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ABSTRACT

These reports cover basic and applied research in the materials area
being conducted by the Metals and Ceramics, Nonmetallic Materials, Physics,
Manufascturing Technology and Applications laboratories of the Directorate
of Materlals and Processes.
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I, Technical Reports and Technical Notes 1 July 1960 - 30 June 1961

CERAMIECS, CEZRMETS alD GRaPHITE

CARAMICS 4lD CERMETS

WADC TR 58-12, Part I1I, OTS Release May 1960

SLBJECT: HIGE~-TEMPERATURSA ELECTRICAL INSULATING INORGALIC COATINGS
CON WIRA

INVESTIGATCR: David L, Wilcox, Clifton G. Bergeron, Paul F. Schwarzlose,
Arthur L, Friedberg

CONTAACT: AF 33(£16)-3943, Uriversity of Illinois

ABSTRACT: The program on hirh-temperature electrical insuistion on

wire, in its third and final year, covered the work on,‘lexJPnllty of coated
wire, coating trisls on clﬂd copper wires, {iring nroceiurs for two coats of
58C on copper wire, vitreous silica and bcron nitride mill additions to glass
coating 58C, and vitreous coatines sheathed vith orruries. ilso o, 28 a2 part

of the lzst years effort, test 4ats wers obtaired on hirh-teuperzture insulated
wire supplied by various marufacturers,

Flexitility stuales indicated the rztic of coating thickne s
to wire diameter and the cooling cycle were important factors =fCeotines flexi~
tility of the coating. It was deconstrated that a heat treatnent of tne cozting
fay ineresse coating {lexibility. Contrary to what was expacted, coatings on
Inconel-clad copper wire Jdid mot show an incresse in flexitility over coatings
on plain copver wire.

oF

The results of coating trials on inconel-clad, stzinless
ateel-clad (oxallcy), nickel-clad (hngrzd), siiver-clad, and szluminum-clad
copper wires are given. i firing study of coating 580 resulted in the optimun
flr:ng procedure for two coats of 58C on conver wire,

h tions of wvitreous silica and

It was denonstrated Adi
£ and 5%C enhance the s2lectriesl

-

U
boron nitride to the mill formula of coaztj rnes
properties of the resulting coating.

Sheathing of vitrsous coatings
as a method of retaining the flexed vitrscus coati
that in service the organic coatin may burn off a
vitreous coating could te capable of sealing itsel

Ath organics showed prorise
on wire. It was thought
& temperature where the

oo

Zlectrical tests of flexed coated snecimens, indicated that
roon tempersture dielectric constant and dissipation factor were not sensitive
to the first fine cracks which acpeared.

Manuseript released Fovember 1961 as an 459 Teehnical Report.
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Walls TR 58-452, Part 111, 0T3 Release November 1960

SUBJECT: #inTAL FIBER REINFORCZD CAR.AMICS

IEVESTIGATIR J. R, Tinklepavgh, B, #. Goss, W. R. Heskyns, J. H. Connor,
o J. DButton

CONTRLGT: aF 33(€16)-5992, College of Ceramics, alfred University

ABSTRALT: The flexural properiies of a ceramic-metal fiber system

vere studied and it was found that the metal fiker does assume a part of the
load which is to some depree in proportion to the relative elasticity moduli
of the ceramic and metal., The ceramic fzils when its strenpgth is exceeded
but the composite aoes not fail until the metal fikers are broken or nulled
cut of the ceraxnic. The test data for the alumina-molyizdenum and alumina-
m:llite-molybaenur systems were extended to 3000°F. Hafrium oxide was found
te have decirable charscieristics for use in a composite system.

WAJC TR 59102, Part IT October 1960
WUzl ol PEVLLOPEEET aky ZVALUATION OF INSULATIRG TYPE CERArIC
COATILGS
1GaTUR: H, Lerrett, Ai. L. Johnson, =, W, Blecker, Z. D. Weisert
, AF 23(816)-5441, The karquardt Corporation
aboTA0T: 4 metal reinforeed, insulating ceramic coating system has

been developed which will successiully withstand temperatures greater than
4£Vgoﬁ. Tre composite is of the gross type and it consists of a chemically
Tondes zirconia or zirconia chromla phase bonded at low temperatures, rein-
forced with and anchored to a coated refractory metal. The composite system
exbivits low tiermal conductivity and excellent thermal shock resistance.

The developed macro-composite utilizes the desirable proper-
ties of relframctory metallic structures bty providing both insulation and oxida-
ticn protection, The metallic reinforcement, protected in the same manner,
strensthens the ceramic layer and serves to anchor it to the basic metal structure.

W4auC TH 55-3CC, Part 11 Qctober 19€0

SLEaZGT e Azo OH ko SV lUOPLheNT SERVICLs LeabING TO TH: CONTROL
Uon LIl b PAOPEAT Tes OF DATLR1ALS 'OR HIGE TZHPZHATURE

R
Leon ., stlas, Hikeru Napao
aE (fl(}~bc99, Armour HResearch Foundation

Alurﬂnn oﬂr&TJcs having less than 100 ppm total impurities
to atout 2,87 r/cm were fabricated by firing cold pressed
hyirate in air at temperaturss up to about 1960°C These high
were sunnlemented by a series of desiiberately contaminated
2 by introducing known concentraticns of 35i, Ti, Mg, Ca, Fe, and
h.  The loss tangents and aislectric constants (k') of these
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WADC TR 59-300, Part II (Continued)

discs were measured at MIT in the region lO2 to 106 c/s and 25 to 500°C,
Statistical analysis of the resultigg data was then carried out at ARF by
multiple regression methods. At 10° ¢/s and 500°C tan § was linearly related
to impurity concentration with a multiple correlation coefficient of 0,93, Si
ions caused the greatest rise of tan s, and Mg, Ti, Ca, Cr, and Fe had pro-
gressively decreasing effects. Ir contrast, the linear correlation coefficient
at 10° c/8 was lower than that obtained from a semi-logarithmic function, which
gave a value of 0,80,

Loss tangent and dielectric constant data were also used
to caleulate the conductivities of the specimens at 10° ¢/s, and the activation
energies of conduction at 500°C were then deduced from plots of log ¢ vs 1/T.
In almost every case a value in the range 1.2 to 1.6 ev was obtained, Compari-
son with trapping energies calculated from glow curves suggests that electrons
associated either with Si or Ti impurity s1tes were the predominant charge
carriers, However, in discs doped with Mg EPS activation energy rose to 2
ev. Glow curve calculations indicate that Mg creates traps with a depth of
about 2.9 ev; therefore, Mg ions contributed significantly to the reservoir of
charge carriers.

Replotting the tan 8 and k' data into curves of k" vs.
frequency reveals small peaks which have been attributed to interfacial polari-
zation controlled by grain boundaries, Using the known electrical measuring
potentlal and the mlcroscopically determined grain diameters, an estimated
carrier mobility of 11-15 cm /#olt sec at 25°C was calculated.

With the objective of further reducing the small positive
temperature coeffieient of k' of alumina, ceramics were prepared with a compen-
sating titanate phase. Mixtures containing 90% Alp03 and 10% CaTiO3 were found
to have an invariant dielectric consiart of 11.4 to 11.7 up to 25000 at 10/ e¢/s.
At this frequency, the loss tangent of the two phase ceramic at 500°C is lower
than that of Pyroceram 9606.

WADC TR 59-316, Part II, OTS Release Vay 1960

SURJECT: MECHANISM OF WEAR OF NONMETALLIC MATERIALS

INVESTIGATOR: C. H. Riesz

CONTRACT: AF 33(616)-5962, Armour Research Foundation

ABSTRACT: A fundamental study was made of the wear mechanism of non-

metallic materials at high temperatures, Single—crgstal sapphire was examined
in a friection apparatus made for studies up to 2200°C. A sapphire ball loaded
at 22, 50, and 127 g was passed over a sapphire plate at 0.0053 cm/sec at 29~
921°C, Both siider and plate were oriented such that the Cp-axis was normal
to the direction of traverse,

WADC TR 53-373, Sup 8 3



WADC TR 59-316, Part II (Continued)

With cleaned, as-received materials coefficient of friction
values were scattered, Prior heat treatuwent at 900-925°C reduced scatter and
gave peak values of 0.25-0.30 near 600°C. The results suggest that the surfaces
of the sapphire were imperfect. Observations by other investigators on varia-
tion of modulus of rupture appear to have a common basis,

The wear areas on both ball and plate were 6 microns wide,
and subsurface changes extended te 30 microns. Electron microscopy inspection
suggests that extremely high surface temperatures occurred coincidently with
the frietion process, but diresct evidence of an adhesion mechanism is inconclusive,

WADC TR 59-432, Part 11, OTS Helease July 1960

SUBJECT @ REFRACTORY INORGANIC MATERIALS FOR STRUCTURAL APPLICATIONS
IKVESTIGATOR: Harry A, Pearl, John M, Nowzk, Joseph C. Conti

CONTRACT: AF 33(616)-5930, Bell Aireraft Corporation

ABSTRACT: A orocess was developed for making both small and large,

simple and complex curvature geometric shapes from honeycomb ceramic sandwich 3
constructions. Final fired sections had apparent densities as low as 26 1b/ft”.

A simple mechanical method was developed for continuous
fabrication of ceramic corrugated ritbon or sheet for making honeycomk cores,
The core is flexible and easily machinable in its prefired condition, The skins
are as easy to handle as paper.

Alumina-silica paper imprepnated with an alumina-silica
slurry was used as a refractory model system for developing the fabrication
techniques. The paper originally acts as a carrier but finally becomes an
integral part of the fired refractory., The fabrication and processing methods
are adaptable to other refractory materials possessing higher strength and
temperature stability.

Other types of ceramic and metal-ceramic composites were
investigated and evaluated.

WADC TR 59-526, Part II, OTS Release August 1960

SUBJECT : PROTECTIVE COATINGS FUR REFRACTORY METALS

IRVESTIGATOR: Clifton G. Bergeron, Victor J. Tennery, Arthur L. Friedberg,
Doris M. Maroney, Robert D. Shannon

CONTRAGT: AF 33(616)-5734, University of Illinois

ABSTRACT: Various ceramic coating systems for tungsten metal were

developed and evaluated. These included silicide coatings, ceramie crystals
in a glass matrix, zirconia-clad coatings, vapor-deposited Si0, and recrystal-
lizing glasses, The system considered protective for tungsten at temperatures

WADC TR 53-373, Sup 8 4



WADC TR 59-526, Part II (Continued)

of 3000°%F or hirher, from a practical viewnoint, was a coating consisting of
35% plass and 654 zircon.

Tungsten wire specimens ccated with this glass-zircon
coating were protected for ten hours at 300097, 4 study of the nature of the
degradation of this coating tested at 3600°F as a function of time was carried
out kased on microstructural observations and i-ray 4iffraction analysis of
the reaction products. The protective lifetime of the coating was related to
the degree of attack of the coated tungsten metal as indicated by interfacial
roughness and tungsten oxide formation, and to the prosressive decrease in the
thickness of the coating under test.

WaADC TR 59-744, Volume 111 July 1960
SUBJaCT: IBVESTIGAIION OF TuasIclliITY OF UTILIZTLG 4VATLABLE HaE

ReSISTART WATEHIALS FOR [IYPLR50LIC LELJING BOGE AFPLICATIORS
VOLLke III. Screening Test Resulis and Seleciion of

Materisls
INVASTIGATOR: Frank k. dAnthony, Harry 4. Pearl
CONTRACT: 4F 33(£16)-6034, Bell iircrafti Corporation
AB3TRACT: The purpose of this contraci wes to investigate the feasi-

Bility of utilizing avalla®le heat resistant materials in the fabrication of
leading sdpes for hypersonic boost-clide vehicles, This particular volume
presents the results of the nreliminary vortisn of the material ev=luation portion
of the orogram. iaterial rejuiremsnts ware established for thils specific apoliec-
ation. JIn order to azsszess the suitability of & civen material, knowledpe of

many material characteristics is reguired, Of primary imoortance are oxidation
resistance, hich thermal smissivity, hish thermal cornductivity, low thermal
expansion, renrcducivle strength characleristics, and fabricability, Other
characteristices which must be considered are specific heat, modulus of elasticity,
erosion characiteristics and density. Over 10C fechnical revorts were reviewed,
and asoroximately 5C suponliers and {abricators were contacled to obtain data on
materials which might te sultable fer le;iing edre applications at 2500°F to
3000°%F. 4 total of 106 materisls were considered incluiing 22 refractory metals,
20 nrotective coatings and 54 refractory non-metals.

Trom the review of azvailable materials it was apunarent that
mich of the information reguired for assessing suitability was laCKiDQ. 4 Screen-
ing test orogram was inltiated, thererowe, to £ill the rans in availasls data and
to wrovide consistent sets of dz2tz uvon which to tase Inteliigent sslections, The
methods used in ckoosln the materials to be screened ~orsidered availakility and
the comolex interrelalinn among desien and matarial paraneters. From the 106
caniliate materizles ilroe metals, five coztianr systens and seven non-tetals were
subjiectad to scresening tests. Jetermination of oxidati “esiﬂtance, thermal
eriszivity, thermal conductivity, thermal =xmansion, wechand cal strength and
modulug of elasticity, were made from room tewmnerature to 2720 Op

HADC TR 53-373, Sup 2 5



WADC TR 55744, Volume III (Continued)

Using the data obtained experimentaily and the methods
developed for assessing suitability, the .5% titanium alloy of molybdenuna,
Chromalloy W-2 coating, Durak MG coating and siliconized ATJ praphite were
found to be the most promising materials for the specific application. Con-
sequently these materials were selected for further evaluation.

WADC TR 59-744, Volume IV, 0TS Release October 1960
SUSJECT: IBVESTIGATION OF FEA313ILITY OF UTILIZIRG AVAILABLE HEAT

RESIST KT MATERTALS FOR HYPERSCHIC LaavllG EOGE APPLICATIORS
VOLUME TV, Thermal Properties of lMolyhdenum Alloy and

Graphite

INVESTIGATOR: I. B, Fieldhouse, 4. 1, lang, H. H, Blau, Jr.

CONTRACT: AF 33(£16)-6034, Armour Research Foundation, asrthur D.
Little, Inc.

ABSTRACT: The purpose of this contract was to investigate the feasi-

bility of utilizing aveilable heat resistant materials in the fabricaticon of
leading edges for hypersonic boost-glide vehicles. This particular volume
presents the results of megsurements of the thermal conluctivjtf, snecific leat,
linear thermal expansion, and emittance of a G.5% titanium alloy of molybdenum,
and of siliconized ATJ gruphlte as a function of temoerature. &fmittance measure~
ments were made on coated and uncoated materials,

WADD TR €60-54, 0T3 Release May 1960

SUBJECT : CHARACTERISTICS GOVERNING THeE FRICTICH Alo hJ%R EinaVIOR
OF ASFRACTORY FATARIALS TOR blCH TwiiPElaATlURE 224Ls akD
I-L:L.T.ALGD

IEVZSTIGATOR: lewis B. Sibley, Arthur b, Mace, Janiel R, Grieser,
C. Maleolm Allen

CORTRLACT: AF 33(#16)-2995, Lattelle Hemorial Institute

AB3TAa0T: An investigation of the basie factors involved in the wear

and friction of ceramics, cermets, and hirh-temperature zlloys sliding at speeds
of 100 to 200 fos and temperatures from 500 to 1000°C (1002°F to 1200%F) has
teen made. Fearing oressures coverad a ranre of 5 to 50 »si, statisticzal cor-
relation of measured wear rates with friction and material pronerties indicates
that, at these temperatures, the wear rate of ceramics zand cermets may be
approximately described by the following relstionship:

Jear rate (€ Wit - ’

where A is the coefficient of frietion, R is the thermal-stress-resistance
factor, and U is the thermal diffusivity of the mated material on which wear

waDC TR 53-373, Sup & &



WADD TR 60-54 (Contimued)

predominates, which is usually the materisl with the lowest thermal-stress
resistance.

A mechanism of wear has been evolved based on the above
correlation and on the experimental study of friction and wear surface-temper-
ature fluctuations using special transducers and color motion-picture photo-
graphy., The predominant wear mechanism in the hish-speed sliding of ceramic
and cermet materials appears to involve formation of hot spots at asperity
contacts and subsequent fracture of the material near these hot spots as a
result of thermal stresses. In this situation the wear rate is influenced
both by the configuration of the rubbing parts and by the thermal-stress-
resistance properties of the materials. When one of the mating surfaces 1s
interrupted, the total wear is greater. Wear tends to predominate on parts
with interrupted wear surfaces, such as slider bearings, in comparison with
their continuous mating surfaces or ring surfaces, such as in face seals, and
on ceramic and cermet materials with low thermal-stress-resistance factor and
low thermal diffusivity.

Promising commercial materials for high-temperature dry
sliding bearings, gas bearings, and seals include Aly03-Cr-Mo cermets, SiC
ceramics, and TiC-Ni-Mo cermets. One experiment with a SiC-SigN, ring stator
mated against a TiC-Ni-Mo- rotor, as in _a face seal, was operated for a
total of 20 hours up to 1000 C (about lSOODF), 200-fps sliding speed, and 20-
psi unit load with only slight surface damage and a total wear of 6.7 mils,
most of which occurred on the rotor.

WADC TR 60-108, OTS Release April 1960

SUBJECT: INVESTIGATION OF SINTERABLE POWDERS AND PROPERTIES OF
BERYLLIA CERAMICS

IRVESTIGATOR: James E. Johnson, A. K. Smalley, Winston H. Duckworth

CONTRAGT : 4F 33(616)~6238, Battelle Memorial Institute

ABSTRACT: Information was developed on the effects of processing

variables and microstructure on the fracture strength of ceramics mads from
sinterable oxide powders. The characteristics of high strength being associ-
ated with low porosities and swall average crystal sizes was observed in
ceramics of both MgO and BeO, but no quantitative correlation was found.
Highest strengths were obtained when the time and temperature of sintering were
sufficient for densification above about 96 per cent of theoretical, provided
that the sintering time and temperature was insufficient to give crystal sizes
larger than the smallest observed, 5-6 microns for BeQ ceramics and abeut 10
microns for Mg0 ceramics,

In the case of Be(Q powder prepared by pyrolysis of high-

purity sulfate, calcining to an intermediate temperature (1700-1800°F) gave the
powder that densified most readily when compacted and sintered, but one that

WADC TR 53-373, Sup 8 7



WADC TR 60-108 (Continued)

did not have the greatest tendency toward. erystal growth. Thus, this most
sinterable powder produced the strongest BeQ ceramic,

The lack of quantitative correlations between bulk density,
average crystal size, and strength, together with appreciable scatter in strength
values, Indicated that strength was affected by some factor or factors other
than these two, Localized areas of crystal growth found in BeO specimens may
have had an influence,

WADD TR 60-109, Part I June 1960

SUBJECT: LEVELOPMENT AND EVALUATION OF SOLID PROPALLANT ROCKET
MOTOR CASE INSULATING MATERIALS SYSTHEMS

INVESTIGATOR: cames D, Batchelor, N, Vasileff, Stewart W. MeCormick,
Eugene L., Olcott

CONTRACT : AF 33(616)-6316, Atlantic Research Corporation

ABSTRACT: This report summarizes the results of the first year of

a program designed to improve the capabilities of rocket motors which use end—
burning grains through: (1) development of laboratory test procedures to be
used as criteria for the evaluation of insulating materials, and (2) develop-
ment of materials for application as motor case insulation., 4 literature
survey and stress analysis of the motor insulation system were conducted.
Procedures have been established to measure the elastic properties of tube
specimens and the thermal conductivity of composite materials. The pyrolysis
of resins and resin-bonded ceramic materials has been studied using a labora-
tory image furnace, and the gaseous and liquid decomposition products have
been collected and analyzed.

The materials development work has included the comparison
of insulating behaviors, erosion resistance, and charring rates of several
resins in a torch test. It also includes a study of the carbon yield from
resins and composite materials, With respect to insulation ability, resins
which yield a high percentage of volatile products usually appear best in the
torch test, but no simple correlation is evident. The yield of carbon neces-
sary to produce coherent char structure can be investigated by measuring the
physical and thermal properties of typical charred residues.

An extension of this program during the coming year, under
Contract AF 33(€16)-6831, will include specialized motor firings to test materials
under service conditions; the laboratory work will be continued to correlate
laboratory and motor data.

WADC TR 53-373, Sup 8 g



WADD TR 60-124, OTS Release April 1960

SUBJECT: DEVELOPMENT OF NON-OXIDIC REFRACTORY FOAMS
INVESTIGATOR: Ian M, Logan, Douglas C, Wise, John J. McGahan,
Carl vonDoenhoff
CONTRACT: AF 33(616}-6294, Carborundum Company
ABSTRACT': Fundamental technology has been developed for the prepar-

ation of non-oxidic refractory foams of controlled pore diameter, spacing,
and continuity.

Foaming procedures used in making commercially available
foam plasties were employed to produce the resin-type foams which formed the
basis for the final refractory foams.

It was shown that foam structures can be varied as to
strength, density and pore size by varying the proportions of resins and
solvents used to generate the foams. Lesser controls were also possible by
varying the temperature and pressure during the feaming process. Good con-
trol and predictable results were obtained.

Foams were prepared of the following materials: carbides
of titanium, tungsten, molybdenum, tantalum, and columbium; borides of titanium
and of zirconium; and silicides of tungsten and of molybdenum,

WADD TR 60=-143, 0TS Release July 1960

SURJUCT: RESZARCH 3TUDY TO DETEANNE THE PEASE EJUILIBRIUM RELATICKS
O SuUIECTED METAL CARBIDES AT HIGH TEMPERATURES

INVESTIGATCR: R. T. Dolloff

ABSTRACT: The work here reported 1s the result of an investigation

of phase eguilibria in the ternary system, silicon-boron-carbon. Technigues
for extending the high temperature range of measurements have been developed.
Accurate phase diagrams for the silicon-carbon and the boron-carbon binaries
have been obtained and details of the ternary system have been determined in
the bigh carton content region. The data were obtained by high temperature
differential thermal analysis and by photoelectric thermal analysis, both
supplemented by metallographic, X-ray and chemical techniques.

Results for the boron-carbon binary system indicate that
boron melts at 2130 # 10°C and that B,C has & congruent melting point of
2470 _7_[ 20°C, Boron and B 4G form a eutectic at 2080 _f 20% , wWhereas carbon
and BAC form a eutectic at 2390_f 20°C.,

Results for the siliconw-carbon binary indicate a eutectig
between silicon and SiC at 1402 / 500. 3iC melts incongruently at 2540 L(AO C.
The peritectic point is located 3t 27 per cent carbon.

Results for the ternary system indicate a eutectic between
B,C, 3iC and carbon at 2250 # 20°. Mo compound formation has been observed
in the high carbon region of the ternary system.
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WADD TR 6€0-184, OTS Releage Aupust 1960

SUBJECT: EFFECT OF BASIG PHYSICAL PARAMETERS ON ENGINEERING
PROPERTIES COF INTERMETALLIC COMPOUNDS

INVESTIGATOR: D. L. Wood, J. H. Westbrook _

CONTRACT: AF 33(616)-6144, General Electric Research Laboratory

ABSTRACT: To facilitate subsequent studies of the nature of the

brittleness in intermetallic compounds, a method for producing sound, uniform,
and reproducible test specimens has been devised and an investigation made of
the effects of basic physical parameters on the mechanical properties,

Tensile test specimens of Bi,T1 and AgMg, produced directly
by extrusion, have provided information applicable to future studies of the
properties of Niil, a material vhose melting point and oxidation resistance
render it not impractical as an alloy base should a solution to the duetility
problem be found.

A pronounced yield point is found in AgMg; high strain
rate sensitivity of the yield stress has heen observed and the effects of
grain size, composition, and test temperature have been documented, Specimens
will withstand loading only at very slow strain rates; after yielding occurs,
however, rapid strain rates may be employed. With total elongations of more
than 50 per cent, the material is ductile under previcusly brittle conditions.
Yeasurement of the yield stress as = function of both strain rate and temper-
ature enables a calculation of the activation energy for the yielding orocess,

WADD TR €0-244, Part II, OTS Release February 19€1

SUBJECT : CONTINUOUS FILAMEXRT CERAMIC FIBERS

INVESTIGATOR: Bdward H. Girard

CONTRACT: AF 33(616)-£246, The Carborundum Comany

ABSTRACT: A number of refractory materials were examined to deternine

their possible usefulness as materials for crucibles for melting, fining, and
drawing high-silica glass compositions, Niobium di-boride pave the most promis—
ing results of the materials examined,

Time and temperature relationships as well as variations
in batch composition were investigated in an effort to improve premelt character-
istics, The addition of vanadium ventoxide was particularly effective. It
had been conceived that a well-fined premelt should be a better starting material
for fiber drawing than an unreacted batch composition, Fiber drawing studies,
however, showed no improvement in either the drawing characteristics or in the
physical characteristics of fiber when well-fined premelt was used,
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WADD TR 60-304, OTS Release November 1960

SUBJECT: TEE TIFLUENCE OF HIGH PRESLURES AND HIGH TEMPERATURES
O TRANSFORMATIONS AND COORDINATION IN CRYSTALLINE AKD
VITREOUS CERaAMIC MATERIALS

INVESTIGATOR: W, ¥, Glaussen, R, C. DeVries, J. D, MacKenzie
CONTRACT: AF 33(616)-6295, General Electric Research Laboratory
aBSTRACT: The effect of high vressures and temperatures on densific-

ation of vitreous silica and germania and on the polymorphism of crystalline
4155105 was investigated by using the high-pressure techniques developed for
diamond synthesis.

Germania glass of a density approximately equivalent to
that of ithe guartz-form germania was made by this technique. The highest
density achieved for vitreous silica was 2.559, as compared to 2,648 for crystal-
line quartz., A shift of IR reflection bands at 1110 em™T for $30p and 895 cm~+
for GeOp suppested that the densification of the glasses is a result of the
decrease of the E-0-M angle, but the over-all spectra for both compressed vitre-
ous 5107 and GeOp are unchanged from the correspondingly less dense glasses,

is a result of the study of the system 41,5104 at high
temperatures znd pressures, it was established that the high-pressure form,
kvanite, melts incongruently above 1500°C and 30,000 atmospheres to -A1507
plus ligquid, From the P-T data the H for this reaction was calculated to
be 18,5 keal/mol. The reaction begins at the frain boundaries and proceeds
into the kyanite erains. It was found that the microstructure of kyanite can
be revealed by using HgFC, as an etchant. When kyanite is "Hot-Pressed" in
its stability region, cach grain shows a complex slip and kink pattern; but
when kyanite is formsd under the same P-T conditions from the other polymorphs,
arnd alusite or sillimanite, the microstructural features in each grain are
more simple and are thought to be due to twinning under a more uniform stress
confipuration. 4 region of liguid immiscibility which might be expected at
hicgh vressures znd temperatures in this system was not found,

WADDH TR 60-338, 0TS Release October 1960
SUBJECT: IEFIUSECE OF ARVIRCEMENT OR CRRAKLIC PROPERTIES
TEVESTIGATOR: Georre R. Pulliasm, Bruce G, Lecnard

COETRACT : iF 33(616)-5875, Douglas Aircraft Company, Ine,

AZSTRACT s This study was concerned with environmental and non-stoichio-
setric effects on three different materials, The materials used were Z4r0p,

ArCl, and g0 single crystals. Definite evidences of low temperature plastic
strain were found for O-deficient Zr0,. These evidences were non-linear stress-
deflection curves 2t room temperature, avpearance of slip lines on large grains
after stress, and creep of 4rlpat 350°C, The creep of polycrystalline AgCl was
found to be highly sensitive to electromapnetic radiaticn. When an agCl speci-
men in creep was illuminated with 440mu light the creep rate was reduced. ILight
of 700mu caused the previously reduced creep rate to be increased. It is felt
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WADD TR 60-338 (Continued)

that precipitates of photolytic silver hardened the AgCl in much the same
manner as the precipitates in the precipitation hardenable stainless steels.
The 700mu light had the eifect of bleaching the precipitates out, and thus,
permit the cresp te continue. Creep specimens illuminated with 700mu light
with no previcus 4L40mi treatment were unaffected by the irradiation, g0
single erystals colored brown by u.v. irradiation were found to have an
absorption peak at 4.3ev associated with oxygen, Ultra-violet irradiation
increased the height of this peak so that it tailed off in the visible regiomn.
It is this tailing off that imparted the brown color to the crystals, Vacuum
treatment of such specimens to 1306°C removed the peak and srevented further
coloration by ultra-viclet illumination.

