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PREFACE

This MIAC Special Report contains bibliographic information on pertinent documents dealing with hot
1sostatic processing technology related to metals, alloys, and intermetallics published in the period 1966 1o
mid-1992.

MIAC is sponsored and administered by the Defense Technical Information Center (DTIC), ATTN: DTIC-
Al, Cameron Station, Building S, Alexandria, Virginia 22304-6145, under the Information analysis Centers
Program Management of Dr. Forrest R. Frank currently and Mr. Paul M. Klinefelter previously. MIAC is
operated by the Center for Information and Numerical Data Analysis and Synthesis (CINDAS), Purduc
University, 2595 Yeager Road, West Lafayette, Indiana 47906-1398, under the Defense Logistics Agency
{DLA) Contract DLA900-90-D-0305.

MIAC is under the technical direction and monitoring of Mr. Jerome Persh, Staff Specialist for Materials
and Structures, Office of the Director of Defense Research and Engineering (Science and Technology),
ATTN: ODDR&E (S&T/AT), The Pentagon, Room 3D 1089, Washington, DC 20301-3080.

MIAC serves as the DoD's central <~uice of engineering and technical data and research and development
information on monolithic metals, metal alloys, intermetallic compounds, and coatings utilized in Defense
systems and hardware. Data and information on metal joints, welds, etc. are also covered. Fmphasis is
placed on those metals, alloys, intermetallic compounds, and coatings used in structural applications and/or
in stringent environments.

Subject areas covered by MIAC include metals properties (especially mechanical properties as a function
of temperature, and environmental conditions); latest research and development concepts, results, and
trends; applications and processing of metals; processing equipment; measurement and test'ng of metals;
test methods; quality control related to metals; corrosion/deterioration detection, prevention and control,
and other environmental effects on metals and systems; producers, suppliers, and specifications for metals
of concern to the DoD.

MIAC supports the Joint Logistics Commanders/Joint Directors of Laboratories Technology Initiative
Panel for Advanced Materials, and provides assistance to or receives guidance from other defense
programs and groups as designated by the technical monitor.

Onc of the authors, J. F. Radavich, is an Associate Professor in the School of Materials Engineering at
Purdue University. In addition to MIAC staff who are listed on the cover of this report, MIAC staff
Josephine C. F. Chen, Tanya Eurit, Pearnel Wilson, Kris Tomlinson, Greg Wood. and James Payne also
contributed to the preparation of this report.
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INTRODUCTION

Hot isostatic pressing (HIP) uses a combination of elevated temperature and an inert gas pressare
and is carricd out in pressure vessels containing internal furnaces. HIP was invented by Saller et al.
37 years ago at Battclic Coiumbus Laboratories. An carly Battelic report on Hot Isostatic
Pressing. by Hanes et al. [1], was first issued in 1977. This repon covered the history of HIPing.
manufacturing systems, and studies of HIPing applications in the arcas of castings, powder
consolidation, and rcjuvenation of used components. A more recent report in 1982 by Clauer et al.
[2] reviewed more recent research dealing with the same subjects covered in the first report. Such
studics confirmed the positive benefits of HIPing in a wide range of material compositions. The
period of 1972-1982 in the ficld of HIPing may be considered as the decade of experimentation and
confirmation of HIPing as a viable process to be used in the production of material components.

An important short coming of the report was the lack of information on the understanding of the
metallurgical reactions which take place during the HIP process. The majority of research results
focused on the closure of porosity as it affected mainly LCF and ductility. Many possible
structural responses can occur when complex cast superalloys are heated in a temperature range of
1875°F to 2400°F for periods of two to four hours.

It is well known that superalloys have a wide solidification temperature range, i.c. the temperature
difference between the liquidus and solidus. As the molten metal slowly solidifies, large grains and
primary carbides nuclcate and grow while at the same time the larger alloying elemeats diffuse
slowly and segregate in the interdendritic regions. External and internal porosity results when the
last liquid cannot fill the intertices.

The presence of surface connected porosity in the large castings prohibits internal porosity closure.
Various methods of bridging over the surface porosity prior to HIPing have been tried. but a good
coating mcthod is still being sought. Perhaps, new coatings such as new boron nitride lubricant
paints may providc a solution to this problem.

The HIP process can close internal casting porosity provided the proper temperature, pressure. and
time conditions are sclected. At the same time porosity closure is taking place, a certain degree of
chemical homogenization is also taking place. However, there are undesirable reactions which can
occur depending on the alloy composition. When the HIP temperature is too high, segregated arcas
are prone to incipient melting which cannot be rectified by thermal treatments. Another detrimental
reaction is the breakdown of primary carbides and possible subsequent formation of continuous
grain boundary carbide films and resultant embrittlement. In high boron content alloys. borides can
also be solutioned and re-precipitated at grain boundaries. In Hf modified superalloys, the Hf can
lose its beneficial effect by the formation of HfC,

It has been the authors’ observation that when the as-cast gamma prime (y ) phase (the main
strengthener in superalloys) is solutioned by high temperatures such as in a HIP process, the
reprecipitated y * phase due to post HIP heat treatments does not have the same composition as the
as-cast y”. The cffects on mechanical properties due to the changes in such ¥ arc overshadowed
by the positive improvements in mechanical propertics with porosity closure. v’ effects on
mechanical propertics may be more evident in second gencration HIP processing, i.c., first HIP of
castings to close porosity and second HIP to rejuvenate propertics.




One summation of HIP temperatures, pressures, and times for various superalloys is given by
Bouse and Mihalisin [3]. They, too, caution the use of onc blanket set of HIP parameters for
different alloys without preliminary studies.

The uses of powders in components for high temperature service arc mainly for disks and in dual
alloy configurations. Powder materials are consolidated by cither HIP, extrusion, and/or HIP plus
forging/extrusion. Powder compacts exhibit fine grain structures and are morc homogencous in
composition than cast/wrought products. The finc grain nature of consolidated powder components
makes them suitable for low temperature applications like turbine disks.

Two disadvantages of the powder components are higher costs associated with powder production
and the possibility of oxide inclusions being present which act as crack imuation sites for LCF
failures. To overcome the probiem with oxide inclusions, powder atomization processes are being
developed which eliminate or replace the use of ceramic nozzles.

In the field of high temperature materials, HIP rcjuvenation is now accepted as a viable method for
reclaiming components which otherwise would be scrapped. Engine run components suffer from
varying degrees of creep voids, intemnal cracking, and structural degradation. Used components
which still meet all design specifications can be HIP rejuvenated by proper sclection of HIP
parameters and proper post HIP beat trcatments to regenerate mechanical properties. Those blades
which suffer from only long time structural degradation can be easily rejuvenated by thermal
treatments. Successful use of HIP rejuvenation saves critical elements, reduces cycle replacement
time, reduces costs, and saves on cnergy.

References

1. Hanes, H. P, Seifert, D. A. ana Watts, C. R., "Hot [sostatic Processing,” Metals and
Ceramics Information Center Report, MCIC-77-34, 103 pp., 1977.

2. Clauer, A. H., Meiners, K. E., and Boyes, C. B., "Hot Isostatic Processing,” Metals and
Ceramics Information Center Report, MCIC-82-46, 211 pp., 1982.

3. Bouse, G. K. and Mihalisin, J. R, "Metallurgy of Investment Cast Superalloy Components” in
Superalloys, Supercompaosites and Superceramics, (Tien, J. K. and Caulfield, T., Editors).
Academic Press, Boston, Massachusetts, 1989,
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ASSESSMENT AND FUTURL TRENDS OF HIP TECHNOLOGY

HIP technology i~ currently a very mature technology and is being used to consolidate powders of all types,
close casting porosity, promote weld integrity, rejuvenate used turbine blades and vanes. etc. After the high
cost of HIP equipmerit, the greatest consideration or deterrent for use of HIPing of materials is the high cost
of the cycle time. As the number of pants per HIP run is increased, the cost per unit decreases. but with the
need to HIP large castings, the cost per unit remains very high.

A summary of the rescarch activities in the HIP tecchnology for powder and cast components is presented in
the following table.

Summary of Research Activities
in HIP Technology for Powder and Cast Components

Number of Publications*
Alloy 1966- 1970- 1975- 1980- 1985- 1990- Total
1969 1974 1979 1984 1989 1992 ‘
Aluminum N 6 (D) 4 2 2 & (M I3 54
_Bcryllium I 0 |23 ] 2 (O 8 (0 3 0 ' 63
Cobait 0 ; 11 (2) 4 (2) 7 (2) 33 2 36
Iron 0 I (5 26 (5) 37 (13) 15 (N 10 (D 130
Nickel o 25 (4 72 (37) 84 (61) 41 (583) s N 89
Refractories 0 () 2 (D) 1 ™ 4 (N S REN(1)] 19
| O
Titanium 0 Iy | 34 2N | 84 (35) | 47 (21 S 265
Intermetallics 0 (0 0 O 1 5 17 (h | 42 (3 74
N l KEEN (1)) ! 90 (14) 162; (71y | 250116) | 139 (95)" 70 (14 1.030

* Number in parentheses are Jor cast components.




The major thrust of the research in the carly to mid-Seventics was to use beryllium to fabricate structural
materials by HIPing. Auempts to develop cast and wrought beryllium products resulted in limited
commercial success. Powder metallurgy techniques have been used to fabricate components for structural
applications. Since beryllium is a relatively expensive material, most of the cfforts wei 2 on the other cost
cutting measures such as machining costs, scrap losses, and development of net <hape components.
However, interest in using HIPing technology for commercial fabrication of structural components slowly
d:minished which is evident from the number of documents published in the Eighties. Research activities in
this decade were concentrated on nickel (and 1o a lesser extent, iron) superalloys and titanium alloys. The
relative ease 1o produce near net shape components was the driving force behind acceptance of superafloys.
Interests in the intermetallic alloys have increased significantly in the late Eighties and carly Nineties.

Superalloys

Large Structural Castings

The development of new aircraft engines requires larger and more complex structural castings. It is
estimated that the use of castings will increase by a factor of four before 1994 and the use of castings
greater than 40 inches will increase even more substantially.

Currently, large structural components, such as eng.ne cases. rings, frames, and supports, are made of
various cast and wrought pieces joined together by welding and/or brazing. If extensive welding is required.
distortion, increased costs, and long cycle times result.

An example of one such structural component is the CF6-80A turbine frame made of alloy 718 and
weighing over 150 Kg (330 1b.) and 135 cm (53.15 in.) diameter with 61 scparate pieces of varying wall
thicknesses which must be joined by welding. By producing this component as a single casting, cycle time
and distortion is greatly reduced and a $20.000 cost reduction is realized.

Large structural castings are also being made of newer cast alloys such as René-220C, GTD-222, René-
108 and IN-939. The trend 1s to go to Ni base superalioys for higher temperature applications and greater
oxidation/sulphidation resistance.  However, the structural responses to high temperature thermal
treatments like welding repatr. HIP, and longtime service needs to be characterized.

