractor .s interna l research effort has been Inactive during
th is period . A technica l meeting w i l l  be scheduled to provide
irtforma t ion exchange re lative to AF requirements

PROJECT ~I0. 7381 - RESEARCH APPLI CATIONS

TITL E . INCREMENTAL PLAST 1CITY ANALYSIS OF GRAPHITIC RVNT

CONTRACTOR . W E l L E R  R ESEARCH INC
CONTRACT . F33615-72-C-1934
CONTRACT DURATION , JUN72 - MAR74
AFML PROJECT ENGINE ER. BUDDE CHARLES L
PROJ/TASK/WIT UNIT. 7381-02-66

Ob je c t i v e - 01 M A R  74

(UI To develop elastic-plast i c mu ltim odu lus materi al mode l for
graph i te . A l s o  to compare incremental  p l a s t ic ,  deformat ion p l a s t i c .
and linear elastic solutions for thermostructura l responre of
graph itic materials during a reentry trajectory.

Proqress-E 24 OCT 74 To 11 APR 75 (Interim-E l

(U ) An incremen~ al plastic ity thermostructural analysis is be i ng
conducted on the B3C trajectory . D i f f i c u l t i e s  wit h  the OASIS Computer
Code are being i nvestigated.

I’ 
~~~~ 
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PROJECT NO. 7381 - RESEARCH APPLICATIONS

TITLE. FAILURE CRITERIA OF POLYCRYS TALLINE GRAPHITE

CONTRACTOR . PROTOTYPE DEVELOPMENT ASSOCIATES INC
CONTRACT . F33615-74-C-5O33
CONTRACT DURATION . FEB74-
AFML PROJECT ENGiNEER . HINNERICHS TERRY 0
PROJ/TASK/WIT UNIT. 7381-02-74

Objective - 12 JUN 73

(UI Development of a failure criteria . wh ich given the stress and/or
- 

a stra ins fields produced by thermr’structural loading w i l l  result in a
statist i cal prediction of the failure probabi lity based on un (axial
data.

Progress-B 02 MAR 74 To 23 OCT 74 (Inter im- S I

(U) A Weibu ll type cuf ana l ysis has been used as the basis for the
ana l ysis . however the i n i t i a l  flaw distribution and severity is
c r i t ica l to the pre~iict ion . Such phenomena is b u a x u a l i t y .  statistical
effects , and vo l ume dependence mathematically are derived from this
approach.

PROJECT NO. 7381 - RESEARCH APP LICATIONS

TiTL E , IIAPOPI Z4TION OF GRAPHITIC MATE RIALS AT HIGH MASS
TRANSFER RATES

CONTRACTOR . ACUREX CORP AEROTHERM DIV
CONTRACT . F33615.74-C-5094
CONTRACT DURATION . APR74 -
A FML PROJECT ENGINEER. JUMPER GEORGE V
PROJ/TASK/WIT UNIT . 7381-02-79

Objective - 03 OCT 73

(UI To obtain high qu ality engIleering data of thea mass loqS of
gr~~ph lt e . To determine by def in i t i v e  exper i ment ~f Subl imati on a
k ine t i cs can br s i g n i f i c a n t  in the ablation of graphitic materi als for
reentry condit ions.

Progress’S 24 OCT 7’1 To 11 APR 75 (Interim-B

(UI Survey of existing arc heater fa c i l i t i e s  revealed that the
probabi l i t y  of p rovid ing any sIgn i ficant ini provemcnt to the graphite
mass loss data base was nct sufficien t to warrante experimentat 100 at
th~~s t m e . An increase in total enthal py of the air stream and
imOroved pyrometer vi•w angie are r•guired. Mod ifi~~,tiofl of NASA Ames

a 
AEHS fa cility is rear Completion , 

-
a

a 
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PROJECT ~O. 7381 RESEARCH AP PLICATIONS

TITLE . PREPARATION OF A TRANSMISSION ELECTRON MICROSCOPY/SCANN!NG
ELECTRON MICROSCOPE FRACTOGRAPH HANDBOOK

CONTRACTOR . MCDONNELL DOUGLAS CORP
CONTRACT. F33615-74-C-SOO4
CONTRACT DURATION 0CT73-MAR75
AFML PROJECT ENGINEER . HENDERSON RUSSELL L
P R O J / T A SK /W K  U N I T .  7381-03-35

Objective - 25 APR 73

(U)  Obtain high quality, high magnification TEM and SEM pictorial
representations of known fracture modes.