WADD TR 60=377, 0TS Release September 1960
SUBJECT: STARILITY OF CEZRAIIC MATHRIALS AT TowPERATLAES 10 2000°C
IRVESTIGATCR: Joan Berkowitz

CONTRACT: aF 33(€16)-6154, Arthur D. Little, Inec.

ARSTRACT i study was made of the oxidation resistance of a mumber

of commercial samples of Ho3iy and W3l, in the temperature range 1600-1700°C,
A thermal conductivity technique was developed Y0 measure oxygen pick-up by
the samples continuously, ¥rom the thermal conductivity measurement and the
net weirht change of the samples, an estimate was made of the rates of forma-
tion of veolatile and non-volatile oxides., ¢Cn the basis of k-ray analysis,
oxidation products are believed to be volatile X0, {(vapor) and non-volatile
rlass of the form 5i0,, nXOy where £ = Mo or W; n and m are not known, Tests
were conducted at a total pressure of cne atmosphere in a heliwm stream con-
taining about 10 mm of oxygen and flowing at 11% cc/min. The oxication of
w512 was also studied in a helium stream containing 5 mm of water wvapcr, The
principal solid product in this case was metallic tungsten.

WADD TR €0-473, OIS Release jugust 1960

SCRJECT: SURTACE AKD ZNVIRCEMENTAL BFPFECTS OR GERAMIC mATERIALS

INVESTICATOR: P. Gibbs, G. 3. Baker, B, Gale Dick, Jr,, L. ©. Beauchsmp,
M. H. #iles, W. G. Rogers

CONTRACT: AF 33(616)-5876, University of Utah

aHSTRACT Creesp and recovery ghenomena in sintered polyecrystalline

alumina have been studled., “ffects of tempersture and impurity content on
creen behavior and the results of observation of polished and etched surfsces
are discussed. The results are analyzed in terms of a tentatlive conventional
mechanical analog,

An electrical study of the teshavior of silver ions on a
corundum surface ig described., Current flow between evanorated silver films
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WADD TR 60-473 (Continued)

on A1203 crystals is investipated as a function of geometry, temperature,
atmocsphere, history, and applied voltage. Migration of silver in some cases
leaves visible deposits on the uncoated crystal, In general, the phenomena
are compliex and atmosphere-dependent.

The initial stages of creep in single crystals of A 41,0
(synthetic sapphire) form of 0.1 inch diameter cylinders three inches long wefe
lcaded in three point loading to give slip on the (OOOlg fi13q) slip system.
Creep rates were measured in the temperature range 1000°C to 1200°C and in the
stress interval of 500 to 1000 Kg per em.? resolved shear stress on the outer-
most fiber of the specimen, The stresses covered the region from too little
stress to initiate creep uo to the fracture stress, An approximate sixth power
dependence of creep rate on stress was observed. The dependence of creep rate
on temperature was measured for total creep less than 1% strain. 4 plot of
log creep rate versus reciprocal temperature gives an activation energy of 85
Kcal/mole., upecimens oriented so that (1120) fi10] siip system was operative
out the (C01) [il§d slip system had zero resolved shear stress gave no signi-
ficant ecreep at these temperatures,

WADD TR 60-749, Part I, 0TS Release February 1961

SUBJECT: FACTORS APPRCTIRG THERMAL SHOCK XusISTAKCE OF POLYPHASRE
CERaiIC BODIES

TRVESTICATOR: F. T. B. shaffer, D, P, H. Hasselman, 4, Z. Chakerski

CONTRACT: AF 33(616)~6806, The Carborundum Company

ABSTRACT: An investigation of the factors which effect the thermal

shock resistance of polyphase ceramic systems has been conducted using the
model system zirconium carbide-graphite, The research has been divided into
two areas:

1. Theoretical calculations of the individual material
properties, which show that the included graphite particles may be regarded
as spherical pores,

2. Experimental data, which substantiate the postulate
that increased thermal shock resistance is a result of an increase in the
ratio of strerigth over Young'!s modulus, brought about by the addition of the
low Toung's modulus phase,

wADD TR 60~7822, Part I, OT3 Release November 1G60

SURIECT: VAPORIAATICHE OF COMPOURDS ARD ALLOYS AT HICH TEMPERATURE
ZaRT I, Hass Spectrometric Determination of the Dissoci-
ation hknergies of the Pkolecules iraiu, AgCu, and suCu
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WADD TR 60-7£2, Part I (Continued)

INVESTIGATOR: Marcel Ackerman, Fred B, Stafford, J. Drowart
CONTRACT: AF 61(052)-225, University of Brussels
ABSTZaCT: The vapors issuing from mullite and Graphite Knudsen cells

containing pure metals and alloys of the iriad Cu-ag-Au have been analyzed
mass spectrometrically, From the experimental ratios of diatomic to monoatomic
specles and the vapor pressures of the elements, the following dissceiation
enercies are obtained:

e (o}
D, (Cuz) = 43,24 2,2 keal D, (Apau) = 47.6 % 2.2
e (o]
DO (Ag2) = 35,7 2,2 keal DO (AgCu) = 40,7 # 2,2
”Z (duy) = 51.9 + 2.2 keal Dg (4uCu) = 54,3 * 2,2

These ars based on Hg% = 81,1, &8.4 and 87.50ca1/m01e for Cu, Ag and Au where
Dy of Agiu depends on the value for Cu, and Do of Agdu and #sulu on au, The
uncertainties guoted do not include the uncertainty in AHV3P,

These results zre interpreted iIn terms of chemieal bonding
theories. The relation between bonding in the gas and in the pure condensed
phases is again obsgerved. Furthermore, a previously unobserved gualitative re-
lation between the dissociation enerpgy of the asymmetrical molecule and the heat
of formation of the corresponding alloys is indicated.

WaDD TR 60-782, Part II, 0TS Release November 1560

SUBJECT: VAPORIZATION COF COMPCUNDS AND ALLOYS AT EIGH T:MPERATURE
PART 1I. Mass Spectrometric Studies of the Vaporization
of Sulphides and the Dissociation Znergy of Sp

INVESTIGATOR: R. Colin, P, Coldfinger, M., Jeunehomme
CONTRACT AF 81(052)-225, University of Brussels
ABSTRACT: The equilibr%a S0 =225 and CaS;FECa + 3 have been cbserved

ipg the vapor phase above Ca3, Dg(3
Do(Cas) = 3.7 + 0.2 e,v,, and AH]

gg = 4.4 £ 0.2 8.V, D9(50) = 5.4 * 0.2 e.v.,
: 258t
mass spectrometrically,

CaS) = 5,9 * 0.2 e.v, have been determined

WADD TR &0-225, OT35 Release Farch 1961

SUBJECT: REFRACTORY COATINGS FOR TUNGSTEN

INVESTIGATOR: C. G. Goetzel, P, Landler

CONTRACT: AF 33(€16)-6268, New York University

ABSTRACT: A4 preliminary study of the feasitility of protecting tungsten

wires against oxidation at BBOOOF (181500) was undertaken, 4 tungsten disilicide
coat was found to be the most promising coating for this operating temperature,
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WADD TR 60-825 (Continued)

Several siliconizing methods were given a cursory treat-
ment, including vapor plating and dipping into molten copper-silicon bath,
and the simplest, cementation, selected for closer investigation. This
operation was perfermed under flowing hydrogen atmosphere and such variables
as temperature, time, and composition of the cementation pack were studied
as a main part of our expleratery work, 4 single brittle tungsten-disilieide
(w512) layer is formed by this method, The inherent brittleness of tungsten
appears further aggravated by the development of micro-cracks in the layer as
well as in the substrate during siliconizing.

Oxidation tests using direct electrical resistance heating
were performgd. It was found that pack-siliconized wires can withstand oxida-
tion at 3300°F in still air for prolonged periods up 1o and exceeding 10 hours.
This is accomplished without any destruction of the coating in the high temper-
ature zone owing to the formation of a viscous glassfilm on the surface, A
pronounced tendency toward self-healing is a useful property of this type of
coat,

A serious drawback of the disilicide coat, however, is its
low temperature oxidation ("Disilicide Pest") which occurs in parts exposed to
temperatures between 1200° and 228C°F (650°-1250°C) for prolonged periods., It
causes a destruction of the disilicide layer over a period of 5 to 15 hrs, de-
pending on coating thickness. It was the actual life determining factor in
those tests where other failures caused by improper technique had been eliminated,

Preliminary attempts to deposit Zr0O, on top of siliconized
wires by means of poor adhesion., Where bonding was obtained, no improvement in
life under high temperature oxidizing conditions could be ascertained,

GRAPEITE

WADC TR 58-360, Part III, 0TS Release February 1961

SUBJECT . INVESTIGATION OF ELASTIC AND THERMAL PROPERTIES OF CARBON-
BASE BOOIES

INVELSTIGATOR: 3. Mrozowski, J. F. indrew, N, Juul, H. E, Strauss,
D. C. Wobschall

COLTASCT: AF 33(616)-5186, University of Buffalo

AFSTRACT: In continuation of the work the elastic properties and

permanent set were Investigated at room temperature for carbons made of graph-
itized filler (soft and hard) and for carbons imoregnated in the baked or
graphitized state in dependence on the heat-treatment temperature. An apparatus
for study of deformation at high temperatures (1000 - 3000°C) was built and
calibrated and the first results for the variation of Young's moduius with
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WADC TR 58-360, Part III (Continued)

ambient temperature were reported. Another greatly improved apparatus for
studies of heat conductivity at high temperatures was finished and also put
into operation. Further studies of corrections to the heat conductivity due

to convection by gas across the pores were made and it i1s shoun that such
corrections are necessary even in the case of quite dense carbons., Transverse
heat diffusivity was investigated in the temperature range 700 = 2800°C by &
transient state method, using a newly constructed spparatus; good fit with the
previously found data in the low temperature range is obtained. 4 general dis-
cussion of the aims of the project concludes the report.

WADC TR 59-789 April 1960

SUBJECT: DEVELOPMENT OF GRAPHITE AND GRAPHITE BASE MULTI-COMPONENT
MATERIALS FOR HIGH TEMPERATURE SERVICE

INVESTIGATCR: W. W. Lozier

CONTRACT: AF 33(616)-5563, National Carbon Company

ABSTRACT: This report describes graphite-type materials and their

evaluation in various test facilities. Arc torches of various characteristics
were employed.

Materials found promising in their oxidation resistance in
previous contract work were confirmed and subjected to more severe tests with
higher sample temperature and greater heat flux, At sample temperatures of
3000 K or above, none of the variations showed ablation resistance much better
than unmodified graphite itself.

The anelysis of the ablation data on plain graphite has
suggested a marked dependence of the heat of ablatlon on the ®enthalpy potential®
end resulted in heats of ablation as high as 16000 B.t,u./1b,

One material which has been found to show unique behavior is
a highly oriented graphite deposited by pyrolytic decomposition of a hydrocarbon
gas. These pyrolytic graphites have been made and tested in various shapes and
sizes., Because of their highly anisotropic conductivity, the pyrolytic coatings
heve exhibited a marked ability to retard heat penetration into and temperature
rise of the substrate material, However, the pyrolytic graphite has shown no
conelusive adventage in ablation resistance under the conditions of the teats,
Seeming advantages in some cases may turn out to be due to indirect effects such
83 a different distribution among various heat dissipation mechanisms,

A new method developed for the measurement of reflectance
and emissivity using the carbon arc imege furnace has given new information on
the spectral emissivity of graphite and lampblack at temperatures ranging from
500°K to 3800°K. It has also permitted a more accurate determination of the
temperature of the "pyrometric” carbon arc which 1s widely recognized and used
as g high temperature standard,
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HIGH STRENGTH METALS

WADC TR 58-478, Part 1I, OTS Release September 1960

SUBJECT: DEVELOPMENT OF WROUCHT BERYLLIUM ALLOYS OF DIMPROVED
PROPERTIES

INVESTIGATOR: John G, Klein, Leslie M, Perelman, Wallace W, Beaver

CONTRACT: D,0, 33(616)-57-19, The Brush Beryllium Company

ABSTRACT: Mechanical and physical properties are reported for extruded

and/or rolled products fabricated from beryllium-rich alloys of silver, tin,
cadmium, zine, nickel, and copper, as well as beryllium fabricated from subsieve-
size powder and powder of higher than normal beryllium oxide content.

WADC TR 59-6£3, Part II, OTS Release July 1960

SUBJECT: DEVELOPMENT OF LOW ALLOY STESL COMPOSITIONS SUITABLE FOR
HICH STRENGTE STEEL CASTINGS

INVESTIGATOR: Hugo R, larson, Ronald G, Campbell, Herbert W. Lloyd

CONTRACT: AF 33(616)-6485, American Brake Shoe Company

ABSTRACT Cast high strength steels were investigated in an effort

to facilitate the production of high integrity, high strength castings for
aircraft and missile applications.

A study was made of heat ireaiments and compositions for
optirum properties in heavy sections. Acceptable properties were developed
in the modified £735 and 4335 =lloys in itwo and three inch sections, but the
problen of poor ductility in heavy sections of 5% chromium steel was not solved,

Spectrographic analyses and sulfur additions to high purity
heats fajiled to reveal the factors responsible for improved properties in high
purity heats., Tatipue properties of normal and high purity and vacuum melted
low alloy steels were rather disappointing. Ain endurance limit of approximately
55,000-60,000 psi was observed,

Excellent properties were developed at room temperature and
1000%F in the 5% Cr air hardening steel with a 3% tungsten addition and proper
heat treatment. The effect of soundness and feeding distance on the properties
of the 5% Cr air hardening steel was zlso studied.

Finally, enalysis of production heats indicated good repro-
ducibility of vroperties in cast high strength steels, High purity production
heats were shown tc be somewhat superior to normal purity heais.

WALC TN 59-326, OTS Release July 1960
SUBJACT TEE STATUS OF RESSARCH AND DEVELOPMENT FOR HIGHE STRENGTH
AIRCRAFT STEZLS
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WADC TN 59-326 (Continued)

INVESTIGATOR: 5. M, Kennedy, Jr.

ABSTRACT: New aircraft and missile developments have reguired the
development and use of structural steels having optimum sirength and ductility
over 4 wlde range of temperatures,

In this survey an attempt is made to point up to some of
the significant areas of investigation in which efforts are being expended
toward developing and improving steels having tensile strengths in excess of
260,000 psi. In order to complete the survey of the field of interest, the
sources known to have research and develonment interest in this area were con-
tacted either by personal visitation or through official correswondence.

The results of the contacts made were gratifying and the
many irvestigations and studies being carried on ars commented upon in the
text of this report.

WADD TN 59-424, Part II, OTS Release Jamary 1961

SUBJECT s PRELIMIEARY ANALYSIS COF THEE CAPABILITIES OF A COMPOSITE
SLAB FOR AN ADVANCED HEAT-SINK DESICH

INVESTIGATOR: Paul 4, Litby

COKTRACT: AF 33(616)-5944, Polytechnic Institute of Brooklyn

ABSTRACT: Presented here are the resulis of a mumerieal analysis of

the capability of a composite slab of beryllium oxide (BeC) and teryllium (Be)
to absorb the heating associated with the reentry of a high performance bal-
listic missile. The trajectory considered corresponds to a ballistic factor
(M/CDA) equal to 2,000 psf, to a reentry velocity of 20,000 frs, and to a re-
entry angle of 20°. Ths thermal properties of the metals were considered
temperature dependent; surface radiation was included, an implicit system of
mmerical integration was applied.

The numerical results indicate that the maximum permissible
heat transfer rates for the trajectory are obtained with a relatively thin slab
of beryllium oxide. The addition of beryllium to this slab may be required for
structural and thermal shock considsrations but does not greatly improve the
hest-sink capsgbilities,

The permissible values of the heat transfer parameter are
applied to a slender cone with a 20° half angle and with a spherical cap of
0.25 ft nose radius. The laminar and turbulent heat transfer dsta for such
a cone were available, It is shown that for laminar flow no heat iransfer ra-
duction is required on the cone while for turbulent flow a reducticn to 1/2
is required. The possibility of utilizing a mass transfer system in order to
reduce the heat transfer on the spherical cap and on the cone in the csase of
turbulent flow is briefly discuszed.
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WADC TR 59~705, 0TS Release May 19€0

SUBJECT: EVALUATION AND ALLOY DEVELOPMZNT OF HOT-WORK DIE STEELS
FOR STRUCTURAL PURPOSES

INVESTIGATOR: Michael Schneider, John P. Sheehan

CONTRACT: AF 33(616)-5633, Armour Research Foundation

ABSTRACT: A program to investigate the tensile properties of three

commercial hot-work die steels, Vascojet 1000, Potomac M, and Peerless 56 has
been carried out. The results indicate that in sheet form these materials

are essentially equivalent and develop the following nominal peak properties

when air cooled from 1850°F and double tempered at 1000°F : 265,000 psi ultimate
tensile strength; 233,000 psi yield strength at 0.2% offset; and 7% elongation

in 2 inch gage length, Those materials which had been cross rolled showed

little or no difference between longitudinal and transverse properties, Further-
more, no significant differences were obtained in longitudinal tensile properties
by vacuum arc remelting of commercial bar stock.

Approximately 30 experimental alloy steels were melted, in
which most of the common alloying elements were investigated to determine their
sf fects on tensile properties, Of these, several developed yield strengths of
280,000-290,000 psi, ultimate tensile strengths of 340,000-360,00C psi and ten-
sile elongations of 3-5% in 2 inch gage length on sheet material approximately
0,080 inch thick,

WADD TR €0-95, (TS Release May 1960

SUBJECT: FURTEER STUDIES ON ACTIVE-BEUTECTOIN ALIOYS ON TITANIUM
IEVE3TIGATOR: R. F. Bunshah, D, Osterberg, E. Znce, H. Margolin
CONTRACT: AF 33(616)-5655, liew York University

ABSTRACT: This report covers further work succeeding on previcus

investigations on active eutectoid titanium-copper alloys in which decomposi-
tion of the beta phase to alpha plus compound occurs rapidly. The current
program is divided into two parts. Part I deals with the properties of active
eutectold alloys, The effect of stepwise additions of Al and/or ir to binary
Ti-5Cu, Ti-&Cu, Ti-6Ki, Ti-2Ni-2Cu and Ti-4Ni-20u alloys on the tensile strength
at room and elevated temperatures, creep-rupture properties and thermal stability
under stress wvere studied, Several alloys exhibited outstanding short time ten-
sile strengths up to 1200°F much supericr to the best competition, The creep
rupture propertiss were correspondingly good. These alloys which exhibited
hirhest strengths also showed instability. Stability could be restored partially
Ly some sacrifice in strength,

This and the previous work has demonstrated that a new class
of titanium alloys, i.e., of the alpha-compound type have been developed. They
have potential utility in applications where short time elevated temperature
strength properties are the prime consideration particularly for one cycle oper-
ation. Part II is concerned with the role played by 4r in strengtheuing these
alloys., Constitutional diagram studies on the Ti-Zr and the 750°C section of
the Ti-Cu-Zr systems were undertaken,
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WADD TR 6€0-99 May 1960

SUBJECT: INVESTIGATION OF THE Ti-Al-Cb SYSTEM 4S 4 3SOURCE CF
ALLOYS FOR USE 4T 1200° - 1800°F

INVESTIGATOR: Joserh B, McAndrew, Charles R. 3imcoe

CONTRACT: AF 33(616)-6125, Armour Research Foundation

ABSTRACT: The work reported was an experimental study of titanium

base alloys containing major additions of both aluminum and columbium, with
attention primarily directed toward the properties of such alloys in the
temperature range of 1200°F to 1800°F,

Alloys were prepared with aluminum content of 5 to 17.5%,
plus 15 to 30% columbium, and were inyestigated with respect to forgeability,
density, oxidation resistance at lOOOOG(1832OF), hardness, short-iime tensile
properties at room temperature and elevated temperatures, heat treatment re-
sponse, and microstructure. Several zlloys were also subjected to bend, impact
and stress-rupture tests. The refinement, precision, or extent of testing was
not such as would produce data appropriate for design purpcses, since the pro-
grar was intended to yield findings suitable for ressarch uses,

A considerable range of properties was exhibited by alloys
of various compositions. Several alloys of high aluminum content hag exceptionslly
high strength-to-density ratios in short-time tensile tests at temperatures up
to 1600°F (87100). Forgeability, good oxidation resistance, and low density
were atlractive features shared by all of the alloys., Many of them showed con-
giderable response to heat treatment,

Analysis of the data indicates that the Ti-al-Ck alloys
offer a very promising field in which to conduct further research.

WADD TR 60-11l6, (TS Release July 1960

SUBJECT s BERYLLIUM CRACE PRIPAGATION AND ESFECTS OF SURSACE CONDITION

IEVESTIGATOR: C. 0, Matthews, M. I, Jacobson, W. B, Jzhsmsn, W. V. Ward

CONTRACT: AF 33(616)-5978, lockheed Missiles and Space oivision,
California Division of ILockheed Aireraft Corporation

ABSTRACT: The mechanical properties of beryllium sheet with various

surface finishes were investirated. The best propertiss were obtained on sheet
which had been etched to remove surface defects caused by maching,

Ductility was low in all cases, being limited by the nresence
of notches and byopreferreg orientation in the sheet, Ductility was increased
by heating to A00°F to 6007 F.

The fatigue endurance limit was as high as the static tensile

strength, and was improved by etching., Impact tests were found to be most suit-
able for distingulshing between various surfaces.
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WADD TR 60-116 (Continued )

Theoretical analyses were made of the effect of including
residual siress in the Griffith crack theory, and of the dynamic stress at
the leading edge of a crack in a uniaxially stressed plate.

WADD TR 60-120, OTS Release June 1960

SUBJECT: STUDY OF FATIGUE PROPERTIES OF ULTRA-HIGH STRENGTH STEEL
INVESTIGATOR: Harvey B, Nudelmsn, John P. Sheehan

CONTRACT: AF 33(616)-6290, Armour Research Foundation

ABSTRACT: A temper-resistant, high-strength steel was investigated

with reference to fatigue strength., This alloy was prepared by two different
melting techniques. The first method consisted of induction melting in air
using standard deoxidation techniques. The second method involved the applic~
ation of a special deoxidation practice to induction melting; silicon-free
steel was deoxidized with carbon and aluminum to minimize the presence of
gsilieate inclusions, These alloys were tested in fatigue using the Prot ac-
celerated method. The results of the samples melted with standard practice
indicated that fatigue strength is improved slightly by tempering at elevated
temperature. The application of a special melting process showed that a very
significant increase in the Prot fracture stress to ultimate tensile strength
ratio (E,/UTS) can be obtained by eliminating the presence of silicon and de-
oxidizing with carbon and aluminum,

WADD TR 60-132, OTS Release October 1960
SUBJRECT: REFRACTORY METAL CONSTITUTION DIAGRAMS
INVESTIGATOR: A. R. Xaufmann, E. J. Rapperport, M. ¥, Smith, J. Wulff,
J. Brophy, N, J, Grant, B, C, Giessen, A, Taylor, N, Doyle
CONTRACT: AF 33(616)-6023, Nuclear Metals, Inc., Massachusetts
Institute of Technelogy, Westinghouse Research lLaboratories
ARSTRACT: Nine binary constitution diagrams and one ternary constitu-

tion diapram of some of the refractory metals are presented. The binary dia-
grams include Hf-Mo, Hf-Re, Hf-W, Nb-Re, Os-Ta, Os-W, Re-Ta, Ru-Ta, Ru-W, and
the ternary is Re-Ta-W,

Care was taken to obtain reliable diagrams, In particular,
the purity of the constituents (99.9 percent plus) was protected at all times,
and the temperatures were measured to an accuracy within ¢20°C.,

WADD TR &0-258, OTS Release June 1960

SUBJECT: A 3TUDY OF THE TITANIUM-LIJUID OXYGEN PYROPHORIC REACTION
INVESTIGATOR: J. D, Jackson, P. D. Miller, W. K. Boyd, F. W, Fink
CONTRACT: AF 33(616)-6345, Battelle Memorial Institute
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WADD TR 60-258 (Continued)

ABSTRACT: A review of the literature indicates that titanium is
impact sensitive under liquid oxygen below the acceptable limit for other
metals,

An experimental program was begun to determine the mechanism
of the titanium-LOX reaction, Several factors were investigated singly in a
eontrolled manner using unalloyed titanium (754) and an alloy (641-4V) that were
carefully cleaned. The factors were:

(1) Exposure of a fresh surface by fracture and tearing
(2) Deformation by impact using steel balls

(3) Impact of smooth specially cleaned flat surfaces
(4) LOX pressure and velocity

(5) Galling

The results from this program indicate that no one of the
above, per se, is a primary cause of this reaction. A proposed mechanism is
that heat generated by impact produces gaseous oxygen, which is compressed at
local sites. 4 fresh surface exposed by the impact reacts with the high-pres-
sure gaseous oxygen. Propagation is dependent on the amount of heat generated
and the rate of heat loss from the affected area,

WADD TR €0-316, OTS Release Augusgt 1960

SURJECT : BINARY AND TERNARY DIAGRAMS

INVESTIGATOR: Elmars Ence, Paul A, Farrar, Harold Margolin

CONTRACT: AF 33(616)-5704, New York University

ARSTRACT: I, Ti-Al-Or System - The Tl—rlch corner of the Ti-Al-Cr

system has been reinvestigated from 600 - 1400 C (up to 40 wt percent Al and

32 wt percent Cr)}. Partial 1sothermal sections have been constructed at 1400,
1200, 1100, 1000, 800 ard 600°C. The phases encountered in the portion of the
system :anest:Lgated are a, B YTi a1? gTi 19 £T:LA1 and T10r2 A miscibility

gap in th@l? field is produced by the interaction of the £2 é?T Q41 and the
B + TiCr, fields,

IT, Ti-Al-V System ~ The Ti-Al-V system has been reinvesti-
gated from 50 to 100 wt percent titanium and from 500°C to 1400° C, using X-ray
diffraction and metallographic techniques. Isothermal sections were delineated
at 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300 and 1400°C. Vertical sections
at 2, 4, 6, 10, and 16 wt percent aluminum; 2, 4, 6, 10, and 16 wt percent vana-
dium and 90 wt percent Ti were constructed. The phases encountered in the portion

of the system reinvestigated were (I,'B, a/TiBAl’ ST:'LQA?L and £Ti&l'
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WADD TR 60-340, 0TS Release September 1960

SUBJECT : VOID FORMATION aND GRAIN BOUNDARY SLIDIKG IN ALUMINUM-
MAGNESTUM SCLID SOLUTION ALLOYS

INVE3STIGATOR: Arthur W. Mullendore, Nicholas J. Grant

CONTRACT: AF 33(616)-5926, Massachusetts Institute of Technology

ABSTRACT: Void foermation and growth during creep were observed in

aluminum - 1.92 percent magnesium and aluminum - 5.10 percent magnesium as

a funetion of temperature, stress, and time, The o!igin of wvoids is related
to the developmert of an irregular (serrated) grain boundary and to grain
boundary sliding. Grain boundary sliding is shown to result largely from
erystal slip crossing the grain boundary.