In order 1o successfully HIP fine grain components without grain growth, the HIP ‘~mperatures must be
lower and the pressures higher. The HIP parameters selected must close porosity, minimize grain growth,
and partially homogenize segregation. Generally, fine grain castings are given preHIP thermal treatments to
help reduce segregation so as to minimize potential incipicnt melting.

At this same time, casting vendors have developed new casting techniques to produce fine grains and
incorporating a HIP step to close porosity. Advances in wax and mold technologies coupied with the use of
robotics for dipping large molds made possible production ot large structural ~ustings. Two finc grain
casting processes. Grainex and Microcast-X have been developed by the Howmet Corporation, as well as a
fine grain process by Precision Castparts.

Two main problems exist in the HIPing of large castings. The first problem is that larger HIP furmaces are
required to accommodate the larger structural castings of the future. Currently, HIP furmace manufacturers
are developing or have developed fumnaces with hot zones up to 60 inches in diameter.

The sccond critical problem in HIPing is that the cycle time for a HIP run is too long. Because the Jong
cool down in the HIP fumace produces undesirabie structures, a post HIP solution hcat treatment 1s
necessary before final aging can take place to develop the mechanical propertics. Two procedures are
currently being explored to reduce cycle time. One method involves the cooling of the pressurizing gas by



—’—

external heat exchangers. A process o do this has been developed by ABB Autoclave Systems, Inc. which
is called "HIP Quenching.” The other method is to cool the pressurizing gas by introduction of cool gas.
Both methods are promising but the critical factor is whether the material can be cooled uniformly.

Quick HIP

A recent development to reduce ycle time is a process called Quick HIP. In this process the material 1s
first heated externally to the HIP furnace and then given a quick HIP at high pressures in a pressurized
furnace. 11’s technology would reduce the heating and cooling part of the conventional HIP cycle. Thus is
still in the experimental stages for this technology.

Cast Turbine Blades

During the decade of 1982-1992, equiaxed and D. S. turbine blades were being routinely HIPed to close
casting porosity. Since most of the blade components are large grain structures, grain growth during
HIPing is not a problem. However, in the case of single crystal blades, closure of casting porosity at high
temperatures may be accompanied by the formation of arcas of small recrystallized grains which are
unacceptable for high temper. .ure operation. Opinions are divided over whether to HIP single crysials due
to the possibility of produciry recrystallized grains: however, more single crystal blades are being HIPed
withcut encountering the recrystallization effect. Since the !y temperature controls the tendency for the
recrystallization process, 1IPing of single crystal blades shonld be done at the lowest possible HIP
temperature for porosity closure.

Turbine Disks

Currently some turbine disks are made of powder, but the majoriiy of disks are small grain wrought
products. Materials being considered for disk applications are conventional alloys b it “ubsolvus (gamma
prime) processed to retain fine grain structures. However, when thesc materials are subsolvus processed.
the vield of the final component is so low that the resultant high material cost makes powder disks of the
same composition very competitive.

HIP rejuvenation studics of used wrought turbine disks have been unsuccessful since the high temperatures
involved in the HIP process produces large grain growth. This would make such disks unacceptable for
low temperature applications. However, used powder turbine disks might be amenable to HIP rejuvenation
since fine grains in powder components resist grain growth to a much higher temperature than their
wrought counterparts.

Titanium Alloys

The strength to density ratio of titanium alloys coupled with their fracture toughness and fatigue propertics
make them attractive for acronautical and space applications. First Ti-6Al-4V and later Ti-6Al-28n-47r-
2Mo were used in early gas turbine engines but as the operating temperature increased these were replaced
with nickel superalloys. In advanced gas turbine engincs, titaniuii. alloys arc used mainly as compressor
discs and fan blades. Today titanium alloys are more important as structural materials for modern
warplancs and spacecraft.

Rescarch on HIPing of titanium alloys focused mainly on fabrication of powder components and near et
shape forming. These processes make titanium alloys more cconomical by increasing low temperature
strength and while limiting scrap material and machining cost. This was demonstrated by using P/M near
nct shaped Ti-6A1-6V-2Sn for fuselage braces on the navy F-14A. Also investigated was increasing the
performance of titanium ~=astings as well as repair and rejuvenation of used titanium castings.  HIPing of
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titanium castings can close cracks and remove the porosity thus increasing the strength and fatigue life.
HIPing is essential for castings that are to be machined or welded.

Intermetallics

The main advantages of intermetallic alloys over conventional alloys for high temperature structural
applications are high melung points, low density, good high temperature strength and oxidation resistance.
While the major disadvantages have been room temperature ductility and fabnication, pursued matnly as
aircraft turbine engine materials. the aluminides and silicides have shown the most promisc.  Particularly.
monolithic as well as composites of TiAl, Ti3Al Ti>AINb, NiAl and MoSi» have been considered for both
compressor blades, vanes, discs and shafts and turbine blades, discs and nozzics.

Other intermetallic alloys, most noticeably Fe3Al and NizAl, arc already in use as or are being tested for
applications such as dics for Fe-B-Nd automotive magnets, automotive turbocharger rotors, roller bearings.
hydroturbines and feed water pumps with improved cavitation crosion resistance, heating elements for
toasters and clothes dryers, hot gas filters for coal gassification systems and coatings for oxidation and
sulfidation resistance.

Recommendations

It is an accepted fact that porosity closure of castings reduces the amount of maternials scrapped. but care
should be exercised to reject any trend to lower the initial high quality of materials on the premise that
HIPing will make poor quality materials good.

In the future more emphasis should be placed on the re-use of engine run components by application of the
HIP rejuvenation technologies. In addition. ongoing structural studies coupled with HIP cycles need to be
carried out on newer and more complicated cast alloys which are being considered for *ong time operation
at increasingly higher temperatures.




ORGANIZATION

The Bibliography on Hot Isostatic Pressing (HIP) Technology presented here is concerned with HIP of
unatloyed tnetals, metal alloys, and intermetaliic compounds. Most of the literature cited deals with
structural materials and/or materials designed to perform at high temperatures. The emphasis 1s placed on
HIP techniques, microstructural changes, and cffccts on creep, fatigue, corrosion, and mechanical
properties.

This bibliography contains 950 individual citations published from 1966 to mid-1992 and covers over 450
different materials organized on three hierarchical levels. The first level is the material processing (powder
metallurgy, casting, or miscellancous); the second is material class (nickel alloys, aluminum aioys,
intermetallic compounds, and so forth); and the third is the specific alloy (Udimet 700, NiAl, Ti-6Al-4V,
and so forth). Within each level, a miscellaneous category contains either undefined materials or specific
materials for which there were insufficient entries to warrant a separate category.

The miscellaneous category in the first level contains all matcrials that could not be properly identified
cither as powder metallurgy or cast materials. This section also includes citations on HIP equipment,
computer simulations, or theoretical models. In the second level, the misccliancous category includes
citations on material classes that do not warrant separate scctions and citations that specify the processing
condition but not the material class. For example, the "Powder Metallurgy/Miscellancous” section may
include a citation with information on ball milled material without dctailing material class as well as a
citation for powder metallurgy Mg-5Li-5Si alloy. At the innermost or third level, the miscellancous
category contains those specific materials with only a few citations and materials referred to by material
class only. A citation, for example, on cast aluminum alloys which does not specify alloy type would be
found in the section for " Cast Materials/Aluminum Alloys/Miscellaneous Materials,” along with a citation
on cast AA 6061 which has only a few citations. A complete alphabetical list of matenals covered in this
report, with the pages on which they appear, is included at the end of the report under "MATERIALS
LIST." An alphabetical list of the most common keywords is also included in the "INDEX TERMS."

This report is organized so that each section is complete and self-contained. This means that a given
citation is listed more than once whenever the cited work covers more than one material. An entry for a
journal article on the "Microstructure and Property Improvements in 7075 and 8090 Aluminum Alloys by
Spray Forming” will be cited in the section for AA7075 and also will be repeated in the section for
AAB090. An entry for a report on the "Mechanical Property Difference Between HIP Powder Metallurgy
and HIP Cast Ti-6AI-AV" will be cited in the "Powder Metallurgy” section as well as in the "Castings”
section for that material. By organizing the report in this fashion, cross referencing is eliminaied: all
pertinent entries are listed under every area of coverage, and only the area or arcas of interest need to be
searched to find the needed information. Citations in each section ate listed in reverse chronological order.
This should make searches quicker and more efficicnt.

For alloys that have different commercial designations but the same/similar composition. and are therefore
considered the same material, a list of those encountered in the report appears below:

1. Udimet 700, Astroloy, APK1, Nimonic AP1, Rene' 77

2. MAT753,IN-853




10.
11.

12.

To facilitate document acquisition, the appropriate identification numbers are provided: the Defense
Technical Information Center (DTIC) AD- number; Department of Defense (DoD) or NASA report
number, for government sponsored reports; corporate report number, for items that do not have a
government report number; the contract number, when a report number is not available. For reports
produced outside of North America, an NTIS number, if available, is cited instead of a report or contract

C-103, WC-103

Alloy 454, PWA 1480
Mar-M250, Maraging (250)

Rene 150, PA 101 (low O)
Inconel 718, IN-718, Pyromet 718
X-40, X-45 (low C)

Maraging 300, Vascomax 300
HP 9-4-20 steel, 9Ni-4Co

A-286, JBK-75

IN-100, Rene' 100

number.
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JT-9D, JT-8D, turbine componcnts, coatings, erosion, fatigue

Mechanisms of Recovering Low Cycle Fatigue Damage in Incoloy 901

Schafrik, R. E.

Air Force Inst of Tech, Wright-Patterson AFB. OH

Doctoral Thesis

Rept No : AFIT-C1-79-212D, 261 pp., 1979 { AD-A107 255)

Key Words: Incoloy 901, crack propagation, rejuvenation. aging,
metallography, fatigue, tensile properties

Physical Metallurgy and Effects of Process Variables on the Micrestructure of

Wrought Superalloys

Muzyka, D. R.

ASTM, Philadelphia, PA

Proc Symp MiCon 78, 526-46, 1979 ( AD-D126 409 )

Key Words: A-286, Incoloy 901, Inconel 718, Waspaloy, RENE’ 95, Pyromet
CTX-1. Pyromet 31, tensilc properties, creep rupture, microstructure

Production of Components by Hot Isostatic Pressing of Nickel-Base Superalloy

Powders
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Proc Int Symp Metall Appl Superalloys 718, 625 Var Deriv 803-20, 1991
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Key Words: Inconel 718, corrosion protection, TiN coatings, vacuum plasma
spraying, oxidation

The Spray Forming of Superalloys

Fiedler, H. C., Sawyer, T. F., Kopp, R. W., Leatham, A. G.