Progress-A 15 OC’r 73 To 30 APR 75 (Interim- A l

(Ui Al l selected alloys have been tested and the F ractures p i ctoriall y
recorded bythe SEM . and TEM , and their fracture modes characterized .
A two-month  no-cost t ime exter t s inn was added to the contract.  The
f i n a l  report is being prepared for rev iew .

PROJECT NO. 7381  - RESEARCH APPL I CAT IONS
— . 

TITLE . PREPARAT ION OF AE RONAUTICAL STANDARDS
-~ a FOR I~A T ER IALS AND PROCESSES

C O N T R A C T O R . S O C I E T Y  OF A U T O M O T I V E  E N G I N E E R S

CONTRACT, F336 15-75-C-5007
CONTRACT DURAT I N . JUL74 ’
AFML PROJECT ENGINEER. MAROLO SAM A
PROJ/TASK/WIT UNIT . 738l O3 37

• Obj ct iv e - 01 JUL 7”

(UI To prov i de upda i ed and new specification on various emerging
materia ls and processes for use in Systems .

Progress-A 01 JUL 74 To 11 APR 75 (I nt er im-A i

( U I  A t o t a l  of t w e l v e  rough d r a f t s  of s p e c i f i c a t i o ns  have been
prepared and received. Moproved drafts are currently be i ng
co ordinated w 1th  designated Qovernment agencies and selecte d
ind ustrial organizations.
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PROJECT NO. 7381 - RESEARCH APPLICATIONS

TITLE . DESIGN CRIT ERIA ON THE RESPONSE OF TRANSPARENT AIRCRAFT
WIND SHIELD MATERI A LS TO BIRD IMPACT

CONTRACTOR . GOOD YEAR AEROSPAC E CORP
CONTRACT. F33615-72-C-1896
CONTRACT DURATION . ~JUN72-JUN75
AFML PROJECT ENGINEER. MAROLO SAM A
PROJ,’TASK/WK UNIT. 7381-06-69

Ob~octiv e - 30 AUG 72

(U) To obtain engineering data on the capa bilities of emerging
transpau ’ent materials such as polycarbonates . g lass-pla stic
composites, acrylic clad po l ycarbonates . polyaryls ulfones. and
laminat e s u t i l i z i n g  ethylene terpolymer interlayers when subjected to

~ 

bird strikes.

Procu i’ess-E 27 AUG 74 To 11 APR 75 (Interim-F .)

(UI A FML-TR-74-234 ent itled . .Bird Strike Capabil Ities of Transparent
A ircraft Windshield Materials,, dated December 1974 was publ ished. It
presents and assesses the response of 289 aIrcraft windshield material
panels. The effect of panel temperature. Curvature, width, i mpact
angle, and variat ion in bird weight are evaluated over a speeo range
from 70 to 630 knOts. Additional panels are being Fabricated for bird
i mpact testing to evaluate other influential factors which affect bird
penetration resistances of monolithic and composite windshields .

a PRO JECT 140. 7381 - RESEARCH APPLI CATIONS

TITL E , MECHANICA L PROPERTY DATA SHEETS ON NEW ALLOYS

CONTRACTOR . BATTELLE MEMORIAL INSTITUTE
CONTRACT . F336l5-73-C-5073
CONTRACT DURA TION . APR73-JUN75
AFML PROJEC T ENGINEER. HARMSWORTH CLAY L
PROJ/TASK/WK UNIT . 7381-06-75

Objective - OB SEP 72

(U) To obtain comparative enoineering data or, new mater ials and
existing materials in new forms nr produced by nea’ processes. Data is
presented in the form of enginee ring data sheets to reduce the time
laq between the development of a new m a t e r i a l  and i t s  use in a weapon
system.

Prooress-D 04 SEP 74 To Ii APR 75 il nt ~~r- im ’ 0l

(UI Testing on contract F33615-73-C-5073 has been completed .