WADD TR 60-425, OTS Release September 1960

SUBJECT ¢ MECHANICAL PROPERTIES OF BERYLLIUM

INVESTIGATOR: A. B, Riesen, R. T. ault

ABSTRACT: The lest procedures and results of a mechanical properties!

determination program which included tensile, torsion, pin shear, creep rupture,
and fatigue data on two lots of beryllium are presented. One lot of material
was hot pressed with a BeO content of 1.45%; the other lot was hot pressed and
hot extruded and contained 1.55% BeO,

Emphasis was placed on the fatigue and creep rupture data.
Fatigue tests were conducted at room and elevated temperaiures with stress
ratios of 4% oo and 0.67. Both lots of material showed surprising strength
under fatlgue loading conditions whereas teryllium's inherent brittleness mani-
fested itself under static loading conditions by the brittle fractures,

The hot pressed-hot extruded material was uniformly stronger
and therefore more desiratle for design purposes than the material that was only
hot pressed,

WADD TR 60-443, OTS Release September 1960
SUBJECT: PARTITIONING ANKD MICRODISTRIBUTION OF INTERSTITIAL ALLOYING
IN TITANIUM
IKVESTIGATCR: Irving B, Cadoff, Joseph Winter
CONTRACT: AF 33(616)-5506, New York University
ABSTRACT: The partitioning or segregation of excess interstitial solutes

at the grain boundaries in alpha phase and betsa phase, titanium alloys was in-
vestigated., Internal friction spectra of dilute alloys of titanium with oxygen,
nitrogen and carbon were obtained. From these spectra the activation energy for
grain boundary stress relaxation, the net interaction energy of a solute atom
with a grain boundary, and the excess solute concentration were caleculated,

As in previous investigations of this type the partitioning
of excess solute was found to obey a relation of the form:
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WADD TR 60-443 (Continued)

v
Cg =C, exp .s/kT

The interaction energies were found to lie in the range 0.15 to 0.4C eV for
binary interstitial alloyas., The expected behavior of increase in activation
energy, decrease in peak height and decrease in pesk temperature with increas-
irg solute concentration was observed. In the case of carbon and nitrogen
alloys the activation energy increase exhibited a saturation effect. While
this was not observed in oxygen alloys, the nature of the curve indicated
approach to saturation., In the range of saturation, the carbon alloys developed
a second peak, the compeosition at which the peak was fully evident being close
to the solubility limit of carbon in alpha titanium, ¥From the nature of the
curves cbtained it may be inferred that the double peak may be associated with
the formation of the delta phase, which causes local depletion of the carbon
atoms segregated at the grain boundary.

Tensile measurements indicated that the increase of excess
solute at grain boundaries and dislocations brought about by either increasing
the bulk concentration or decreasing the equilibrium annealing temperasture
resulted in an increase in yield strength. The effect of excess solute on
yield stress was found to be parallel to its effect on the internal friction

spectra,

WADD TR 60-542, OTS Release September 196C

SUBJECT: STUDY OF RATE CONTROLLING PROCESS FOR COMPRESSIVE
DEFORMATION OF HIGH PURITY ALUMINUM

INVESTIGATOR: A, E, Riesen

ABSTRACT: A unique testing technigue for determining the rate-con-

troliling process for comgressive geformation of high purity aluminum over the
temperature range of 297 K to 358K is discussed, and an attempt is made to
correlate the activation energy for compression with some recognized rate-
controlling vrocess for tensile deformation of aluminum, It is shown that
the compressive activation energy obtained, 5,400 cal/mol., cannot be related
to any known tensile deformation process,

The results of this study indicate a need for further

experimental investigations to define the compression activation energy spectrum
for aluminum over a broad temperature range,
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HIGH TEMPERATURE METALS

WADC TR 5919 April 1960

SUBJECT: DEVELOPMERT AND EVALUATION OF HIGH-TEMPERATURE TUKGSTEN
ALLOYS

INVESTIGATOR: F. G, Holtz, R, J. Van Thyne

CONTRACT: AF 33(616)-5218, Armour Research Foundation

ABSTRACT: Alloys containing a minimum of 90 wt% tungsten were developed

for use at temperatures up to 2000°F . Gompositions based on the W-Ni-Fe system
were prepared by cold-pressing blended metal powders, followed by liquid-phase
sintering in hydrogen. The sintered products consisted of rounded, tungsten-
rich grains in a W-Ni-Fe 301id solution matrix. Ternary alloys containing up
to 98 wtf tungsten were investipated; materials at the 95 wt% tungsten level
were very ductile and could be rolled at room temperature. The hardness of
cold-rolled specimens decreased upon annealing at temperatures above 1400°F,
Maximum tensile strength values of 34,000 psi at 2000°F occurred at the 97
wt# tungsten level. Tensile elongations decreased above IOOOOF, and these
ternary materials had a 10C-hour rupture life at a stress level of about 2500
psi at 2000°F.

The effeets of tungsten contents, nickel-to-iron ratios,
and quarternary additions on properties of W-Ni-Fe alloys were studied at room
temperature and at 2000°F, Increasing amounts of tungsten resulted in lower
ductility ang slightly higher strength; a slight improvement in stress-rupture
life at 2000°F was noted. Optimum nickel-to-iron ratics were dependent on the
tungsten levels, Proportionally higher iron contents increased tensile strength
and decreased elongation at elevated temperature. The elements Al, Cr, Mo, Kb,
Ta, and Ti were added to a 90W-Ni-Fe-base. Room temperature strength and ducti-
lity of this base were lowered by 2.5 wt% of Cr, Nb, and Ta, and by 0.5 wt% of
4l and Ti. Moderate improvements in elevated temperature properties were noted
in alloys containing 2.5 wt% Cr, Mo, and Ta, Oxidation resistance, slightly
inferior to that of unalloyed tungsten, was not materially affected by the
small quaternary additions,

Blended W-Ni-Fe powders were hot-pressed in graphite dies,
using induction heating. The compacts were relatively fine-grained and had a
thin carbide layer on the surfaces, Densities were usually above theoretical
valves due to squeeze-out of the very fluid matrix phase. Ingots of unaliloyed
tungsten and a 90W-108b alloy prepared by consumable-electrode arc—casting had
& coarse, columnar grain structure and were not amenable to working.

WADC TR 59-29, Part II, OTS Release July 1960

SUBJECT: AN IKVESTIGATION OF INTERMETALLIC COMPCOUNDS FOR VERY HIGH
TEMPERATURE APPLICATIOKS

INVESTIGATCR: Robert M. Paine, A. James 3tonehouse, Wallace W, Eeaver

CONTRACT : AF 33(616)-56-12, Brush Beryllium Company
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WADC TR 59-29, Part II (Continued)

ABSTRACT: The preparation, fabrication, and properties of intermetallic
compounds under development for service in the temperature range of 230P to .
BOOOQF are deseribed., The compounds, prineipally beryllides, have exhibited
stregeths as measured by the modulus-of -rupture test of up to 40,000 psl at

2700°F and resistance to oxidation for 100 hours to 2800°F and have indicated
good thermal conductivity.

The compounds were prepared by sclid-state reactions and
fabricated chiefly by hot-pressing techniques. Oxidation tests were made in
dry air at 2500° to 3000°F and in moist air (57°F dew point) at 2300° to 2500°F,
Transverse-rupture itests were carried out at 2300°, 25000, and 2750°F. Room
temperature hardness data and melting points are reported for some compounds.
Thermal-expansion and thermal-conductivity data for selected compounds are
also presented.

The intermetalliec compounds included in the investigations
were lbAly, Tadly, OrBey, MoBey,, NbsBeyy, NbBeq,, TaBe,, TagBejrp, TaBeps,
TiBey, TiBej,, ZrBejs, CrySi, TigSiz, TiSi, and Tibi,, with CrBe,, TaBe,, TiBe, and
the silicides receiving only a very limited effort (chiefly oxidation tests).
The more promising intermetallic compounds for high-temperature applications
are concluded to be ZrBeys, NboBejy, NbBejs,, Tagbeys, and Tabejs.

WADD TR 60-37, OTS Release May 1960

SUBJECT; PHYSICAL METALLURGY OF TUNGSTEE AND TUNGSTEN BASE ALLOYS
INVESTIGATOR: Russell H, Atkinson

CONTRACT: AF 33(616)-5632, Westinghouse lamp Division

ABSTRACT: To establish & comparative standard for evaluation of changes

in properties brought about by the addition- of alloying comstituents to tungsten,
base line data and fundamental physical metallurgical information on tungsten of
various purity levels were obtained and studied.

Base line data on high purity and commerecial powder metal-
lurgy tungsten have revealed differences in tensile transition and recrystalliz-
ation temperatures believed attributable to variations in metallic impurity
concentrations, High temperature (to 2700°F) tensile properties of these mater-
izls are little affected by differences in levels of trace impurities except for
the possibility that observed anomalous and poorly reproducible creep rupture
behavior is impurity-induced.

The tensile transition temperature of electron beam zone
melted single crystal tungsten lies between -196° and -107°C, the main influence
being surface condition. Defcormation of these crystals dis accompanied by twin-
ning, and observed low temperasture yield point phenomena are tentatively attri-
buted to hydrogen.

Polycrystalline tungsten exhibits several lew magnitude
internal friction peaks of undetermined origin in the 20°-800°C region.
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WADD TR 60-37 {Contirued)
Annealed single crystals show no such behavior,

Purposeful introduction of carbon by carbiding and anneal-
ing and of oxygen by either direct gas-metal reaction or soaking in tungstic
oxide at elevated temperatures does not produce homogeneous distribution of
these clements in concentrations above 20-40 welght parts per million.

Addition of thoria as a dispersed second phase to tungsten
raises the recrystallization temperature of tungsten and thus improves the
high temperature (2700°F) yield strength by a factor of 2-3.5 and the 100 hour
ereep rupture strength by a factor of about 2. Significant improvement over
" these wvalues is indicated for the addition of tantalum carbide in place of the
thoria, Other dispersed second phase systems employing ZrQp, B4C, NbC, SiOg,
or WB have been studied. Data are incomplete.

WADD TR 60-155, OIS Release June 1960
SUBJECT - DEVELOPMERT OF METHODS AND INSTRUMENTS FOR MECHARICAL
EVALUATION OF REFRACTORY MATERIALS AT VERY HIGH TEMPERATURES
INVESTIGATCOR: D. H, Fisher, D. &k, Gideon, G. M, McClure, H. J., Grover,
R. L. Carlscen, G, K. Manning
CONTRACT: AF 33(616)-6155, Battelle Memorial Institute
ABSTRACT: A mechanical-testing system has bsen established which is

capable of providing tensile and compressive stress-strain data and shear-
strength data up to 4CO0°F in vacuum, The results of an evaluation of the
system using a molybdenum-U.5 per cent titanium alloy in the bar form are pre-
sented, Tension, compression, shear and bearing tests were conducted at temper-
atures up to 3500°F, A detailed description of the testing system and specimen
designs is presented. A4n optical strain-measurement system which permits dis-
placements to be measured directly in the gage section is described.

The state-of-the-art report on the development of equipment
and technigues of mechanical-properties measurement is based on a survey of
literature and discussions with researchers at Battelle and other laboratories.
With the objective of developing equipment and techniques for use to 6000°F
or higher, problems to be solved in order that accurate data will be obtained
ere considered, Recommendations are made concerning furnace design, temper-
ature and strain measurement, and specimen, grip, and loading design. In
narticular, the probable advantapges of praphite heaters coated with tantalum
carbide are pointed out; plans for experimenial investigations and a description
of uspparatus built to study carbide coatings are presented. The further investi-
gation of two-color pyrometry was alsoc recommended,

WaDD TR 60-240, O1S Release July 1960
SUBJECT : RESEARCE ON PROPERTIES OF HIGH STRENGTH MATERTALS SUITABLE

FOR HIGH TEMPLRATURE APPLICATIONS
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WADD TR 60-240 (Continued)

INVESTIGATOR: Harold N, Cummings, Foster B, Stulen, William C, Schulte
CONTRACT: AF 33(616)-6552, Curtiss-Wright Corporation
ABSTRACT: 1, Bars of iron-molybdenum alloys, intended for study as

to suitability for ball bearings at temperatures up to lOOOOF, were found to
be so non-homogeneous and brittle that specimens could not be machined from
them.,

2., High temperature torsion tests of relaxation were made
to study the suitability of two alloys, M-1 tool steel and Inconel X, for
springs at lOOOOF, and of two alloys, Waspalloy and Udimet 500, for springs at
1500°F . Alternating torsion of-jio ksi, superimposed on an initial steady stress
of 25 ksi, was applied to specimens of each alloy. Inconel X lost zbout 10 to
15 percent of the steady load in about 100 hours. The three other alloys re-
laxed two to three times as much when tested at the respective temperature
mentioned above,

WADD TR 60-343, OTS Release August 1960

SUBJECT: IKVESTIGATIOK OF DIFFUSION BARRIERS FOR REFRACTORY METALS

INVESTIGATOR: E. M., Passmore. J, E. Boyd, L. P, Keal, C. A, Andersson,
B. S. Lement

CORTRACT: AF 33(616)-6354, Manufacturing laboratories, Ine.

ABSTHACT: Twenty-three base-barrier metal combinations were screened

by annealing diffusion couples at 17001{1500. lMeasurements indiecating the
extent of interdiffusion between barrier and base metals were made by metallo-
graphic examination, microhardness tests, and electron microbeam analysis,

From these measurements, it is concluded that Ef and Ir are
the most promising barriers for W at 170000, with V as a third choice, It
appears to be the best choice for Ta and Mo, No recommendations could be made
for Cb base metal, primarily because of melting at the screening temperature,

A comparison of interdiffusion behavior with base-barrier
phase relations indicates no correlaticn with either solid solubility or pre-
sence of intermediate phases. The melting points of both barrier and base
appear to be the most important factors affecting the extent of interdiffusion.

WADD TR 60-405, OTS Release February 1961

SUBJECT A STUDY ON CONTROLLING EIGH TEMPERATURE OXICATION OF
VANADIUM BASE ALLOYS

INVESTIGATIR: James D. Klicker, Howard B, Bomberger

CONTRACT: AF 33(616)-€113, Crucible Steel Company of America

ABSTRACT: The primary objective of this contract was to study means

for inhibiting the rapid oxidation of vanadium alloys
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WADD TR 60-405 (Continued)

The characteristics of 240 oxide mixtures were studied
first to determine those elements whose oxides form refractory oxides with
vanadium oxide., HMelting points of these mixtures contained one or more of
the following oxides: A1203, Cb203, Cr03, NiOQ, TiOz, Y203, ir0,.

Twenty-eight of the more refractory oxides were then
applied to vanadium sheet but they appeared to offer little protection as
coatings,

Seventy laboratory-size alloy ingots were cast, processed,
and tested for oxidation resistance. Vanadium alloys containing titanium,
aluminum and nickel yielded the most refractory scales; and, oxide melting
points as high as 1950°F were observed. Some of the more promising compositions
could be hot worked by rolling and extruding.

This study indicates that useful oxidation resistance may
be possible through further alloy development,

WADD TR 60-566, OTS Release December 1960

SUBJECT: SURFACE TEKSION OF REFRACTORY METALS

INVESTIGATOR: S. Victor Radcliffe, H, Udin

CONTRACT: AF 33(616)-6269, Manufacturing laboratories, Ine

ABSTRACT: An electron-bombardment heating technigue has been applied

to the measurement of the surface tension of solid niobium by a modification
of the Udin method, The va%ue obtained is 2100 dymes, em™L At 2250% in &
vacuum of approximately 1077 mm. This result is consistent with a theoretical
estimate and provides support for Taylor's estimates of the surface tension

of the refractory metals.,

From measurements of the dihedral angle of grain boundaries
formed in niobium by thermal etching, the interfacial energy (9/') was com-
puted to be 0.36 of the surface energy,

an electricsl-resirtence heating technique has been applied
to the measurement of the surface tension of solid tungsten, molybdenum and
niobium by a modification of the Udin method. The method in this form was
found to be unsuitable for these metals.,

WADD TR €0-646, FPart I, OTS Release February 1961

SUBJECT: CARBONIZATION OF PLASTICS AND REFRACTORY MATERTALS RESKHARCH
PART T

IKVESTIGATOR: J. A, Coffman, CG. M. Kibler, T. R, Riethof, 4, A4, Watts
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WADD TR 60-646, Part I (Continued)

CONTRACT AF 33(616)-6841, General Electric Company

ABSTRACT: This report presents details of the conduet of, and the
results obtained from, experimental investigations concerned with (1) the
rate and mechanism of the carbonization of plastics; (2} the measurement of
the vapor pressure of refractory materials; and (3} the determination of the
spectral emissivities of refractory materiasls. These investigatiocns are
continuing.

Three complementary experimental techniques were, and are
being used to study the carbonization of plastics. These are (1) thermogravi-
metric analysis, which gives an over-all picture of reaction rates under slow
neating; (2) fluid-bed carbonization of powdered resin, which provides insight
inte the mechanism; and (3) arc image furnace experiments in which the plastics
are exposed to temperatures approaching those of actual abjation applications.

Vapor pressure studies are being couducted using the
Lanemuir evaporation techniques., In addition matrix—-isolation techniques and
resonance-line absorption spectroscopy are being applied to the study of wvapor
species. Materials studied are tantalum carbide, zirconium carbide and thoria.

Normal spectral emissivities of t%ngsten, tantalum carbide
and zirconium carbide have been measured between 18007K and 30C07K using an
emissometer desipned and built for this purpose

Results of these studies are given and discussed.
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PHYSICAL METALLURGY

WADC TR 59-655, OTS Release April 1960

SUBJECT: RESEARCH AND DEVELOPMENT ON THE EFFECTS OF HIGH PRESSURE
AND TEMPERATURE ON VARIOUS ELEMENTS AND BINARY ALLOYS

INVESTIGATOR: J. 5. Harvey, L. Kaufman, S. A. Kulin, A, Leyenaar, H. Udin

CONTRACT: AF 33(616)-5996, Manufacturing Laboratories, Inc,

AESTRACT: The accomplishments of the contract period July 1, 1958

to September 30, 1959 are summarized. High-pressure high-temperature apparatus
capable of subjecting tegt specimens to 100,000 atmospheres pregsure at temper-
atures in excess of 1500°C was designed and constructed. Investigations car-
ried out in this apparatus demonstrate that high hydrostatic pressure acts to
lower the temperature of martensitic transformations in iron-nickel alloys and
expands the temperature range of the gamma loop in the iron-chromium system,
The precipitation hardening process in both aluminum-copper and copper-beryl-
lium alloys is significantly inhibited and modified when carried out at high
hydrostatic pressure. The use of pressure during heat treatment of a series

of carbon steels results in transformation products radically different in
structure from those obtained by the same treatment at atimospheriec pressure

and also significantly retards the tempering reactions, Ewaluation of mix-
tures of carbon in a ratio of 1:1 atomic percent with platinum, palladium and
rickel which were subjected to pressures in excess of 80,000 atmospheres at
aoproximately 3000°% reveals the existence of a new phase which is extremely
hard and brittle and contains essentially no metal atoms. Preliminary experi-
ments indicate that the Ti-N phase diapgram is significantly modified by pressure.

WADC TR 59-674, OTS Release April 1960

SUBJECT: THE PLASTIC CORFFICIENTS FOR WORK-HARDAENING MATERIALS
INVESTIGATOR: W. H, Warner, P, Mzhmoodi

CONTRACT: AF 33(616)-5449, University of Minresota

ABSTRACT: In the establishment of the form of their generalized stressa

strain law for work-hardening inelastic materials, Warnrer and Handelman did not
show how the plastic coefficients could be evaluated in terms of material proper-
ties. This report first shows how this can be done, giving the peneral form of
the coefficients for various states of stress. The validity of the assumptions
behind this representation must be experimentaily tested; comparison with exist-
ing results is carried ocut as far as posgsible., The conclusion suggests what
types of experiments are needed to test the validity of the law, and if they

are successful, what further experiments are needed to provide the information
necessary to solve various combined stress problems analytically.

WADC TR 5%9-687, OTS Release April 1960

SURJECT: RESEARCHES ON HYDROGEN EVOLUTION

1EVESTIGATOR: C. A, EKnorr

CONTRACT: aF 61(052)-142, Technische Hochschule, bunich, Germany
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WADC TR 59-627 (Continued)

ABSTRACT: Part I - Investigation of adsorption phenomena on platinum,
rhodium, iridium, palladium, and gold, by means of the potentiostatic method
of applying a triangular voltage. Formation and decomposition of hydrogen and
oxygen cov-rages as a funcbtion of the potential. Determination of the retard-
ation of charge transfers,

Part IT1 - Investigation of the reactions of hydrogen occluded
in Pd-wires with H-scceptors like chromic acid, opotassium ferricyanide, and
hydrogen peroxide, by the measurement of the longitudinal resistance. Study of
the oxide and cyanide layers on the electrode surface with Tepnrd to the BEf
permeability and the influence of poisoning on the decomposition reaction.

WADG TR 59-747, (OI5 Release July 1960

SUBJECT: RESEARCH AND DEVELOPMENT ON THE ZFTECTS OF HIGH PRES:URE
AVD TEMPERATURE ON VARIOUS BLEZMENTS AKD BINARY ALLOYS

IIVESTIGATIR: E, W. Goliber, K. H. MeKee, J. S. Kasper, J. £. Hilliard,
J. W. Cahn, V. A, Phillips

CONTRACT: AT 33(616)-5995, GB Metallurgical Products Department,
General nlectric Research laboratory

ABSTRACT: An investigetion has been made of the effect of pressure

on the properties and kineties of transformation in various alloy systems.

lany of the experiments were exploratory and yielded no evidence for irreversible

changes with pressures of up to 10,000 atm at elevated temperatures. However,
a shift was observed in the gamma loop of the iron-chromium system from 12,5 to
gbout 20 per cent chromium, Evidence for a similar shift in the gamma loop of
the iron-sluminum system was also found. Pressure heat treatment of a tool
steel rave a refinement of the austenite grain size and an improvement in the
distribution of carti’esd.

an spparatus for A-ray diffraction snalysis at cressures
up to 35,000 ztm has been constructed, and observations have bern made on the
bismuth I to IT transition.

In the kinetic experiments it has been found that pressurs
markedly decreases ths transformsztion rate of austenite to pearlite and the
precipitation rate in the systems; aluminum-copper, copper-teryllium, lead-tin,
and gold-ricxel.

WADD TR 60-31, OT3 Releass July 1S60

SUEJuCTe 4 STUDY OF THE APTRCTS JF 3URFACS FIMMS O THE HECHARITAL
FROPERTIZS F aETALS

ILVEATIGCATOA: Irvin R. iramer

COLTRACT: AF 23(6143-€220, Tre Martin Company
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WADD TR 60-21 (Continued)

ABSTRACT: It is shown that by removing the surface of aluminum single
crystals while they are being deformed, the extent and slope of Stage I and
Stage II are affected. The stress at which Stage III starts is also lowered.

A dislocation pop-out phenomenon was observed when the rate of metal removed
was suddenly inereased during the tensile deformation. Deformed crystals of
zine, aluminum, and copper immersed in solutions containing surface active
agents reacted with these agents to form metal soaps,

WADD TR 60~74, Part I, OTS Releage May 1960
SUBJECT: THE METALLURGY OF YTTRIUM AND THE RARE EARTH METALS
PART I. Phase Relationships
INVESTIGATOR: Bernard Love
CONTRACT: AF 33(€16)-5905, Research Chemicals
ABSTRACT: Partial constitutional diaprams were established for sixteen

binary systems containing rare earth metals, These studies were made as the
first step in efforts to produce alloys with improved mechaniecal properties,

Erbium and yttrium form simple binary eutectic systems with
titanium. HNo compounds are present., The transition temperature of titanium is
not significantly affected. Copper, tin, and cobalt form intermetallic com-
pounds with erbium and yttrium. The melting points of the rare earths are rapidly
lowered, eutecties forming with the respective compounds, Vanadium forms exten—
sive (and chromium forms limited) liquid immiseibility regions with erbium and
yttrium, Eutectics are formed at the rare earth end of these systems, Terminal
solubilities are low in all of the above systems.

The system erbium - zirconium is characterized by appreci-
able solubility of zirconium ir erbium and extensive solubility of erbium in
both alpha and beta zirconium., There are no inter-metallic compounds. The
alpha erbium and beta zirconium solid solutions enter into a simple eutectie
reaction., A high temperature peritectic reaction involving beta erbium is sug-
gested., The system yttrium - zirconium is similar in all major respects except
that the solubility limits at both ends of the system are somewhat lower. Pre-
liminary investigation of the gadolinium - zirconium system algo indieated
similarity in all major respects.

Beryllium and ytterbium form an intermetallic compound.
The termiral solubility of ytterbium in beryllium is low. No eutectic is
observed at the beryllium end of the system,

The results obtained suggest zireconium as a promising alloying

element. Evidence was also found for the purification of vanadium and beryllium
when these metals were melted together with rare earths.
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WADD TR 60-74, Part II June 1960

SUBJECT: THE METALLURGY OF YTTRIUM AND THE RARE EARTH METALS
PART II. Mechanical Properties
INVESTIGATOR: Bernard Love
CONTRACT : AF 33(616)-5905, Research Chemicals
ABSTRACT: Study of the mechanical properties of rare earth metals was

continued., Tensile compression fatigue, and impact properties were determined..
Evaluation of the metals was extended to include hot and cold working character-—
istics, and studies were made of alloy systems predicted to have improved
mechanical properties,

Cagt yttrium, dysprosium, and erbium canobe cold worked to
improve mechanical properties. 4ll are easily swaged at 980°C (ISOOOF). The
resulting structures are uniform and dense, and the properties are improved
over the cast condition, Tensile properties are quite comparable when the metals
are in the same condition. Ductility (as measured by reduction of area) was
somewhat limited for the cast structures, but was improved by working, The cast
rare earth metals are notch sensitive. The fatigue properties follow the normal
pattern of increased life with decreased maximum applied load. Extrapolated 35-N
curves indicate fatigue endurance limits in the order of 40-50% of the correspond-
ing ultimate tensile strengths.

Zireconium enters into solid solution in erbium and results
in marked tensile strengthening. Dispersed, second phase zirconium, also con-
tributes to hardening.

The recrystallization behavior of erbium and yttrium follows
a normal sequence of recovery, recrystailization and grain growth, complgte re-
crystallization of erbium, cgld worked 60%, occurs at aspproximately 1100°C;
yttrium at approximately 900G,

Studies were made of several methods for improving the
purity of rare earth metals, Carbon deoxidation decreased the oxygen content
slightly. Attempts to purify yttrium, erbium, and dysprosium by slectron beam
melting were not successful. Small quantities of both dysprosium and scandium
were, however, successfully vacuum distilled at elevated temperatures. Analytic
results indicate that the distilled metals are of significantly higher purity.

WADD TN 60-115, OTS Release July 1960

SUBJECT: RESEARCHES ON HYDROGEN OVERVOLTAGES ON MRTALLIC SINGLE
CRYSTALS: TIN

INVESTIGATOR: L. Peraldo Bieelli - A LaVecchia, Milano, Italy

CONTRACT: AF 61(052)-144

ABSTRACT: Hydrogen overvoltage on tin single crystal cathodes, oriented

following the: (001), (100), (110) planes and on polycrystalline tin, has been
measured in perchloric acid solutions with two different concentrations and in
kydrochloric acid solutions,

Tafel low holds true; while the parameters are different
for the different electrodes,

WADC TR 53-373, Sup 8 34



WADD TN 60-242, 0TS Release December 1960

SUBJECT: THE APPLICATION (F COMPUTER TECHNIGUES TO PREFERRED
ORIERTATION STUDIES

INVESTIGATOR: J. R. Holland

ABSTRACT: A method has been devised and is currently being used to

plot normalized pole figures by computer techniques, Ais the pole distribution
traces, i,e., intensity of the diffracted Z-ray beam, versus angular position
of the specimen are not an acceptable input for the computer, the data required
from such traces are entered onto punch cards, Corrections for defacusing
effects mway be readily made as the data are transferred from the Brown recorder
traces to punch cards. It is possible to program other correction factors into
the computer operations, providing that these correction factors or curves can
be established accurately. The computer translates angular position of the
specimen into rectilinear co-ordinates which are an identical representation

of stereographic co-ordinates., This cemputer method has been used in con-
Junction with the Schulz reflectinn technique, but modification of the com-
puter program permits its use with other quantitative X-ray techniques for
determining preferred orientation,

The feasibility of using computer techniques to plot inverse
pole figures has been considered,

WADD TN 60-26G, 0TS Release February 1961

SULJECT: RESEARCHES ON HYDROGEN OVERVOLTAGE ON METALLIC SINGIE
CRYSTALS: CADMIUM

INVESTIGATOR: L. Peraldo Bicelli, A. LaVecchia, N. Sala Cataffo

CONTRACT: AR 61(052)-144, Iaboratori di Ellectrochimica, Milano, Italy

ASSTRACT Hydrogen overvoltage on cadmium polycrystalline and single

¢rystal cathodes, oriented following the (0001), (1010) and (1120) planes, has
been measured in perchloric acid solutions.

