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NOTICE

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
obligation whatsoever; and the fact that the Government may have formu-
lated, furnished, or in any way supplied the said drawings, specifications,
or other data, is not to be regarded by implication or otherwise as in any
manner licensing the holder or any other person or corporation, or conveying
any rights or permission to manufacture, use, or sell any patented invention
that may in any way be related thereto.

This report has been reviewed by the Information Office (I0) and is
releasable to the National Technical Information Service (NTIS). At NTIS,
it will be available to the general public, including foreign nations.

This technical report has been reviewed and is approved for publication.

OM G. PURNHAGEN, Lt Col/ US/
AFML/DO/STINFO

FOR THE COMMANDER

Copies of this report should not be returned unelss return is required

by security considerations, contractual obligations, or notice on a specific
document.
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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
=l Materials Division (LP). The technology contracts are sponsored by
B 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

PERISEHEESIN: ESSEEE

ATTN: AFML/1LC
AFML/LL
AFML/LP
AFML/LT
AFML/MB
‘ AFML/MX
Wright-Patterson AFB, Ohio 45433
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PROUJECT NO. 0COO - NOT AVAILABLE

TITLE - SHORT TERM [NTERM[TTENT RESEARCH TASKS
CONTRACTOR. TECHNOLOGY INC

CONTRACT. F33615-73-C-4155

CONTRACT DURATION. JUN73-

AFML PROJECT ENGINEER. DAACK MARTIN

PROJ/TASK/WK UNIT, 0000-00-00

Objective - 05 SEP 73

(U) AF FUNCTION - Research and Development. DEFICIENCY - Inability to
obtain military or civil service personnel with highly specialized
skills cn a short term basis. RESEARCH - Basic recsearch in the
physical and engineering sciences. HOW RFSEARCH CONTRIBUTES -
Provides professional competence and utilizes unigue ARL equipment for
thorough investigations and knowledgeable evaluations. Offers the
opportunity for basic research in the areas of chemist~y, solid state
physics. plasma physics, applied mathematics, metaljurgy and ceramics,
hypersonics, energetics and fluid dynamics within the directed ARL
approved mission projects.

Proyress-F 06 DEZ 74 To 28 FEB 75 (Interim-F)
(U) Submission of requests for ARL utilization of this service from 6

Dec 74 to 28 Feb 75 was for a total of 3 participants with a total of
56 participants now requested from the contractor.

PROJECT NO. 7381 - RESEARCH APPLICATIONS

HERCE INFORMATION RETRIEVAL

CONTRACTOR. DAYTON UNIVERSITY RESEARCH INSTITUTE
CONTRACT. F33615-75-C-5005

CONTRACT DURATION. JUL74-JUN7S

AFML PROJECT ENGINEER. WISNOSKY DENNIS

PROJ/TASK/WK UNIT, 7381-03-28

Objective - 18 APR 74

(U) Improve the present information processing system and continue
storing technical reports on materials, their properties, processes
and applications so that answers to Guestions brought to the system
can be based on as nearly complete access to all e€xisting information
as possible. This information system helps maximize utilization of
materials for all AF systems.

Progress-A Ol JyuL 74 To 11 APR 75 (Interim-A)

(U) Keyword out of context (KWOC) indexing has been fully implemented.
The indexing rute 1s approximately 500 documents per month. Keywork
1n context (KWIC) searching service has been acceleratea from five (5)
day to one (1) day routine turn around by executing the appropriate
programs locally. Information retrieval capability has been greatly
improved through real time access (by compu:er terminal) to 26 world
wide data bases. The scientist and/or engineer now truly has a world
of information at his finger tigs. As one immediate result of this
availability and an agressive education program. the number of request
has quadrupled over the previous calendar year.

Y
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PROJECT NO. 7381 - RESEARCH APPLICATIONS

TITLE. INTERMITTENT RESEARCH ON MATERIALS
AND ASSOCIATED PROBILEMS
P CONTRACTOR. UNIVERSAL TECHNOLOGY
CONTRACT. F33615-74-C-5043
CONTRACT DURATION. OCT73-JUL75
AFML PROJECT ENGINEER. HARSACKY FRANK U
PROJ/TASK/WK UNIT. 7381-03-31

Objective -~ 18 JuL 73

(U) To provide research analysis on highly important materials and
associated problems which suddenly develop and must be attacked
immediately. This requires that a strong potential of highly
specialized technical authorities be availacle for assignment to the
problem when it is recognized. Many of the problems are service
related.

;- Progress-A 01 OCT 73 To 11 APR 75 (Interim-4A)

3 (U) To dgte. approximately 80 individual problems have been addressed
ﬁ under this contract. Approximately 55 of these efforts have involved
research requiring a quick reaction capability and have ranged in
duration from a few days to several weeks. The remaining probilems
were soived through lectures and workshops and activities on various
technical subjects as required to support the AFML mission.