Ma terials which were evaluated were 7O49-T7351 p la t e , Incoloy 903
sheet . 7475-T7351 p late , 2419-T85i p lat e , T l- 6- 2 - 2 - 7.2 bar . T I - 6 .2-1-i
p ln te . I ncone l 617 Sheet, Ti- 6 4l -4V Beta annealed pl ate, T i - 6A 1- 4V
Isothermal foruing. Ti -6A ’ -4V cast ing . and 201.0 aluminum castings . A
new evaluation effort has been In it iate d ur,cier Contract F336l5- 75-C- , -

5O6b . Mate r ials currentl y being considered are 7O50-T7351 large
extrusions. Ti - 6 A l -  6V-25n Beta processed, Ti-6 A1 -4V isotherma l
forgings . Mod . 10 N I  Stee l . Ti i OV-2F e -3 Al . T I .6A l-4 V powder met
component , and approxim ately four other materials not yet selected .
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PROJEC T NO. 7381 - RESEARCH AP PLICATIONS

TITLE. AD HESIVE BONDED AEROSPACE STRUCTURES .
STANDARDIZED REP A IR HANDBOOK

CONTRACTOR . BOEI?,G CO
CONTRACT.  F 3 3 6 l 5 - 7 3 - C - 5 1 7 l

p CONTRACT DURATION . OCT73-
A FML PROJECT ENGINEER. SCARDINO WELDON M
PROJ/TASK/WIT UNIT. 7381 -06-77

Ob l c u t i v e  - 20 FEB 73

(UI Standard ization of adhesive bonding repairs and establish i ng
l i m i ts and methods for adhesive repairs at depots.

Pro~ i’ess’C 17 SEP 74 Tu 1 1 APR 75 (Inte rim-Cl

( U I  Phas e I - Review and catalogue existing documentati on , vis it
repair d epots - completeo . Phase II - Eva l uate m aterials and
processes- comp leted, report received and being reviewed. In
December. an A .F./ i ndustry workshop was held to review progress.
pra..posed format. prpblems . etc. A Unique deve l opment of the phase II
f~&P work has be(., the successful demonstrat~~on of hand app lied
phosphoric acid anodizing which gives aluminum surfaces an extreme l y
dura ble surface . T his cOuld be used to precare aluminum surfaces in-
situ w i t h  rea dily avai table equipment . Phase III work has commenced .
Thi s includes (1) completion of in i t i a l  handbook draft for small area
repairs, (2) verif ication of small repairs on test components . (3)
development of methods for large area repairs, and (4) oemonstration
of large area repairs.

ABSTRACTS OF ACTIVE CONTRACTS AIR FORCE MATERIAL S LABORATORY
PREPARED ON 15 JAN 76 REPORT - 05566

PRO JECT NO. 7381 - RESEARCH AP PLICAT IONS

TITLE. QUICk REACTION EVALUATI ON OF MATE RIAL S FOR SYSTEMS AND HARDWARE
APPLICATION

CONTRACTOR . DAYTON UNIVERSIT Y RESEARCH INSTITUTE
CONTRACT. F33615-74-C-5024
CONTRACT DURA TIO N . JAN7 4-
AFML PROJEC T ENGINEER. OLEV ITCH ALBERT
PROJ aaTA SK /W~ UNIT . 738i-06-78

Ob J ; L t i v e  - 05 MAR 73

( U I  TO pro vide quick reaction evaluations and ana l yses for the
i rve sti gat io n of materials aspects involved in fap lures Inv ot vin g
ai rcrafr and missiles, To provide quick fixes, to hardware material s
problems and to provide data in support of mate rial s sel ection for
Sy .err s Project O ffice s in SAMSO, ASD . ESO. Eg l i ru AF B and other AF
Orgdfl I zat ions .

Prp’press-D 27 AUG 74 To it APR 75 (Inte rim - D l

(U A promisin g primer for securing good bonds of sealant to concrete
and Stee l has oeen I dentified and w i l l  be recommended to SAMSO for
th’ u r dynamic high strain rate test i ng. Compat b i l i t y  of sealants
wi th ,JP-4 hav ’ ng high merceptan sulf ur conte ’ats is being investigated
u n support of ~ n Aeru .propcislon program to relax present fue l
sp e ci fi ca tion . Hydrol yt i c stabu li ty and fuel res-stance of an
irteg ra ) tank foam for fire and explosion suppression was determined.