The Tafel law holds nearly; the parameters being different
for the different electrodes.,

WADD TN 60-270, OT3 Release February 1961

SUEJECT: RESEARCLES ON HYDROGEN OVERVOLTACE OF METALLIC SINGLE
CRYSTALS: NICKSL

IEVESTIGATOR: L. Peraldo Bicelli, A. LaVecchia

COLTRAGT: AF €1(052)-144, Laboratori di Ellectrochimica

ABSTRACT: Hydrogen overvoltage on nickel single crystal cathnodes,

oriented following the (100}, (110) and (111) planes has been measured in
perchioric acid, hydrochloric acid and in sulfamic acid solutions,

The Tafel law holds nearly; the parameters teing different
for the different electrodes.
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WADD TR 60-275, OTS Release October 1960

SUBJECT: HYDROGEN BMBRITTLEMENT OF TITAKRIUM ALLOYS
INVESTIGATOR: 4, E. Riesen, D. H. Kah
ABSTRACT: The effect of various hydrogen interstitial contents

betwsen 60 parts per million and 312 ppm on the notch sensitivity and low

strain rate embrittlement of four titanium alloys was investigated at room
temperature. The materials investigated included three alpha-beta alloys:
Ti-6Al-4V, Ti-241-&Mo, and Ti-2,541-16V; and one all alpha alloy, Ti-241-2.53n,
which were all heat treated per manufacturers recommerded schedules. an optimum
embrittling effect was encountered between 120 to 220 ppm hydrogen content in
the alpha-beta alloys, Over the range of hydrogen content investigated the
alpha alloy was not appreciably embrittled.

WADD TR 60-534, OTS Release October 1G60

SUBJECT: FIZID ION MICROSCOPY UF IRON wWhHISKERS

THVESTIGATOR: Frvin W. Muller

CONTRACT: iF 33(616)-6397, Pennsylvania State University

ABSTRACT: The design, construction and operation of a complete field

jon microscope unit is described. The restrictions due to the high rate of
field evaporation of iron are considered. This mieroscope is used for the study
of the atomic structure of iron whiskers, Indications of crystal defects such
as screw dislocations and interstitials are found, although the whiskers did
usually not have sufficient strength to withstand the extremely high field
forces.

WADD TR 60-543, OTS Release October 1960

SUBJECT: ATTEMPTED SYNTHESIS OF ZERYLLIUM EYDRIDE

INVESTIGATOR: John C, Powers, Donald W. Vose, Edward 4, Sullivan

CONTRACT: AR 33(616)-5847, Research & Development Laboratories
ABSTRACT: The direet synthesis of beryllium hydrides from the elements

was attempted in two sets of equipment designed to grind beryllium metal while
subjected to heat and hydrogen pressure. Grinding action was supplied ©y mecha-
nisms which provided the reaction vessels with either reciprocating vertical
motion, or motion in which the reactor's horizontal axis described a circle,

The ability of both mechanisms to grind metals satisfactorily was demonstrated
in test runs, in which magnesium hydride was synthesized. However, beryliium
hydride was not prepared by this method, even when catalytic additives were
used, There were no indications even of partial hydriding.

Overation with beryllium, which is highly toxic, was carried
out safely by conforming to recognized standards of industrial practice.
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WADD TR 60-705, OTS Release November 1960

SUBJECT: THE INFLUENCE OF PRESSURE AND TEMPERATURE CN ZIRGONIUM
OXIDE

INVESTIGATOR: ¥. W. Vahldiek, C, T. Lynch, L. B. Robinson

ABSTRACT: The effeets of temperature and pressure on the monoclinic-

tetragonal phase transformation and on the sinterability of superpure zirconia
have been studied., Investigations were undertaken at temperature ranges from
1140° to 1800°C and at pressures from 310 to 1238C atmospheres. Experiments
showed that no tetragonzl phase was stabilized after firing and rapid guench-
ing in air, water and liguid nitrogen. The region of transformation was

found between 1193° to 1200°C. Pressure lowersd the sintering temperature of
zirconia, and specimens pressed at 9280 atmospheres and fired to 1200°C in an
inert atmosphere resulted in compacts with a 98.8% theoretical density.

Grazin refinement was observed with increasing iemperature
and at various pressures. Average particle sizes of 4 microns and less were
found in compacts originally consisting of particles averaging 60 microns, A
mathematical equation for the compressibility of zirconia was derived.

WADD TR 60-769, OT3 Release February 1961

SUBJECT : RESEARCH ON HYDROCEN OVERVOLTAGE ON METALLIC SINCGLE
CRYSTALS

IEVESTIGATOR: R, Piontelli, L, Peraldo Bieelli, i, laVecchia

CONTRACT: AF €1(052)-144, Politecnico di Milano, Milano, Italy

ABSTRACT: Hydropen overvoltage on silver, lead, nicksl, thin and

cadmium single crystals has been measured in different experimentsl conditions.
The results have been discussed and it has been observed that the Tafel law is
generally followed,
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MECHANICAL METALLURGY

WADC TR 56-585, Part II, OTS Release September 1960

SUBJECT: EFFECTS OF TEMPERATURE-TIME-STRESS HISTORIES ON THE
MECHANICAL PROPERTIES OF AIRCRAFT STRUCTURAL METALLIC
MATERIALS - PART II, Stressed Exposure of 7075-T6

INVESTIGATOR: C. D. Brownfield, D. M. Badger
CONTRACT : AF 33(616)-5769, Northrop Corporation
ABSTRACT: A study has been mades on the problem of predicting strength

of a hardened metal alloy after subjection to variable thermal and stress environ-
ments severe enough to causs permanent loss of properties, Methods have been
developed for predicting tensile ultimate, tensile yleld, and compressive yisld
strengths of 7075-T6 aluminum alloy after single or multiple exposure to varlous
conditions of temperature and stress, An analytical expreasion suitable for
automatic computing machine use has also been developed,

The results of tensile and compressive tests on alclad 7075-T6
aluminmm alloy showed that stresses large enough to produce inelastic creep strain
during thermal exposure cause reduction in reasidual strength after exposure. The
test results have been used to establish the usefulness of the Larson-Miller expo-
sure parameter for correlating residual strength after simple and complex, stresssd
and ungtressed exposures,

WADC TR 57-649, Part 1I, OTS Release April 1960

SUBJECT: DETERMINATION OF THE MECHANICAL PROPERTIES OF AIRCRAFT-
STRUCTURAL MATERIALS AT VERY HIGH TEMPERATURES AFTER RAPID
HEATING

INVESTIGATOR: James B, Preston, J. Robert Kattus

CONTRACT: AF 33(616)-3494, Southern Research Institute

ABSTRACT: Structural components in high-speed aircraft and in missiles

mast function for short perlods of time at high temperatures and at high stresses,
and frequently the heating and loading oceur simultaneously. The requirements

for reliability without overdesign demands accurate test data obtained under con-
ditions aspproximating the expected operating conditions. In an effort to fulfill

a portion of this need, thls program was divided into four independent areas of
work as follows: (1) The tensile properties of unalloyed beryllium were determined
at test temperatures from ambient through 1500 F, (2) The short-time, elevated-
temperature tensile properties were determined for ten combinations of base mater-
ials and coating materials (Cr-Ni electroplate on copper sheet, Rokide A on copper
sheet, Rokide Z on copper sheet, Roklde ZS on copper shset, Cr electroplate on
A-nickel sheet, Ni-Ur electroplate on molybdenum sheet, Rokide Z on molded graphite,
Rokide 25 on molded graphite, Crystalon C on molded graphite and S§C-SiN on molded
graphite), (3) The effects of linear thermal gradients up to 1500 F/in.on the
tensile properties of a typical refractory alloy were investigpated, (4) The effects
of simultaneous heating and loading on the tensile properties of a typical. struc-
tural alloy were investigated, This report covers the first three of these four
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WADC TR 57-649, Part 1I (Continued)

areas of work; a supplementary report will be issued shortly containing all of
the results of the investigations involving simultaneously translent temperature
and load.

WADC TR 59-416, Part II, OTS Release July 1960
SUBJECT: INVESTIGATION OF CREEP BUCKLING OF COLUMNS AND PLATES

PART II, Creep Buckling Experiments with Columns of
Ti-7Al-{Mo Titanium Alloy

INVESTIGATOR: Ralph Papirno, George Gerard
CONTRACT: AF 33(616)-5807, New York University
ABSTRACT: Creep buckling and short time buckling experiments have been

performed on columns of Titanium Alloy Ti-7Al-{Mo with simulated simple support
and fixed end boundary conditions., Both end shortening and central deflection
were recorded autographically during loading and during creep. Elevated temper-
ature properties of the test material had previously been determined from 3/16
inch thick stock and these were augmented by tests on 3/8 inch thick stock since

the mechanical properties and structure were significantly different for the two
thicknesses,

The excellent creep propertiesoof the test material indicate
that creep buckling tests must be conducted at 950°F or higher for creep buckling
to cccur in reasonable times at stress levels below the short time compressive
¥ield strength. Since only a narrow range of test conditions is avallabls for
creep buckling experiments with this material, column tests were conducted at
L'/p of approximately 40 at 950°F.

WADC TR 59-511, QTS Relsase May 1960

SUBJECT: GAS ATMOSPHERE EFFECTS ON MATERIALS

INVESTIGATOR: R. A, Baughman

CONTRACT: AF 33(616)~5667, General Electric Company

ABSTRACT 2 A three phase program wasa conducted to determine the effect

of a special gas containing 5% Hp-95% N, on the properties of several materials,
Both low end high temperature materials were included. The gas was about 70%
saturated with water vapor. The following items were Included:

1. Elevated temperature investigation including & high tem-
perature alloys for tensile tests, rupture tests and chemical analysis. Two
systems of gas atmosphere testing was included on A-286, L-605, X-40, R-41, Inco
702 and U-500, Limited tests were made on welded, brazed and notched specimens,

2. Low temperature investigutlon including seven low temper-
ature slloys for tensile tests, strain aging tests and impact tests. The alloys
ineluded were 302 33, 316 S3, 6061, A110AT, Be~Cu, R-41 and 17-7PH. Limited tests
were included on welded and brazed specimens.
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WADC TR 59-511 (Continued)

3. Fundsmental mechanism and coating study was done on Inco
702, which is most sensitive to gas enviromment., Special oxidation cycles, over-
aging cycles, strain aging cycles, specimen geometric changes and coatings were
tested by rupture techniques to indicate the nature of the mechanism reducing
rupture strength and possibilities for preventing strength loss.

This report includes all date obtained and detailed discussion of results. The
high temperature rupture strength of each alloy studied was shown to be reduced
below the corresponding air stmosphere strength by the speclal gas. The low
temperature properties were shown to be independent of the envirommental effacts
studied. The basic mechanism effecting the high temperature properties has not
been clearly determined,

WADG TR 59-762, Part II, OTS Release May 1960

SUBJECT: ULTRA-SHORT-TIME CREEP RUPTURE

INVESTIGATCR: Jogeph 5. Ives, Jr.

CONTRACT : AF 33(616)-5557, American Machine & Foundry Company
ABSTRACT: The creep behavior of eight structural sheet metals, (321

stainless, 410 stainless, Inconel-X, PH-15-7 Mo, Rene 41, Udimet-500, B120 VCA
Ti, and AM 350), when subjected to temperatures up to 2,000°F within 200 milli-
seconds is presented in tabular and graphie form. The equipment used for these
measurements consisted of a Tatnall Model RL-6 Creep machine modified so that a
2000 microfarad bank of capacitors, charged to 5000 volts could be discharged
through the test specimen to bring it to the desired test temperature. This
initial discharge was followed by an ac current of sufficlent magnitude to main-
tain, the specimen at the test temperature.

Data was taken on each of the materlials at four creep rates
for each temperature, From this data straln vs time, isochronous stress vs straln,
and stress vs time curves were plotted and are presented in the Appendix., Data
was not reported when an improper transfer of emergy from the capacitors to the
specimens occurred, Emissivity data, or data from which the emissivity can be
calculated, for each of the materlals are presented. In addition, the initial
transient behavior, due to thermal expansion, of the specimens is given in tabular
form.,

WADC TR 59-762, Part III, OTS Release August 1960

SUBJECT: ULTRA-SHORT-TIME CREEFP RUPTURE

INVESTIGATOR : C. W, H. Barnett

CONTRACT: AT 33(€16)-6798, American Machine & Foundry Company

ABSTRACT: The creep behavior of three structural sheet materlals, namely

HM-21, H-11l and 310 stalnless steel, was studied to temperatures up to 2,000°F
within 200 milliseconds. The recorded results are reported in tabular snd graphle
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WADC TR 59-762, Part III (Continued)

form, The testing procedure used in implementation of previcus contracts for
this same type of work has been modified to impose the stress on the material
simultaneocusly with the heating action. In the previous work, on the other
hand, the stress was first applied following which step the specimen was heated.

The equipment used for all tests consists of a Tatnall Model
RL-6 creep machine, so modified that a charge in a bank of capacitors can be used
to heat the test specimen to the desired temperature by controlling th voltage
of the capacitor charge.

Data were taken on sach of the materials at four creep rates
and at three loading rates. The controlled loading rates are an innovation in
this contract, From the data obtained, curves of strain vs time, isochronous
stress vs strain, and stress vs time were plotted and are presented in the Appendix.

WADD TR 60-42, OTS Release July 1960

SUBJECT : SOME CUANTITATIVE ASFECTS OF FATIGUE OF MATERIALS
INVESTIGATCR : Harold K. Cummings

CONTRACT: AF 33(616)-6552, Curtiss-Wright Corporation

ABSTRACT: In this report are given not only the fatigus properties of

many structural materials but also the "static" properties and such other supple-
mentary information as was given in the references consulted. The data are in
general from room temperature tests, but a few data are given on tests at higher
temperatures. The data are presented in tables and on curves, supplemented by
brief discussions in the text.

WADD TR 60-53, OTS Release June 1960

SUBJECT: EFFECT OF TEMPERATURE ON THE CREEP OF POLYCRYSTALLINE
ALLUMINUM BY THE (ROSS-SLIP MECHANISM

INVESTIGATOR N, Jaffe, J. E. Dorn

CONTRACT: AF 33(€16)-3860, University of California

ABSTRACT: The apparent activatlon energy for creep of polycrystalline

aluminum was determined over the range of 273° to 350°K by the effect of small

abrupt changes in temperature on the creep rate. 4 constant activation energy

of 27,400 ¢+ 1000 cal/mole was obtained over strains of 0.003 to 0.23, stresges

ranging frgm 2250 to 6000 p.s.i., and strain rates varying froam 0.1145 x 177 to
29,5 x 1077 per minute. Metallegraphic studies and comparison with theory sug-
gested that creep in this range is controlled by the rate of cross-glip of dis-
locations.

Both X-ray diffraction apalyses and room temperature tensile
stress-strain data following precreep revealed that the substructure produced in
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WADD TR 60-53 (Continued)

thls range by creep under a gilven stress depended only on the total creep strain
being independent of the actual test temperature. As a result it was deduced
that the total strain é; during creep under & given stress should be a function
of temperature compensated time 4553- - @, » evergy, R the gas constant and

T the sbsolute temperature. A4 number of crgep tests conducted at two different
temperatures verified the validity of this conclusion.

WADD TR 60-60, OTS Release Mey 1960

SUBJECT: STEADY STATE RESPONSE OF BEAMS WITH TRANSLATIONAL AND
ROTATIONAL DAMPING MOTICONS AT THE SUPPORTS

INVESTIGATOR : €. C. Fu, T. J. Mentel

CONTRACT: AF 33(616)-5426, University of Minnesota

ABSTRACT : Two methods of analysis are presented for the steady state

response of beams with translational and rotational dampling motions at the supports,
The first of these methods uses a contimmous model and the second uses a discrete
(three-degree-of -freedom) model. Both cases are characterized by non-linear equa-—
tions and approximate solutions are produced for each, Numerical results are pre-
sented, giving comparisons and optimum damping configurations.

WADD TR 60-161, Part I, OTS Release November 1960

SUBJECT: EXPERIMENTS ON SLIF DAMPING AT ROUNDED CONTACTS

INVESTIGATCR : L. E, Goodman and G. E. Bowie

CONTRACT : AF 33(€16)-6828, University of Minresota

ABSTRACT: This report describes an apparatus for studying slip damping

at the contacts of a sphere with two flat parallel plates. A load of constant
magnitude is applied normal to the plates.and the sphere is driven in a direction
tangential to the plates by an electrostrictive device operated at 60 cycles per
second. Experimental results obtained with a one half inch diameter type 316
stainless steel sphere pressed between flats of the same material are presented.
They are in fair agreement with theoretical predictions by R. D, Mindlin, et al.
Results for pyrex glass differ from those for stainless steel and are not com-
pared with theory. Suggestlons are made for future work on contact problems.

WADD TR 60-188, OTS Release July 1960

SUBJECT: INFLUENCE OF NATURAL FREQUENCIES AND SOURCE CORRELATION
FIELDS ON RANDOM RESPONSE OF PANELS

INVESTIGATOR ; R. ¥. Lambert, D. H. Tack

CONTRAGT: AF 33(616)-6828, University of Minnesota

ABSTRACT: Theoretical and experimental analysis of random responses

of panels with a view toward problems of design are presented, The influerce

WADC TR 53-373, Sup 8 42



WADD TR ©0-188 (Continued)

of source correlation fields, damping, and boundary impedance are integrated
into the amalysis. Modal response is viewed from the complex frequency plane
in the form of a pole diagram. The concepts developed from this point of view
have direct application in design for specified mean square response. The
statistical independence of modes and its relationship to properties of the
source and panel are discussed and interpreted for several situationms.

WADD TR 60-191, OTS Release May 1960
SUBJECT: THE DETERMINATION OF THE EFFECTS OF ELEVATED TEMFERATURES

ON THE STRESS CORROSION BEHAVIOR OF STRUCTURAL MATERIALS
IRVESTIGATOR : Frank A. Crossley, Carl J. Relchel, Charles R. Simcoe
CONTRACT : AF 33(616)-6392, Armour Research Foundation
ABSTRACT: Certain aspects of elevated-temperature chloride salt stress-

corrosion of Ti-6Al-4V alloy have been investigated, Experiments were conducted
to determine whether the protection of the oxlide film is lost by direct chemical
reaction, or by dissolution, i.e., oxygen diffusion into the base metal. The
dissolution rates of anodized oxide films over the temperature range from 800°
to 1000°F were determined. Coefficients for oxygen diffusion in Ti-6A1-4V alloy
are given by:

D, cm?/sec = 2.87 x 10% exp (~67,900£300/RT).

Experiments showed conclusively that film protection is lost by chemical reaction
of the chloride salt with TiO,.

Elevated-temperature creep testing in the presence of chloride
salt was found to be detrimental to post-exposure tensile propertles of the fol-
lowing materlials: 17-7 PH, stalnless steel Type 321, Inconel-X, and B120-VCA
titanium alloy. Materials which, aspparently, were not harmed by such exposurs
were: 2024T-86 aluminum alloy, Nickel-plated 17-22 AS low alloy steel, Lapelloy
13% chromium steel, and ZK-60 magnesium alloy.

Materials exhibiting premature failure with greatly reduced
ductility in tension static fatigue tests at room temperature in the presence of
10% chloride salt aqueous solution were: 2024T-86, ZK-60, 17-7 PH, and B120-VCA.

The presence of JP-4 fuel in tension static fatigue tests at
room temperature was not indicated to be detrimental to 2024T-86, Nickel-plated
17-22 AS, 17-7 PH, Lapelloy, Type 321, or Bl20-VCA. There was some indication
that the presence of fuel resldue in elevated-temperature ecreep tests may be glightly
detrimental to 2024T-86 alloy.

WADC TR 53-373, Sup 8 43



WADD TR 60-245, OTS Release May 1960

SUBJECT: ELEVATED TEMPERATURE DYNAMIC MODULI OF VANADIUM TITANIUM
AND V-TT ALLOYS

INVESTIGATOR : W. H, Hill, B. A. Wilecox

ABSTRACT : The dynamic modulil of calcium~reduced vanadium, high grade

aluminothermic vanadium, iodide titanium and Ti-75A alloy were determlned over

the temperature range R. T. to 1250°F, In addition, elevated temperature dynamic
modulus data were obtained for five V-Ti alloys, having nominal compositions of
V-8Ti, V-17Ti, V-25Ti, V-32Ti, and V-48Ti. The decrease in modulus of vanadium
with increasing temperature was found to be relatively small as compared to iodide
Ti and Ti-75A. So0lild selution additions of Ti were observed to lower the modulus
of V over the entire temperature range studied, but the additions did not affect
the slope of the modulus versus temperature curve.

An empirical correlation relatling modulus to density, absolute
melting point, and atomic welght was successfully applied to vanadium and V-Ti
alloys, such that good agreement was realized between the ratios of Ev/E alloy
(caleulated) and E_/E alloy (measured).

WADD TR 60-254, OTS Release June 1960

SUBJECT: THE EVALUATION OF THE EFFECTS OF VERY LOW TEMPERATURES ON
THE PROPERTIES OF AIRCRAFT AND MISSILE METALS

INVESTIGATCR : Leonard P. Rice, James E, Campbell, Ward ¥, Simmons

CONTRACT : AF 33(616)-6345, Battelle Memorial Institute

ABSTRACT: In the past few years, the use of liquefied gases such as

oxygen, nitrogen, hydrogen, and helium has increased enormously in the aircraft
and missile industries, There is a great deal of interest in metallic materials
to store, transport, or otherwise handle these extremely low-temperature liquids,
This investigation presents the tensile and hardness properties of eight different
alloys of interest to the aircraft and missile industries at temperatures ranging
from -253°C (1iquid hydrogen) to room temperature, These alloys are Ti-6A1-4V,
Ti-4A1-3Mo-IV, Ti-16V-2.5A1, and B-120VCA (all-beta alloy) titanium alloys; 17-7PH,
PH15-7Mo, and Type 301XH stainless steels; and Vascojet 1000 alloy steel,

In general, the values for hardness, elastie modulus, and
tensile and yield strengths of these materials tended to increase as the best
temperature was reduced to -253°C. However, of the eight alloys investigated,
the Ti-6A1-4V and the Ti-4Al-3Mo-~IV titanium alloys and the Type 301XH stainless
steel were the only ones that did not reveal a serious loss of ductility or did
not fracture before reaching 0.2 per cent offset strain at -253°C. In most of
the other alloys, brittle behavior, as revealed by notched tensile tests, became
evident at temperatures of -78°C and below, The titanium alloys have the highest
yleld strength~density ratios at low temperatures of any of the materials tested.
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WADD TR 60-278, OTS Release September 1960

SUBJECT: NOICH SENSITIVITY OF REFRACTORY METALS
INVESTICATOR: Albert G, Imgram, Frank C. Holden, Horace R. Ogden,
Robert I. Jaffee
CONTRACT: AF 33(616)-6291, Battelle Memorial Institute
ABSTRACT: The tensile and notch tensile properties of four refractory

metzls, molybdemum, tungsten, columbium, and tantalum, and one allecy, Mo-0.5
Ti, were investigated at five temperatures selected to encompass the brittle-
to-duetile transition., All specimen failures were classified according to
fracture mechanism. The notch sensitivity of each material was evaluated by
analyzing the notch and unnoteh tensile strength, the ductility transitionm,
and the fracture transition.

WADD TR 60-28C, OTS Release June 1960

SUBJECT; RHEQLOGICAL PROPERTIES OF ADHESIVES CONSIDERED FOR INTER-
FACE DAMPING

INVESTIGATOR: Jd. S, uWhittier

CONTRACT : AF 33(616)-6828, University of Minnesota

ABSTRACT: Machines for testing soft adhesives under static compression

and shear and under dynamic shear are described. 3tatic creep data in com-

pression and siear are reported for Minnesota Mining and Manufacturing Company's
34 Tape 7466. At a given compressive load this material deforms, after suf-
ficlent time has elapsed to am "eguilibrium" thickvess. Dynamic shear data

for 3M Tape #466 are reported for frequencies from 0,1 to 120 eps and for shear
strain amplitudes from zero to unity and grsater. Stress history and fatigue
effects are also mentioned. This material is fourd to dissipate large amcunts
of specific damping energy when undergoing safe dynamic shear strains. Spot
checks on the dynamic shear properties of three other materials at 11.5 cps

are also presented. The terms used for data presentalion ure explained in the
report by giving data reduction formulas,

WADD TR 60-308, OTS Release August 1960

SUBJECT: QUAST-ORTHOGONAL MODES OF DYNAMICAL SYSTEMS

INVESTIGATOR: Lawrence E, Goodman, Yellappa C. Das

CONTRACT: AF 33(616)-6828, University of Mirnesota

ABSTRACT: When energy dissipating devices are inserted at the bounda-

ries the analysis of structural vibration problems becomes difficult, The

usual classiesl methods in such cases yield an infinite set of equations for

the coefficientsof amodal expansion of the solution. The method developed in
this report, gives a finite equation for each coefficient of the modal expansion
and thus makes it possible to obtain sclutieors for structural vibration problems
with boundary conditions invelving the time derivatives.

The structural vibration proiisn *reated 1s identical with
that of the transient analysis of electrical circuits having distributed capacity
and inductance and terminated by a lumped resistance. Gertain problems in heat
conduction alsc fall within the scope of the methed Jeveloped.
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WADD TR 60-309, OTS Release August 1960

SUBJECT: SUPERSONIC SPEED FLUTTER ANALYSIS GF CIRCULAR PANELS
WITH EDGES ELASTICALLY RESTRAINED AGAINST ROTATION

INVESTIGATOR: L. E. Goodman, Jasti Venkata Rattayya

CONTRACT: AF 33(616)-6228, University of Minnesota

ABSTRACT: The flutter problem is formulated, in terms of small-

deflection plate theory, for a flat circular panel with edges elastically
restrained against rotation. The panel is tzaken to be subjected to isotropic
tension or compression in its middle plane, Linear piston theory is used to
predict the serodynamic load on the vibrating penel due to a supersonic com-
pressible flow passing its upper surface,

Results of the analysis predicet panel thickness necessary
to prevent flutter as a function of air spsed, elevation, and degree of edge
fixity. Investipgations of aerodynamic and structural damping effects and the
influence of mid-plane load are included.

WADD TR 60-310, OTS Release September 1960
SUBJECT: THE EFFECT OF SEVERAL GEOMETRICAL VARIABLES ON THE KOTCH

TENSILE STRENGTH OF 4340 STEEL SHEET HEAT TREATEL TO THREE
STRENGTH IEVELS

IRVESTIGATOR: Volker Weiss, John Sessler, Paul Packman, George Sachs
CONTRACT: AF 33(616)-6523, Syracuse University Research Institute
ABSTRACT: A systematic study was conducted to evaluate the effectis

of initial stress distribution and strength level on the notch tensile behavior

of a typical high strength steel sheet alloy (SAE 4340) in the presence of stress
concentrations,

The initiasl stress distribution, characterized by the stress
concentration factor {K) and the stress gradient at the root of a notch, was
determined analytically from the notch geometry according to elastic theory. As
part of the study, K was kept constant and the stress gradient allowed vary for
different notch depths and section widths,

The 4340 steel alloy sheet was tested in three different
beat treat conditions ranging from ductile (Ftu = 150 ksi) to moderately notch
brittle (F, = 260 ksi).