PROJECT NO. 2100 - LASER HARDENED MATERIALS

TEFEE - LASER HARDENED SUBSCALE CANOPY DEVELOPMENT g
4 CONTRACTOR. 3
CONTRACT . 4
4 CONTRACT DURATION. JUN75-JUN76
1 AFML PROJECT ENGINEER. GRIFFITH GORDON H f
: PROJ/TASK/WK UNIT. 2100-00-01 4
1
B | Objective - 09 DEC 74
e 1
? (U) The chjective of this program is to develop processing and 3
@ fabrication techniques for laser hardened transparent plastics which k.

i will be suitable for fabricating laser ~ardenied aircraft canopies.

‘ Integral to this program is the fabricaticn of subscale canopy shaped
articles for validating fabrication feasibility and for evaluating 3
structural performance, environmental resis:ance and laser hardness. |

| Progress-A 02 JUUN 75 To 15 OCT 75 (Interim-4)

! 1 (U) A subscale canopy shape has been fabricated and delivered to AFML. E
Selection of materials and laminate concepts 1s In progress along with
accompanying scr2ening tests for optimizing performance. i
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PROJECT NO. 2100 - LASER HARDENED MATERIALS

TITRES DMSP FJLTER DEMONSTPATION
1 CONTRACTOR. WESTINGHOUSE ELECTRIC CORP
E CONTRACT. F33615-75-C-5210 :
3 CONTRACT DURATION. APR75- JUN75 !
AFML PROJECT ENGINEER. BABJAK STEPHEN J
PROJ/TASK/WK UNIT. 2100-00-02

Objective - 03 DEC 74

S

(U) Demonstrate new filter for DMSP Optical System.

PROJECT MNO. 2100 - LASER HARDENED MATERIAL:

E f TITLE. HARDENTNG APPLICATIONS STUDY OF AIRCRAFT
E | CONTRACTOR. R AND D ASSOCIATES
b | CONTRACT. F33615-75-C-5247

] CONTRACT DURATION, JUN75-4PR75

l AFML PROJECT ENGINEER. GRIFFITH GORDON H

. PROJ/TASK/WK UNIT . 2100-00-06

Objective - 28 FEB 75

(U) The objective of this study is to evaluate the potential payoff of
material hardening concepts for protecting Air Force aircraft and
missile systems from high intensity radiation.

g

My S

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

ST PSR-

; . (U) Background data on target and threat models is being collected to
e . 5 update codes being utilized by contractor. Al1so. data on material
hardening concepts is being collected for use in later tasks of this
program.
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PROJECT NO. 2100 - LASER HARDENED MATERIALS

TITLE. HARDENED FILTER/MIRROR DEVELOPMENT
CONTRACTOR. HONEYWELL INZ
CONTRACT. F33615-75-C-5198
CONTRACT DURATICN, FEB75- JAN76

AFML PROJECT ENGINEER. GRIFFITH GORDON H
PROJ/TASK/WK UNIT. 2100-00-07

Obiective - 17 DEC 74

(U} To develop infrared transmitting materials and concepts which have
improved resistance to the damaging effects of laser radiation at
specified wavelengths, but yet are highly transparent to the desired
target radiation.

Progress-A 15 FEB 75 To 15 OCT 75 (Interim-A)
(U) A number of multi-layer coatings have been fabricated and are

currently undergoing extensive environmental testing and evaluation
both at Honeywell and AFML.

PROJECT NO. 2100 - LASER HARDENED MATERIALS

FLTLE . HARDENED INFRARED MATERIALS
CONTRACTOR. SENERAL ELECTRIC CO
CONTRACT. F33615-75-C-5220
CONTRACT DURATION. APR75-FEB76

AFML PROJECT ENGINEER. GRIFFITH GORDON H
PROJ/TASK/WK UNIT. 2100-00-08

Objective - 01 APR 75
(U) To febricate IR domes which have improved resistance to the

damaging effects of laser radiation and specified wave lengths and yet
are highly transparent to the desired target radiation.

Proyress-A 01 MAR 75 To 15 QOCT 75 (Interim-A)

(U) IR domes with good mechanical integrity have ceen fabricated by
the contractor. Current efforts are directed at impruving the
marginal optical properties of these domes.

|
|
|
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PROJECT MNO. 2100 - LASER HARDENED MATERIALS

TITLE . COATINGS FOR IR MATERIALS

CONTRACTOR. OPTICAL COATING LABORATORIES INC
CONTRACT. F33615-75-C-0135

CONTRACT DURATION. JUL75-JUNT76

AFML PROJECT ENGINEER GRIFFITH GORDON H

PROJ/TASK/WK UNIT. 2100-00-10

Objective - 07 APR 75

(U) To purcha§e six JR transmitting samples with special optical
coatings applied to reject selected wavelengths.