J Met 39 (8), 28-33, 1987 ( AD-D137 356 )
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National Rescarch Council of Canada, Ottawa, Canada

Summary Report

Rept No : NRC-16543, 46 pp.. 1978 ¢ AD-D117 399 )

Kev Words: MAR-M204, compressive properties. fracture mechanics, particle
SIZ¢

Application of Rapidly Solidified Superalloys
Cox, A R.
United Technologics Corp.. West Palm Beach. FL
Quarterly Report
Rept No : FR-8688. 24 pp.. 1977 ( AD-D108 239 )
Key Words: MAR-M200. IN- 100, 7Ni steel. 9N steel. turbine components.,
airfoils, rapid solidification. atomization. recrystallization. thermal stabihty

Application of Rapidly Solidified Superalloys

Patterson, R. 1.

United Technologies Corp., West Palm Beach, FL

Quarterly Report

Rept No : FR-8062, 22 pp.. 1976 ( AD-D108 171 )

Key Words: MAR-M200. IN-100, Co-20Cr. airfoils, tantalum addition,
microstructure, particle size. atomization

Control of Grain Structure during Superalloy Powder Processing

Wallace, W.. Immangcon. J-P. A, Trenouth, 3. M., Powcll, B. D.

National Acronautical Establishment. Ottawa. Canada

p9-1 o p9-13. 1976 C AD-DI10 187

Key Words: Alloy 713L.C. MAR-M200, IN-100. MAR-M246_ Udimet 700
microstructure. tenstle properties, creep rupture. gamma
prime. thermomechanical treatment. temperature ctfect

K]




MERL 76

1.

The Production and Processing of High-Quality Powder Metallurgy Materials
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New Approach Widens the Use of HIP P/M

Precis Met 40 (10), 32-4, 1982 ( AD-D128 141)

Key Words: AISI 4650, Stellite 6, AISI 316, Ti-6A1-4V, porosity, cost,
tensile properties

Advanced Manufacturing Methods for High Quality, Low Cost Titanium Powder
Production
Peebles, R. E.
General Electric Co., Aircraft Engine Group, Evendale, OH
Interim Engincering Progress Report Number Six , Dec 80-Sep 81
Rept No : AFML-IR-189-7T(6), 38 pp.. 1981 ( AD-D122 3271.)
Key Words: Ti-6Al-4V, Ti-5A1-28n-2Zr-4Cr-4Mo. REP, tensile properties,
fracture toughness

141




68.

69.

70.

71.

72,

73.

74.

75.

76.

Mechanical-Property Data Ti-6A1-4V Alloy, Powder Metallurgy Product CHIP
Battelle Memorial Institute, Columbus, OH
Contract No : F33615-80-C-5168.10 pp., 1981 ( AD-A102 641 )
Key Words: Ti-6Al-4V, tensile propertics, bearing strength, fracture
toughness, compressive propertics, stress corrosion

Copperhead Alternate Manufacturing Process

Friedman, G.

Martin Marietta Aerospace, Orlando, FL

Contract No : DAAK10-78-C-0070,161 pp., 1981 ( AD-A125345)
Key Words: Ti-6Al-4V, bending, compaction, dies

Manufacture of Cost-Affordable High Performance Titanium Components for Advanced Air
Force Systems
Eylon, D., Field, M., Froes, F. H., Eichelman, G. E.
SAMPE Qtrly 12 (3), 19-25, 1981 ( AD-DI121 154)
Key Words: Ti-6Al-4V, tensile properties, fatigue, net shape forming,
superplastic forming

Advanced Titanium Metallic Materials and Processes for Application to Naval Aircraft
Structures
Highberger, W. T., Chanani, G. R.
SAMPE Qtrly 12 (3), 32-9, 1981 ( AD-D121 155)
Key Words: Ti-6A1-4V, Corona-5, aircraft structures, F-14 aircraft, fatigue,
crack growth, tensile properties, superplastic forming, cost

Design of Advanced Titanium Structures

Paez, C. A., Gordon, R.

J Aircr 18 (9), 712-7, 1981 ( AD-D122 095)

Key Words: Ti-6A1-4V, aircraft structures, fuselage, fracture mechanics,
superplastic forming, diffusion bonding

New Titanium Alloys for Blended Elemental Powder Processing

Smugeresky, J. E., Dawson, D. B.

Powder Technol 30 (1), 87-94, 1981 ( AD-D122 315)

Key Words: Ti-6Al-4V, Ti-10V-2Fe-3Al, Ti-6Al-6Zr-6Mo, Ti-6Al-6V-2Zr. tensile
properties, microstructure, density

Trends in Powder Metallurgy Technology

Chandler, H. E., Baxter, D. F.

Metal Prog 117 (1), 100-3, 1980 ( AD-D117 225)

Key Words: RENE’ 95, AISI 316, M-2, Stellite 6. Ti-6Al-4V, AISI 410, jet
engines, net shape forming

Developments in Titanium Powder Metallurgy

Froes, F. H., Eylon, D., Eichelman, G. E., Burte, H. M.

J Met 32 (2), 47-54, 1980 ( AD-D117 546)

Key Words: Ti-6Al1-4V, aircraft structures, turbine components, tensile
properties, fatiguc, microstructure, net shape forming
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Andersen, P. J., Alber, N. E., Thellman, E. L.

Precis Met 38 (4), 39-41, 1980 ( AD-D118 409 )

Key Words: Ti-6AI1-4V, net shape forming




7.

78.

79.

80.

81.

82.

83.

All Systems Are Go for Powder Metallurgy

Irving, R. R.

Iron Age 223 (28), 41-5, 1980 ( AD-DI118 875 )

Key Words: AISI 4600, Ti-6Al-4V, Ti-6Al-28n-4Zr-6Mo, Waspaloy, IN-100, AISI
329, 12Cr steel. injection molding, cost, applications

Titanium Powder Metallurgy--A Perspective

Kelto, C. A, Kosmal, B. A, Eylon, D., Froes, F. H.

J Met 32 (8), 17-25, 1980 { AD-D119 351)

Key Words: Ti-6Al-4V, fatigue, nct shape forming, diffusion bonding

Development in Powder Metallurgy (PM) Ti6Al4V Technology for Aircraft Parts
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Key Words: T-111. Ti-6Al-4V, AA A356-T61, IN-738. RENE' 80, Udimet 700,
IN-792, welding, tensile properties, pressure bonding

A Retrospective View of Metallurgy During the 25 Years of the Gillett Lectures

Jaffee, R. L.

Standardization News 5 (1), 9-22, 1977 ( AD-D108 834 )

Key Words: AISI 316, Ti-6Al-4V, titanium, zirconium, hafnium, embrittlement,
fracture mechanics

Weldability of Hot Isostatically Pressed Prealloyed Titanium 6Al-4V Powder
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Complex Rotor Fabrication by Hot Isostatic Pressure Welding
Lessman, G. G., Bryant, W._ A,

Weld J 51 (12), 606s5-614s, 1972 ( AD-180 534 )

Key Words: AISI 4340, Inconcl 718, hardness, tensile properties

Investigation of Solidification of High Strength Steel

Gnanamuthu, D. S., Basaran, M., Kattamis, T. Z.. Mchrabian, R., Flemings, M. C.
Massachusctts Institute of Technology, Department of Metallurgy and Matenials
Science, Cambridge, MA

Technical Rept., Jan Dcc 1971

Rept No : AMMRC-CTR-72-6/1, 82 pp., 1972 { AD-753 958 )

Key Words: AISI 4340, thermomechanics, porosity. heat treatment

MA 956

Strain Anisotropy During Superplastic Flow of an Iron Base Oxide Dispersion

Strengthened Alloy

Luton. M. J.

Pergamon Press, Elmsford, NY

Proc 7th Int Conf Strength of Metals and Alloys

ICSMA 7-V-2, 859-64, 1987 ( AD-Di39 302)

Key Words: MA956, grain boundarics, oxide dispersion, strengthening. tensile
properties

Materials for Advanced Turbine Engine--MATE

Evans, D. J., Sheffler, K. D., Friedrich, L. A.

Pratt and Whitney Aircraft Group, East Hartford, CT

Mar-May 82

Contract No : NAS 3-20072

1982, 21 pp. ( AD-DI125 191)

Key Words: Hastelloy X, Incoloy 901, MA956, Udimet 700, MERL. 76, turbine
components, combustors, crosion, coatings, oxide dispersion strengthening

Materials for Advanced Turbine Engine-MATE

Evans, D. J., Henricks, R. J., Friedrich, L. A.

Prau and Whitney Aircraft Group, Commercial Products Div, East Hartford. CT

Quarterly Technical Progress Report Number Twenty, Dec 80-Feb 81

Contract No : NAS 3-20072

48 pp., 1981 ( AD-D120 953 )

Key Words: MERI. 76, MA956, Hastelioy X, Incoloy 901, aircraft structures.
combustor liners, turbine components, tensile propertics,
creep, crack growth, coatings, thermal fatigue

New Superalloys, Better Processing Promise More Durable Turbine Parts
Mishka, K. H.
Mater Eng 84 (3), 22-4, 1976 ( AD-D104 639 )

Key Words: MAYS6E, CAPIVAC IV, Pyromet CTX-1, Haynes 556, Haynes 8077 MA754L,

MAT7STE, turbine components. zirconium coatings. tenstle
properties, creep rupture, thermal processing. thermal
fatigue, oxidation, gamma prime. oxide dispersion
strenathening
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Miscellaneous Stainless Steels

1.

Manufacturing Technology of 15-SPH Castings for Compressor Housings
Froehner, T. A, Weed, S. J.

Naval Weapons Center, China Lake, CA

Final Report Mar 81-May 84

Rept No : NWC-TP-6604, 21 pp., 1986 ( AD-B10] 788L)

Key Words: 15-5PH, hardening, investment casting

Creep Dominated Damage Processes

Hoffelner. W.

Kluwer Academic Publishers, Norwell, MA

Proc High Tempcrature Alloys for Gas Turbines and Other Applications 1986-Part |

413-39, 1986 ( AD-D142 074 )

Key Words: Incoloy 800H, IN-738LC, IN-939, microstructure, creep. COrrosive
environment

Fatigue Dominated Damage Processes
Bressers. J., Remy. L., Hoffelner, W.
Kiuwer Academic Publishers, Norwell, MA
Proc High Temperature Alloys for Gas Turbines and Other Applications 1986-Part 1
441-68, 1986 ( AD-D142 075)
Key Words: MAR-M509, IN-738LC. Hastelloy X, Inconel 617, RA-333, A-286.
Inconel 718, Incoloy 901, microstructure, cracking, granular fracture. fatigue

Manufacturing Technology for Cast Aluminum Alloy Compressor Housings

Johnson, C. A,

Naval Wcapons Center, China Lake, CA

Final Report Mar 81-May 84

Rept No : NWC-TP-6603, 40 pp.. 1985 ( AD-B101 621L.)

Key Words: AA 6061-T6, 15-5PH. tensile properties, fracture, metallography,
bend test, burst test

Hot Isostatic Pressing of Stainless Steel--A New Technigue for the Offshore

Industry

Andersson, T.