For the material conditions investigated, it was found that
the effect of stress gradient on notch strength was fundamentally identical
with that of section width. Increasing the section width (or decreasing the
stress gradient)} resulted in a decrease in notch strength when all other factors
were held constant, However, the effect was small when compared to the section
size effect observed previously for notched eylindriesal] bars.
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WADD TR 60-310 (Continued)

In addition, results of tests on an extremely brittle
titanium sheet alloy indicated that the stress gradient is the predominant
factor that influences notch strength., For a truly brittle material {which
exhibits no plastic deformation prior to fracture), it appears that the stress
concentration factor, the depth of a notch and the specimen width are signifi-
cert only insofar as they contribute to the magnitude of the stress gradient
and the maximum stress at the notch root

WADD TR 60-313, OTS Release April 1960

SUBJECT: RESEARCH ON THE MECHANISMS OF FATIGUE

INVESTIGATOR: Jd. €, Grosskreutz

CONTRACT: AF 33(616)-6383, Midwest Research Institute

ABSTRACT: Based on a critical appraisal of existing fatigue theory

and experimental data, significant research areas have been outlined for the
study of fatigue mechanismsz., Polyerystalline aluminum and copper and single
erystals of aluminum have been used to investigate dislocation densities and
configuration during crack initiation and the mechanism by which cracks pro-
pagate, both on the surface of a sample and internally. Back reflection

f-ray patterns show that an observable increase in dislocation density oceurs
within the first 0.1 percent of fatigue life and that a saturation density is
reached after only 1 percent of the life, These dislocations accurulate into
stable subgrain boundaries provided either that the stressing is done under a
tensile preload or that the amplitude of symmetrical stressing is large enough.
For small symmetrical loading (strains ~. 0.001 for Al) a random dislocation
array results with no subgrain formation., These results can be correlated with
fatigue hardening behavior snd possibly with the shape of the S-N curve. There
is no obvious relation between the bulk behavier of fatigue induced disiccations
and the formation of the initial fatipue crack which is a highly loecalized
phenomenon,

Continucus observation of ihe surface of fatipuing samples
utilizing strobe-microphotography has confirmed the accumuilating evidence that
cracks initiste in persistent slip bands. Tapered sections have shown that
these slip bands correspond to deep notches or fissures. The rropagation of
the crack is observed to occur along well defined slip systems with the ecrack
Jumping from one parallel slip hard to another by cross slip. Transverse sections
cut through the crack have shown that the erack propagates into the volume of
the metal from the surface, again via =1lip planes. The crack is observed to
propagate generally perpendiculiar to the stress exis; with the available slip
system, this usually results in a zigzapg path. A "cloud" of slip is observed
to precede the crack tip and from this fact and the foregoing data a mechanism
of crack propagation is postulated; i.e., crack propagation is a series of re-
initiations in persistent =lip bands.
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WADD TR 60-326, OIS Release : Fay 1960

SUBJECT: THE EFFECT OF DECREASES IN STRESS ON THE CREEP BEHAVIOR
OF POLYCRYSTALLINE ALUMINUM IN THE DISLOCATION CLIME
REGION

INVESTIGATCR: L. Raymond, W. Ludemsnn, N, Jaffe, J. E, Dorn

CONTRACT: AF 33(616)-3860, University of Californie

LBSTRACT: The effect of stress on the creep rate in the dislocation

climb region was isolated from the effect of substructural changes by determin-
ing the effect of decreasing the stress at fixed creep strains on the subsequent
course of creep. Two substructures, one produced by precreeping at 1300 psi to
a strain early in the primary stage and another produced by precreeping to the
secondary stage at the same stress, were studied. It was found that the effect
of stress on the creep rate was a function of the substructure; the creep rate
increases less rapidly with stress for the substructure present at the secondary
cresp staege which contains more closely spaced barriers to dislocation motion,
Whereas the barriers te slip are introduced during the primary stage of creep

in the dislocstion elimb region, these barriers are thermally recoverable. The
secondary stage of creep is reached when the rate of introduction of new barriers
equals the rate of removal of existing barriers as a result of recovery, Due 1o
recovery of barriers the same secondary creep rate 1s eventually obtained for a
given final stress regardless of the preceding creep history.

WADD TR 60-360C, OTS Release July 1960

SUBJECT: EFFECT OF VISCOELASTIC FOUNDATION OF FORCED VIBRATION OF
LOADED RECTANGULAR FPLATES

INVESTIGATOR: ¢, T, Hsu, C. W, Chu, C, G, Chang

CONTRACT: AF 33(616)-6822, University of Minnesota

ABSTRACT: Forced vibration of a loaded rectangular plate with visco-

elastic foundation is treated. Two types of visco-elastic material are con-
sidered, Kelvin-Voigt solid and Boltzmann model. Analytic solutions are given
for the plate subject to compression and a periodic transverse pressure. A
nurerical example is worked out for the case of Kelvin-Voipt solid., Some fea-
tures revealed ty the examples are:

a, With visco-elastic effect, the natural vibration damps
out rapicly (Fig. 3-5).

b. There exists a ecritical damping factor %g . For W< ¥
the demping is oscillatory (Fig. 3); otherwise the C:xping is monotonic (Figs.
4_5)0

c. The closer ¥/ is to ¥’ in magnitude, the faster the
damping. -

d, The time rejuired for dzmping is almost independent of
the frequency of the perinsdic loading.
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WADD TR 60-360 (Continued)

e, The greater the viscosity coefficient /‘%? s the smaller
the amplitude of vibration.

The above statement is obtained from prelliminsry computations.
Further work has to be done before conclusive summary can be made,

WADD TR 60-403, OTS Release December 1960

SUBJECT: DEVELOPMENT OF RANDOMLY ORIBENTED WROUGHT BERYLLIWM SHEET
INVESTIGATOR: ¥, M, Yans, A. K. Wolff, A. R, Kaufmann

CONTRACT: AF 33(61€)-6616, Nuclear Metals, Inc

ABSTRACT: Various factors affecting texture development in beryllium

were studied in an effort to produce randomly oriented wrought beryllium sheet,
An extensive literature survey was performed, the purpose of which was to
ascertain the major phencmens affecting textural changes in metals, especially
beryllium, Texture anulysis techniques applicable to the determination of
textures in beryllium sheet were evaluated and subsequenily standerdized. A
combination of the original and medified Schulz techniques was chosen as the
best method of evaluating the texture of a beryllium sheet sample,

Rolling experiments indlcated that the specimen geometry
and rolling sequence affected the textures developed during working. It was
determined that, during rolling, the basal plane population parallel to the
plane of the sheet increases with reduction in area and, when certain speci-
mens are heat treated at high temperatures for short times, the basal plane
population parallel to the plane of the sheet is reduced. Further rolling
and annealing studies performed on bi-directionally rolled sheet indicated
that, when the sheet is subjected to annealing temperatures in excess of 950°C,
the location of the basal plane peak intensity is shifted and the intensity
profile changes considerably, yielding a third—dimensional ductility of 1.75%.
It should be noted that the same sheet in only the stress-relieved condition
possesses only 0,2% third-dimensional ductility., The same textural changes were
observed in sheet samples manufactured by compression rolling.

BeO particles were dispersed in a matrix of beryllium prior
to working and the turbulent flow caused by the presence of these BeC particles
reduced the degree of preferred orientation developed for a given working pro-
cedure., However, the embrittling effect of the BeQ dispersion offset any improve-
ments in properties resulting from the decrease in preferred orientation.

Single crystal rolling and annealing studies, in combination
with hot-stage microscopy, further corroborated the fact that twinning is =
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WADD TR 60-403 (Contimzed)

primary mode of deformation in beryllium sheet., Twin absorption, recrystulliz-
ation, and grain formation were alsc studied in the single crystals. It was
notegFthat recrystallization in beryllium can cccur at temperatures as low as
1200°F.

WADD TR 60-426, OTS Release July 1960
SUBJECT: FATIGUE AND STRESS RUPTURE PROPERTIES OF INGONEL 713G,

V-57C AND TITANIUM ALLOYS 7A1-3Mo-Ti AND MST 821
(841-2Cb-1Ta-Ti)

INVESTIGATOR: A, E, Cers, A. A, Blatherwick
CONTRACT: AF 33(616)-6828, University of Mirnesota
ABSTRACT: Fatigue, rupture and creep data at various temperatures

obtained at wvarious alternating and mean stress combinations are presented
for the alloys Inconel 713C, V-57C (modified Super i-2¢4), 741-3Mo-Ti and
MST 821 (241-20b-1Ta-Ti). The tests were performed on unnotched specimens
and for Inconel 7130 also on notched specimens having a theoretical stress
concentration factor of 2.9, The data are presented as S-N curves and stress
range diagrams to show the effect of temperature, ratio of alternating-to-
mean stress, stress magnitude and specimen notch on the fatipus and rupture
properties,

WADD TR 60-437, 0TS Release December 1960

SUBJECT: EFFECT OF STRESS HNONLINEARITY ON EXTREMAL STATISTICS AND
FATICUE LIFE OF A& 3IMPLY SUPPORTED EBAR

INVESTIGATOR: Richard H. Lyon

CONTRACT: AF 33(€16)-6828, University of Minresota

ABSTRACT: The statistics of the extrema of the stress at the surface

of a supported bar are studied vhen the lowest mode of the bar is excited by
random noise, The stress is & nonlinear function of displacement because the
hinged ends have a fixed separaticn. The effect of this nonlinearity on the
distribution of maxima and minima is calculated assuming that the tensile
stress does not significantly affect the displacement statistics. The effect
of nonlinearity on expected fatigue life is calculated for a linear fatigue
iaw, It is found that nonlinearity may significantly diminish the expected
fatigue life,

WADD TR 60-451, OTS Release Lovember 1960

SUEJECT: SFFECT OF THEMMAL-FECRaNICAL VARIARIES ON THE PROPERTIES
OF MOLYBLENUM ALLOYS

INVESTIGATOR: M. Semehyshen, Gckert 4. Barr, Gorden D, Mefrdle
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WADD TR 60-451 (Continued)

CONTRACT: AF 33(616)-5447, Climax Molybdenum Company of Michigan
ABSTRACT: Unalloyed molybdemum and three alloys, Mo-0.50% T4, Mo~
0.059% Zr, and Mo-0.49% T4-0.057% Zr, have been studied from the standpoint
of effect of fabrication varisbles on mechanical properties and structural
stability. Strain hardening was accomplished either by rolling or by forging.
Working temperatures were 2200 and 3000°F.

Molybdenum and the above-mentioned alloys were capable of
being strain hardened even at low reductions by rolling or forging at 3000°F,
Thus none of the reductions studied fell under the scope of true "hot-workingn,
A previously observed contradiction to classic comcepts was again observed in
that bars reduced up to sbout 30% in area at 3000°F exhibited higher hardnesses
and higher tensile strengths than bars reduced similar amounts at 2200°F. At
higher reductions, recrystallization during the reduction schedule entered the
picture, with the result that bars rolled at 2200°F displayed the higher hard-
ness and strength walues.

For any given set of deformation variables, the highest
strength properties and greatest resistance to recrystallization were consist—
ently demonstrated by the ternary alloy, Mo-0.49% T4-0.057% 2r.

The role of externally applied stresses in influencing the
recrystallization behavior of the materials under investigation was found to
be quite complex. At least part of the complexity of the problem as approached
here resulted from the large number of fabricetion variables that were inherent
in the test specimens. Depending upon the magnitude of the externally applied
stress, It was possible either to lower or to raise the hardness as compared
with similarly expesed, unstressed specimens.

Four new experimental alloy compositions are discussed,
The extrusion of these complex molybdemm-base alloy castings was greatly
facilitated by the use of ceramic (41,03} coated extrusion dies,

WADD TR 60-468, OTS Release August 1960

SUBJECT: HIGH VELOCITY ELECTRIC ACCELERATCR SYSTEMS

INVESTIGATOR: Jordan J. Baruch, Denis U, Noiseux, Jay H, Ball, C. M. Gogos
CONTRACT: AF 33(616)-5730, Bolt Beranek and Newman, Inc

ABSTRACT: Accelerators designed to convert electrical energy to parti-

culate kinetic energy have been investigated and their capabilities and limita-
tions ascertained, Experimentally, speeds up to 14,500 ft/sec have been obtained
with a 20,000 joule energy input., Four different mechanisms for electrical-
kinetic energy conversion have been worked out and tested experimentally,
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WADD TR 60-523, OTS Release October 1960

SUBJECT: APPLICABILITY OF PRESENT CREEP PREDICTION TECHENIQUES FOR
EXTRAPOLATING VERY LONG TIME CREEP BEHAVIOR

INVESTIGATOR: K. D. Shimmin

ABSTRACT: A number of methods of correlation and extrapolation of

creep and stress-rupture data are reviewed and discussed briefly, It is shown
that, of the time-temperature parameter correlation methods, the Manson-Haferd
parameter method has been most successful in correlating existing data, Of
the empirical methods of extrapolation, the graphical method of Grant and
Bucklin, and the statistical approach reported by Clauss are shown to hold
promise as a means of predicting long-time creep data. Recommendations are
given for an experiment to provide verification and evaluation of the methods
of extrapolation of lopg-time data.

WADD TR 60-553, OTS Release October 1960

SUBJECT: APPLICATION OF ULTRASONICS TO SOLID ROCKET SYSTEMS
INVESTIGATOR: R. E. Kleirnt, R. D. McKoun, J. B. Ramsey

CONTRACT: AF 33(616)-6603, Ultrasonic Testing & Research Laboratory
ABSTRACT: This report containg the results of investigations to

establish the applicability of ultrasonic inspection technigues to solid fuel
rocket motors. Special emphasis was placed on the detection of unbonded areas
at the interfaces of solid fuel rocket motors having a basic construction of

a steel case, rubber liner and solid propellant bonded together in that order,
The acoustic properties were obtained for these and other materials used for
construction of rocket motors, Commercially available ultrasonic imspection

and recording equipment was used to obtain data. Various pulse-echo and through-
transmission techniques were utilized to determine optimum conditions for de-
tecting defects and displaying them on both cathode ray image and C-Scan (plan
view) facsimile paper recordings.

WADD TR €0-580, Part 1I, OTS Release January 1661

SUBJECT s INELASTIC DESIGN OF LOAD CARRYING MEMBERS - Part II. The
Effect of End Conditions on the Collapse Load of Golumns

INVESTIGATOR: G. 4, Costello, O, M, Sidebottom, Bugene Pocs

CONTRACT: AF 33(616)-5658, University of Illinois

ABSTRACT: A theory was presented for constructing the load-deflection

relation and for determining the collapse load of a column having any known
end condition. A trial and error solution was reguired which used interaction
eurves and assumed that the inelastic column assumed the shape of a sine curve,
For time independent (creep) inelastic deformation arc hyperbolic sine inter-
action curves were used.

The experimental part of the investigation included tests
of rectangular section columns made of 17-7PH stainless steel and tested at
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WADD TR 60-580, Part 1I {Continued)

room temperature and at 972°F, Several slenderness ratios were consideread,
and the columns had end conditions which were either fixed, equal and opposite
end eccentricities, or unequal end eccentricities. Good agreement was found
between theory and experiment,

WADD TR 60-580, Part III, OTS Release Jamiary 1961

SUBJECT: INELASTIC DESIGN OF LOAD CARRYING MEMBERS - Part III. The
Significance of an Inelastic Analysis of Eccentrically-
Loaded Members

INVESTIGATCR: 0. M, Sidebottom
CONTRACT: AF 33(616)-5658, The University of Illinois
ABSTRACT: The author has worked with others on ten investigations,

sponsored by Wright Air Development Division, which have considered the
theoretical and experimental inelastic analyses of eccentrically-loaded tension
and compression members. In all cases good agreement was found between theory
and experiment for members tested at room temperature and at elevated tempera-
tures., This investigation was undertaken to consider the significance of an
inelastic analysis of eccentrically-loaded members. If the inelastic deforma-
tion can be considered time independent, a choice has to be made between an
elastic and an inelastic solution, A study was made of the effect of several
variables on the ratio of the load necessary to produce a specified inelastic
deformation to the maximum elastic load. If the inelastic deformation is time
dependent (creep), the only choice is an inelastic solution.

WADD TR 60-752, OTS Release February 1961

SUBJECT: REDUCTION OF THE ENDURANCE LIMIT AS A RESULT OF STRESS
INTERACTION IN FATIGLUE.

INVESTIGATOR: Robert A. Heller

CONTRACT: AF 33(616)-7042, Columbia University

ABSTRACT: This paper presents the results of an investigation of the

effects of stress interaction on fatigue life of aireraft structural materials
subjected to randomized load spectra, All three materials: 2024 and 7075
aluminum and SAE 4340 steel exhibit fatigue lives shorter than those predicted
on the basis of the iinear (Miner) damage rule., A quasi-linear rule is pro-
posed with a variable, spectrum dependent, endurance limit producing safe life
estimates; the dependence of the endurance limit on the stress spectrum and
its resulting design inadequacy is shown. '

Tests were performed on high speed, programmed rotating
bending fatigue machines of special design,
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WADD TR 60-777, OIS Release January 1961

SUBJECT: EXPERIMENTATION, ANALYSIS AND PREDICTION FOR ENVIRON-
MENTAL CREEP

INVESTIGATOR: C. J. Giemza

CONTRACT: AF 33(616)-6453, The Martin Company

ABSTRACT: An examination was made of the environmental creep behavior

of bare 7075-T6 aluminum slloy sheet with the aim of developing an experimental
approach as well as relations for characterizing a material's response to an
arbitrary stress-temperature-time environment following a prior history during
which a metallurgical change has occurred.

A technique called Random Balance (Ref, 2), partly modified
to a multiple balance design, was employed to select from several million pos-
sible environment test combinations a representative group. The general employ-
ment of associated techniques for analysis, common to the statistical field,
was precluded because of the creep scatter which was attributed to inhomogeneity
in the aluminum sheet.

It was found that a loss of strength in the order of 5%
caused by overaging could result in an increase of total creep strain of several
hundred percent in subsequent cycles. However, it was also observed that a
recovery mechanism, following overaging, could restore a significant degree of
resistance to creep.

In every instance, it was found that a transient stage of
creep was manifested in each cycle upon reapplication of load., The magnitude
of transient creep strain, as well as duration of the transient stage after
the initial cycle, diminished as the number of cycles increased for combina-
tions of high stress and high temperature or low stress and low temperature.
At test conditions which could be identified with a service environment, the
transient creep stage comprised a relatively large fraction of the total creep
strain generated during a given cycle.

A qualitative association of creep behavior of the specimens
to their origin in the aluminum sheet revealed a pronounced inhomogeneity which
could not be related to static tensile properties. Furthermore, small creep
gtrain differences which specimens exhibited at moderate stresses were magni-
fied during subsequent recycling as the magnitudes of stress and temperature
increased; slight overaging further severly aggravated the injtial disparities
among the specimens.,

Excellent reproducibility of an arbitrary test enviromment
was possible when the repeat tests were made with specimens which were obtained
from adjoining positions in the sheet, Accordingly, as the distances between
specimens in the sheet increased, the differences in ereep behavior became
greater for identical tests, regardless of nominal identities of static properties.
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A method was developed which made it possible to predict
the environmental creep behavior for an arbitrary test condition during which
overaging at 350°F took place and subsequently, when creep resistance was re-
stored as the result of a recovery mechanism., The technique was based on the
strain hardening rule compensated with empirically determined factors to account
for creep damage and/or subsequent restoration of ereep resistance,

During the examination of compatibility of mathematical N
forms for the representation of the creep phenomenon, an expression (ffc = Kt)
provided a good fit in the primary creep region and a reasonably good approxim-
atlon for part of the secondary stage of creep; an apparently unique correspond-
ence between the values of K and N and the test variables, stress and tempera-
ture also was revealed,

WADD TR 61-25, QTS Release January 1961

SUBJECT: CRITERIA FOR COMPARING THE EFFECTIVENESS COF DAMPING
TREATMENTS

INVESTIGATOCR: D, J. Mead

CONTRACT: AF 61(052)-332, University of Southampton, Hampshire England

ABSTRACT: In this report, expressions are derived for the response

of simple vibrating systems, from which criteria have been deducted to indicate
the effectiveness of a damping treatment in attenuating the response. The
criteria include factors by which the treatment increases the mass and stiffness
of the system, together with the loss factor increment. The resgponse quantities
considered include bending stresses, accelerations, inertia forces and sound
transmission associated with simple vibrating plates under harmonic and random
excitation. GCoincidence sound transmission is also briefly considered. It is
shown that whereas the mass and loss factor increase is always advantageous, a
stiffness increase in some instances is detrimental.

As an example, three different commercial treatments are
compared on the basis of some of the criteria., With low treatment welghts,
the treatment providing the highest loss factor is superior judged by each
eriterion, but at higher weights according to some criteria a treatment having
lower stiffness, density and loss factor is more effective. The existence of
optimum treatment weights for maximm effect upon the response is also shown
by some criteria.

WADD TR 61-97, OTS Release Marech 1961
SUBJECT: ON INFLUENCE FUNCTIONS IN THE THEORY OF FORCED VIBRATIONS
OF MEMBRANES
INVESTIGATOR: I, Térbe, D, I, G. Jones
CONTRACT: AF 61(052)-332, University of Southampton, United Kindom
ABSTRACT In this report a general method is outlined for the calcula-

tion of the response of membranes with arbitrary boundaries to arbitrary loadings.
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It is assumed that, by projecting the area of the given membrane on the sur-
face of sn unbounded membrane and then applying the given loading to this
projection, the application of a suitable load distribution around the boundary
of the projection will enable us to satisfy the boundary conditions appropri-
ate to the given membrane, An attempt to find the distribution in question
leads t6 a logarithmically singular integral equation of an unusual type. A
few solutions are outlined.
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JOINING
WADC TR 59-531, OTS Release May 1960

SUBJECT + DETERMINATION OF 1HE CAUSES OF WELD~METAL CRACKING IN
HIGH~STRBNGTH STEFLS AND THE DEVELOFMENT OF HEAT-THEATAFLE
LOW-ALLOY-STEEL FILLER WIRES FOR USE WITH THE INERT-GAS-
SHIELDED ARC-WELDING PROCESS

INVESTIGATOR = Herbert{ W, Mishler, Robert E, Monroe, Perry J, Rieppel
CONTRACT AF 33(616)~5878, Battelle Memorial Tnstitute
ABSTRACT : The work conducted under this contract was divided into

four phases: three dealt with the study of the causes of weld-metal eracking

in S4E 4340 steel and the fourth was concerned with the study of filler wires

for producing welds heat treatable to ultimate-tensile-strength levels greater
than 225,000 psi,

Freezing-cycle hot-tension studies were made cn various
heats of S4B 4340 steel containing various sulfur and phosphorus centents,
Results indicated that the combined sulfur and phosphorus contents of SAE L4340
steel should be kept below 0,025 percent to prevent weld-metal hot eracking,

An intergranular phase believed to be associated with hot cracking was found
during light and electiron microscopy of high-phosphorus SAE L340 steels, This
phase was tentatively identified as the iron-iron phosphide eutectiec, Two new
restrained weld-metal-cracking tests were developed that will give a guanti-
tative measure of weld-metal-cracking resistance and which alsc will be in-
expensive to conduct, Filler wires were developed which can procuce weld metals
capable of being heat treated to varicus strength levels in the range of 225, 000
to 280,000 psi ultimate tensile strength,

WALD TR 60-607, 0TS Release T'ecember 1660
SUBJECT & FUNDAMENTAL STULIES ON IHE MECHANISH CF ULTRASGNIC WELDING
INVESTIGRICR: W, J, Lewis, J, N, antonevich, R. H. Monroe, P, J, Rieppel
CONTRaCT - AF 33(616)-6268, Battelle Memoriel Institute

ABRSTRaCT = Tre fundamental mechanisms of ultrasonic welding and the

application of this process to the joining of various heat-resistant materials
were invesiigated,

Freviocus fundamental studies which had shown the effects
of time, temperature, and clamping force on ultrasonic welds were expanded to
include studies of the shear force during welding., The results of these studies
exhibited considerable scatier, but several trends appeared to be indicated,

Ultrascnic spot welds made in various combinations zlloys
generally confirmed the results of previous work vith these alloys, Cracks
were found at the edges of the spot weldes in most of the material combinations
studied, The effects of these c¢racks on weldment properties varied with the
material, The presence of & reacticn zone, apparently consisting of inter-
metallic compounds, was gpparent in ultrasonic welds made between titanium and
stainless steel, These findings indicate that ultrascnic welding is not suitable
for the production of aircraft-quality spot welds in the heat-resistant =nd
dissimilar metal combinations included in this program,
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General limitations on the uwse of this process in its
current state of development can be established from the work conducted, It
is apparent as a material's hardness incresases, and the ratio of tensile
strength to yield strength decreases, that weldability by the ultrasonic
process decreases, '
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NON-DESTRUCTIVE TESTING

WALC TR 59-412, CTS Release November 1979

SUBJECT : NONDESTRUCTIVE TESTS FOR CERAMIC, CERMET AND GRATHITE
MATERIALS

INVESTIGATOR: Julian H, Lauchner, Dwight G. Bennett, George L, Morgan

CONTRAGT ¢ AF 33(616)~5687, University of Illinois

ABSTRACT: As a direct result of the stringent requirements placed

upon ceramic, cermet and graphite materizls when contemplated for use as come
ponents in flight and space travel, the feasibility portion of this study was
divided into three areas, External and internal defects, residual stress, and
particle size measurements in polycrystalline bodies were investigated and
their subsequent effect on static atrength indiecated,

Radiographic studies of polycrystalline ceramic bodies
resulted in internal flaw detection of one or more percent of the total body
cross section, Surface flaws were more relisbly detected in nonporous bodies
by fluorescent penetrant inspection, however, neither method was found to be
applicable to relatively porous bodies, Static loading of specimens, non-
destruciively tested, indicated the extreme importance of surface structure
and texture, whereas internal flaws were in many cases negligible in strength
consideraiions,

The state of residual siress existent in a body was found
to be a first order factor in predicting performance, Controlled residual
siress developments in composite bodies formed the basis of the second phase
of the study. Thermal expansion, elastic moduli, shape factors and heat treat-
ment were employed in development and analysis of residual stress levels,
Sandwich and concentrie eylindrical type specimens were prepsred and subse-
quently subjected to transverse loads, Measured apparent specimen strengths
were analyzed in terms of residusl body stress, Change in apparent specimen
strength was found to be a direct function of the residual stress in the
surface layer; however, certain limiting factors were found, 1In the balanced
stress system, specimen strength decreased when internal stress, either com-
pressive or tensile, exceeded some critical value characteristic of the body,

Thermal treatment studies indicated that body density,
resultent from body forming technigues or firing schedules, was a measure of
body maturity and general freedom from macroscopic defects, Within limited
density ranges, increased density values were observed to result in increased
flexursl strengths,

fielative particle size analysis by x-ray back reflection

techniques correlated with flexural strength of alumira bodies for the average
particle ranges between one and ten microns,
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CCATIINGS

CERAMICS

WADD TR 60-157, OTS Release May 1960

SUBJECT + ULTRASONICS AND CERAMIC COATINGS

INVESTIGATOR R. R. Whymerk, W, E, Lawrie

CONTRACT : AF 33(616)-6396, Armour Research Foundaticn

ABSTRACT : This report describes investipgations into the use of ultra-

sonic teechniques to determine strength of ceramic.-metal honds and to loeste
defects in the bonds, The techniques evaluated have invclved the use of both
high frequencies (1-10 me/s), low frequencies (L4 kc/s) and the simultaneous

use of high and low freguencies, Experiments at low signal freguencies indicate
the average bond strength of flame-sprayed zirconium oxide to be about 1500 psi,
Promising results have been obtained vusing high frequency transmitted energy and
a Schlieren detection system, Apparatus is designed to generate surface acoustic
waves, The application of surface waves ito defect detection is considered, An
experimental method has been devéloped to utilize intermodulation between high
and low freguency sound waves to indicate bond continuity, Intermodulation
techniques obviate the need for repeatable coupling of transducers which is re-
guired in direct high frequency transmission methods, Consideration 1s given

to ultrasonic image converter systems,

WsDD TR 60~317 July 1960

SUBJECT & RESEARCH ON CERAMIC COATINGS v ITH CONTRCLLEL REFLECTIVE
AND BEWISSIVE PROFERTIES

INVESTIGATOR: D. G. Burgess, J. R, Jasperse, L, Marcus, W, 5. Martin,
E, P. Fling