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

(U) Six (B) IR domes have been coated and shipped to AFML for tests
and evaluation,

PROJECT NO. 69CW - ADVANCED COMPOSITES

TITLE. COMPOSTTE WING FLIGHT TEST PROGRAM
CONTRACTOR. MCDONNELL DOUGLAS CORP
CONTRACT. F33615-71-C-1536
CONTRACT DURATION. MAY71-JUN74

AFML PROJECT ENGINEER. ROSEL]US DAVID A
PROJ/TASK/WK UNIT. 69CW-00-86

Objective - 12 APR 72

(U) OBJECTIVE- Develop the required technology and design.
manufacture, and validate through ground and flight test the primary
load carrying wing structure of the F-15 aircraft fabricated with
advanced composite materials.

Proyress-E 01 SEP 74 To 01 APR 75 (Interim-E)

(U) A1l testing efforts on the Static Test Wing have Deer
satisfactorily completed during this month. The wing was subjected to
four 75 percent }imit load tests, one 115 percent limit load. two 100
percent 1imit load tests. and 500 hours of guasi-real time fatigue.
During this portion of the test phase no problems were experienced.
On 18 Nov 74 the static test wing was tested to the first of two
ultimate load conditions. The test was negative bending to 150
percent limit load. und the wing successfully withstood the load with
no problems. On 22 Nov 74, the second ultimate load condition was
apgplied to the F-15 composite wing. This test was positive bending.
In the morning. the load was applied to 133 percent limit load,
whereupon, ore of the load jacks ,bottomed ocut.. The test was halted
ard fixes were implerented to preclude this problem from happering
again. In the afternoon the test was restarted. The F-15 composite
wing failed at 145 percent design Iimit load. The failure was
initiated by crippling of the titanium rear spar flange and upper
cover, where the two are bolted together, in the area of station 96.
The faiiure wen! across the complete box chord fracturing the uppen
cover in the area of station 96 ~nly. The resulting substructure
damage was also localized. Each spar was buckled only in the area of
the faiiure, and the rib at station 96 was :the only rib receiving
significant damage. The final weight savings for the composite torque
box was 17.1 percent.




PROJECT NO. 69CW - ADVANCED COMPOSITES

TITLE, EUTECTIC COMPOSITE TURBINE BLADE DEVELOPMENT
CONTRACTOR. GENERAL ELECTRIC CO

CONTRACT. F33615-73-C-5050

CONTRACT DURATION. APR73-JAN76

AFML PROJECT ENGIMFER. SCHULZ WILLIAM J

PROJ/TASK/WK UNIT. 69CW-00-92

Objective - 09 NOV 72

(U) To develop the materials, design. and fabrication technology
required for the application of eutectic composite materials in
turbine blade components in cas turbine engines.

Progress-E 01 APR 75 %o 15 OCT 75 (Interim-E)
(U) A1) process development has been completed. Data generation has
becn completed. Final design has been initiated. All pblade castings

have been produced by the subcontractor. These are now being
inspected and machined for bench testing.

PROJECT NO. 69Cw - ADVANCED COMPOSITES

TITLE. EVALUATION OF HYBRID COMPOSITE MATERIALS
CONTRACTOR. BOEING CO

CONTRACT. F33615-74-C-5074

CONTRACT DURATION. JUN74-JUN76

AFML PROJECT ENGINEER. KOSMAL BRIAN A

PROJ/TASK/WK UNIT. 69CW-01-11

Objective - 08 AUG 73

(U) To de~ive useful engineering and design data on hybri
systems. ybrid composite

Progress-C 01 APR 75 To 21 OCT 75 (Interim-C)

(U) Phase I, the materials screening. is compnlete an i

N d resulted in the
selgction of the S-Glass/T-300 and T-300/PRD-49 materials systems for
engineering data generation in Phase II. Phase Il materials have been
purchased, all test coupons have been laid-up anc cured. and testing

15 ?roceeding on schedule. The program is on schedule and within
cost.

i
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PROJECT NO. 69CW - ADVANCED COMPOSITES

TITLE. DEVELOPMENT OF IMPROVED ENVIRONMENTAL RESISTANT ORGANIC-

1 REINFORCED MATERIALS SYSTEMS

.

CONTRACTOR. WHITTAKER CORP
CONTRACT. F33615-74-C-5142
CONTRACT DURATION. JUN74 -
AFML PROUECT ENGINEER. HOLLINGSWORTH GARY D
PROJ/TASK/WK UNIT. 69CW-01-13

Objective - 13 AUG 73

(U) The objective of this program is to investigate the combination of
boron and graphite fibers with crmmercially available resin systems to
provide material combinations with increased environmental resistarnce

o compared to that ofiered by the present!y used expoxy and modified

- epoxy resin systems.

Progress-B 01 APR 75 To 22 OCT 75 (Interim-0)

(U) The candidate resins were used as matrix with T7-300 graphite fiper
to fabricate laminate test specimen. Initial results in flex and
short beam shear showed that although the resins were not degraded by
moisture their strength values were well below epoxies. especially at
temperature (300 degrees F plus). Attempts at optimization to improve
high temperature properties, while showing improvem=nt. either failed
to show enough strength improvement or induced cracking. The program
1s currently being downward redirected to preclude further activity
zxcepting a final report.