- Te-.ting to find in~~roved primers for user in repaar of leaking
‘o tegra l tanks of the C-130 Is in progress. Du rabi l ity testing of
can didate structural adhesive was initiated . Storage life tests of
se veral seal an ts were conductad .
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PROJ ECT NO. 7381 - RESEARCH APPLICATIONS

TITLE. DESIGN DATA ON JOINTS USING FATIGUE IMPROVEMENT FASTENERS

CONTRACTOR . BA TTELLE MEMORIAL INSTITUTE
CONTRACT . F336l5’73-C-5111
CONTRACT DURATION . JUN73-
AFML PROJECT ENG I NEER. BRISBANE AL1ON W
PROJ /TASK/WIT UNIT. 7381-06-80

Objective - 03 NOV 72

(U) To provide engine ering and design data o’l fastener joint s using
fatigue improvement fasteners. This ‘nforma t ion ‘s intended for
inc lusion in Chapter 8 of M IL-H DBK-5. In addition , these data must be
presented so that .yet to be designed fasteners, can be evaluated
f a i r l y  in fat i gue for comparisen with current fastener designs.

Prooress-C 04 SEP 74 To 11 APR 75 (Interim-Cl

(Ui To ate. a l l  test specimens which incuu cie smcoth , notchea . reverse
doabone and s1 m~~Ie lap joint have been fabricated . The reverse
doa i ,c.ne and s4 mp le lap joint spec i mens allocated fc” testing at AFML/
MBE have been receivsd. Fatigue and tension test ng of these
specimens have been started . The contract..ur has comp leted test se”ies

2 and 4. Tea t series one is for Obtain in g tensile properties of
the base mater ials. Test series two and four are for Obtainin g
fa tigue data on 0.625 inch thick 7O75-T73 aluminum reverse Cogbone
sp u c umen s . The fasleners used in the reverse dOgbone specimens are
TaperLok and Hi Tigue .

PROJECT NO . 7381 - RESEARCH APPLI CATIONS

TI TLE . ENVIR ONMENTAL RESISTANC E OF COATED AND LAMINATED POLYCARBON4TE
TR ANSPARENCIES

CONT R ACTOR . G000i’EAR AEROSPACE CORP
- - - CONTRACT. F336l5-74-C.5005

CONTRACT DURATION . NOV73 - jUN75
AFML PROJECT ENGINEER. MAROLO SAM A
PROJ/TASK/WIT UNIT , 7381-06-81

• Obi e cti ve - 11 APR 73

lU To determine and define the environmental res’stant
a charac teristics of Slected Coated and acrylic lam’ nated poiycarbonate

aI”craf t windshield material s when exposed to cr i tic a l aggressive
env io nmentS .

Progress-C 27 AUG 74 To 09 JUN 75 (In t e r i m - C l

(UI Candidate coated and !amlnated Oolvcarbo ’aate m at eri als were
ex posed to acceleraled laboratory weathering env ’ ronments and to three
and six months outd’~or weat hering at Phoen ix . .~‘Z o r,a and Miami ,
Flo rida . Their nh ys ica l and mechanical ha~ e beer’ evaluated and the
results are Currently being assessed . Outdoor weathering spec i mens
w i l l be evaluated a’ter 9 and 12 months of expOsu’e
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PROJECT NO . 7381 - RESEARCH APPLICATIONS

TITLE . STRESSED DURABILITY OF ADHESIVE BONDED JOINTS

CONTRACTOR . BOEING CO
CONTRACT . F336l5-74-C-5O65
CONTRACT DURATION . FEB74-
AFML PROJECT ENGiNEER. SCARDINO WELDON M
PROJ/TASK/WK UNIT . 7381-06-82

Ob Jective - 11 APR 75

(U ) To evaluate the stressed durabi lity of alumin um bonded assemblies
and surface prepara tion methods , and to determine the va l i d i t y  of
durabi lity test methods .