Powder Metall Int 17 (1), 27-30, 1985 ( AD-DI131 955)

Key Words: 20Cr-18Ni, 20Cr-25Ni, 22Cr stainless. 26Cr stainless, welding.
microstructure, microsegregation, tensile propertics

Progress of Powder Metallurgy in North America

Roll. K.H., Johnson, P.K.

Int J Powder Metall Powder Technol 20 (3). 185-92, 1984 ( AD-D200 698 )

Key Words: copper. iron, Inconel 625, AISI 3161, M-2, NiFe, rapid
solidification. injection molding

Integrally Cast Low-Cost Compressor

Hessler, Barton H.. Muntner, M. S.. Cargo, Don, Roopchand. B.

Avco Lycoming Div, Stratford, CT

Final Technical Repon

Rept No : TACOM-TR-12673, 134 pp.. 1983 ( AD A127 663 )

Key Words: Custom 450, turbine components, fatiguc, corrosion-fatigue,
tensile properties




10.

11.

12.

13.

14.

15.

Overview of Temperature and Environmental Effects on Fatigue of Structural Metals

Coffin, L. F.

Plenum Press, New York, NY

Proc 27th Sagamore Army Materials Research Conf 1-40, 1983 ( AD-D131 509 )

Key Words: RENE' 95, A-286, stainless steel, Udimet 700, Waspaloy, MERL 76,
IN-100. NASA IIB-7, crack growth, fatigue

Ultrasonic Inspectability Improvi.nents in Austenitic Stainless Steel Welds After
Thermal-Mechanical Processing

Lott, L.A., Malik, R.K.

Mater Eval 41 (6). 738-42, 1983 ( AD-D315 514 )

Key Words: AISI 304, AISI 308, welds, microstructure, ultrasonic propertics

Porous Castings? HIPping Might be Your Answer

Widmer, R., Price, P. E.

Modern Casting 72 (8), 42-3, 1982 ( AD-D125 344 )

Key Words: Ti-6Al-4V, stainless steel, aluminum alloys. porosity.
rejuvenation, cost

Hipping is One Way to Check Porosity in Cast Components

Irving, R. R.

fron Age 225 (33), 43 5, 1982 ( AD-D126 241 )

Key Words: AA A201, AISI 4330, AA C355-T6, 142-T4, AA A356-T61. IN-738. RENE’
77.IN-792, RENE" 80, stainless steel. porosity, tensile propertics. fatigue

The Joining of Refractory Metals by Hot Isostatic Pressing

Werdecker. W, Aldinger, F.

High Temp-High Pressures 14 (2), 183-97, 1982 ( AD-D127 724

Key Words: Inconcl 601, Kanthal A-1, molybdenum, stainless steel, dissimilar
joining, diffusion bonding, microhardness

Trends in Casting Technology

Chandler, H. E., Baxter, D. F.

Mectal Prog 117 (1), 97-9, 1980 ( AD-D117 224 )

Key Words: AA 6061-T6, AISI 4340, Fe-3C-19Cr-1.5Ni-2Mo, tensile propertics

All Systems Are Go for Powder Metallurgy

Irving, R.R.

Iron Age 223 (28), 41-5, 1980 ( AD-D118 875)

Key Words: AISI 4600, Ti-6A1-4V, Ti-6Al-2Sn-4Zr-6Mo, Waspaloy. IN-100. AISI
329. 12Cr steel, injection molding, cost, applications

Feasibility Study on the use of Small-Angle Neutron Scattering for Microstructural

Determinations of Technological Alloys

Herman, H.

State University of New York at Stony Brook, Department of Materials Sciences. NY

Final Report

Contract No : N0O0OO14-78-M-0074

58 pp., 1978 ( AD-A061 867 )

Key Words: Ti-6A1-4V, HY-130, AISI 304, Udimet 700, creep-fatigue. crack
detection
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16.

17.

18.

19.

Casting High-Performance, High-Integrity Components

Heine, H. J.

Foundry Manage Technol 105 (3), 88-96, 1977 ( AD-D108 804 )

Key Words: Ti-6Al-4V, 18/8 stainless, 18Cr-10N1, AA A360, B1914, B1925,
B1964, B1981, airframes, aircraft structures, creep rupture,
stress analysis, nondestructive testing, tensile propertics,
tribaloy

A Retrospective View of Metallurgy During the 25 Years of the Gillett Lectures

Jaffee, R. 1.

Standardization News 5 (1), 9-22, 1977 ( AD-D108 834 )

Key Words: AISI 316, Ti-6Al-4V, titanium, zirconium, hafnium. embrittlement,
fracture inechanics

New Superalloys, Better Processing Promise More Durable Turbine Parts
Mishka, K. H.
Mater Eng 84 (3), 22-4, 1976 { AD-D104 639 )
Key Words: MA9S6E, CAPIVAC IV, Pyromet CTX-1, Haynes 556, Haynes 8077 MA7S4E,
MA757E, turbine components, zirconium coatings, tensile
properties, creep rupture, thermal processing, thermal
fatigue, oxidation, gamma prime, oxide dispersion
strengthening

Manufacturing Methods for the Production of Dise Shapes by Contour Rolling

Armold, D. B.

General Electric Co., Aircraft Engine Group, Evendale, OH

Interim Engineering Progress Report Number Five, Apr-Jun 72

Rept No : AFML-IR-204-1(V}, 22 pp.. 1972 ( AD-179 851L.)

Key Words: RENE' 95, Hastelloy X, AISI 304, AF 2-1DA, microstructure, hot
rolling

Miscellaneous Steels

The Development of the Composite Rolls for Hot Rolling Mills

Rhee, B. 0., Cao, M. Y, Zhang, H. R,, Streicher, E., Chung, C. L.

Elsevier, London, UK

Proc 3rd Int Conf Hot Isostatic Pressing: Theory Appl 253-8. 1992

Key Words: high speed steel, toughness. hardness. microstructure. diffusion
bonding

Influence of Processing Route on Fatigue Behavior of Investment Cast High Strength
Steels

McCallum, R., Lang, W,

NTIS, PB85-234813, Springficld, VA

Technical Report

Rept No : NEL-697, 35 pp.. 1985 ( AD-D135 646 )

Key Words: 17-4PH, EN40OB, microstructure, fatigue, cracking

Emerging Trends in Aerospace Materials and Processes

Chandler, H. E.

Metal Prog 125 (5), 21-9, 1984 ( AD-D130023)

Key Words: Ti-10V-2F¢-3Al, Ti-15V-3Cr-3Al-35n. steel, aircraft, nct shape
forming, manufacturing
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10.

Progress of Powder Metallurgy in North America

Roll, K.H.. Johnson, P.K.

Int J Powder Metall Powder Technol 20 (3), 185-92, 1984 ( AD-D200) 698 )

Key Words: coppoer, iron, Inconel 625, AISI 3161, M-2, NiFe, rapid
solidification, injection molding

Hipping is One Way to Check Porosity in Cast Components

Irving, R. R.

Iron Age 225 (33), 43-5, 1982 ( AD-D126 241 )

Key Words: AA A201, AISI 4330, AA C355-T6, 142-T4, AA A356-T61, IN-738, RENE’
77, IN-792, RENE’ 80, stainless steel, porosity, tensile properties, fatigue

All Systems Are Go for Powder Metallurgy

Irving, R. R,

Iron Age 223 (28), 41-5, 1980 { AD-D118 875 )

Key Words: AISI 4600, Ti-6A1-4V, Ti-6Al1-2Sn-4Zr-6Mo, Waspaloy, IN-100, AlSI
329, 12Cr steel, injection moiding, cost. applications

Feasibility Study on the use of Small-Angle Neutron Scattering for Microstructural

Determinations of Technological Alloys

Herman, H.

State University of New York at Stony Brook, Department of Materials Sciences, NY

Final Report

Contract No : N0O00D14-78-M-0074

5% pp.. 1978 ( AD-A061 867)

Key Words: Ti 6Al-4V, HY-130. AISI 304, Udimet 700, creep-fatigue, crack
detection

Comparative Evaluation of Forged Ti-6Ai-4V Bar made from Shot Produced by the REP
and CSC Processes
Vaughan, R. F., Blenkinsop, P. A., Morton, P. H.
Imperial Metal Industrics (Kynoch) Ltd., Birmingham, UK MPR Publishing Services
Ltd., Bellstone, Shrewsbury, UK
8 pp.. 1976 ( AD-DI10 190 )
Key Words: Ti-6Al-4V, tensile propertics, fracturc toughness. fracture
surface, titanium, CM steels, superalloys. surface layers,
morphology, composition surface

Processing: The Rediscovered Dimension in High Temperature Alloys

Semchyshen, M.

Standardization News 4 (4), 9-19, 1976 ( AD-D110 676}

Key Words: Inconel 718, RENE’ 80. AISI 4140, Udimet 700, TZM. IN-738,
Waspaloy, remelting, alloying, creep runture

The Effect of Homogenization Treatment and Hot Isostatic Pressing on Microporosity

in Cast Steel

Basaran, M., Kattamis, T. Z., Mehrabian. R.

Metall Trans 4 (10), 2429-34, 1973 ( AD-D104 149 )

Key Words: AISI 4330. porosity, grain boundaries, diffusion homogenizing,
spheroidizing
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11, Structure and Property Control Through Rapid Quenching of Liquid Metals
Grant, N. 1., Pelloux, R. M., Regis, M. N, Flemings, M. C., Merton, C.
Argon, A. S.
Massachusetts Institute of Technology, Center for Materials Science and Engincening,
Cambridge, MA
Semi-Annual Technical Report Number Three Jul-Dec 1971
Contract No : DAHCI15-70-C-0283
130 pp., 1972 ( AD-739 340)
Key Words: IN-100, MAR-MS09, Maraging 300, microstructure, tensile
properties, fatigue, hardness, creep rupture, fracture toughness

Miscellaneous Iron Alloys

1. Progress of Powder Metallurgy in North America
Roll, K.H., Johnson, P.K.
Int J Powder Metall Powder Technol 20 (3), 185-92, 1984 { AD-D200 698 )
Key Words: copper, iron. Inconel 625, AlISI 3161, M-2, NiFe, rapid
solidification, injection molding

2. New Superalloys, Better Processing Promise More Durable Turbine Parts

Mishka, K. H.