8
p?

PROJECT NO. B9CwW - ADVANCED COMPOSITES

TITLE. PROOF LOADING METHODOLOGY FOR COMPOSITE STRUCTURES
R CONTRACTOR. ROCKWELL INTERNATIONAL CORP
CONTRACT. F33615-74-C-5165
3 CONTRACT DURATION. JUN74-DEC74
b AFML PROJECT ENGINEER. DAVIS ANDREW W
B PROJU/TASK/WK UNIT. 69Cw-01-19

Objecctive - 01 APR 75

g | (U) The objective of this program is the development and demonstration
of the necessary technology to achieve the same philosphical damage
R tolerant goals in structural criteria for advanced composites as are
being impiemented for metallic structures. The ncw structural
criteria stangards MIL STD-1530 and MIL-A-XXXX were developed for

B metallic structures to obtain Safety-of-Flight for aircraft

1 structures. This program inclucges the development and demonstration
of the basic methodnlogy for achieving fracture contro! in advanced
composite structures,

| Progress-A 22 JUN 74 To 01 APR 75 (Interim-A)

(U) Material choracterization has begun, test fixtures have been
built, preliminary specimens have been tested. Based on poor
b materiais, properties, a temporary stop-work order has been issued.
; ! Efforts will be undertaken to clarify the impact of materials.
i e properties on program objectives and to determine an appropriate
{ 4 material procurement specification,
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PROJECT NO. 69CW - ADVANCED COMPOSITES

ks

a
TEELE., ANALYSJS OF HYBRID COMPOSITE MATERIALS

I
CONTRACTOR. MATERIALS SCIENCES CORP ‘
CONTRACT. F33615-74-C-5174
CONTRACT DURATION. JUN74-JUN75 o
AFML PROJECT ENGINEER. KOSMAL BRIAN A

{1 PROJ/ TASK/WK UNIT. 69CW-01-20

Objective - 20 JUN 74

(U) To derive useful engineering and design data con hybrid composite
systems.

Progress-C Ot APR 75 To 21 OCT 75 (Inter1m-C)

(U) The program technical effort is complete. A rewritten draft of
the final report has been approved. Submission of a reproducible copy
of the final! report, AFML-TR-75-92, is the only contractual task
remaining. The report provides data that will enable the structural
designer to make a preliminary assessment of cOst and weight tradeoffs
for numerous interply hybrid composite material systems by comparing
them to aluminun and single-reinforcement compos:tes for several

1 generic structural applications over a wide range of loadings. The

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

1 E

PROJECT NO. 8809 - NUCL VUL/HARDENING TECH

| EEILES DMSP TRANSIENT THERMAL ANALYSIS
- CONTRACTOR . R C A CORP
3 CONTRACT. F33615-75-C-5122
E | CONTRACT DURATION. DEC74-JUN75
E: | AFML PROJECT ENGINEER. BABUAK STEPHEN U ?
E: | PROJ/TASK/WK UNIT. 8809-00-01 .
' E
A .
5% ] Objective - 16 MAY 75 -
“ }
s ;
(U} To examine the therma! response of the DMSP spacecraft in the !

normal and simulated weapon environments.

Progress-A 16 DEC 74 To O1 MAY 75 (Interim-A)

~“ (U) Seven computer nrun
| btk P s have been completed. The program is on

e
ii 8
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PROJECT NO. 7C21 - STRUCTURE AND PROPERTIES OF SOLIDS

TIVLE . THE UNDERSTANDING AND EXPLOITATION OF ALLOYS BASED ON (TIAL)
CONTRACTOR. UNITED TECHNOLOGIES CORP /RSCH LABS/

A CONTRACT. F33615-74-C-1140

5 CONTRACT DURATION. MAY74 - JUN7S

3 AFML PROJECT ENGINEER. LIPSITT HARRY A

?1 PROJ/TASK/WK UNIT, 7021-01-64

Objcctive - O1 FEB 74

- (U) AF FUNCTION - Azvanced Aerospace Vehicles. DEFICIENCY -

E Reliability of Structurai Materials at High Temperatures. RESEARCH -
Urnderstand ano exploit intermetallic compounds. HOW RESEARCH

< CONTRIBUTES - Phase relationships, alloying behavior and properties of
castings are necessary to allow more exact design with consideration
of a wider range of operatinc conditions. 1f some room temperature
ductility can be introduced in TiAl a whole new Class of materials may
become available to the Air Force

Prouress-Z 01 NOV 74 To 30 JUN 75 tFinal)

(U) It has been shown that the basic principles for inert crucibles
developed for titanium alloys do not apply t0 alloys based on TiAl
chiefly because of the reactivity of the aluminum in the melt. Thus,
3 systems based on Al sub 2 O sub 3 and Al sub 2 O sub 3 plus Y sub 2 O
E sub 3 have been under study and show some promise of providing a