Progress-B 17 SEP 74 To 11 APR 75 (Interi m - E l

(U) The 1iterature survey and selecti on of test s~ ec imen configuration
is  being publ ished as AFM L-TR-7 5-3, Thick adber~ na iap shewr
specimens for Phase III (Tasks I and 6). verification of test method
arid inf l uence of test temperature, encounte red technica l d i f f i c u l t i e s
resulting in specimens being remade at no cost to the AF. For this, a
5 month no-cost extensio ,’i has been granted . Phase III. Stressed
Durabi l Ity Testing . is ir. progress. Many Of the spec i mens require
one-year .s exposu re to heat and humidity. The program was amended to
inc l ude several new .asks to :ur.Oc,rt the PABST program.

PROJECT ‘40 . 7381 - RESEARCH APPLI CATIONS

• 1 T I T L E . CRACK GROWTH T E S T I N G

CON T RACTOR . W ESTINGHOUSE E L E C T R I C  CORP
CONTRACT . F33615-75-C .5064
CONTRACT DURATION MAY7 5-JUN75
AFMI, PROJECT ENGINE ER.  GUNDERSON A L L A N  W
PROJ/TASK/WIT UNIT. 7381-06-86

Ob~~c c t i v e  - 29 MAY 74

(U To develop a standard test methodo l ogy for outain ing crac~t grow t h
data. To develop data on selected alloys and to analyze , evaluate and
select a method of data consolidation and presentat ion for use in the
Da mage Toleran t Design Handbook and other handbooks ,
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PROJECT NO. 7381 - RESEARCH APPLICATIONS

TITLE . DATA SHEETS ON ADVANCED COMPOSITES

CONTRACTOR . DAYTON UNIVERSITY RESEARCH INSTITUTE
C O N T R A C T ,  F 3 3 6 l 5 - 75 -C - 5 O 85
CONTRACT DURATION, MAR7~~-
A FML PROJECT ENGINEER. KNIGHT MARV IN

a PROJ/TASK/WIT UNIT . 7381 -06-87

Object ive - 06 JUN 74

(UI To die’,elop eng i neering data sheets on advanced composite
mater Ials .

I
Progress-A 06 JUN 74 To 11 APR 75 (Interim-A )

(U) The contractor.s principa l investi gation has visited AFML to
d iscuss the Program with the AFML project engineer . Another meet ing
has been scheduled for 1 March 1975.

PROJECT NO. 7381 - RESEARCH APPLICATIONS

T ITLE . DAMAGE TOLERANT DESIGN DATA FOR PROPULSION SYSTEMS

CON TRACTOR . UNITED TECHNOLOGIES CORP /RSCH LABS/
CONTRACT . F33615-75-C-5130
CON TRACT DURATION . APR75-JUN75
A FML PROJECT ENGINEER . GUNDERSON ALLAN W
PROJ/TASK/WK UNIT. 7381-06-89

Ob i ectiv O - 06 SEP 74

( U I  To ob ta in  crack propagat ion , f rac tu re  toughness, therma l f a t i g u e .
and strain cycled-low cycle fatigue data under engine environmenta l
cond I t ions.
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PR OJECT NO. 7381 - RESEARCH AP PLICATIONS

TITLE. PROPERTIES OF COATINGS. SURFACE TREATMENTS . PROCESSI NG ,,HEMICALS.

~N0 r.:ETALL URGI CAL FAILURE ANALYSIS

CONTRACTOR ~OCITWELL INTERNATIO~JAL CORP
a CONTRACT , F336l5-72-C-1376

CONTRACT DURATION APR72-a 
AFML PROJECT ENGINEER . CH1LDERS SIDNEY
PROJ /TASK/WIT UNIT . 7381-07-35

Ob iec ti ve - 15 NOV 72

(U.i To determine app lications , establish pru-ucer ti cs . obtain design
data and develop evaluation tests for new ex perim e ntal or proprietary
coa tin gs and Surfaca preparation materials for 000rationa l ard future
weapon systems: conduct metallurgical failure an alysis.