Mater Eng 84 (3), 22-4, 1976 ( AD-D104 639 )

Key Words: MA956E, CAPIVAC 1V, Pyromet CTX-1, Haynes 556, Haynes 8077, MA754E.
MA757E, wrbine components, zirconium coatings, tenstle
properties, creep rupture, thermal processing, thermal
fatigue, oxidation, gamma prime, oxide dispersion
strengthening
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NICKEL ALLOYS

Alloy 713

1. Microstructure, Creep Properties, and Rejuvenation of Service-Exposed Alloy 713C
Turbine Blades
Maccagno, T. M., Koul, A. K., Immarigeon, J. P., Cutler, L., Allem, R.
L Esperance, G.
Metall Trans A 21A, 3115-25, 1990 ( AD-D144 207 )
Key Words: Alloy 713C, turbine components, porosity. microstructure, grain
boundaries, creep, rejuvenation

2. Mechanical Properties of Conventionally Cast, Directionally Solidified, and
Single-Crystal Superalloys
Quested, P. N, Osgerby, S.
Mater Sci Technol 2 (5), 461-75. 1986 ( AD-D140 385 )
Key Words: IN-935, IN-738, IN-939, IN-597, IN-738LC, MAR-M246, MAR-M002,
MAR-M247, Alloy 7131.C, unidirectional solidification. creep

3. Development of a Conventional Fine Grain Casting Process
Woulds, M., Benson, H.
The Metallurgical Socicty of AIME, Warrendale, PA
Proc 5th Int Symp Supecrallcys 1984 3-12, 1984 ( AD-D132 821 )
Key Words: Alloy 713L.C, MAR-M247, turbine components, microstructure, creep
rupture, tensile properties, fatigue

4. Optimization of the High Temperature, Low Cycle Fatigue Strength of Precision-Cast
Turbine Wheels
Lamberigts, M., Ballarati, G., Drapier, ]. M.
The Meiallurgical Society of AIME, Warrendale, PA
Proc 5th Int Symp Superalioys 1984 13-22, 1984 ( AD-D132 822)
Key Words: Alloy 713, microstructure. porosity, fatiguc

5. The Effects of Tantalum for Columbium Substitutions in Alloy 713C
Brinegar, J. R., Mihalisin, J. R., VanderSluis, J.
The Metallurgical Society of AIME, Warrendale, PA
Proc 5th Int Symp Superalloys 1984 53-62, 1984 ( AD-D132 826 )
Key Words: Alloy 713C, niobium addition. tantalum addition. aging. creep
rupture, tensile propertics

6. Improvement of Material Properties of Ni-Base Alloy Investment Castings by Hot

Isostatic Processing

Tsuiji, 1., Kawai. H.

NTIS, PB84-113422, Springficld, VA

Technical Report

Rept No : MTB-159, 8 pp., 1983 ( AD-DI130515)

Key Words: IN-738, IN-738L.C, Udimet 500, Alloy 713C, wurbinc components,
fatigue

7. Blade Life Extended by Pressing Processes
Radivich, J. F.
American Mctal Market 90 (216), 10A & 15A, 1982 ( AD-Di26 104 )
Key Words: Alloy 713C, turbine components, service life, creep rupture
rejuvenation
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Precision Casting of Turbine Blades and Vanes

Drapier, J. M., Kluwer Boston Inc., Hingham, MA

Proc Cont High Temperature Alloys for Gas Turbines 887-908, 1982 ( AD-D134 025

Key Words: Alloy 713LC, IN-100. MAR-M200, PWA 1480, MAR-M247, CMSX2, turbine
components, rejuvenation, oxidation, vacuum melting, unidirectional solidification

9. The Metallurgical Aspects of Hot Isostatically Pressed Superalloy Castings
Antony, K. C., Radavich. J. F.
Proc 4th Int Symp Superalloys. Superalloys 1980 257-65, 1980 ( AD-D120 655 )
Key Words: Alloy 713C, MAR-M246, microstructure. porosity, tensile
properties, creep rupture, fatigue, fracture toughness

10. HIP’ing Various Precision Cast Engine Components in Nickel-Based Superalloys
Lambengts, M., Diderrich, E., Coutsouradis, D., de Lamotte, E., Drapier, J. M.
Proc 4th Int Symp Superalloys, Superalloys 1980 285-94, 1980 ( AD-D120 658 )
Key Words: Alloy 713LC, IN-792, MAR-M002, MAR-MO004. IN-100, jet engines,
turbine components. creep, microstructure

11, Quality of Castings of Superalloys

Bachelet, E.. Lesoult, G., Applied Sciences Publishers Lid., London, UK

High Temperature Alloys for Gas Turbines 665-99, 1578 ( AD-D116 360 )

Key Words: IN-738, Udimet 500, X-40. IN-100, MC-102, M3608F. C263, mto-001.
B1914, 81981, M-21, FSX-430. MAR-M509, IN-939, Alloy 713LC.
creep propertics, fatigue, crack growth, thermal fatigue,
porosity

12. Proemium Quality Castings
Freeman Jr.. W. R.
Manufacturing Technology Division, AFML, Wright-Patterson AFB. OH
Proc Net Shape Metalworking Program Review 406-17, 1976 ( AD-D119 1871. )
Key Words: IN-792, IN-738. IN-100. RENE" 80. Alloy 713L, Alloy 713LC. B-1900.
MAR-M200. tensile properties, fatiguc

13. Materials and Process Technol for Advanced Gas Turbines
Hauser, H. A., SAMPE Qurly 6 (3). 8 pp., 1975 ( AD-D161 035
Key Words: TiAl Ti(3)Al Ti-6Al-4V, Ti-6A1-2Sn-4Zr-6Mo, Ti-6Al-2Sn-47r-2Mo.
Ti-8Al-1 Mo-1V,IN-100, IN-738. IN-792, Alloy 713, B-1900,
MAR-M200, turbine components, fracture mechanics. fatigue,
creep rupture

14, The Nature of the Sulfo-Carbides Observed in Nickel-Base Superallovs
Wallace, W.. Holt, R. T., Terada. T.. Mctall 6 (6). 511-26, 1973 ( AD-D106 657 )
Key Words: Alloy 713C. IN-100, Udimet 700, sulfur addition. carbide phascs,
crack growth

B-1900

1. Hot Isostatic Press
Author Anon, Forcign Technol Div, Wright-Patterson AFFB, OH
Rept No @ FTD-IDIRS)T-1406-84. 65 pp.. 1985 ( AD-B0Y3 100L.)
Key Words: Ti-6A1-4V, B-1900, IN-738. RENE" 77. IN-792. RENLE™ 80, AA C355, AA
A356,142-T4
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Effect of HIP on Elevated-Temperature Low Cycle Fatigue Properties of an Equiaxed
Cast Superalloy
Anton, D. L., Favrow, L. H., ASTM, Philadelphia, PA
Proc Symp Low Cycle Fatigue 824-37. 1985 ( AD-D139 273 )
Key Words: B-1900, microstructure, grain growth, fractography, tensile
properties, fatigue

HIP Processing--Potentials and Applications

Van Der Vet, W. J.

Chromalloy American Co., Midwest City, OX

Proc 53rd Meeting of the AGARD Structures and Materials Panel, Maintenance in

Service of High Temperature Parts

11-1to 11-16, 1982 ( AD-D125 468 )

Key Words: Inconel X-750, Udimet 500, RENE' 100, B-1900. Nimonic 105, IN-738,
IN-782, turbine components, fatigue, thermal cycling, creep rupture

Aircraft Gas Turbine Materials and Processes

Kear, B. H., Thompson, E. R.

Science 208 (4446), 847-56, 1980 ( AD-D126 322 )

Key Words: Haynes 188, Inconel 617, HA8077, Waspaloy, B-1900, PWA 1422,
Incoloy 901, IN-100, X-40, MAR-MS509, Hastelloy X, turbine
components, fan blades, compressor components, coatings,
unidirectional solidification, superplastic forming

HIP’ing Raises Casting Performance Levels

Freeman, W.R., Jr.

Metal Prog 112 (3), 33-8, 1977 ( AD-D110 513)

Key Words: B-1900, IN-792, Ti-6Al-4V, IN-100, tensile propertics turbine
components, fatigue, creep rupture

Premium Quality Castings

Freeman Jr., W. R.

Manufacturing Technology Division, AFML, Wright-Patterson AFB, OH

Proc Net Shape Metalworking Program Review 406-17, 1976 ( AD-D119 187L )

Key Words: IN-792, IN-738, IN-100, RENE' 80, Alloy 713L, Alloy 713LC, B-1900,
MAR-M200, tensile properties, fatigue

Materials and Processing Technology for Advanced Gas Turbines

Hauser, H. A., SAMPE Qtrly 6 (3), 8 pp., 1975 ( AD-D101 035)

Key Words: TiAl, Ti(3)Al, Ti-6Al-4V, Ti-6A}l-25n-4Zr-6Mo, Ti-6Al-28n-4Zr-2Mo.
Ti-8Al-1Mo-1V, IN-100, IN-738, IN-792, Alloy 713, B-1900,
MAR-M200, turbine components, fracture mechanics, fatigue,
creep rupture

Hastelloy X

Fatigue Dominated Damage Processes
Bressers, J., Remy, L., Hoffelner, W.
Kluwer Academic Publishers, Norwell, MA
Proc High Temperature Alloys for Gas Turbines and Other Applications 1986-Part |
441-68, 1986 ( AD-D142 075)
Key Words: MAR-M509, IN-738LC, Hastelloy X, Inconel 617, RA-333, A-286,
Inconel 718, Incoloy 901, microstructure, cracking, granular fracture, fatigue
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2. Materials for Advanced Turbine Engine--MATE
Evans, D. 1., Sheffler, K. D., Friedrich, L. A.
Pratt and Whitney Aircraft Group, East Hartford, CT
Mar-May 82
Contract No : NAS 3-20072
1982, 21 pp. ( AD-D125 191)
Key Words: Hastelloy X, Incoloy 901, MA956, Udimet 700, MERL 76. turbine
components, combustors, erosion, coatings, oxide dispersion strengthening

3. Materials for Advanced Turbine Engine-MATE

Evans, D. J., Henricks, R. J., Friedrich, L. A.

Pratt and Whitney Aircraft Group, Commercial Products Div, East Hartford, CT

Quarterly Technical Progress Report Number Twenty, Dec 80-Fcb 81

Contract No : NAS 3-20072

48 pp.. 1981 ( AD-D120953)

Key Words: MERL 76, MA956, Hastelloy X. Incoloy 901, aircraft structures,
combustor liners, turbine components, tensile properties,
creep, crack growth, coatings, thermal fatigue

4. Aircraft Gas Turbine Materials and Processes

Kear, B. H., Thompson. E. R.