3 tractablie crucible material. The alloying studies have shown some
E strong and surprising negative interactions and have identified some 4
3 mildly promising alloy systems. However, it cannot be claimed at this ;
stage that any breakthrough has nccurred in the room temperature
ductility pruolem. One positive aspect of this work has been that the
prediction of solubility and structural modifications possible in this
system have been proven by experiments. For examplg, it has been 3

possible to produce mixed L1 sub O and L1 sub 2 structures in the Ti-
A1-Cu and Ti-Al-Cu-Mn systems which show profuse slip at room
temperature but at this time limited indications cf guctility. Due to
the cdiscstablishment of the Aerospace Research Laboratories (ARL). i
; this contract is being transferred to the Air Force Materials .
<o i Laboratory (AFML I,

PROJECT »O. ILIR - LABORATORY DIRECTORS FUND

1 TITLE. METALLURGICAL FACTORS AFFECTING CRACK GROWTH RATE IN HIGH
STRENGTH ALUMINUM ALLOYS
CONTRACTOR. ALUMINUM COMPANY OF AMERICA
2 CONTRACT. F33615-74-C-5079
CONTRACT DURATICN MAY74 -
AFML PROJECT ENGINEER. SANTNER JOSEPH
1 PROJ/TASK/WK UNIT. ILIR-00-6!

Objective - 26 JUuL 73

(U) Determine those metallurgical factors which a‘fect the crack
growth rate in high strength aluminum alloys and processing schemes
necded to control these factors fn commerctial ingot production.

Progress-B 15 AUG 74 To 15 MAR 75 (Interim-B)

(U) Test data for 25 dgifferent alloy microsiructures was obtained in

the stress 1ntensity range for relatively rapid fatigue crack growth.
] Very little difference in Crack growth rate was observed from one
microstructure o the next. fhe next phase of the srogram will
nvolve measuring fatigue crack growth rates at lower stress
intensities where microstructural varfations may be more important to
the fatigue behavior

3
!
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PROJECT NO. ILIR - LABORATORY DIRECTORS FUND

TIELE. INFLUENCE OF METALLURGICAL FACTORS ON THE FATIGUE CRACK GROWTM
RATE IN ALPHA-BETA TITANIUM ALLOYS

CONTRACTOR. ROCKWELL INTERNATIONAL CORP

CONTRACT. F33615-74-C-5067

CONTRACT DURATICN. APR74 -

AFML PROJECT ENGINEER. BIDWELL LAWRENCE R

PROJ/TASK/WK UNIT. ILIR-00-63

Objiective - 31 JuL 73

(U) The aim of this program is t~ identify rhose factors that
infiuence or control fatigue crack growth kinetics in alpha-beta
titanium alloys and to establish their re'a:tive importance.

Proaress-D 01 MAR 75 To 30 SEP 75 (Interim-D)

(U) Phase I FCP tests in air and salt water as a function of stress
intensity ratio and stress intensity range have been completed. Phase
I mechanical and physical property measurements are nearly complete
except for the fracture toughness, stress-corrosion cracking. and
cyclic stress-st-ain determinatinns., which are roughly 50 percent
complete. Six microstructures for Phase 11 FCP testing have been
selected based on the results of Phase I. Material suitable for use
1n Phase IIl has been located and ordered.

PROJECT NO. ILIR - LABORATORY DIRECTORS FUND

TITLE . PROPERTY SCREENING AND EVALUATION OF CERAMIC VANE MATERIALS
CONTRACTOR. 1 T T RESEARCH INSTITUTE

CONTRACT. F33615-75-C-5196

CONTRACT DURATION. JAN75 - JUN76

AFML PROJECT ENGINEER. RUH RCBERT

PROJ/ TASK/WK UNIT. ILIR-00-69

Objective - 23 DEC 74

(U) The objective of this program is to assess candidate ceramic
materiais for application as turbine vanes or other components in a
small 1limited 1ife RPV turbine engine. Physical and mechanical
property data shall be supplied on a timely basis in order to perform
materiail screening and evaluation to effectively input a concurrent
(AFAPL) program which wil! accomplish the design and rig testing of
components for the above application.

Progress-A 01 JuL 75 To 30 SEP 75 (Interim-4)

(U) The test matrix for Phase I of the program has been finalized and
approved by AFML. Specifications for test samples have been obtained
and procurement initiated.
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PROJECT NO. ILIR - LABORATORY DIRECTORS FUND

b TITLE. CHARACTERIZATION OF SURFACES PRIOR TO ADHESIVE BONDING (TASK II) |
- |
; CONTRACTOR. ROCKWELL INTERNATIONAL CORP |
: CONTRACT. F33615-75-C-5235 |
: CONTRACT DURATION. MAR7S - |
b AFML PROJECT ENGINEER. CRANE ROBERT L

4 PROJ/TASK/WK UNIT. ILIR-GO-76

Objective - 15 MAR 75

3 (U) To develop nondestructive inspection (NDI) procedure and
* instrument to determine the surface quality of Al prior to adhesive
¥ bonding.