‘ 1 Prr,aaress-D 16 FEB 74 To 11 APR 75 (Irtc ”’” ~•Ol

( U I  Ev a l u a t i o n  of l i g h  temperatur- e coatings for jet eng i ne test cell
noise suppressors has been completed. Stripp ers are being esaluated

a fo’ use in remov i ng sealant mate r ials from F - I l l  aa .,cra ft . The
elevated temperature capability a~ f p o lysu lfi de or mer has been
determ ined from the standpoint of protection agau fls t corrosion after
expo sure to t e :” re ra lu res  of ISO degrees F through 350 degrees F in 25
deiree inc rements. A program is in progress to determine the
d u r a b i l i t y  of abrasive fi fled paints for runway uiaarki ngs . Work IS in
pregress to evaluat e the effic ien cy of new stripPe rs for removing

p rain eros ion coatings from radoires 40(1 any detri ri~~nta l effect on a

a mechanical properties. An eva luation is 4 0  progress to ide nt i f y
coatings for use on F ire trucks that are resi stant to new type
f l u o r i n a t e d  f i ’ e  e sl ingu i shing fluids . An extensive effort on failure
ana lys i s of Fa i l e d  ac-rospace structural par:s aSs accomp lished.
Consi derable data have been derived on no i ;’pol lut ing paint strippe”s
which w i l l  be u t i l i zed in preparatio n of a specif~~cation . A program
has been Completed on the stress crazing effect of detergents On
Po l ycarbonate transparancies.

- - . 
PROJECT NO . 738 1 - RESEARCH APPLICATIONS

TITLE . STl~UCT URAL ALLO YS IN REPRE SENTATIVE
AI RCRA FT ENVIRONMENTS

CONTRACTOR . ALUMINUM COMPANY OF AMER iCA
CONTRACT, F336l5-74-C’5O89
CON TRACT DURA T ICN . MAY74-

• AFML PROJEC T ENGINEER. GUNCERSON ALLAN W
PROJ/TASK/W IT UNIT . 7381-07-43

Ob Jective - 26 AUG 74

(Ui To obtain environmental property data on several production
wroug ht aluminum al loys.

Progress-B 27 AUG 74 To 1 1 APR 75 (Interim-B)

lU ) The materials have procured and the machining and testing effo”ts
hav e started .
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PROJECT NO, 7360 - CHEMISTRY AND PHYSICS O~ MAT ERIALS

TITLE. EXPERIMENTA L MATERIALS OF INIFREST TO THE A F US 1N G
INSTRUMENTA L AND CHEMICAL TEC HNIQUES

CONTRACTOR . MIAMI UNIVERSITYF CONTRACT. F336 15’73-C-5O13
CONTRACT DURA TION . DEC72-
4FML PROJECT ENGINEER. HOUSTON CHARLES D
PROJ/TASK/WIT UNIT. 7360-05-42

ObJect ive - 12 JUL 72 a

(U i The development of techniques and equipment necessary to establish
the compOSi t ion a l and str~~ctura l ana l ys is of A i r  Force materials.
A p p l i c a t i o n  of these c a p a b i l i t i e s  to the e sa luat i cr i and analysis of
research and Conventi onal materials.

Progress-C 10 SEP 74 To 11 APR 75 (I n t e r i m - C u

(U) R and 0 efforts produced the follow ing tapers. .The Vibrationa l
a Spectra and Structure of Chloroacetic Acid., .The V ibrationa l Spectra

and Structures of Organic Acid s and their Derivat i ve,, and .The
V ibratio n al Spectra of a-BromOacetaldehyde D (meth y l A ceta l and Related
Molecules ,. It also established the structure and/or compoS1tion~~

i
analysis of approx i m atel y 650 samples.