CONTRACT ¢ AF 33(616)-6371, Arthur D. Little, Ine,

ABSTRACT & Two types of ceramic coatings were formulated for appli-

cation to Inconel in order to give: (&) the highest possible emissivity from
rocm temperature to about 1200°C, and (b) the highest possible reflectivity

to solar energy (0,4 to 2,0 microns) while having high emissivity in the infra-
red from 25° to 70C°C or higher, Poth types of coatings were formulated from
a modified barium silicate frit, This frit was opaeified with various black
spinels to give the (a) type of enamels having total normal emittunces of close
to 0.8 at thicknesses of 5 mils or greater, with only minor changes over the
specified temperature range, The (b) type enumels were made up with equal
parts of stannic end ceric oxides as opacifiers, At thicknesses greater than
5 mils, these have hemisphericazl reflectances varying between 0,62 and 0,47

at wave lengths of 2,6 microns and 0.6 micron, respectively; together with
totel normal emittances of 0,75 at 40C°C and 0,60 at B00°C,

WALD TR 60~427, OTS Release October 1960

SUBJECT & INVESTIGATION OF TFE FaTIGUE PROFERTIES OF MOLYEUENUM
UNDER VARIQUS CONDITICNS OF TEMFERATURE, COATINGS, AND
STRESS CUNCENTRATION

INVESTIGATOR ¢ Alexander a. Mittenhergs, Tean N, Williams, Rotert I, Jaffee,
Horace J, Grover

WALG TR 53-373, Sup 8 60



WADD TR 60-427, OTS Release (Continued)

CONTRACT : AF 33(616)-5915, Battelle Memorial Institute

ABSTRACT ; Fatigue behavior of unalloyed arc-cast molybdenum was
investigated in tension-tension fatigue loading on uncoated and coated, un-
notched and notched sheet specimens at 1800°F, room temperature, and -} 0°F,
Three oxidation-resistant coatings were evaluated under fatigue loading,
Static tensile tests were also conducted on specimens of the four surface
conditions at the three temperatures. The fatigue strength of unprotected
molybdenum at 1800°F was in the same range as the fatigue strength of some
other high-temperature materials at this temperature, At room and low
temperatures, the fatigue strength of unprotected specimens was relatively
high., The notch sensitivity of unprotected molybdenum was low at 1800°F,

but rather high at room and at low temperatures, All coatings lowered the
fatigue strength of molybdenum at all three temperatures, The loss of fatigue
strength was higher in the notched specimens, The coatings investigated did
not prove to be completely reliable for high-temperature applications under
continuous fatigue loading, For short-life high-temperature fatigue loading,
hovever, utilization of coated molybdenum appeared to be possible with proper
precautions, Further research is suggested on protective coatings and on
melybdenum~-base alloys,

ORGANIC

WADC TR 55~58, FPart VI October 1960

SUBJECT : NUCLEAR RADIATION RESISTANT FOLYMERS AND POLYMERIC
COMEOUNDS

INVESTIGATOR ¢ John W, Born

CONTRACT ; AF 33(616)-6442, B, F, Goodrich Company

ABSTRACT ; This research includes the following: fundamental studies

of radiation energy transfer &nd of the mechanisms of radiation damage in kigh
polymers; thg;selection, design, and synthesis of special new monomers to Pro-
duce new high polymers with outstanding inherent radiation resistance and heat
stability; polymerization of said monomers, identification of the resulting
pclymers, and evaluation of their radiation and heat stabilities; applied
studies of the effect of gamma irradiation in air at room temperature on the
compression set properties of various rubber compounds, with and without po-
tential antirads present; and static and semi-dynamic radiation testing of »Q®
rings with attempts to protect the military-approved rubber compounds against
radiation damage with antirads,

The work which is reported includes fundamental, basic,
and applied research, The results are stated briefly in the summery which
follows,

WADD TR 59-14 May 1960

SUBJECT : INVESTIGATION OF THE THERMAL STARILITY OF VARIOUS SLIGHTLY
SCLUBLE SALTS AND THEIR PROPERTIES

WALC TR 53-373, Sup 8 61



WADD TR 59-1} (Continued)

INVESTIGATOR: Edward R, Allen, Julius Ciric
CONTRACT : AF 33(616)-6160, Rutgers University
ABSTRACT': To meet tbe ever increasing demand of high temperatures,

corresponding inhibitive materials are needed, Of the array of materialg
suggesting themselves the chrome bearing zinc composition, zine yellow, its
cadmium counterpart, two basic chromates of zine, the alkeline earth chrometes,
and the alkaline earth chromito-chromates were studied, The temperature range
was restricted to the 1000°C zone,

Zinc yellow showed some deterioration in the 200-250°C
range and a substantially complete breakdown between 300-4C0°C, This was shown
by marked color change, appreciable losses in weight and in chromium (VI). The
basic chromates of zinc were slightly superior to zinc yellow, The cadmium
counterpart of zine yellow wzs stable to 550°C-600°C,

The alkaline earth chromates appeared to be more promising,
Caleium chromate showed a gradually inereasing change from just above 600°C
&nd reached an essentially complete breakdown, accompanies by fusion at 950°C.
Strontium chromate showed little change when heated for 12 hours at 1000°C,

Both caleium znd strontiuvm chromate are sensitive to im-
purities, being most sensitive to their respeciive oxides, Upon calcination
of these chromates with their corresponding oxides even more promising products
are obtained, the chromito-chromates, The calcium derivatives show an increase
in thermal stability with an increase in percentage of the oxide, The optimum
composition, however, remains to be determined, Poth the calcium and the
strontium derivatives are stable for 12 hours at 1000°C, The former show a
decrease in solubility over the unmodified caleium chromate, while the one com-
position of strontium derivative showed an increase in solubility as compared
with the unmodified strontiuvm chromsate,

Extensive solubility studies were made on many of the
materials under investigation, The indications are that this property may be
&n index of thermal stability,

The conclusion at this time is that the alkaline earth
chromates and chromito-chrom=ztes deserve further study,

WalD TR 60-126 August 1960

SURJECT ¢ TEY VACUUM-TEERM .l STAaFILITY OF GRGANIC COLTING MATLATALS
FART I. The Folyurethanes

INVESTIGATCR . Jemes J, Mattice

ABSTRACT : This report is divided into two sections, Section 1 is a

survey of the Lasic knowleGge of polyurethane chemistry znd of the research
which has been conducted in studying the synthesis and degradation reacticns

of these materials, The applicstion of this information in studying the adverse
effects of the high vacuum of space snd high temperature is exphasized,
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WALD TR 60-126 (Continued)

Section 2 presents the results of the vacuum-thermal
exposures of commercislly available, unmodified polyurethsane resins, The
relztionship between structure, cure, film thickness and weight losses of the
polymers is discussed, The urethane bond appesrs to be the major labile
species, leading to a characteristic degradation, regardless of structure
which is complete at 500%F, The physieal appearance and properties of de-
grading films is good and pigmentation of a film with titanium dioxide has
different effects at differing temperatuvre levels,

wADD TR 60-386 October 1960

SURJECT 2 SEFECTRALLY SELECTIVE COATINGS FOR TEMFERATURE CONTRCL OF
3PACKE TROBES

THVESTIGATCE Rotert M, Van Vliet, James J, Mattice, Robert i, Cross

ARSTRACT ¢ Two special purpose organic coatings were developed for

evdluation on a short duration space prote, The coatings requirea very
accurate tailoring of the reflective and emissive properties far temperature
control of the space vehicle, The coatings were designed for sclar absorp-
tivities (g ) of 0.53 and 0.94 with emittances of 0.95 and 0.8, re-
spectively,

In order to make the first cowting above, absorbing and
reflecting pigments were used in combination, It was found that 3\5- varied
with log of the absorbing pigment concentration vhen using a constant con-
centration of reflectiing pigment, This derived relationship permitted exact
control of the solar absorpticon. The emittance was controlled Ly selecting
pigrents that were absorbing in the infrared (even though they reflect short
wavelength light),

The latter coating was reguired to be black in the visitle
&né near infrared but gray in the far infrared, This was accomplished by using
pigments that were highly absorbing at short wavelengths and partially trans-
parent at long wavelengths, Aluvminum flake was then adced to this coating to
give improved infrared reflectance (to frm a gray) tut without changing the
short wavelength absorption.

Useful relsationships were developed in carrying out these
studies, Of greatest interest is the fact that the blending of black and white
pigments appears to follow an exact mathematical relationship over a wide range
of reflectivities, 4&lso, the selective reduction of emittance of organic
coatings with leafing aluminum pigment hss been established even for highly
pipmrented enamels,

wilL TR 60-703, Fart I November 1960

SURJECT ¢ THE ULTRAVIGLET DEGR:D-TICN OF ORGANIC COATINGS TATT I,
Legradation in »ir . -

I MNVESTIGATUR A, L, Alexander, F. ki, Noonan, J. E, Cowling, R, E, Xagarise

CONTRACT ¢ MIZR 33(A16)-89-21, U. 5. Naval Fesearch Laboratory
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WADD TR 60-703, Part I (Continued)

ABSTRACT: A research program to develop suitable coatings for space
vehicles, and for studying the effects of ultraviolet radiation on typical
polymeriec coatings in air is described,

The initial study under this program reguired irradiating
a number of typical polymeric coaztings with a near-ultraviolet source &t
ambient conditions for about 300 hours, It was observed that the relative
stability of the polymeric materials which were irradiated roughly parallels
their relative order of stability to gamma radiation, Infrared data indicate
the relative stability, in decreasing order, to be as follows: polystyrene,
melamine formaldehyde, urea formaldehyde, styrenated alkyd, soya oil alkyd,
silicones, and polyvinyl chlorice,

These initial experiments, guslitative snd learpgely ex-
ploratory in nature, indicate that infrared spectroscopy affords a satisfactory
means of yualitatively following the chemical changes induced by the ultra-
violet,

WAL TR 60-703, Fart II Hovember 1960

SUBJECT: THE ULTRaVICLET EEGRaDATION OF ORGANIC COLTINGS rafll II,
Degradstion in Vacuum

INVESTIGATCR:- A, L, Alexander, F, 5. Noonan, J, E. Cowling, Suzanne Stokes

CONTRACT : U. 3., Naval Research Laboratory

ABSTRACT': This report is & continuation of th&t described in Fert I

of this series which was largely concerned with the effects of ultraviolet
rediation on polymers in the presence of a normal atmosphere, This work now
has been extended to inelude studies of the effecis of very short wavelength
rediation {(i.e., between 1150 and 200C Angstroms) on polymeric films in a high
vacuum, A comparison of the effects of ultraviclet radiation on several poly-
meric films in air with those obtained in absence of zir (high vacuum) point
to the possibility that some orgeanic cosatings may be much betier able to with-
stand a space enviromment than normel weathering at the earth's surface, It
appears that the dominant effect of ultraviolet radiastion in space way be to
cause crosslinking, while in the normal atmosphere &t the earth's surface
numerous volatile scission producte are formed, usually as & result of resctions
with oxygen and molsture of the ztmosphere,

Experimentation of the type descrited in this and the
previous report are continuing,

WADD TR 60-~70L February 1961

SUBJECT: STUCIES ON 1HEE FROTECTIVE ULTRAVIOLBT AESCREESS TN A EIGH
VaCUUY ENFIRCMNMENT. IT

INVESTIGATUR: Richard G, Schmitt, Robert C, Hirt

CONTRACT : AF 33(616)~5945, smerican Cyanamid Co,
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ABSTRLCT Coempounds ~hich &re effective in protecting materials from
terrestrial ultraviclet radiation may, in a space enviremment, suffer loss both
by evaporation and by photochemical degradation from the shorter wavelength
ultraviolet radiation., Yhe loss of absorber by evaporation from plastics was
found to be negligible for thermosetting resins suech as melamine~formaldehyde
and polyesters, Evaporstion from thermoplastic resins such ss cellulose acetate
and methyl methacrylate was appreciatle for the more volatile sbsorbers, The
rhotochemicel stability of the ultraviolet abgorbers hes been studied in air aznd
in vacuum in the 2000-4000 ingstrom region using an AH-6 high pressure mercury
are to simulate sunlizht above the earth's atmosphere. It was determined that
the ultraviolet absorbers are congiderably less stable in a space enviromment
sind that the loss in stebility is due primerily tc a higher quantum yield for
the short wavelength ultraviolet radiation, A rapid decrease in the rate of
decomposition wus observed for the sbsorbers dispersed in polymeric substrates;
this was attrituted to a decrease in the rate of energy &bsorption due to the
formztion of decomposition produets of roth absorber and polymer, The stability
cf ihe organic absorbers can be improved by the use of certain stable ferrocene
derivatives, The effectiveness of the ultraviolet ebsorbers in protecting polyes-
ler resins from photochemical degradution under terrestrial and extraterrestrial
conditions was studied, The zbsorbers were found to be much less effective in

& space envircnment due to the strong ultraviolet absorption of the polyester at
tke shorter wavelength wrtich competes for the incident radiztion, This latter
effect, the lower effecltiveness of the abgsorbers, is a more important factor
than the decresse in photochemical stability for strongsly absorting polymers,

4t the present time, the use of more transparent polymers containing one or more
absorbers is recommended for long exposures to & space envircnment,
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CORROSICN

WALL: TR 60-38L, 0TS Release July 1960

SUPJECT : NITROGEN TETRCAITE COHRCSION S9ULTES

TVESTIGATUR: G, W. slley, s, ¥, Hayford, H, F. Scott, Jr.

CUNTRaCT: AF 33(615)-6568, Nitrogen T'ivision, Allied Chemicel Corp,
AFPSTHaCT: The purpose of this investigation was to determine gquanti-

tatively the corrosive effects of nitrogen tetroxide on mild steel, aluminum,
stainless steels and titanium. This wes done under static conditions at six
water concentrations up to 3.2 wt Z and four temperztures up 1o 74h°C, The
corrosion rates under dynamic flow conditions were zlso investigated,

The corrosion of carbon steel (ioTH A-285 Grade C) znd
aluminum {5086) was less than 0,5 mil per year in nitrogen tetroxide containing
up to 0.2 wt % water at 74°C, increasing to 5C mils per year &t 3,2 wi 3 water
snd 7L°C. Negligirle corrosion was observed under severe conditions with stain-
less steel (304-L) and titenium (754 end 6al-4V) whereas high strength steel

TH 15-7 Mo} showed losses of 0,5 to 1,0 mils per year, Io stress corrosion
eracking was observed in tests of carton steel, high strength steel or zluminum
in nitrosen tetroxice containing 0.1 and 1,5 wt 7 water at 19°C., Significant
corrosion of steinless steel (30h4-L) oceurred in the presence of Teflon,

Cynamic tests showed no significant corrosion of 304-L and
rH 15-7 lio stainless steels and average rates of C,05 mils per year for aluminum
and 0,33 mils per yesr for carbon steel after 205 hours exposure to commercial
nitroren tetroxide flowing at velocity of 10 fi per second at 30°C,

WAl TR 60-435 Lugust 1950

SUEBEJHCT « THE CCKEATIFTLITY OF VaiICUS FET-LS 2L CARRON "ITH LISUIL
FLUOLKLIHE

IRVASTIGATUR: Charles J, Sterner, alun H, Singleton

CUHIRALT s AF 33(616)-5515, sir Froduvets, Incorporated

ABSTRACT : Experimental studies were mude to determine the compatitility

and resistance to corrosion of various meiazls and carton with liguid fluvorine at
-320°F, The metals tested were various slloys of aluminum, stainless steel 1n-
clucing high-strength steels, titenium, copper, Monel metal, nickel, and nag-
nesium. Tests vhich were performed included: continuous immersion of stressed
znd unstressed samsles in liquié fluorine for periods up to two weeks; irpsct
ipnition of titanivm end sluminum in liguid flucrine ané of titanium in liquid
oxyren at impact energy levels ransing from 2.6 to 45 ft-1b; intensive znd ex-
tensive impact on tubes containing liguid fluorine; passivetion wnd storage for
periods up to bl darys followed by irmersicn in liguid fluorine; thermal shock

of samples, roth by liguid flueorine znd in contact with liguid fluorine; flexing
of metal samples immersed in liquid fluorine; testing of metsl semples wkile
immersed in liquid fluorine; the explosibility of contsminant in liquid fluorine,

It was found that the corrosion of the metuls tested in pure

liguid fluorine was nerligible, pener:clly smounting to less than 1 mil pene-
tration per year, Eowever, ccantaminstion of liquid fluorine can resvlt in severe
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W:LD TR 60-436 (Continued)

corrosion. Graphitic carbon was found to be incompatible although dense amor-
phous carton was affected only slightly. Titanium was found to ignite vpon
impact in ligquid fluorine although the ignition did not propagate, No evidence
was found to support the theory that a fluoride film is required to protect
metals from attack by ligquid fluorine.

Fassivetion by gaseous fluorine is recomrendedé zs an ex-
tension of the cleaning procedure despite the lack of real evidence that passi-
vation is required for materizls which have been thoroughly cleaned,
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FOLYMER sl SYNTHESIS STUDIES

WiLC TR 57-126, Fart IV sugust 1940

SUBJECT & PHOSFHINCRORINE FOLYMERS

INVESTIG..TUR ¢ Ross 1., “agner

CONTRACT « AF 33(616)-5435, American Fotash & Chemical Corp,

ABSTRACT : 4 series of preparations of linear dimethyl-, methylethyl-

and diethylphosghinoborine polymers have been made tc optimize experimental
conditions, N-Methylpiperazine when used as an end-group for linear dimethyl-
phosphincborine polymers provided a fair yield of product which, except for a
large melting range, resembled polymers terminated with other end-groups. Tri-
ethylenediamine markedly recuced the rate of dimethylpheosphine borine pyrolysis
end failed to yield & linear polymeric product, Qualitative solubility data
have been obtzained for the -linear methylethyl- znd diethyl- derivatives,
Attempts to prepare linear phosphincrorine polymers either by pyrolysis of
trimethylphosphine trichlorchorine or dimethylphosphinoborine trimer »ith tri-
ethylamine or by alkylation of methylphosphinodimethylborine polymer were un-
successful, Linear methyiethylphosphinoborine polymer was only partially
chlorinated on treatment with methyl chloride~-zluminum chloride in contrast

to the dimethyl-derivative, & further attempt to cpen the dimethylphosphino-
borine trimer ring by hesating with triethylenediamine resvlted instead in a
polymer formed by opening the ring structure of the diamine,

Cimethylphosphincborine trimer was prepared in good yield
from dimethyliphosphonium chloride and lithium borohydride and in low yield by
dehydrohalogenation of dimethylphospghine chlorotborine, Tehydrohelogensticn
of dimethylphosphine diethylchloroborine wnd dimethylphogphine trichleroborine
failed to give cyclic trimeric products tut the latter appeared to yielc low
moleculer weight linear phosphinoberine polymers, The stoichiometry of the
fluorination of dimethylphosphinoborine trimer has been established experi-
mentally tut no succegss has been achieved in attempts to cy=znogenate the
trimer, &an X-ray diffraction study of the dimethylphosphincborine--methyl-
phosphincborine pentamer indicated the crystals to be of complex structure,
Timethylphosphinodichlorotorine trimer appears to be less thermally stuble
than the parent compound.

The svnthesis of phosphine intermediates by known methods
hes produced one new secondary phosphine and one new organophosphine derivetive,
Muclesr maghetic resonance specira of the phosphine, CQHBP, prove it to he
cycloethylenephosphine rather then the isomeric vinylphosphine,

N-Dimethyl-F-trimethylborazene has been synthesized hoth
by dehydrohalogenation of a mixture of the methyldibromoborine adéducts of
methylamine &nd ammonisa and by pyrolysis of & mixture of the trimethylrorine
adducts of methylamine and ammonia, The isomeric N-trimethyl-E-dimethylbrorazene
was prepared by reaction of N-trimethylborazene with a deficiency of methylmag-
negium bromide, The attempt to prepare cecamethylbiborazyl by pyrolytie dehy-
drogenation of the two isomerie pentamethylborazenss resvited in formation of
by-product methane snd & polymeric borazene derivitive, The pseudozromstic
8-tora-7,9-diazaro-peri-naphthene has been prepared znd studied briefly,
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WADC TR 57-126, Part IV (Continued)

Dimethyl- and diphenylthiosiloxzne polymers have been pre-
bared by reaction of the corresponding dichleorosilanes with hydrogen sulfide,
In the presence of trimethylchlorosilsane the breparation of diphenylthiosiloxane
polymers resulted in a high yield of a single crystalline solid, presumably the
trimer or dimer,

WsLC TR 58-51, Fart ITI April 1960

SUBJHCT : HIGH FOLYMERIC MATHITALS

INVESTIGATCR: “. S, Marvel, L, F, audrieth, T, koeller, J, C, Bailar, Jr,
CONTRACT : AF 33(616)~5486, University of Illinois

ABSTRACT : C, 5, MaRVEL SECTION

Tbe work described herein is in part a continuation of that
reported in WilC TR 58-51 Pt II,

Further work on p-polyphenyl has heen initiated, The
chloranil dehydrogenaticn of poly~1,3-gyclohexadiene has been found to involve
& complex interaction of the two materizls rather than simple dehydrogenation,

The cyclic intramolecular-intermolecular polymerization of
diphenyl derivatives of 1,5-hexadiene, 1,6-heptadiene snd 1,7-octadiene has
been investigated, While new polymers with recurring cyclic units have been
cbtained, their heat stabilities do not apprear to be ocutstanding,

4 new type polymer which contains reeurring benzene and
thiazole rings has been prepared znd preliminary studles show these to be re-
markably statle at 300°C, Some polymers with good inherent viscosities have
been prepared tut they have not yet been obtained in other than powder form,

Other work on ethylene-anthracene copolymers, attempts to
rake pclyperhydronaphthalene and attempts to meke & ladder type polymer with

alternsting benzene ¢nd pyridine rings is recorded,

L. F, AUDRIETH - T. IFOELLER SaCTION

The substitution of two chlorine atoms in trimeric phos-
phonitrilic chloride has been effected by trestment in zcetone with ammonium
thiocyanate in appropriste stoichiometry., The resvlting compound polymerizes
tc & rubber-like product &t 170° ¢, 4 similer reacticn in acetonitrile in-
volving tetrachlorc-diphenyl-triphosphonitrile yislds diehloro-dinhenyl
Gdliscthkiocyanato-tripheosphonitrile, Tetramerie phosphenitrilic chloride in
acetone yields an oil with the znalytical composition PaNhClg(NCS)g, which
can be charscterized through its ethanol and aniline addition products, but
the pure compound has not been isocleted,

A general method for preparing di-sminolysis products of
tetrameric phophonitrilic chloride, F4N£Cl6(NER)2 or Ith016(ﬂﬁ2)2v by
tresting the chloride in ether with either the free amine or +ith an aqueous
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WALC TR 58-51, Part JII (Continued)

solution of the amine hydrochloride end sufficient potassium hydroxide %o mein-
tzin neutrality has been developed, The two-phase reaction is best applied to
strongly basic alipketic amines, Direct reaction vnder anhydrovs conditions is
more useful for the more weckly basic aromatic amines, Several isomers have
been prepzsred.

Complete aminolysis of trimeric phosphonitrilic chloride
has been effected with a series of lower gliphatic moncamines and with ethylene-
¢iamine, Higher dlamlnes appear to yield polymeriec products.

Some indicguiion of exchange of halogen betveen trimeric
phosphonitrilic chloride and potassium btroride has been ohtained,

J. C. RiILaR, JR. SECTION

Efforts to form linear polymers by linking organic groups
together by coordinsticn with metal have continned, 4 few of the substences
which have been formed show good heat stability, In no case hes a polymer of
high molecular weight been obtained. Efforts are under way to modify resction
conditions so &s to favor the formation of longer apd more stzkle chains,

Pecause multizle chelation often increases stability, Dr,
Goodwin has been preparing polymers of the type

AX

y

where M represents zn ator of metal with cooréinction number of 6, «nd X
depends vpon the oxidstion state of M,

Dr. iclLesn his preparec compouvnés of bis-salicylic acids
sré bis-dighenols, in which the ccordinsting ion is either thet of & metal or
ig silicon, Iolymeric substances have been obtained (some of them of pood
stebility) bri their composition is incefinite. Lr. McLeen left us in August,
=nd Nr. Fujikava is continuing the work, using zliphatic dihydric alcohols,
such 28 pinacols &nd pentserythritol.
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WADC TR 58-51, Fart ITI (Continued)

Mrs. Moraghan and Mrs. Chen have reviewed somwe of our esrlier
work in the hoge of meking improvements., It wes shown earlier that compounds of

tke type

~CO00H CHZ_ ?10

=COOCH CH NH— 0

~N

Ni
PN
0 NI-IGH20H20H

0= —*—CHz

cen be mede to "self-condense" to form short-chain polymers, Irs. lloraghan is
trying to fiad cenditions that will allow increase in chain length,

krs, Chen spent scme time on a stuvdy of inereusing the chain
lensthk of the polymers formed by the resction tetveen

- 10 - -

S Y NH, (CH, ), CHCOO

N, —CHO M, M

She vas able to zet substances which evidently contain between twenty =nd thirty
stoms of metel, Tiowever, they lack utlethy.
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WADC TR 58-187, Part III (Continued)

From the lithlietion and subsequent carhonation of dimethyl-
ferrocene, the enantiomorphic¢ forms of 1,1'-dimethyliferrocene-3-carboxylic acild
vere isolated, and 1,1'-dimethylferrocens-2-carboxylic acid and a mixture of
di-acids were obtainred, By reduction of the required esters with lithium alumi-
num hydride, mono- and bis-hydroxymethylferrocenes were prepared, Oxidation of
desoxyferrocoin, methyl-, and ethyl-ferrocens with manganese dioxide gave ferro-
cil, formyl-, and acetyl-ferrocens, respectively. The reduction of nitroferro-
cens, prepared from pn-propyl nitrate and lithioferrocene, was investigated., Un~-
successful were attempts to prepare nitrosoferrocene, 1,1!'-diamino-ferrocene, and
to unite hydroxymethylferrocene with methyl linolenate or ethyl linoleate.

WADGC TR 58~382, Part II Mey 1960

SUBJECT: SYNTHESIS AND EVALUATION OF NEW POLYMERS PREFARED BY
STEREQSPECIFIC CATALYSIS

INVESTIGATOR: Charles G, Overberger

CONTRACT: AF 33(616)-5253, Polytechnic Institute of Brooklyn

ABSTRACT: 3=Trifivoromethyl-l-butene and 4,4,4,-trifluoro-l-butene

hsve been prepared. Trifluoromethylacrylonitrile was synthesized and poly-
merzed with several bases,

Methylenecyclobutane of high purity was obtained from
1,1-bd s~ (hydroxymethyl )=cyclobutane. Vinyleyclopropane of high purity was
obtained from l-cyclopropylethyl-S-methylxanthate while the pyrolysis of
l-cyclo-propylethyl acetate ylelded cis 1,3-pentadiene as the major product.
Cyclo-butylethyl acetate was prepared and pyrolysis of cyclobutylethyl acetate
yielded a mixture of olefins, Cyclobutanecarboxaldehyde was synthesized and
found to trimerize to a cyclic ether which hzs been characterized. A lactone
reduction product of j-scetyl.3,3-dimethylcyclobutylacetic acid has been
characterized and reduced to a diol which has also been charsacterized. A two
step reduction of L-acetyl-3,3-dimethyleyclobutylacetic acid yielded a cyclo-
butylethanol, which has been characterized, and an unidentified ether. 3-Cyclo-
hexenylmethyl acetate was prepared, and the pyrolysis of this ester ylelded a
mixture of methylenecyclohexene, toluene, methylenscyclohexane and several
edditions]l unidentified olefins, Methylenecyclohexene of high purlity was ob-
tained from 3-cyclohexenylmethyl-S-methylxanthate., Pure gis or trans 2-methyl-
vinyleyclohexane haes been synthesized, characterized and polymerized to an
insoluble polymer with a triisobutylaluminum-titanium tetrachloride catalyst,

An isotope effect was not observed in the polymerization
of alphadeuterovinyleyclohexane in a comparison with the polymerlzation of
vinyleyelohexane with a triethylaluminum-titanium tetrachloride catalyst.