Science 208 (4446), 847-56, 1980 ( AD-D126 322)

Key Words: Haynes 188, Inconel 617, HAS077. Waspaloy. B-1900. PWA 1422
incoloy 901, IN-100, X-40, MAR-MS509, Hastelloy X, turbine
components, fan blades, compressor components, coatings.
unidirectional solidification, superplastic forming

5.  Cost/Benefit Analysis of Advanced Materials Technologies for Future Aircraft Turbine
Engines
Bisset, J. W.
United Technologies Corp., East Hartford, CT
Project Completion Report
Rept No : N77-14026, PWA-5453, 42 pp., 1976 { AD-D107 956 )
Key Words: MAR-M509, Hastelloy X, Waspaloy, IN-100, MAR-M200, turbinc
components, single crystals, hafnium addition, unidirectional solidification. cost

6. Precision Castings State-of-the-Art
Nagan, R. M.
SAMPE Qurly 6 (4), 1-7, 1975 ( AD-D102 565 )
Key Words: 17-4PH, Hastelloy X. Inconel 718. Ti-6Al1-4V, aircraft structures,
turbine components. tensile propertics

7. Manufacturing Methods for the Production of Disc Shapes by Contour Rolling
Amold, D. B.
General Electric Co., Aircraft Engine Group. Evendale, OH
Interim Engineering Progress Report Number Five, Apr-Jun 72
Rept No : AFML-IR-204-1(V), 22 pp., 1972 ( AD-179 851L)
Key Words: RENE'® 95, Hastelloy X, AISI 304, AF 2-1DA, microstructure, hot
rolling
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IN-100

1. Rejuvenation Procedures to Recover Creep Properties of Nickel-Base Superalloys by
Heat Treatment and Hot Isostatic Pressing Techniques
Baldan, A.
J Mater Sci 26 (13), 3409-21, 1991
Key Words: IN-100, Nimonic 80A, Nimonic 115, Nimonic 75, Nimonic 105, Nimonic
90, IN-738, IN-738LC, Inconel X-750, turbine components.
creep, grain size, cavitation

2, Deformation Mechanisms of Thermostructural Materials
Arsenault, R. J., Louat, N., Shahinian, P., Singh, A. K., Chaki, T.
Crystal Growth and Materials Testing Associates, Lanham, MD
Final Report
Rept No : 162, 46 pp., 1987 ( AD-A184 070 )
Key Words: IN-100, RENE' 80, turbine components, CoCrAl coatings, creep
rupture, thermal fatigue, barrier coatings, dislocation

3. On the Sintered Ni-Base Superalloy (V1)--Effect of Microstructures on the Creep
Property
Morishita, M., Nagai, H., Shoj;, K.
J Jpn Soc Powder Powder Metall 33 (7), 373-8, 1986 ( AD-D136 163)
Key Words: IN-100. MERL. 76. microstructure, swaging, creep rate. liquid
sintering, creep rupture

4.  Repair and Rejuvenation Procedures for Aero-Gas-Turbine Hot-Section Components
Bell, S. R.
Mater Sci Technol 1 (8), 629-34, 1985 ( AD-D133 818)
Key Words: Nimonic 108, RENE' 100, Nimocast PD21, X-40, C1023, turbine
components, repair welding, microstructure, rejuvenation, creep

s. Structure-Property Characterization of Rheocast and VADER Processed IN 100
Superalloy
Cheng, J-J. A., Apelian, D.
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Proc High Temperature Alloys for Gas Turbines and Other Applications 1986-Part |
811-20, 1986 ( AD-D142 085 )
Key Words: Haynes 188, MAR-M200, X-40, turbine components, tensile
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2.  Structural Damage and Rejuvenation of Used Turbine Blades
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Kluwer Academic Publishers, Norwell, MA
Proc High Temperature Alloys for Gas Turbines and Other Applications 1986-Part |
821-30, 1986 ( AD-D142 086 )
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3.  Creep Life Predictions in Nickel-based Superalloys
Koul, A. XK., Castillo, R., Willett, K.
Mater Sci Eng 66 (2), 213-26, 1984 ( AD-D131 247 )
Key Words: MAR-M200, IN-738L.C, Inconel X-750, turbine components,
deformation, grain size, long term tests, shear stress

4.  Development of Hybrid Gas Turbine Bucket Technology

Peterson, L. G., Hrencecin, D. E., Schilling, W. F., Ostergren, W._ }.

General Electric Co., Gas Turbine Division, Schenectady, NY

Rept No : ASME-82-GT-94, 10 pp., 1982 ( AD-D127 264 )

Key Words: RENE’ 80, RENE’ 150, Udimet 700, MAR-M200, IN-939, RENE" 125,
RENE’ 120, GTD-111, IN-738, turbine components, tensile
properties, unidirectional solidification, dissimilar joining,
diffusion bonding, creep rupture

5. Superalloy Technology-Today and Tomorrow
VerSnyder, F. L., Kluwer Boston Inc., Hingham, MA
Proc Conf High Temperature Alloys for Gas Turbines 1-49, 1982 ( AD-D133 988 )
Key Words: MAR-M200, IN-100, Udimet 700, carbon addition, boron addition,
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6.  Precision Casting of Turbine Blades and Vanes
Drapier, J. M., Kluwer Boston Inc., Hingham, MA
Proc Conf High Temperature Alloys for Gas Turbines 887-908, 1982 ( AD-D134 025)
Key Words: Alloy 713LC, IN-100, MAR-M200, PWA 1480, MAR-M247, CMSX2. turbine
components, rejuvenation, oxidation, vacuum melting, unidirectional solidification
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Applications of Composite Gas Turbine Components

Peterson, L. G., Hrencecin, D. E., Carreno, D. E., Beltran, A. M., Schilling, W. F.

General Electric Co., Gas Turbine Division, Schenectady, NY

Rept No : DE82-004710, 30 pp., 1981 ( AD-D125 782 )
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HIP Rejuvenation of Damaged Blades

Stewart, D. C., Bennett, G. T.

Pratt and Whitney Aircraft Group, Government Products Div, West Palm Beach, FL.

Interim Technical Report One and Two, Aug 77-Mar 79

Rept No : FR-11642, 115 pp., 1979 ( AD-D108 3981 )
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The Promise of more Heat Resistant Turbine Materials

Freche, J. C., Ault, G. M.
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Damage Accumulation and Fracture in Creep of Nickel-Base Alloys
Tipler, H. R, Lindblom, Y., Davidson, J. G.
Applied Sciences Publishers Ltd., London, UK
Proc Conf High Temperature Alloys for Gas Turbines 359-407, 1978 ( AD-D116 350 )
Key Words: IN-597, Nimonic 115, IN-738LC, Nimonic 80A, MAR-M200, Udimet 500,
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Coatings for Directionally Solidified Gamma Prime-Gamma Plus Alpha Eutectics
Smeggil, J.
United Technologies Research Center, East Hartford, CT
Rept No : R77-912959-1, 12 pp., 1977 ( AD-D108 260 )
Key Words: MAR-M200, hafnium addition, nickel aluminide coatings, CoCrAlY
coatings, NiCoCrAlY coatings, platinum addition, thermal
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solidification

Premium Quality Castings

Freeman Jr., W. R.

Manufacturing Technology Division, AFML, Wright-Patterson AFB, OH

Proc Net Shape Metalworking Program Review 406-17, 1976 ( AD-D119 187L)

Key Words: IN-792, IN-738, IN-100, RENE’ 80, Alloy 7131, Alloy 713LC, B-1900,
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Cost/Benefit Analysis of Advanced Materials Technologies for Future Aircraft Turbine

Engines

Bisset, ]. W.

United Technologies Corp., East Hartford, CT

Rept No : N77-14026, PWA-5453, 42 pp., 1976 ( AD-D107 956 )

Key Words: MAR-M509, Hastelloy X, Waspaloy, IN-100, MAR-M200, turbine
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14. Materials aid Processing Technology for Advanced Gas Turbines
Hauser, H. A., SAMPE Qtrly 6 (3), 8 pp.. 1975 ( AD-D101 035
Key Words: TiAl, Ti(3)Al, Ti-6Al-4V, Ti-6Al-28n-4Zr-6Mo, Ti-6Al1-25n-4Zr-2Mo,
Ti-8Al-1Mc- 1V, IN-100, IN-738, IN-792, Alloy 713, B-1900,
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MAR-M246

1.  Advanced Single Crystal for SSME Turbopumps
Fritzemeier, L. G., Rockwell International, Rocketdyne Div, Canoga Park, CA
Contract No : NAS3-24646, 8 pp., 1988 ( AD-D138 556 )
Key Words: MAR-M246, fatigue, creep rupture, tensile properiics

2, Mechanical Properties of Conventionally Cast, Directionally Solidified, and
Single-Crystal Superalloys
Quested, P. N., Osgerby, S.
Mater Sci Technol 2 (5), 461-75, 1986 { AD-D140 385 )
Key Words: IN-935, IN-738, IN-9.39, IN-597, IN-738L.C, MAR-M246, MAR-M002,
MAR-M247, Alloy 713L.C. unidirectional solidification, creep

3. A Solid-to-Solid HIP Bond Pressing Concept for the Manufacturing of Dual-Property
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Ewing, B. A., ASM International, Metals Park, OH
Proc 4th Int Symp Superalloys, Superalloys 1980 169-78, 1980 ( AD-D120 647 )
Key Words: MAR-M246, IN-792, turbine components, net shape forming, diffusion
bonding, dissimilar joining, tensile properties, thermal fatigue

4, The Metullurgical Aspects of Hot Isostatically Pressed Superalloy Castings
Antony, K. C., Radavich, J. F.
Proc 4th int Symp Superalioys, Superalloys 1980 257-65, 1980 ( AD-D120 655)
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Hoppin, G. S., IlI, Danesi, W. P.
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Key Words: MAR-M247, turbine components, diffusion bonding

2. Metallurgical Advancements in Investment Casting Technology
Dardi, L. E., Dalal, R. P., Yaker, C.
ASM International, Metals Park, OH
Proc Nicholas J. Grant Symp, Processing and Properties of Advanced High Temperature
Alloys
25-39, 1986 ( AD-D139 354 )
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properties, unidirectional solidification
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4, Development of a Conventional Fine Grain Casting Process
Woulds, M., Benson, H.
The Metallurgical Society of AIME, Warrendale, PA
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Ewing, B. A., Green, K. A.
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6. Properties of Cast MAR-M-247 for Turbine Blisk Applications
Kaufman, M.
The Metallurgical Society of AIME, Warrendale, PA
Proc 5th Int Symp Superalloys 1984 43-52, 1984 ( AD-D132 825)
Key Words: MAR-M247, turbine components, defects, crack growth, tensile
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1. Precision Casting of Turbine Blades and Vanes
Drapier, . M.
Kluwer Boston Inc.. Hingham, MA
Proc Conf High Temperature Alloys for Gas Turbines 887-908, 1982 ( AD-D134 025 )
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MERL 76

i. Development of Gatorized(R) MERL 76 for Gas Turbine Disk Applications
Caless, R.H., Paulonis. D.F.
The Metallurgical Society of AIME, Warrendale. PA
Proc 6th Int Symp Superalloys 1988 101-10, 1988 ( AD-D142 288 )
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2. On the Sintered Ni-Base Superalloy (VI)--Effect of Microstructures on the Creep
Property
Morishita, M., Nagai, H., Shoji, K.
J Ipn Soc Powdcer Powder Metall 33 (7), 373-8, 1986 ( AD-D136 163)
Key Wards: IN-100, MERL 76. microstructure, swaging, crecp rate, liguid
sintering, creep runture
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3. Overview of Temperature and I'nvironmental Effects on Fatigue of Structural Metals
Cofrin, L. F.
Plenum Press, New York, NY
Proc 27th Sagamore Army Materials Research Conf 1-40, 1983 ( AD-DI131 509 )
Key Words: RENE’ 95, A-286, stainless steel. Udimet 700, Waspaloy, MERL 76,
IN-100, NASA 1IB-7, crack growth, fatigue

4. Materials for Advanced Turbine Engine--MATE
Evans, D. J., Sheffler, K. D., Friedrich, L. A.
Pratt and Whitney Aircraft Group, East Hartford, CT
Mar-May 82
Contract No : NAS 3-20072
1982, 21 pp. ( AD-D125191)
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Davidson, J. H., Aubin, C.