.1
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F336 15—74—C—5 143 144

F336 15—74-C-514 5 48

F336 15-74—C-5146 99

F33615—74—C—5 151 73

F336 15—74—C-5].53 70

F336 15—74—C—5 156 75

F336].5—74—C-5162 149

F336 15—74—C-5 163 9

F336 15—74-C-5165 7

F33615-74—C-5 167 39

F336 15—74— C -5168 41

F336 15—74-C—5169 99

F336 15—74-C—5172 26

F336 15-74—C—5 174 8

F336 15-74—C-5178 86

•
1. F336 15—74—C— 5 179 31

F33615-74—C-5180 34

F336 15—74—C-5181 102

F336 15— 75—C—0135 5

F336 15-75—C— 1166 12
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Contrac_t ~~~e Nurnber

P336 15—75—C— 1168 . 12

F336 15—75—C-5005 1

F33615—75—C--5006 76

F33615-75-C-5007 154

F33615-75-C-5009 83

F33615-75-C-5010 94

F33615—75—C—50 16 80

F336 15-75—C-5041 98

F33615-75-C-5042 85

F33615-75-C-5046 84

F33615-75-C-5049 78

F336 15-75—C—5053 79

• F33615-75-C-5058 85

F33615-75-C-5061 16

F336 15-75—C-5064 158

F336 15—75—C—5072 136

F33615-75-C-5073 131

F33615-75-C-5075 131

• F336 15—75-C—5076 145

F33615-75-C-5079 80

F336 15-75-C-50~0 152

F33615-75-C-5081 134
- I F336 15-75-C-5083 84

F336 15—75—C-5084 77

F336 15-75-C-5085 159 *
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Contract Pa’e Number

F33615-75-C-5089 . 35

F33615-75-C-5090 120

F336 15—75—C-5091 19

F336 15—75—C—5093 125

F33615—75—C-5094 18

F33615-75-C-5095 122

F336 15-75-C—5097 23

F33615-75—C-5100 50

F33615—75—C—5 105 137

F33615-75-C-5106 143

F33615-75-C-5 111 82

F33615-75—C-5113 120

F33615—75-C-5114 19

F336 15—75-C—5 115 135

F336 15—75—C—5 117 87

F33615-’75—C-5118 121
-

~~ 

I F33615-75-C-5119 117
- 

-- 

F336 15—75—C-5 120 94

F336 15-75—C—512 1 135

F336 15—75-C—5 122 8

F33615—75-C-5129 97

F33615—75—C—5 130 159

F33615-75-C-5131 45

F33615—75—C—5134 38

F33615—75—C-5 135 
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Contract Page Number

F336 15—75-C—5 136 . 123

F33615-75-C-5137 34

F336 15—75--C—5138 35

F336 15’-75—C—5 142 142

F336 15-75—C—5 143 11

F33615-75-C-5144 136

F336 15—75-C-5148 146

F336 15-75-C—5153 44

F33615-75-C-5154 88

F33615-75-C-5155 82

F33615-75—C-5 160 43

F33615-75-C-5164 43

F336 15—75-C-5 165 117

F336 15-75—C—5 167 137

F33615—75-C-5 169 36

F336 15—75—C—5 17 1 103

F33615-75-C-5173 86

F33615—75-C-5174 96

4 F33615-7 5—C-5 175 87

F3361 5—75—C— 5 18 1 107

F33615-75-C—5 182 107

F336 15—75—C-5 184 88

F336 15—75—C-5 186 148

F336 15—75—C—5 187 1.03

F336 15—75-C-5190 42

F336 15—7 5-C—5 192 83
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F336 15—75—C—5 193 • 76

F336 15—75—C—5 194 77

F336 15-75—C-5195 108

F336 15—75-C-5196 10

F336 15-75-C—5197 78

F336 15-75—C-5198 4

F33615-75-C-5205 108

F33615-75-C-5206 104

F33615 7 5 C 5 2 0 9  106

F336 15—75—C—52 10 3

F336 15—75—C-52 11 78

F336 15—75-C-5212 147

F336 15-75-C—5214 144

F33615-75-C—52 16 148

F336 15—75-C—52 19 147

F336 15-75-C-5220 4

F33615-75—C-5225 105

F336 15—75—C—5226 105

F336 15—75-C—5227 138

F336 15-75—C-5228 42

F336 15—75-C-5229 89

-• F336 15-75—C-5232 95

F33615-75—C—5235 11

F33615-75 C-5242 89

F33615-75-C-5247 3

F33615-75-C-5257 81
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F33615-75-C -5260 104

F33615-75 C 5263 79

F33615-75—C— 5266 90
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