The DP of polymethacrylonitrile from potassium in ammonia
catalysizs was spproximetely independent of both monomer and catalyst concen-
trations. Potassium amide catalysis produced an acetone insoluble polymer,
and potassium hydroxide polymerized methacrylonitrile in ammonia., Water exerted
an observable effect on potassiwm or potassium amide catalysis in the polymeri-
zation of methacrylonitrile in ammonia.
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WADC TR 58-382, Part III May 1960

SUBJECT's SYNTHESIS AND EVALUATION OF NEW POLYMERS PREPARED BY
STEREQOSPECIFIC CATALYSIS

INVESTIGATOR: Charles G, Overberger

CONTRACT: AF 33(616)-5253, Polytechnic Institute of Brooklyn

ABSTRACT: Cyclopentane was identified as the major product from the

pyrolysis of l-cyclopropylethyl acetate, Polyvinyleyclopropane was prepared,
and the polymer modified by ring opening with hydrogen bromide, bromine, p-
toluenesulfonic acid, and acetic-sulfuric acid mixture. 2-Trifluoromethyl-
propyl bromide was prepared and used to alkylate ethyl malonate. 3-Trifluoro-
methylbutene-1 was prepared by pyrolysis of the primary acetate. Ethyl 3,3-
methyleyanobutyrate was prepared but could not be reduced to the corresponding
cyano-gleohol., 1,1,l=Trichloro-3-bromopropane was converted to 1,1,1-trifluoro-
3-bromopropane, Basic hydrolysis of 4,.i-methylcyanopentene-l ylelded 2,2-di-
methylpent-4-enecic acid. 2-Trifluoropropane was prepared, but attempts at
alkylation were not successful. 6,6,6-Trifluorohexene~1 was prepared but could
not, be obtained in a pure state. Homogeneous polymerization of trifluorometh-
acrylonitrile was effected. A methoxymercuriacetate derivative of 2-trifluocro-
methyl propene was prepared., A mixture of methylenecyclobutane, spiropentane,
and 2-methylbutene-1 was the product of the reduction of pentserythrityl tetra-
bromide with zine in various solvents, Methylenecyclobutane was purified by
distillation, and also by regeneration from a silver nitrate solution. Methoxy-
mercuration of methylenecyclobutane gave a solid derivative from which the monomer
could be regenerated, The yleld of polymethylenecyclobutane from polymerization
with titanium tetrachloride-aluminum triisocbutyl wes found to inerease with in-
creasing temperature. Acid catalyzed rearrangement to 1,l-bis-(hydroxymethyl)
cyclopropane gave cyclobutanecarboxaldehyde. The corresponding cyclobutane gave
cyclopentanecartoxaldehyde, It was found thut the solvent strongly influences
the reactivities of isobutylene, p-chlorostyrene when copolymerized with alumi-
mum bromide or stannic chloride, The molecular weights of polystyrens polymer-
ized In solvents of varying dielectiric congtents with alumimm bromide or boron
trifluoride etherate as catalyst were determined., The xanthates of l-cyclobutyl-
ethanol and 3-cyclohexenylmethanol were prepared. Methyl vinyl sulfone was pre-
pared and a high vacuum manifold was constructed for its polymerization,

WADGC TR 59-61, Part II August 1960

SUBJECT: RESEARCH ON POLYMERIC BONDING SYSTEMS AND THEIR DIELECTRIC
BEHAVIOR

INVESTIGATOR R. P. Anderson, M, M, Sprung

CONTRACT: AF 33(616)-5535, General Electric Research laboratory

AESTRACT: Further work on the formation of borosiloxane polymers,

particularly by the reaction between an acetoxysilane and an alkoxyborane or

by the reaction between an alkoxysilane and an acetoxyborane, is described in
this report. A variety of low polymers, bearing different substituents on
silicon and on boron, were prepared, Several nonlinear, hydrocarbon-insoluble
fractions were isolated, and it was shown that disproportionation sometimes,

but not necessarily always, occurs., Some dephenylation of a phenylborane moiety
almost always occurs when high temperatures are employed.
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WAI'C TR 59-61, Fart II (Continued)

ITn the reaction of an aminozlkylalkoxysilane with boron
acetate, the amino substituent enters the reaction by elimination of acetic
acié, 4 primery amipe will uncergo zroup interchange with zn acetoxy silane,

Lichloro-gr(dimethylaminophenybmethylsilane and dichloro-p-
(dimethyl—aminophenyl)phenylsilane were prepared wng converted to the corre-
sponcing diacetoxysilznes., Lichloro—gg(diﬁethylaminophenyl) rhenylsilane was
hydrolyzed nearly quantitatively to the corresgonding dio}, =nd the diol was
rescted with benzeneboronic acid to produce a nitrogen-substituted borosiloxane,

The equilibrium of cyelic siloxines and boroxanes were
studied briefly. Fere depkenylation is negligilble &t reasonable temperatures,
but exidation is still possible., Thermal equilibration, with the boron com-
sonent acting as an zuto-catalyst, 1s a slow process tut pives better results

Fan base catalyzed eguilibration.

Seversl amine complexes of tributyl boreate were prepared,
Crystalline complexes of triphenylboroxole and amines were not obtained, hut
interesting, stable “adducts® were obtainec with severasl polyettylene amines,
4 similar adéuct was obtained from poly(triphenylborosiloxane) «nd tetrae-
tiylene pentarine.

severel sminoalkyl borates were prepared end iheir proper-
ties cozpared to simgle alkyl borates, These data were then extended to linear
polymers formed from &lkyl boretes with dicls or aminodiols; and to crosslinked
colymers formed from alkyl torates with diols, oxadicls, or aminodiols, It
wis observed that whenever five-membered rings can be formed through E-I dative
roncing, tihis reaction route wes ravored zlimost exclusively over polymer for-
mation,

Tart II Larch 1960

TEAD AL DEGRILGICH OF 10LYEns oT TEIERATCGREES UP TO 1200°C
samuel L. Madorsky & 3idney Straus

«F 35(516)-56-8, Naticnal tureau of Stantarcs

sF LT Semples of three thermoset plasties, Vibrin, epoxy, and
vhenolic, wné of three high-temperaivre polymers, poly(vinylidene fluoride),
rolytrivinyltenzene, wnd polyacrylonitrile, were pyrolyzea in & vacuum at 1200°C,
re resltive swmounts of gesecus, liguid, wax-like, and solic procucts were
Jetermined, Tie more volatile products were analyzed in a mass spectrometer,
wnile the less vclatile ones were tested for treir overall average moleculsr
wei-kEt by miercerycscopy. Chemienl znalysis was made of the original materials,
cné zlso of the residues from pyrolysis at 50C, 90C, and 1200°C in the case of
shenolie resin, goly {wvinylicene fluoride), polytrivinylbenzene, and polya-
ervionitrile, iyrelysis of a high moleculur weipht linear polymethylene wes
veted st 5CC, 800, and 12C0°C in & vacuum :nd in helium, anc the veletile
crocucts were znazlyzed by mass spectrometry and cryoscopy, « number of copoly-
mers of styrene with ¢i- or irivinylrenzene in various proporticns vere pyro-

¢l in & wvacuure, in the tewperaiure range 146 to L56°C,
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WADC TR 59-64, Fart II (Continued)

Measurements were made of rates of thermal degradation, in
a vacuum at various temperatures, of sll the polymers mentioned above, except
polymethylene. The corresponding activation energies caleculated from the rates
were 35, 51, and 18 keal/mole, for Vibrin, epoxy, &nd phenolic resins, respec-
tively, cnd 48, 31, =nd 73 keal/mole for poly(vinylidene fluoride), polyacry-
lonitrile, &nd polytrivinylbenzene, respectively,

WilC TR §9-95, Fart II June 1960
SUBJECT « SYNTHESIS OF 1000°F STAFLE PASE FLUILS
INVESTIGATOR:, James W, Lale, Iral B, Johns, Klizabeth A, MeElhill,
John O, Smith
CONTR4CT : aF 33(616)-5553, ¥onsanto Chemieal Co,
ABSTRACT : The results of tests for themmal stability directed at obtain-

ing thermally-stable fluids whieh are licuid at Toom terperature and usable to
100C°F zre presented, In this extension of the project an additionsl 5¢ compounds
were tested in the vapor phase, or the liguid or condensed phase using four dif-
ferent types of apparatus. Many of the conpounds were synthesized,

A number of fluoroarganic ccmpounds were prepared for thermal
statiiity evaluution, Several perfluoroecyelic compounds were prepared by fluori-
nation of the corresponding aromaties, =nd in the case of (CNF)B,'by fluorination

of (CRCI)B with SbFéClz. Other fluoroSrganics, phenyl- or pyridyl-substituted
perfluoroalkanes, were synthesized from SFu znd the corresgonding ketones or
carboxylic scids, Evidence was obtained of a new reaction of 5F) with aryl
oxalates and other oxaliec acid derivatives,

Compounds found stable over 1000°F inecluded divenzothiophene
tested in the condensed phase, and tetrakis (perfluoromethyl) pyrazine and per-
fluoroeyelotutane-perflvoroisctutylene tested in the vapor phase,

WADC TR 59-129, Part II July 1960

SUEJRCT FLCHaNISE OF CROS3-LINKING IN THE VULCANIZATICN OF
NEVELASTOMERIC FCLYMERS

IVESTIGATUR: Kay L. Paciorek, Lawrence C. Mitchkell

CUNTRACT : aF 33(616)-5642, wyandotte Chemicals Corp,

ABSTRACT & The objective of this program was the elucidation of the

mechanism of sz@rine cross-linking of fluorcelastomers, Two approaches were under-
teken sclution studies of the copolymers of vinylidene fluoride~chlorotrifluo-
roethylene (VF-CIFE) and vinylidene fluorice-perfluoropropene (VF-IF¥F), and
investigations of certain model systems,

Solution studies revesled & great difference in the behavior
of the two fluorcelastomers. Isoluotiion of amine hydrohalides from roorm-tempers.
ture reactions of amines with fluoroelastomers in conjunction with the presence
of vnsaturation in the resvliing polymers (shovn bty infrared examination),
proved Gehyérohelogenztion to bte the first step in amine induced cross-lirking,
Various mechanisms of cross-linking were pestvlated,
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WADC TR §9-129, Fart II {(Continued)

Several syntheses of model compounds were proposed. A
synthesis utilizing 1,L,5-trihydroperfluorcpentancl resulted in models svitable
for amine studies, Parallel syntheses were alsc initiated, TFreliminary mcdel
compound studies utilizing 1,1,3,3,5,5-hexafluoro-1, 5-hexafluore-1, 5-¢itromo-
pentane supported the findings of the sciution studies,

WADC ¥R 59-190, Part IT May 1960

SURJECT = JYNTHESIS OF THEHMALLY STAPLE ErOXTDE RESINS FCOR DIELECTRIC
APFLICATI OIS

INVESTIGRTOR: Lee M, Kindley

CONTRACT :: AF 33(616)-5518, Melpar, Inc.

ARSTRACT » The objective of the program was to prepare organophosphorus

epoxides capable of being cured to thermally stable resins, To aclieve this
objective, several synthesis routes were explored,

Three new tertiary yhosphine oxides were prepared and charac.
terized., These compounds and several known organophosphorus compounéds, to be
used &s intermediates, were prepared and analyzed,

The characterization of new phenolic tertiary phosphine oxides,
which were to be rescted with epichlorchydrin to yieléd phosphorus epoxides, proved
to be a difficult problem, after consicerable development work, results indicated
that the problem was one of analysis rather than preparation,

The preparaticn of & phosphorus-containing epoxide resin by
condensing tris (hydroxymethyl) phosphine oxide with an epihalchydrin was in-
vestigated in some detsil, Ihesphorus-containing resins having & smell amcunt
of oxirane ocxygen were isolated from some of the reacticns, Attempts were mace
to cure these products with the hope of obtaining a useful product, but oaly
thermeplastic or very viscous ligquids were cbtained,

WADC TR 59-272, Part II June 1960

SURJECT : SYNTHESIS OF SEMI-INORGANIC FLUORINE FOLYMERS

INVESTIGATCR: Henry C. Brown

CONTR=CT AF 33(h16)-5616, University of Florida

ABSTRACT : The mechanism of the deammonation resction of perflucroalkyl

amidines have been explored and the first step shown to be the formaticn of per-
flvoroalkyl imidines, These intermedizte compounds readily form copper (II) and
zine chelates, TFurther steps in the deammcneticn reaction, which results
finally in formation of a sym, triazzine ring, are proposed,

The possible formation of a linesr polymerie structurre from
the low temperature reaction of perflucroglutarconitrile with perfluorobutyrami.
dine is described. This structure is a possible precursor to a linear per-
flvoroalkyl-triazine pelymer,
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WALC TR 59-272, Part IT (Continued)

Copolymerization of perfluoroglutarcnitrile with perfluoro-
tutyronitrile in the presence of basic catalysts other than ammonisa is deseribed,
Copclymerization of perfluoroglutaronitrile with perfluorcpropionitrile and per-
fluoroacetonitrile in the presence of catalytic amounts of ammonia appears to
fornish copolymers of physical characteristics different from those preyiously
reported but with high temperature stability,

Cotrimerization of perflucrcacetonitrile with henzonitrile
is demonstrated and the resulting compounds, 2,4-bis phenyl-b6-trifluorcmethyl-
1,3,5-triazine and Z2-phenyl-i,6-bis trifluoromethyl-l,3,5-triazine are con-
sidered as possible monomers,

WADC TR 59-345 May 1940

SUBJECT : EIGH~TEMFERATURE SYNTEESES COF NEVW, THERMALLY-STARLE CHEMICAL
COMPOUNLS

INVESTIGATOR Russell €, Fhillips, Tavid L, Chamberlain, F, ialan Ferguscn

CONTRaCT 5 AF 33(616)-5940, Stanford Resesrch Institute

ABSTRACT Studies of high-temperature reactions for synthesis of new,

thermally-stable chemical compounds or precursors to such compounds, &are de-
scribed, The first part of the program was a survey of the literature for
high-temperature reactions (above 500%C) which might result in such compounds,
Cn the basis of this initial survey, and on information from contipuing litera-
tvre surveys, the following three studies were undertaken:s

1. Synthesis of diflucroacetylene as a precursor to thera-
mally stable, perfluorinated &liphatic or aromatic polymers.

2, Synthesis of stable crganometallie compounds using arcs
to ionize the metal constituent,

3. Synthesis of thermally-stahle thiophosphonitrilie csom-
pounds,

Of three different approaches conceived for the synthesis
of difluoroacetylene, only pyrolysis of the sodium salt of tetrafluorosuccinic
acid appears to have yielded the desired product, although the analytical
findings are not yet conclusive, Investigations of the reaction between atomic
fluorine and graphite and of the pyrolysis of difluoromaleic anhydride are not
yet completed,

The reactions hetween metals ionized from arc electrodes,
end organic liguids cireulateé past the are, have failed thus far to yield
measuratle guantlities of organometallic compounds,

Feactltions hetween vaporized phosphorus sesquisulfide (PASB)
and nitrogen in an electric arc have yielded several wzmorphous compounds con-
taining sulfur, phosphorus and nitrogen, One such compound was hesated to over
700°C in argon with no visible signs of decomposition,
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WADC TR 59-345, Part II June 1960

SCBJECT : HIGH-TEMPERATURE SYNTHESIS OF NEW, THERMALLY-STAPLE
CHEMICAL COMPOUNLS

INVESTIGATOR: Lars C, Bratt, Tavid L, Chamberlain, F. Alan Fergusocn

CONTRACT ¢ AF 93(616)-5940, Stanford Research Institute

ABSTRACT Results of the contimuing investigation of high-temperature

reactions for the synthesis of new thermally-statle compounds is reported, The
solid product obtained from the pyrolysis of disocdium tetrafluorosuccinate is
believed to possibly be a low molecular-weight polymer of difluoroacetylene
whose presence, in addition to other carbon-fluorine groups, was irdicated by
mass spectral analysis of the volatile products,

Reaction of phosphorus sulfide (Py3g or ¥PySyp) vapors with
nitrogen in an electric arc yielded inert, smorphous, thermally-stable solids
containing suvlfur, phosphorus and nitrogen, These as yet uncharacterized pro-
ducts were found to be inscluble in common organic solvents but hydrolyzed very
slowly when extracted with boiling water,

The possibility of forming organic iron compounés by shock
chilling & plasme-jet containing thermally-activated iron ~ith benzene, céicyclo-
pentadiene and cyclopentadiene weas investigated, FHowever, only an insignificant
concentration of iron was found in any of the liquid products obtained from such
reactions, indicating the absence of any organoiron derivatives,

WaLD TR 60-282, Fart I May 1960

SUBJECT DETERMINATTON OF TIE REL.TIONS EETYEEN STRUCTURE Al
RADIATION STARILITY OF ARYL ETHak FLUILS

INVESTIGATCR Josef J. Schmidt-Collerus, George E. Bohner

CCHTRACT & AF 33(616)~5317, University of Lenver

ARSTRACT : The polyphenyl ethers are of interest to the Air Force as

potential lubricants because of their demonstrated resistance to thermal snd
radiolytic degradation, 4 study of the degraddation mechanisms involved in the
radiolytic breakdown of diphkenyl ether and higher homologs has been initiated
during the current research period, 4 better understanding of the degradation
mechanisms involved in the radiolysis of these ethers should permit & more
rezlistic evaluztion of the performance of these ethers in actuval use,

It has been found that the radiolysis of diphenyl ether
produces small amounts of gaseous produets, mostly hydrogen, znd other com-
pounds such &s benzene, phenol, p-phenylphenol, other phenclic materisls, higher
boiling three and four-phenylethers, end rather high moleculsar weight polymeric
material. althoush the research his not yet clearly defined a degradation
mechanism for the diphenyl ether, certain postulations have been msde whieh can
plausitbly explain the observed experimental datza, PFurther research must be
done in order to clearly elucidate the degracdation mechanisms
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WADD TR 60-283 June 1940

SUBJECT : EVALUATION OF EXPERIMENTAL POLYMERS

INVESTIGATCR Charles D, Doyle

CONTRACT & AF 33(616)~5576, General Electrie Co.

ABSTRACT ; Thermogravimetric analysis (TGA) in dry N, is considered in

detail as a method for comparing the intrinsic thermal stabilities of experi-
mental polymers on both empirical and fundsmental grounds, Two procedural
decomposition temperatures are defined and discussed, One, the *differential
Procecdural decomposition temperaturet (dpdt), is based on the locations of
recognizable curve features, vhile the second, the “integral procedural decom-
position temperature® (ipdt), is based on areas under the curve, Kinetic
analysis of volatilization data is discussed on the besis of both the Arrhenius
rate equation and its integral, Two gquasi-kinetie methods are discussed, one
baged on empirical time-temperature superposition; the other, on zn empirical
relationship between isothermal times and temperatures in TGA, Two corrobora~
tive test methods, differential thermal znalysis znd thermoparticulate analysis
are discussed briefly,

WADL TR 60-315 June 1960

SUBJECT': SYNTHESIS OF NITROGEN-CONTAINING EETEROCYCLIC FLUID SYSTEMS
INVESTIGATOR ¢ E. H, Kober, W, J, Schnabel, H, A. Schroeder

CONTRACT: AF 33(616)~6342, 0Olin Methieson Chemical Corp.

APSTRACT + Melam, melem, cyameluric acid, and melonic acid form & class

of solid and infusible compounds known for their extreme heat stability, Experi-
ments, to modify these structures by attaching alkyl, benzyl, phenyl and substi-
tuted phenyl groups aiming to produce still thermally stable, but liguid de-
rivatives, are reported, MNumerous substituted melams, melems, Phenylcyamelurines,
and esters of cyameluric acid have been Prepared, Many preparations show ex-
cellent heat stability and have melting points in the range of 90 to 120°C;
liguids have not been obtained, Derivatives of melonic acid could not be iso-
lated,

WADD TR 60-357, OTS Release September 19560

SUBJECT ; MOLECULAR WEIGHT DETERMINATIGHN IN THE CHARACTERIZATION OF
POLYMERS

INVASTIGATOR « Richard M. Lange

ABSTRAGT & Preliminary results are given on the determinztion of the

macrostructure of poly-{dimethyl-2,2'-dimethylene pimelate) prepared by solution
polymerization of }0% conversion, The physical methods used in this study in-
clude osmometry, light-scattering, viscometry und fractional precipitation,

Osmotic pressure measvrements on a gsample of the whole
polymer in toluene sclution yielded a number-average moleculear weight of 3.36
x 102 grams/mole, Light-scattering measuremgnts on the same system gave a
weight-averape moleculer weicsht of 2,80 x 10° grams/mole, The heterogeneity
index (Mw/Mn) of this polymer indicates & brozd distritution of moleculer weights,
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WADD TR 60-357, OTS Release (Continued)

A small sample of the polymer was subjected to fracticnal
precipitation technigues with only partial suecess, Weight znd number-average
molecular weights were obtained on two fractions,

WADD TR 60-478, Part I July 1960

SUBJECT': THE PREPARATION OF CERTAIN HETERCCYCLIC FPCLYMEES BY AN
ALTERNATING INTRAMOLBECULAR-INTERMOLECULAER CHAIN PROFPAGATICON

INVESTIGATOR: George B, Butler, K, Darrell Berlin, David I, Skinner,
Robert W, Stackman

CONTRACT s AF 33(616)~5616, University of Florida

ABSTRACT : £ number of additional moncmers containing phosphorus and

silicon have been synthesized and their polymerization studies, These monomers
contain ftwo non~-conjugated double bonds in the l,6-positions. All have been
found to undergo polymerizaticn by the initra-intermolecular chain propagation
to produce soluble polymers, Some of the properties of the polymers are re~
ported,

WADD TR 60-663, Part I, OTS Release October 1940

SUBJECT ¢ CETERMINATION OF RELATIVE STARILITY OF UREA CCMFLEXES FROM
X-RAY POWLER DIFFRACTICN DATA

INVESTIGATCR « Jack Radell, J, W. Connolly

ARSTRACT : Urea complexes consist of a channel made up of hydrogen-

bonded urea host molecules intc which a variety of puest molecules can fit to
form & crystalline complex, The stability of the resuvlting complex is & funetion
of the aize &nd properties of the guest molecule, A procedure has been devised
which produces pure complex free of any uncomplexed urea or host molecuvles in
solution, When the crystals of complex are removed from the sclution, dis-
sociation %0 urea wnd guest occurs to an extent dependent upon the dissociation
constant of the complex, <Characteristie interplanar spacings are obteined for

a urea comglex irrespective of the guest molecule present, The X-ray exami-
netion of a homologous series of compounds rives for each partially dissociated
complex spacings for both urea and complex, The relative intensity of vrea and
complex spacings permits the estimation of the stability of such a complex com-
pared to that of other homologues, The complexes of lower stabhility show a
higher intensity ratio for tetragonal urea spacings/hexagonal complex spacings,
I+ has been shown that the stability of a complex is greater for the higher
members of & homologous series by this new application of X-ray data to several
families of compounds, The X-ray data and stability was determined for several
members of each of the following classes of compounds: alkyl-silanes, partially
flurcinated esters, fumarates, maleates and scetylene derivatives,

WADT TR 60-70C0 July 1960

SUBJECT: CORRELATION EETWEAN STRUCTURE XU THEZMAL STAPILITY OF EPOXY
RESINS

INVESTIGATOR ¢ Gerhard F, L. Ehlers
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WADD TR 60700 {Continued)

ABSTRACT : The objective of this study was to survey the relaticnship
between the structure and thermal stability of epoxy resins,

A basic epoxy resin from Risphenol 4, as well as a number
of other di- and poly-epoxy resins of defined structure, were cured with equi-
valent amounts of various anhydrides, amines, phenols and catalysts, Weight
lozs of these resins was determined from periods up to 200 hours at 230°C, also
the Vicat heat distortion temperature was determined before and after several
aging periads,

Thermal stability, indicated by the weight loss data, and
heat softening, indicated by the maximum heat distortion temperature obiained
during the aging period, were correlated with the structures of the synthesized
resinsg,

Rigid (aromatic) structures as well as high functionality
of the reactants, or dense crosslinking were found to contribute to & high heat
distortion, Anhydrides as curing agents were found tc be more favorable in this
respect than phenols and amines, because the resctivity towards epoxy as well as
secondary hydroxyl groups resulted in higher erosslinking density,

Comparison of the three types of curing agents indiceted
about equal stability of the =C=0-~C-~ andé the ~C-NH-C- linkage, Foth were some-
what more stable than the ester linkage -c-o-g-c.

Unexpected high heat softening points were obtained by uvsing
zdditives with one epoxy group and & double bond, such as dipenteneoxide, or
curing agents, containing a double bond, such as maleic anhydride, The results
obteined under certain conditicons indicate that the double bhonds apparently are
polymerized due to the presence of epoxy groups, resulting in additional cross-
linking,

waDD TR 60-870 February 1961
SUBJECT : THORGANIC HETERCFOLYMERS

INVESTIGATCR: Robert N, Hammer, Jack B, Kinsinger

CONTRACT : AF 33(616)-6943, Michigan State University

ABSTRACT A kinetic study of the reaction of Na08i¢3 with ¢3Sn01 in

jsobutancl has been undertsken. Sodium chloride forms rapidly and in approxi-
mately 100% yield, whereas QBSi-O-SnQB is formed in 65-70% yield during the
same period, Infrared evidence for the existence of secondary products exists,
Earlier conductometric date for the reaction showed a gradual inerease in
resistance with time, but this now appears to result from slow aggregation of
precipitated sodium chloride, 4 tentative mechanism for the reaction hzs been
proposed,
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WADD TR 60-870 (Continued)

The synthesis of siloxy-chromium compounds of the type
(RBSi)QCIOh was undertaken preliminary to the study of polycondensation reactions,
Methods developed for the preparation, isolation, purification, and characteri-
zation of these compounds were then used to study the more complex reactions of
Cr(Vl) compounds with silanediols, Both linear and cyclic siloxy-chromium com-
pounds are believed to result from the reaction of silanediols with chromium (VI)
oxide or chromyl chloride,

An attempt has heen made to prepare siloxy-titanium com-
pounds of the type PBSiOTi(R')QOSin, where R = alkyl or aryl groups and R! =
cyclopentadienyl groups, Competing side reactions, such 2s the formation of
titanium dioxide or of Ti(OSiﬁB)h, apparently take place in preference to the

intended condensation, Reports of similar studies elsewhere are conflicting,
znd therefore an investigation of the reaction mechanism is now under way,

The preparation of silylvanadates has been reviewed and the
reported preparative technigues have been evaluated in this laboratory, Methods
for the determination of chromjum, titanium, vanadium, and silicon in transition
metal-siloxy compounds have been investigated,
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BLASTOMERS

WADC TR 55-492, Part V April 1960

SUBJECT: RESEARCH AND DEVELOPMENT ON HIGH TEMPERATURE FUEL RESISTANT
RUBBER COMPOUNDS

INVESTIGATOR:  Raymond G. Spain, Wayne G. lajiness, Bva Deck

CONTRACT: AF 33(616)-5544, Wyandotte Chemicals Corporation

ABSTRACT: This report describes research directed toward the preparation

of elastomeric wvulcznizates resistant to high energy fuels (HEF) and hydro-

carbon fuels,

Tests with HEF were made at temperatures up to 325°F, and tests
involving the cycling aé elastomeric vulcanizates in HEF and JP-6 utilized
temperatures up to 450

Tests of vulcanizates in JP-6 were made at temperatures up to
600°F using conventional testing procedures. Static and dg?amic tests of experi-
mental vulcanizates fabricated as O-rings were made at 400°F under simulated
service conditions,

A variety of vulcanizing systems for fluoroelastomers was
explored, and swelling studies of the vulcanizates indicated this technique
to be applicable in the determination of the comparative degree of wvulcaniz-
ation of varicus specimens.