Kluwer Boston Inc., Hingham, MA

Proc Conf High Temperature Alloys for Gas Turbines 853-86, 1982 ( AD-I" 134 024)
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6. Hipping: A Good Way to Improve Properties
Irving, R. R.
Iron Age 224 (6). 77-81. 1981 ( AD-D120 406)
Key Words: JT-9D, MERL 76. 17-4PH, RENE" 120, IN-792, IN-738. turbine
components, porosity
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Nimonic 90

1. Rejuvenation Procedures to Recover Creep Properties of Nickel-Base Superalloys by
Heat Treatment and Hot Isostatic Pressing Techniques
B.ildan, A.
¥ Mater Sci 26 (13), 3409-21, 1991
Key Words: IN-100, Nimonic 80A Nimonic 115, Nimonic 75, Nimonic 105. Nimonic
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creep, grain size, cavitation




Repair and Regeneration of Turbine Blades, Vanes, and Discs

Huff, H., Wortmann, }.

Motoren und Turbinen Union GMBH, Munich, Germany

Proc 53rd Meeting of the AGARD Structures and Materials Panel, Maintenance in

Service of High Temperature Parts
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Key Words: IN-100, Nimonic 90, Nimonic 108, turbine components, welding,
creep, rejuvenation

Scope for Repair Welding Gas Turbine Blades

Elsner, W.

Pract Metall 19 (4), 199-214, 1982 ( AD-D126 799 )
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microstructure, tensile properties, welding

High Cycle Fatigue of Nickel-Base Alloys-European Concerted Action-- Cost
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McColvin, G. M.

NTIS. N79-18022, Springfield, VA

Final Report
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Baidan, A.
J Mater Sci 26 (13), 3409-21, 1991
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The Behavior of NIM 105 and IN738 LC Under Creep and LCF Testing
Persson, P-O., Persson, C., Burman, G., Lindblom, Y.
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Proc High Temperature Alloys for Gas Turbines and Other Applications 1986-Part 2
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Refurbishing Superalloy Components for Gas Turbines

Lindblom. Y.

Mater Sci Technol 1 (8), 636-41, 1985 ( AD-D319428)
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IN-782, urbine components, fatigue, thermal cycling, creep rupture

7.  Scope for Repair Welding Gas Turbine Blades
Elsner. W., Pract Metall 19 (4), 199-214, 1982 ( AD-D126 799 )
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PWA 1480

1. The Role of the gamma/gamma prime Eutectic and Porosity on the Tensile Behavior of a
Single-Crystal Nickel-Base Superatloy
Walston, W. S., Bernstein, I. M., Thompson, A. W.
Metall Trans A 22A, 1443-51, 1991
Key Words: PWA 1480, tensile properties, porosity, fracture, single crystals

2.  Advanced Single Crystal for SSME Turbopumps
Fritzemeier, L. G.
Rockwell International, Rocketdyne Div, Canoga Park, CA
Final Contractor Report
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Fritzemeier, L.G.
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Key Words: Alloy 713LC, IN-100, MAR-M200, PWA 1480, MAR-M247, CMSX2. turbine
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1. High Pressure Turbine Blade Life Extension
Smith, H. H., Michel, D. J.
Naval Research Lab, Washington DC
Final Memorandum Report
Rept No : NRL-MR-6861, 47 pp., 1991 ( AD-A240 654 )
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Domas, P. A., Antolovich, 8. D.
Epez Fract Mechanics 21 (1), 203-14, 1985 ( AD-D131 953 )
Key Words: RENE’ 80, microstructure, heat treatment, fatigue, tensile
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5. Hipping is One Way to Check Porosity in Cast Components
Irving, R. R.
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8. Premium Quality Castings
Freeman Jr., W. R.
Manufacturing Technology Division, AFML, Wright-Patterson AFB, OH
Proc Net Shape Metalworking Program Review 406-17, 1976 ( AD-D119 1871 )
Key Words: IN-792, IN-738, IN-100, RENE" 80, Alloy 713L, Alloy 713L.C, B-1900,
MAR-M200, tensile properties, fatigue

9. Improved Properties in Castings by Hot Isostatic Pressing
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porosity. tensile properties, microstructure, creep rupture, density, fatigue
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ASTM, Philadelphia, PA
Proc Fracture Mechanics, Nineteenth Symp
Rept No : ASTM-STP-969, 637-56, 1988 ( AD-D139 960 )
Key Words: RENE" 95, surface defects, fracture mechanics, fatigue crack
growth
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Proc Fracture Mechanics, Nineteenth Symp
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Flom, D. G.
General Electric Corporate Research and Development, Schenectady, NY
Final Report Jul 79-Aug 83
Rept No : AFWAL-TR-84-4059-Vol-5, 230 pp., 1984 ( AD-B(88 346L.)
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Ti-8Al-1Mo-1V, IN-100, IN-738, IN-792, Alloy 713, B-1900,
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Key Words: TiAl, Ti-48 at pct Al-2.5 at pet Nb, Ti-48 at pct Al-2 at pct Nb-2
at pct Cr, isothcrmal forging, hot compression test

263



Mechanical Properties of Fe-Modified L1(2)-Type AI3Ti
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Key Words: copper, iron, Inconel 625, AISI 316L., M-2, NiFe, rapid
solidification, injection molding

A Retrospective View of Metallurgy During the 25 Years of the Gillett Lectures
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Nicholls, J. R., Stephenson, D. J.
Mater High Temp 9 (2), 110-20, 1991
Key Words: nickel, copper, phosphor bronze, Ni-13Al, MAR-MQ02, AA 7075, AA
8090, silver, Inconel 625, ion plating, clectron beam
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Key Words: 5Cr steel, 18Cr stainless, forging, atomization. tensile
properties, rapid solidification

2. Application of Diffusion Welding in the USA
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Nickel

fron
Iren

Nickel
Nickel
Nickel
Nickel
Nickel
Nickel
Nickel
Nickel
Nickel
Nickel

Beryllium
Berylium

Iron
Rhenium

Beryllium
Beryilium
Iron
Iron
fron

Beryllium
Beryilium

PAGE(S)

104-117, 235-23K, 282, 283
126
285
126
284

170, 267
29
29
28

l‘)“} ]’\7

Lly Ve

48

244
122,227

125

76-79. 215-218, 279, 280

195
275

241

242, 243

124,232

124,243

102-104, 223,234

122

104-117, 235-238, 282, 283
88, 228. 229, 284

240

§9-102, 229-232, 280. 281

28
2

“~

50,52
267

29
28
276
53
53




MATERIAL

Sm(5)Co
SmCo(5)

Stellite |
Stellite 12
Stellite 21
Stellite 6

Supral 100
Supral 150
Supral 220

T-111

T-15
T-6

T30

TAZ-8A
TD-nickel
T™-321
TMP-1
TMP-10
T™MP-11
TMP-15
TMP-2
T™MP-3
TMP-4a
TMP-7
TMP-9
TRW NASA VI A

TZM

Ta(2)Al(4)
Ta-10w
TaAl(3)

Tantalum
Ti(2)Be(17)

Ti(3)Al
Ti(5)S1(3)

Ti-10Al

Ti- {0Mo-6Cr-2.5Al
Ti-10Mo-8V-2.5Al
Ti-10V-2Fe-3Al
Ti-12Al-19Nb

ALLOY

Intermetallics
Intermetallics

Cobalt
Cobalt
Cobalt
Cobalt

Aluminum
Aluminum
Aluminum

Tantalum

Iron
Iron

Beryllium

Nickei
Nickel
Nickel
Nicke!
Nickel
Nickel
Nickel
Nickel
Nickel
Nickel
Nickel
Nickel
Nickel

Molybdenum
Intermetallics
Intermetallics
Intermetallics
Tantalum

Intermetallics

Intermetallics
Intermetallics

Titanium
Titanium
Titanium
Titanium
Titanium
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PAGE(S)

167
167

34

34

34,35
32,33,296

179
179
179

267,293

44,45
49

28

125
127
122
121
121
121
121
121
121,122
121
122
121
125, 126

267

166
267
166

171, 267
166

161, 162, 264, 265
260

154
290
290
153, 154, 260, 290
265




MATERIAL ALLOY PAGE(S)
Ti-13A1-20Nb Titanium 167, 265
Ti-15A1-3Cr-3A1-3Sn Titanium 260. 290
Ti-15V-3Cr-3Al-3Sn Titanium 155. 156, 259, 290
Ti-16A1-10Nb Titanium 262, 290

Ti-17 Titanium 156, 157
Ti-182Z1-4.5S1 Titanium 260
Ti-2.5A1-13V-78n-2Zr Titanium 261
Ti-2.5A1-5.5Er Titanium 260
Ti-24Al-1INb Intermetallics 165, 264
Ti-25A1-10Nb-3V-1Mo Intermetallics 165, 264
Ti-2Al-11V-28n-11Zr Titanium 261

Ti-2Er Titanium 259
Ti-32A1-5Nb-5W Titanium 265

Ti-36Al1-5Nb Titanium 265 -
Ti-4.5A1-5Mo-1.5Cr Titanium 289

Ti-48 at pct Al-1 at pct V Intermetallics 165, 264

Ti-48 at pet Al-2 at pet Nb-2 at pet Cr Intermetallics 263, 291

Ti-48 at pct Al-2.5 at pct Nb Intermetallics 166, 263, 291
Ti-50 at pet Al-2 at pet Nb Intermetallics 166

Ti-5Al Titanium 289

Ti-5A1-2.5Fe Titanium 154

Ti-5A1-2.58n Titanium 131, 260
Ti-5Al1-2.55n-1B Titanium 260
Ti-5A1-2.58n-2Y Titanium 260
Ti-5A1-2.58n-3Ce Titanium 260
Ti-5A1-2Cr-1Fe Titanium 154

Ti-5Al1-28i Titanium 260
Ti-5A1-28n-2Zr-4Cr-4Mo Titanjum 156, 157, 261
Ti-5A1-4Zr-2.55n-3La Titanium 260

Ti-58n-3Y Titanium 260

Ti-5Sn-4.5L.a Titanium 260

Ti-6.55i Titanium 260

Ti-6Al Titanium 155
Ti-6Al-25n-27Zr-2Mo-2Cr Titanium 261
Ti-6Al-25n-4Zr-2Mo Titanium 131, 132, 247, 248, 290
Ti-6Al-28n-4Zr-6Mo Titanium 132, 133, 248, 249
Ti-6A1-2Zn-28n-2Mo-2Cr Titanium 157