Progress-A 15 MAR 75 To 31 JUL 75 (Interim-A)

(U) A list of common contaminants has been establiched. Wwork has g
started on measuring the effect of these contaminants on the anodized
surface.

e L s s ¢
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PROVECT NO. ILIR - LABORATORY DIRECTORS FUND

| YITLE . CHARACTERIZATION OF SURFACES PRIOR TO ADHESIVE BONDING
CONTRACTOR. NORTHROP CORP ;
CONTRACT. F33615-75-C-5143
1 CONTRACT DURATICN. MAR75-JUN76 3
AFML PROJECT ENGINEER. REMMEL T P
PROJ/TASK/WK UNIT. ILIR-00-77 -3
§
. | Objective - 15 MAR 75
b1 (U) To clevelop nondestructive inspection (NDI) prccedures to determine A

: the surface quality of Al prior to adhesive bonding.

Progress-A 15 MAR 75 To 31 AUG 75 (Interim-A)

(U) Initial surface charactenization for phosphoric and chromic
| 3 anodizing systems has been completed. Investigation of the effects of
| % varying the anodizing parameters is in progress.
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i PROJECT NO. 7021 - STRUCTURE AND PROPERTIES OF SOLIDS
TITLE . STUDY OF INTERMETALLIC COMPOUNDS
CONTRACTOR. UNITED TECHNOLOGIES CORP
CONTRACT. F33615-75-C-1166
¥ CONTRACT DURATION. FEB75-JUN75
3 AFML PROJECT ENGINEER. LIPSITT HARRY A
5. PROJ/TASK/WK UNIT. 7021-01-66
Objective - 17 FEB 75
3 (U) The objective of this program is to determine the suitabilitv and E
3 potential of titanium aluminum (TiA1) base materials for use in
b aircraft turbine engines. It is of specific importance to study the
4 response of this material, as an example of a class of materials, to
the stresses. strains, and environment found in a gas turbine engine.
3 Progress-4 17 FEB 75 To 03 DEC 75 (Interim-A) |
vi~ (U) A first generation powder composition Ti-36A1-5Nb has been
: compacted in several ways and the sclid product characterized. The
results are sufficiently encouraging to select a second composition -
and to determine whether TiA1 will be suitable for rotating
applications.

PROJECT NO. 7021 - STRUCTURE AND PROPERTIES OF SOLIDS |

E | TITUE . STUDY OF INTERMETALLIC COMPOUNDS |
CONTRACTOR. BATTELLE MEMORIAL INSTITUTE |
CONTRACT. F33615-75-C-1168 |
CONTRACT DURATION. FEB75- JUN75 |
AFML PROJECT ENGIMEER. LIPSITT HARRY A |
PROJ/ TASK/WK UNIT. 7021-01-67 |

Objective - 17 FEB 75

B | (U) The objective of this program is to establish fabrication
procedures and resulting properties for titanium aluminide base alloys
rolled to sheet of varying thickness. formed into complex shapes. and
joined together into scaled comgnnent assemblies typical of those used
1n aircraft turbine engines.

SPISINERTISEA = T TP V8

Proaress-A 17 FEB 75 To 03 DEC 75 (Interim-A)

| (U) Sheet materials of Ti-16A1-10Nb have been successfully rolled and
{ ! characterized. Ti-36A1-5Nb has been rolled but contains many cracks.
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PROJECT NO. 7021 - STRUCTURE AND PROPE&TIES OF SOLIDS

TEVLE ; OXIDE SCALE ADHERENCE MECHANISMS

CONTRACTOR. UNITED TECHNOLOGIES CORP /RSCH LABS/
CONTRACT. F33615-72-C-1702

CONTRACT DURATION. JUN72-JUNT75

AFML PROJECT ENGINEER. GRAHAM HENRY C

PROJ/TASK/WK UNIT. 7021-03-62

Objective - 09 NOvV 73

(U) AF FUNCTION - High Temperature Propulsion Materials. DEFICIENCY -
Physical and chemical property degradations of alloys due to oxidation
at high temperatures. RESEARCH - The adhererice mechanism(s) of
alumina on NiCral and CoCrAl allnys with and without yttrium additions
will be determ:ned under normal oxidizing conditions and in the
presence of applied tensile and compressive lcads. HOW RESEARCH
CCMNTRIBUTES -~ An understanding of the affec: on scale adherence of the
alloy structure and composition and the resulting oxide growth
mechanisms and morphology can lead to controlling the adherence of
oxide scales and thereby to the use of desirable alloys previously
discounted because of poor scale adherence. The evaluation of the
effect of applied stress during nxidation may well lead to a better
understanding oi alloy behavior during actual use. sinCe in practice
most high temperature alloys are subjected to loads during exposure to
the degrading environment.