Ti-6Al-4V Titanium 133-149, 245-257. 287, 288
Ti-6A1-4V-2Si Titanium 260
Ti-6Al1-6V-2S8n Titanium 150-153, 257, 258. 289
Ti-6Al-6V-2Zr Titanium 156
Ti-6Al-6Zr-6Mo Titanium 156
Ti-7Mo-4Cr-2.5A1 Titanium 290
Ti-8Al-iMo-1V Titanium 154, 262
Ti-8Mo-2.5A1-1.5B Titanium 260
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MATERIAL

Ti-8Zr-3.5A1-3.5Si

TiAl
TiBe(12)
TiFe
TiNi

Titanium

Transage 129
Transage 134
Transage 175

Tungsten

Udimet 500
Udimet 520
Udimet 700
Udimet 710
Udimet 720

VTSL
Vascomax 300
W-0.5HfC
W-10Cu
W-2ThO2
W-30Re-20Mo
W-4Re

WAZ-D
WAZ20

wC-103

Waspaloy

X 225Cr'VMo 134
X-40

X-45

X-520

ZhS6-K

Zircaloy

Zirconium
Zr-2.5Nb

ALLOY

Titanium

Intermetallics
Intermetallics
Intermetallics
Intermetallics

Titanium
Titanium
Titanium
Titanium

Tungsten

Nickel
Nickel
Nickel
Nickel
Nickel

Titanium
Iron

Tungsten
Tungsten
Tungsten
Tungsten
Tungsten

Nickel
Nickel

Niobium
Nickel
Iron
Cobalt
Cobalt
Berylium
Nickel
Zirconium

Zirconium
Zirconium

PAGE(S)

260

162-164, 291
166
165
166

129, 130, 247, 289
261

260. 261

258, 259

171,172, 267

127, 234, 235
124, 126,242, 243

104-117, 235-238, 282, 283

127, 245
121, 241, 245

260
42-44, 195
267
267
267
267
267

245
245

170

118-120, 239, 240, 283

277

33,34, 186
33,34, 186
27

121, 241
269

173,269
269
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INDEX TERMS

Acceptance Tests
Acoustic Emission
Activation Energy
Aerospace Applications
Age Hardening
Adrcraft Engines
Aircraft Structures
Airfoils

Airframes

Alloy Development
Alpha Alloys
Aluminides
Amorphous Alloy
Anisotropy
Annealing

Arc Melting

Arc Spraying

Arc Welding
Artificial Intelligence
Atomization
Attrition

Auger Electron Spectroscopy
Austenitizing

Ball Bearings
Ball Milling
Ballistic Tests
Bearing Strength
Bend Properties
Beta Processing
Bimecuwi Coulpoicnio
Blade Life
Boeing 757
Bonding

Brazing

Brittle Fracture
Buckling Strength
Burst Test

Butt Weld

Casting

Cavitation Corrosion
Ceracon Processing
Charpy Impact
Chemical Milling
Cladding

Cleavage

Coating

Cold Drawing

Cold Pressing
Combustion Synthesis
Combustor Liners
Compaction
Compliance Tests
Compression Tests
Compressive Propertics
Compressor Components
Compressor Discs
Computer Model
Consolidation

Contour Rolling
Control Systems
Corrosion Protection
Corrosion Resistance
Corrosion-Fatigue
Corrosive Environment
Crack Arrest

Crack Closure

Crack Detection

Crack Growth Rate
Crack Initiation

Crack Nucleation
Crack Propagation
Creep Deformation
Crecp Properties
Creep Rupture Strength
Creep Test

Ciyst.l Orientation
Cutting Tools

Cyclic Aging

Cyclic Loading

Cyclic Test

Damage Tolerance
Defects

Dendrite Structure
Densification
Density Sensors
Design
Development
Diagram

Die Forging
Differential Thermal Analysis
Diffraction




Diffusion Bonding
Diffusion Brazing
Diffusion Welding
Diffusivity

Dimensional Stability
Dislocation Density
Dislocation Mechanism
Dispersion Hardening
Dispersion Strengthening
Dispersoids

Dissimilar Joining
Drilling

Ductile Fracture
Dynamic Recrystallization

Elastic Modulus

Elastic Properties
Electrode Arc Melting
Electron Beam Evaporation
Electron Becam Mclting
Electron Beam Welding
Electron Microprobe Analysis
Electroslag

Elongation

Embnittlement

Engine Components
Epitaxial Growth

Erosion

Erosion Resistance

Etching

Explosive Compaction
Extrusion

F-101 Aircraft

F-14 Aircraft

F-14a Aircraft

F-15 Aircraft

F-18 Aircraft

F-18a Aircraft
Fabricated Defects
Fan Blades

Fatigue

Fatigue Crack

Fatigue Crack Growth
Fatigue Life

Fatigue Properties
Fatigue Strain

Fatigue Stress

Finite Element Analysis
Flexural Properties

Flow Propertics
Flow Stress
Forging
Fractography
Fracture

Fracturc Defects
Fracture Mechanics
Fracture Path
Fracture Prevention
Fracture Strain
Fracture Toughness
Fusclage

Gamma Prime Phase

Gas Atomization

Gas Tungsten Arc Welding
Gatornizing

Grain Boundary Diffusion
Grain Boundary Segregation
Grain Boundar Shding
Grain Growth

Grain Refinement
Granular Fracture

Gun Barrels

Gun Metal

Gun Tubes

Hip Maps

Hall-Petch

Hammer Forging
Hardcning

Hardness

Heat Treatment
Hclicopters

Holography
Homogenizing

Hot Compression Test
Hot Corrosion

Hot Cracking

Hot Extrusion

Hot Forging

Hot Pressing

Hot Rolling

Hot Working

Hydriding

Hydrogen Embrittiement
Hydrogen Environment
Hydrogen Power Generation
Hydrostatic Compaction
Hydrostatic Extrusion




Impact Pror-ries
Impact Strength
Impact Tests

Impact Toughness
Inctusions

Ingot Metallurgy
Injection M. (g
Intensity
Interdiffusion
intergranular Fracture
Investment Casting
Ien Implantation

lon Plating

lon Vapor Deposition
Isothermal Forging
Isothermal Process

Jet Engines
Joining

Lap Shear Strength
Larsen-Miller Curves
Laser Machining
Lattice Parameters
Liquid Sintering
Long Term Tests

Machinability
Machine Tools
Manufacturing Process

Martensitic Transformation

Matcrials Comparison
Mathematical Model
Mecchanical Alloying
Mechanical Attritioning
Mechanical Properties
Mclt Spinning

Melting Point

Metal injection Molding

Metallography
Microcracking
Microcreep
Microhardness
Microporosity
Microprohe Analysis
Microscopy
Microscgregation
Microstructure
Milling

Mirror

37

Maodelhng

Modulus Of Elasticity
Molding

Morphology

Naccelle

Ncar Net Forming

Near Net Shape Forming
Neutron Scattering
Nondestructive Testing
Nonsuperconducting Generators
Nose Cones

Notch Fatugue

Notch Properties

Notch Rupture Strength
Notch Scnsttivity

Notch Strength

Notch Toughness
Nozzles

Nuclear Reactor

Optical Microscopy

Oxidation Resistance

Oxide Dispersion Strengthening
Oxide Dispersaids

Pep

Particle Size
Performance
Permeability

Phase Diagram

Phase Transformation
Pitting

Plasma Arc Mclung
Plasma Deposition
Plasma Spheraidization
Plasma Spraying
Plastic Deformation
Plastic Strain
Poisson's Ratio

Pore Structure
Porosity

Powder Metallurgy
Powder Size
Prealloying
Precipitation Hardening
Press Forging
Pressure Bonding
Pressure Components
Pressure Eftect




Pressure Tube

Pressure Vesscels
Pressureless Sintering
Process Conditions
Production

Projectiles

Properties Improvements

Quenching

Rapid Solidification
Rare Earth Dispersoids
Re-iintry Vehicles
Reaction Simtering
Reactive Hipping
Recrvstallization
Reduction In Arca
Rejuvenation
Rcliabinty
Remelting

Repair Technique
Repair Welding
Replica Technique
Residual Stress
Rheocuasting

Ring Rolling

Roll Bonding

Rotor Blades
Rupture Modulus
Rupturc Strength

Sand Casting

Scrap Reclaimation
Scam Welding
Segregation
Scnsitivity

Scrvice Life

Shear Forming

Shear Propertics
Shear Strength

Shear Stress

Shear Tests

Shock Loading

Shock Wave Processing
Shot Pecning
Shrinkage

Single Crystals
Sintering Temperature
Stze Distribution
Skull Melting

318

Shding Friction
Sehditication
Solution Hardening
Solution Heat Treatment
Sour Gas Wells

Space Shuule
Spacecraft

Spalling
Specifications
Spherowdizing

Spin Test

Splat Quenching
Spray Forming
Sputtering

Stubility

Strain Rate Dependence
Strain Rate Sensiuvity
Strengthening

Stress Analysis

Stress Corrosion
Stress Cracking

Stress Intensity

Stress Intensity Factor
Stress Relaxation
Stress Relieving
Stress Rupture
Siress-Strain
Structural Parts
Sulfidation
Superaltoys
Superplastic Forging
Superplasticity
Surface Defects
Surface Layers
Surface Penetration
Surface Roughness
Swaging

T63 Turbine Components
T700 Engine

Tmp-10. Tmp-11
Temperature Etfect
Tempering

Tensile Behavior
Tensile Creep

Tensile Powder
Tensile Properties
Tensile Strength
Tensile Yield Strength
Testing




Texture

Thermal Analysis

Thermal Cycling

Thermal Expansion
Thermal Exposure

Thermal Fatigue

Thermal Processing
Thermal Properties
Thermal Shock

Thermal Stability
Thermally Induced Porosity
Thermomechanical Treatment
Thermomechanics

Thin Film

Three Point Bend
Threshold Stress

Tool Life

Tooling

Toughness

Transformation Toughening
Transgranular Fracture
Transus Temperature
Transverse Rupture
Tribsloy

Tungsten Arc Welding
Tungsten Coating

Turbine Components
Turbofan Engine

Twinning

Uh-60a Black Hawk
Ultrasonic Cleaning
Ultrasonic Properties
Ultrasonic Testing
Unidirectional Solidification

Vacuum Annealing
Vacuum Arc Melting
Vacuum Degassing
Vacuum Deposition
Vacuum Induction
Vacuum Melting
Vacuum Plasma Spraying
Vanes

Vapor Deposition
Viscous Flow

Water Atomization
Wear Fatigue
Wear Rate
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Wear Resistance
Wear Tests

Weight Change
Weight Reduction
Weld And Post Weld
Weldability

Welding

Work Hardening

X-Ray Diffraction
Xm-785 Projectile

Yield Properties

Zero Gravity Environment