Proaress-Z 01 JUAN 74 To 30 JUN 75 (Final}

(U) The rates and mechanism of alumina growith on NiCrAl and CoCrAl
alloys have been determined. Alumina is shown to spall from these
alloys <uring thermal cyc!ino because the applied stresses exceed the
strength of the alumina-alloy interfacial bond ancd the development of
voids at the interface is not necessary. While it was shown that
yttrium additions do not alter the growth mechanism of alumina, the
yttrium oxidizes to form particles and stringers of yttria which are
1ncorporated into the inward growing alumina scale and act as macro
and micropegs. These mechanical keys significantiy improved the
adhesion of alumina. Work has been transferred “o AFML pecause of the
disestablishment of ARL.
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PROJECT NO. 7021 - STRUCTURE AND PROPERTIES OF SOLIDS
FTITLE . HOT CORROSION OF COBALT ALLOYS

CONTRACTOR. UNITED TECHNOLOGIES CORP /RSCH LABS/
CONTRACT. F33615-72-C-1757

CONTRACT DURATICN. JUN72-MAY7S

AFML PROJECT ENGINEER. GRAHAM HENRY C

PROJ/TASK/WK UNIT. 7021-03-63

Objective - 09 NOV 73

(U) AF FUNCTION - High Temperature Propulsion Materials. DEFiCIENCY -
Mechanical and chemical property degradation of alloys due to induced
accelerated oxidation at high temperatures. RESEARCH - The hot
corrosion mechanisms of several cobalt-base alloys will be determined
and compared to the mechanisms for similar nickel-base alloys to
define the reasons for the increased resistance to hot corrosion by
cobalt alloys. HOW RESEARCH CONTRIBUTES - An understancing of the
oxidation and hot corrosion mechanisms of cobalt-base alloys and a
comparison to the mechanisms for nickel-base alloys can lead to
'mproving the resistance of one ~r both alloys tyres and thereby to
longer i1ife of these alloys as gas turbine components.

Proyress-Z 01 JAN 75 To 30 JUN 75 (Final)

(U} The results to date indicate that the features developed during
the hot corrosion of coba!t-base and similar nickel-base alloys
(NiCrAl, CoCrAj, NiCrAl y, CoCrAl Y) are virtually identical. At
present it is still not possible to formulate the hot corrosion
deuradation mechanism for these alloys. The mild degradation which
precedes the much more severe degradation does not appear to occur as
the result of fluxing of the alumina. Indications are that aluminum
depnletion or the mechanical destruction of protective alumina
contribute significantly to the degradation process. The transition
from miid to scvere degradation may be associated with the formation
of a liquid sulfide phase. Results indicate that chromium depletion
15 required befcre the ligquid sulfide can developr and the cobalt-base
alloys are more resistant than the nickel-base alloys to the
development of the liquid sulfide. The results for sodium sulfate
'nduced hot corrosion of Co Al M~ and Co Cr Mo allioys show that
molybdenum prevents the onset of accelerated oxidation induced by
basic fiuxing. However, if sufficient molybdenum 1.as introduced into
the sodium sulfate from the alloy, catastrophic Oxidation occurred.
The results for similar Co-Al and Co-Cr alioys containing tantalum
showed that tantalum does not significantly affect the oxidation of
sodium sulfate-coated specimens. This work has been transferred to
the AFML due to the disestablishment of ARL.
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PROJECT NO. 7312 - SURFACE FINISHES

TITLE . USE OF THE EXPERIMENTAL POURBAIX DIAGRAM FOR D6AC STEEL TO
INTERPRET CREVICE CORROSION BEHAVIOR IN AQUEOUS MEDIA

CONTRACTOR. FLORIDA UNIVERSITY OF

CONTRACT. F33615-73-C-5007

CONTRACT DURATION NOV72-AUG74

AFML PROJECT ENGINEER. LYNCH CHARLES T

PROJ/TASK/WK UNIT. 7312-02-15

Objective - 25 SEP 72

(U) To establish the Experimental Pourbaix Diagram for D6aC high
strength steel in 0.1 molar NaC1. The diagram will be used to
interpret crevice corrosion behavior of D6aC. and provide a means for
predicting corrosion behavior of candidate materials for future
aerospace systems applications.

Proyress-C 16 APR 74 To 30 APR 75 (Interim-C)

(U) Crevice co~rosion experiments have been conducted to determine the
critical concentrations of several inhibitors whick are necessary to
retard crack growth. Inhibitors considered vere hydrazine. sodium
sulfite, and sodium dichromate. Effects of 0.1M chloride ions on
crevice conditions on D6AC, and the protective natuyre of the chromate
and nitrite ions under these conditions have been determined. A final
report is in preparation.

PROJECT NO. 7351 - SUPPLIES

FLELE: SYNTHESIS AND RELATED MICROSTRUCTURE AND PROPERTIES OF ALLOY
SYSTEMS

CONTRACTOR. CINCINNATI UNIVERSITY OF

CONTRACT. F33615-73-C-5084

CONTRACT DURATION. APR73-

AFML PROJECT ENGINEER. SRP OSCAR O

PROJ/TASK/WK UNIT . 7351°01-71

Objective - 26 OCT 72

(U) To identify varicus means of obtaining croperty and stability
improvement in alloy systems, as bases for approaches to the
development of alloys with enhanced mecharical prcperties and
structural reliability in aerospace systems applications.

Procress-D 10 SEP 74 To 11 APR 75 (Interim-D)

(U) Information has been obtained on the microstrictures and tensile
properties of titanium alloys consolidated from prealloyed powders by
swaging and extrus'on at varied temperatures and reductions. and after
various subsequc 't reat treatments, including Ti-€246. Ti-662. and
beta-111 alloys. Swaging of beta-1I1I alloy powder in mild steel tubes
from 1.5 inches to 0.937 inch and less at temperatures of 1350 F and
above showed 100 psrcent density. Quantitative metallography was. used
to determine crack paths through or around microstructural particles
n T1-6246, as well as to examine inclusions and porosity in aluminum,
silver-nickel., and supera!loys. Precracking calibration and
metallographic examinations of fatigue fractiure surfaces in D6ac
steel. were made, in preparation for an investigation of inhibitors to
mitigate corrosion fatigue. Heat treatments to obtain various
proportions of banite, pearlite, and martensite in the microstructure,
and dilatometry studies of phase transformatiions have been initiated
in an investigation to improve the reliability properties of 10 nickel
modified steel throuch control of microstructure.
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PROJECT NO. 7351 - SUPPLIES

TETLE. FEASIBILITY OF OXIDE DISPERSION STRENGTHENED NICKEL ALLOY
EXTRUDED HOLLOW TURBINE VANES

CONTRACTOR. POLYMET CORP

CONTRACT. F33615-74-C-5069

CONTRACT DURATION, MAR74-MAR75

AFML PROJECT ENGINEER. O HARA WILLIAM T

PROJ/TASK/WK UNIT, 7351-01-72

Obiective - 03 JuL 73
(U) To demonstrate the feasibility of economically making oxide
dispersion strengthened nickel chromium alloy hollow turbine vanes to
net shape using filled billet extrusion methods.

Progress-C 01 MAY 75 To 30 SEP 75 (Interim-C)
(U) A)l] experimental work has been completed. The formulation of

process specifications for production scale-up is underway. The final
report is being prepared.

PROJECT NO. 7351 - SUPPLIES

TITLE. OXIDE DISPERSION STRENGTHENED COBALT ALLOY EXTRUDED SHAPES
CONTRACTOR. CABOT CORP

CONTRACT. F33615-75-C-5061

CONTRACT DURATION. SEP74-

AFML PROJECT ENGINEER. O HARA WILLIAM T

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

Objcctive - 15 AUG 73

(U) To cstablish the relationships among thermal-mechanical history.
micro-structure. recrystal!lizatinrn behavior. and mechanical properties
of extruded shapes of oxide disgpersion strengthened (ODS) cobalt
alloys.

Proyress-B8 Of MAY 75 To 30 SEP 75 (Interim-81

(U) A thirgd series of twe!ve extrusions has been made representing two
each from six heats of attrited powder. These billets were extruded
at 2100 F using two combinations of extrusion ram speed and reduction
ratiol2 fnches per second at 16 - t and 10 inches r.ar second at 20 -
1).
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PROJECT NO. 7351 - SUPPLIES

TITLE. LOW-TEMPERATURE LARGE-AREA BRAZING OF TITANIUM STRUCTURES
CONTRACTOR. NORTHROP CORP

CONTRACT. F33615-73-C-5161

CONTRACT DURATION. JUL73-DEC74

AFML PROJECT ENGINEER. METZGER CUINN E

PROJ/TASK/WK UNIT. 7351-02-22

Obiective - 29 JAN 73

(U) To demonstrate the feasibility of producing large aircraft
structures of titanium alloys in the solution-treated and aged
condition with improved fatigue 1ife and fracture toughness.

Progress-D 17 SEP 74 To 11 APR 75 (Interim-D)

(U) Various brazing filler metals were identified and brazing
processcs estanlished for producing large-area damage-tolerant
laminates ofTi-6A)-4V, Ti-6A1-6V-2Snm and Ti-3A1-8V-6Cr-4Mo-4Zr (Beta
C) for service between 227K and 422K (minus S0 £ and 300 F). Low
melting-tomperature filler metals were identified to permit the
fabrication of liminates in the STA conditieon. Brazing filler metals
we' e screened based upon their fiow temperature and behavior. lap
shear strength. bend deflection, and corrosion resistance. The most
attractive filler metals were aluminum brazing sheet 22 and alloys
from the A1-Cu-Ag system. The brazing shee! was placed between the
lamina and the Al-Du-Ag a'!loys were rnlaced alongside the lamina and
flowed into the joints. Fracture toughness <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>