WADC TR 56-331, Part IV April 1960

SUBJECT: RESEARCH ON HIGH TEMPERATURE RESISTANT RURRER COMPOUNDS
INVESTICATIR: Robert A. Hayes, Floyd M, Smith, Glenn a. Kidder,

James C, Henning, Jack D. Rigby, George L, Hall
CONTRACT: AF 33(616)-3953, Firestone Tire & Rubber Company
ABSTRACT: Compounding of promising heat-statle elastomers to improve
their physical properties has been contimied. 4 representative series of 22
vuleanizates has been submitted to extensive high-temperature exposure con-
ditions and tests which included: short term exposures, 3 or 4 minutes, in
air at 600° and 200 "» In a nitrogen atmosphere with the sample in contact
with a metal surface at 800°F and in nitroren with the sample exposed to radi-
ant heat from a metal surface 1/4" away at 1000%; thermal conductivity measure-
ments in the ranre of 100% to 5609?; long—term aging, 300-500 hours at BOOOF;
znd comoression set determinations us to 500°F. 3ilicone, Viton, Kel-F 2700
and noly{ethyl acrylate) rubters show outstanding thermal statility in many
of these tests.,

4 method of constructing wirecord aireraft tires has been
demonstrated and vrototype tires of methacrylate and silicone ruthber havin
excellent sp-earsnce were built, (Six adiitional reihacrylate ruller Uices
vere built under a separate WAUC cortract.)
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WADC TR 56-331, Part IV (Continued)

The search for possible new high temperature elastomers has
continued. A fairly heat-stable elastomeric polyester has been obtained from
5-pentoxyisophthalic acid and hexameihylene glycol and progress has been made
in modifying this polymer %o permit cures.

A new wholly aromatic polyamide fiber with outstanding high-
temperature properties has been examined and methods for adhering it to various
high~temperature vulecanizaies were sought,

A bright aluminum coating apprlied by vacuum metallizing pave
considerable surface protection to a resin-cured tutyl vulcanizate exposed to
1000°F radiant heat in nitrogen,

WADC TR 57-651, Part IIT lay 1960

SURJECT: PESEARCE OF RUEBERLIKE HATHARIALS FOR APPLICATIONS IRVOLVIEG
CONTACT WITH LI UID ROCKET PROPELLAETS

INVESTIGATOR:  John H, Baldrige, lMark D. Insgkeep

CONTRACT: iF 33(616)-5572, Connecticut Hard Rubher Company

ABSTRACT: Elastomeric materials resistant to hydrazine, unsyrmetrical

dimethyl hydrazine and JP-{ fuel mixture have been found for service at room

temperature and 160°F for immersion periods ranging from 21 days to & months,

imong these is a new commercial polybutadiene elastomer. A semi-commercial

elastomer resistant to n-propyl nitrate up to 3 months at 160°F has been found.

Compounds which resist inhibited red fuming nitric acid vp to 3 weeks at roon

temperature have teen evalusted.

Several flexible plastics have been found resistant to nitrogen
tetroxide (3 months), inhibiting red fuming nitric acid (3 weeks) at room tem-
perature and 1ijuid chlorine trifluoride at its toiling poirt (1 hour). ko
elastomers tested resisted nitrogen tetroxide or chlorine trifluoride.

Results are presented of fabrication studies, permeability
tests and static immersion tests ai 350°F and 400°F for resistant elastomers
and plasties., A dynamic immersion test procedure has been developed, equipment
aszembled and a series of 24~hour evaluations rur with several provellants.

WADC TR 59-338, Part II April 19606

SURJECT: CHPOSITE INORGANIC RESILIBNT 3EAL VATERIALS

IKVESTIGATOR: M. Sabsanas

CONTRACT: iF 33{£16)-5793, Armour Research Foundation

ABSTRACT: The principal okjective of this research program is to investi-

gate and develop new concepts for novel and unconventional material combinations
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WADC TR 59-338, Part II (Continued)

which would have resilience, recovery, strength, and chemical resistance at
temperatures up to 1000°F. Major emphasis was given to confipurations that
would enable these materials to be used as static and dynamic reciprocating
shaft seals,

Composite material combinations consisting of stainless steel
and molybdenum fibers impregnated with tin, indium, magnesium, silver, and
pelymeric materials were produced.

Composites made of molybdenum fibers impregnated with silver
were _evaluated as static seals and showed good ability to seal air heated to
1000°F and retained pulsating pressures from zero to 5000 psi.

The relationship between the fiber structure, impregnant, and
final composite were studied.

Impregnation techniques and secondary work processes like
machining are outlined in this report.

WADC TR 59-749 April 1960

SUBJECT: COMPOSITE ELASTOMER-METAL O-RING SEALS

INVESTIGATOR:  Jack R. Bos, Eugene B, Weber

CONTRACT: AF 33(616)-6182, Chance Vought Aircraft, Inc

ABSTRACT: A new approach to C-ring sealing has been attempted in order

to improve the physical and mechanical properties of conventional elastomeric
C-rings and eliminate the use of anti-extrusion devices, Elastomer-metal
composite O-ring seals have been fabricated with a metallic spring concentrically
embedded in the elastomer. Special molds and molding processes were required,

Performance evaluation of the prototype composite seals in
hydraulic fluids at elevated temperature revealed that rolling or spiralling,
a failure fregquenily experienced with conventional O-rings, was virtually
eliminated. The spring cored O-ring performed much better in static impulse
tests than in dynamic reciprocating tests. Seal failure in cycling tests
resulted from excess nibbling and friction wear which were attributed to the
greater force exerted on the sealing surface by the elastomer-metal O-ring,
A limited investigation of decreased squeeze on the spring-cored O-ring seal
showed improved cycling life,

WADD TN 60-154 September 1960

SUBJECT: HIGH TEMPERATURE FUEL TANK SEALANTS
INVESTIGATOR:  Phillip A. House
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WADD TN 60-154 (Continued)

ABSTRACT: * The Air Force has investigated the area of integral fuel
tank sealants for advance design air weapons and has obtained materials which
significantly advance the state-of-the-art., Fuel tank sealants are now avail-
able that will withstand considerable periods of aging in fuel and air at
temperatures up to 600°%F. A room temperature cure for fluoroelastomers has
been discovered and efforts are now being directed toward suitable sealants
using this ecuring system.
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COMPOSITE MATERJALS

WADC TR 52-184, Sup 8 November 1960

SUBJECT: SUMMARY OF RE3SEARCH EY FOREST PRODUCTS LABORATORY ON
COMPOSITE CONSTRUCTION FOR FLIGHT VEHICIES

JKVESTIGATOR: Donald G. Coleman

CONTRACT: AF 33(€16)-58-1, Forest Products Laboratory

ABSTRACT: Developments in the program of research in composite con-

struction for flight vehicles conducted bty the U, S. Forest Products Laboratory
during fiscal year 1960 are summarized. In general, the approach has been 1o
derive design criteria mathematically, and then to check by test. Three
technical reports issued during the fiscal year are abstracted.

WADD TR 60-307, OTS Release January 1960
SUBJECT: FORCED VIBRATIONS OF SANDWICH STRUCTURES

INVESTIGATOR: Alfred M, Freudenthal, Maciej P. Bieniek

CONTRAGCT: AF 33(616)~7042, Columbia University

ABSTRACT: In Part I of this report, a method is presented for the

determination of the frequency response functions of the components of deform-
atior and of stress in orthotropic sandwich plates, It applies to the case

of simply supported rectangular plates loaded by dynamic pressure normal to
their planes,

In Part IJ; a similar method is presented for orthotropic
sandwich cylindrical shelis, The boundaries of the shell are assumed as simply
supported, and the dynamic pressure is normal to the middle surface. In both
problems, the analysis takes into account the transverse shear deformation of
the core and the material damping of core and facings, The results are presented
in the form of expressions suitable for numerical evaluations.
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ADHESIVES

WADD TR 59-15 April 1960

SUBJECT: DEVELOPMENT OF LOW PRESSURE AMBIENT TEMPERATURE CURING
ADHESIVE FOR FIELD REPAIR OF METAL AIRFRAMES

IRVESTIGATOR: Elizabeth A, Blommers, Earl W. Lane, Samuel Loshaek,
Bernfamin D, Halpern

CONTRACT: AF 33(616)-5984, Central Research Laboratory

ABSTRACT: Two-part room-temperature-curing adhesive systems, based

on novolac epoxy resin EPIPHEN £25, were developed which pass the bend strength,
the salt spray exposure, and all the shear strengih requirements, except at
~679F, of Military Specification MIL-A-5090B when the adhesives are bonded to
Alelad aluminum {clezned in WAC-1 solution)} and are cured for either six days
at 73% or 30 minutes at 212°F., The exceptional salt spray resistance of these
adhesives was obtained by the incorporation of zing or lead chromate as part of
the filler, Heat-cureg of one to two hours at 212°F of these gystems can raise
shear strengths at -67F to 2500 psi, from 2000 psi, but salt spray resistance
can thereby be lowered as much as 50%. A special cleaning procedure for aluminum,
or the use of a four component adhesive, can eliminate the sensitivity to cor-
rosion after a heat-cure.

One particular two-part high-temperature-resistant adhesive,
vhen cured at temperatures between 200%F and 220°F can pass Military Specifiez-
tion MII-A-5090B and also exhibit strengths of 1000 psi at 300°F and 400 psi at
500°F, Other h%gh—temperature-resistant adhesives give shear strengths of around
1800 psi at 30CF but their other properties are not always up to the regquire-
ments of Military Specification MIL-A-509CE.

WADC TR 59-113, Part I1I July 1960

SUBJECT: RESEAARCH AND DEVELOPMENT ON INORGANMIC HIGH TEMPERATURE
ADHESIVES FOR METALS AND COMPOSITE CONSTRUCTIONS

INVESTIGATOR: Joseph Bayer, Ova B, Johnston, William A, Patterson

CONTRACT: AF 33(616)-5538, Aeronca Manufacturing Corporation

ABSTRACT: Modifications of the previously recommended inorganic

adhesive were attempted to increase the bend resistance of the bonded joint.
The modifications, incorporated singularly or in combination, include (1) sub-
stitution of various metal oxides and powders in the adhesive formula, (2}
special surface preparation of the metal powders, (3) variation of the particle
size and weight percentage of the powders, and (4) the introduction of porosity
in the adhesive. Increased bend resistance was noted with the addition of
phosphatized carbonyl iron and the sddition of aluminum oxide. The aluminum
oxide apparently introduced porosity into the adhesive., The processes which
inereased the bend resistance reguire further development to assure reproduci-
bility of results.
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WADC TR 59-113, Part II (Continued)

Methods for producing inorganic adhesive bonded honeycomb
sandwich panels were further investigated. Preliminary experiments indicate
that the quartz lamp-quench die method may alleviate some of the problems
encourtered in furnace bonding.

The development of new adhesives and processing techniques
for bonding super alloys has been initiated,

WADD TR 60-687, OT3 Release November 1960

SUBRJECT: AN INVESTIGATICN OF LONGITUDINAL SHEAR DISTRIBUTION AND
DAMPING IN A VISCOELASTIC ADHESIVE I1AP JOINT

INVESTIGATOR: Carlos P, Avery

CONTRACT: AF 33(616)-6828, University of Minmesota

ABSTRACT: An analysis of the damping in a viscoelastic adhesive of

a simple lap joint is presented. Expressions are developed for shear distribu-
tion and damping in the adhesive when the lap is sheared by a low freguency
gimisoidal foree. Calculations are made illustrating the variation in damping
and shear distribution as a function of the dimensions and material properties
of the lap components.

Experiments were performed which confirm the theory.
[imitations, extensions, and possible refinements of the theory are presented,
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EROSION

WADC TR 53-192, Part XV June 1960

SUBJECT: MECHANISM OF RAIN EROSION - PART XV. Resistance of White
Sapphire and Hot-Pressed Alumina to Collision with Liguid
Drops

INVAESTIGATOR: Aive G. Engel

CONTRACT: AF 33(616)-.912, National Bureau of Standards

ABSTRACT: Lata are presented that show the resistance of 0.318-cm

{0.125-in) thick plates of white sapphire and hot-pressed alumina to impinge-
ment with O.2-cm-diameter water-drops and mercury drops. In collision with
mercury drops, the velocity at which damage was first obseryed was 3.514 x
10% cm/sec (1,153 ft/sec) for white sapphire and 4.276 x 10% em/sec (1,403
ft/sec) for hot-pressed aluminaj the difference in the velocities found for
the two ceramics is not considered to be significant. The velocity required
to damage these ceramic materials on collision with a waterdrop was not reached
experimentally. A theoretical extrapolation sugeests that plates of these
ceramics of the indicated thickness can be expected to survive collision with
0.2-cm waterdrops without damage up to a velocity of 33.7 x 10 cm/see (11,100
ft/sec). For air at 0°C, this is equivalent to a Mach Number of 10.

WADD TR 60-649 September 1960

SUBJECT: COMPARATIVE EROSION RESISTANCE OF PLASTIC MATERIALS IN A
SUPERSONIC ROCKET EXHAUST AND SUBSONIC AIR ARC PLASMA

INVESTIGATOR: Herbert S. Schwartz

ABSTRACT: Representative thermally protective (ablative) plastics

consisting primarily of organic and vitreous fiber reinforced materials were
exposed in a hyperthermal subsonic air plasma stream and the supersonic exhaust
of a rocket fueled with gaseous hydrogen and oxygen.

Linear and mass erosion rates were determined and correlated
with materials composition, Relative performance of materials types in two
different environments wms obtained by establishing an erosion rate ratlo parameter.

It was found thet the class of materials having best per-
formance was considerably different for the two exposure environments. In the
rocket exheust exposures, the best performing materials were high silica fiber,
asbestos and glass fiber reinforced phenolics. In the subsonic arc plasma, the
best performing materials were organic fiber reinforced phenolies.
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PLASTICS

WADG TR 52-183, Sup 8 November 1960

SUBJECT: ANNUAL REPORT ON RESEARCH IN ANC-17 HANDBOOK PLASTICS
FOR FLIGHT VEHICLES

INVESTIGATOR: Donald G, Coleman

CONTRACT: DO 33(616)-58-1, Forest Products laboratory

ABSTRACT: Developments in the program of research in plastics for

flight vehicles conducted by the U. S, Forest Products laboratory during
fiscal year 1960 are summarized. In general, the approach has been to derive
criteria mathematically, and then to check by test. One technical report was
issued during the fiscal year and is abstracted.

WADC TR 53~192, Part XIV May 1960

SUBJECT: MECHANISM OF RAIN EROSION — PART XIV, Pits in Metals
Caused by Collision with Liquid Drops and Rigid Steel
Spheres

INVESTIGATOR: Olive G, Engel

CONTRACT: AF 33(616)-59-3, National Bureau of . Standards

ABSTRACT: A pit-depth-—versus-velocity equation developed earlier

for high~speed collision of liquid drops and soft, ductile metal spheres
against targets of the soft and medium-hard metals was tested further with
experinertal data obtained using target plates of electrolytic tough pitch
copper, 1100-C aluminum, and 2024-0 aluminum, the static strength properties
of which were measured by testing tensile specimens. The projectiles used

Lo produce the pits were mercury drops, water drops, and steel spheres. It
was found that the numerical constants in the equation are different for pro-
jectiles that flow during and as a result of the collision than for projectiles
that do not flow (hardened steel spheres), Curves calculated by the equation
were found to be in acceptable agreement with experimental pit-depth-versus-
velocity data for collisions of the indicated projectiles with target plates
of the three metals used, with the exception of the case of steel-sphere
impingement zgainst 2024-0 aluminum alloy, 1In this case work-hardening of
the target metal seems to foster a mode of pit formation that was rot con-
sidered in the development of the pit-depth~versus-velocity eguation,

WADC TR 55-491, Part V June 1960

SUBJECT: RESEARCE ON ELEVATED TEMPERATURE RESISTANT GCERAMIC
STRUCTURAL ADHESIVES

INVAESTICATOR: Gene H. Haertling, Kanaiyalal K. Parikh, H. Richard

Thornton, Henry G. Lefort, Julian H. Lauchner,
Dwight G, Bennett
COFTRACT: AF 33(616)-6192, University of Illinois
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WADC TR 55-491, Part V (Continued)

ABSTRACT: Glassy bond and air setting adhesives were developed and
studied. High temperature (to 2000°F ) strength, ductility and moisture
resistance were targets.

Methods of attack included metal and metal oxide powder
additions, crystallization of gold nucleated bonding glasses, study of metal
surface roughness function and evaluation of stress-strain relations in metal-
adhesive composites,

In a study of moisture resistance, additions of about
33% of Fe,0, were made to selected air setting or low iemperature curing
adhesives. 'Tensile shear values of the order of 1350 psi at room temperature
and 115C psi at 800%F were obtained but the adhesives disintegrated about a
3 1/2 hour boiling water treatment. When duplicate specimens were given a
preliminary heat treatment of one hour at 1000°F shear strengths were reduced
by about 50%, but they were essentially unchanged by the 3 1/2 hour boiling
water treatment.

In glassy bond adhesives, stainless steel and phosphatized
carbonyl iron powder additions gave improved strength, still inereasing at
100C°F, Crystallized bonds gave higher strengths at the highest test tempera-
tures. An optimum metal surface roughness value was noted., High order residusl
gtresses (desirable 4o remove) were found in some metal-glassy bond composites.

WADC TN 59-251 July 1960
SUBJECT: DZGRADATION EFFECTS (F HIGH INTENSITY THEREMAL RADIATION
ON PLASTIC RADOME MATERIALS
INVESTIGATOR: Rex W, Farmer
ABSTRACT: The thermal degradation characteristics of three representa-

tive reinforced plastic constructions were investigated at incident radiation
intensities of 10 and 20 cal/cmz-sec using s carbon arc heat source,

The glass fabric reinforced materials studied included a
polyester laminate and plastic sandwich construction with honeycomb and alky-
disocyanate foam cores. BGvaluation criteria, based upon visual examination
of the test specimen, were defined in terms of the total incident energy required
to cause various levels of degradation.

WADC TR 59-368, Part II April 1960

SUBJECT: THE STUDY OF ABLATION OF STRUCTURAL PLASTIC IMATERIALS

INVESTIGATOR: Franklin A. Vassallo, Norman E, Wahl, Gerald A, Sterbutzel,
John L, Besl

CONTRACT : AF 33(¢16)-5682, Cornell Aeronautical Laboratory, Inc
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WADC TR 59-368, Part II (Continued)

ABSTRACT: Regults of ablation research conducted on reinforced
plastic materials at moderately severe heating conditions are reported. The
materials investigated ineclude laminates of melamine, phenolie, and silicone
resins reinforced with glass fabric as well as phenolic and silicone asbestos
laminates, Experimental data are given for rate of material loss, effective
heats of ablation, and depth of material degradation, The exposure apparatus
provides a stream of high temperature nitrogen which is directed onto test
specimens causing ablation to tske place. The principal body shape considered
is the 1/2" flat faced dowel.

High temperature exposures of composite bodies in which
a substrate of high thermal conductivity is bonded to a layer of ablative
material are reported. Experimental data include measurements of substrate
temperature rise and rate of ablation. The temperature data are shown to be
satisfied by the equation

n
e
Ts = To=1- (1 - vt) yﬁ“
Te - To Lo (1+5 (O -%t)
12 Lo

which is developed in the report., Discussion of heat sink effectiveness of
the substrate is given,

WADC TR 59-459 June 1960

SUBRJECT: EFFECTS OF HIGH TEMPERATURE, HIGH VELOCITY GASES ON
PLAZTIC HMATERIALS

INVESTIGATOR: Frank P. Baltakis, Donald &, Hurd, Roy ¥F. Holxes

CONTRACT: AF 33(£16)-3421, Thermodynamics Laborateries

ABSTRACT: Twenty blunted, conical specimens of plastic materials
were exposed to a Mach 1,822, 6300°F total temperature rocket exhaust jet to
determine their erosion characteristies,

These specimens were composed of phenolic, epoxy, or
Teflon resin in various proportions to Refrasil, extracted natural silicate,
asbestos, glass, cotton, ceramic fiber, or nylon reinforcement in varied
orientations,

The lowest starnation point erosion rate was experienced
by a Refrasil-phenolic specimen with "perpendicular-to-base' reinforcement
orientation., The next lowest erosion rate was displayed by an extracted sili-
cate-phenolie specimen with "cloth-wrap' reinforcement orientation.

Composition and properties of the erosion environment are
presented.
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WADC TR 59-600, Part II June 1960

SUBJECT: MECHANISM OF REINFORCEMENT (OF FIBER-REINFORCED STRUCTURAL
PLASTICS AND COMPOSITES

INVESTIGATOR: J. S, Islinger, K. Gutfreund, J. Brzuskiewicz, 0. H. Olson

CONTRACT: AF 33(616)-5983, Armour Research Foundation

ABSTRACT: This is a continuation of the research effort undertaken

to study the mechanism of reinforcement in fiber-reinforced structural plastics
and composites, Analytical and experimental approaches include physical-
chemical investigations of fiber-matrix interfaces, optical investigations of
composites, studies of the mechanical aspects of reinforcement and investiga-
tions of the feasibility of graphite whiskers as reinforcements.

Data are presented for chemisorption studies aimed at
determining the nature of interfacisl bonds and the function of each component
in the glass-surface treatment-resin composite. Macrosopic studies of fibers
termirating within a resin are described, together with interference microscopy
investigations,

Data are also presented for flexure tests of polyester
specimens reinforced by a single layer of glass fibers located near one sure
face with fiber placement and treatment variations. A limited study of residual
stresses in such a composite by analysis and by photoelastic methods is also
presented,

The development of micro-tensile specimens for assessing
the feasibility of graphite whiskers as reinforcements for plastics is desecribed.

WADC TR 59-656 July 1960

SUBJECT: DETERMINATION OF PROPERTIES OF SANDWICH MATERIALS

SUBJECTED TO RAPID RISING TEMPERATURES SUMMARY

TECHNICAL REPORT
COKTRACT: AF 33(£1€)-5762, Goodyear Aireraft Corporation
ABSTRACT: This report presents the results of an investipation of
the mechanical properties of metal and plastic sandwich construction determined
under rapid surface heating conditions for maximum surface temperatures up to
2000°F and maximum rate of surface temperature rise of 100°F to 200°F per second,

The evaliuation of nine types of sandwich comsiructions
included tests in the 650°%F to 1000°F range for the plastie faced specimens,
between 700°F and GO0°F for aluminum snd bonded stainless steel specimens,
and 13009 to 2000°F for the brazed and resistance welded types. The exposure
periods at temperature ranged between 10 and 90 seconds. The testing loads
selected ranged from 20 percent to 80 percent of room temperature ultimate
strengths,

The comparative performance of the different groups of
sandwich specimens can best he summarized by the results of the edgewise com-
pression static tests., Deflection readings of the specimens were reported
during the thermal shock period and are found in the tables,

WADC TR 53-373, Sup & 94,



WADC TR 59-668, Part II February 1961

SUBJECT: A STUDY OF THE MECHANISM OF ABLATION OF REINFORCED
PLASTICS

INVESTIGATOR: D. L, Chamberlain, Jr., D. E, VanSickle, C. W. Marynowski

CONTRACT: AF 33(616)-5964, Stanford Research Institute

ABSTRAGT: Nonreinforced polyethylene, poly(methyl methacrylate)

(Lucite ), Teflon, and Phenolic resins were subjected to r-f discharges pro-
duced in nitrogen, oxygen, and air atmospheres. The gaseous products of
degradation were determined, and possible mechanisms of attack are discussed,

Analyses of gaseous products resulting from arc-image
furnace exposures on selected reinforced resins are reported,

A technique for sampling the gaseous boundary layer of
an ablating resin in an argonw-stabilized plasma jet is described and results
are discussed, Boundary layer emission spectra, both line and band, are
reported for plasma jet exposures of reinforced resins as a function of both
viewing position and period of exposure.

WADD TR 60-24 March 1960

SUBJECT: HIGH MODULUS, HIGH TEMPERATURE GLASS FIBERS FOR REINFORGED
PLASTICS

INVESTIGATOR- Philip J, Frickert, Ralph L, Tiede, Helmut I. Glaser,
Allan B, Isham

CONTRACT: AF 33(616)-5802, Owens-Corning Fiberglas Corporation

ABSTRACT: A plass was developed which had a forth-five percent

higher modulus of elasticity than the commercial glass used in the fibrous

glass industry. Glass filament strands of this glass were produced at a rate

of several pounds per hour from a single fiver-forming position and these

strands were twisted and plied into yarns for weaving, 18l-style cloth was
woven, heat cleaned, and finished for the preparation of glass-plastié laminates,
Strength and modulus of elasticity properties of laminates tested under standard
conditions, and after fluid and thermal exposures, are reported.

WADD TR 60-72 May 1960

SUBJECT: IMPROVED HIGH TEMPERATURE RESISTANT TRANSPARENT PLASTIC
MATERTALS

INVESTIGATOR: Barl E, Parker, Thomas L. St, Pierre, Walter E. Stickley,
Edward A. George, Michael R. Dzugan

CONTRACT: AF 33(616)-5602, Pittsburgh Plate Glass Company

ABSTRACT: This research effort was initiated in an effort to improve

the high temperature capabilities of one chemical type of optically transparent
plastie, for use in Air Force flight vehicle glazings, Specific improved
formulations achieved many of the mechanical and optical targeit properties,
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WADD TR 60-72 (Continued)

Attempts to orient the improved formulations toward a
resistance to crack propagation met with very limited success. Detailed
descriptions of the orientation procedures developed and subseguent results
are included.

WADD TR 60-101 September 1960

SUBJECT: CONFERENCE ON BEHAVIOR OF PLASTICS IN ADVANCED FLIGHT
VEHICLE ENVIRONMENTS

INVESTIGATOR: H. 5, Schwartz

ABSTRACT: This report is the collection of papers presented at the

Materials Centrel, WADD conference on "Behavior of Plastics in Advanced Flight
Vehicle Environments™ held in Dayton, Ohio, on 16-17 February 1960.

The purpose of this conference was to review the recent
progress in studies on plastics exposed to severe therma’ environments and
simlated extremely high altitude enviromments, The papers presented are
primarily on internal and contractual programs sponsored by the Plastics Branch
of the Nonmetallic Materiasls laboratory., Papers on work performed by other
organizations in the Department of Defense and by their contractors were also
presented and are included,

WADD TR 60-110 July 1960

SUBJECT: THERMAL PROTECTIVE SURFACES FOR STRUCTURAL PLASTICS
INVESTIGATOR: James W, Vogan

CONTRACT: AF 33(616)-6393, Bendix Products Division

ABSTRACT: An exploratory materials research program has been con-

ducted on high temperature insulating and erosion resistant surface materials,
which are suitable for short time thermal protection of structural plasties.

New heat insulating materlal composite systems were in-
vestigated. These multicomponent structural elements were composed of an outer
refractory surface layer, a thin metallic film, a porous inorganic heat insulat-
ing layer and various substrate plastics, with all elements integrally, mechani-
cally bonded together.

The individual components of the protective surfaces were
evaluated for desirable properties using subsoniec and supersonic high temper-
ature gas streams. With the aid of these results composite heat-protective
surfaces were formulated and evaluated in the same test environments., Experi-
mental results showed a significant lag in heat penetration into the substrate
plastic during hyperthermal exposure. Tungsten faced ceramics exhibited good
thermal erosion resistance and heat insulation in high temperature reducing
atmospheres, and nickel-zirconia protective surfaces were optimum in high
temperature oxidizing environments,
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WADD TR 60-110 (Continued)

The principal problems encountered with the heat insulat-
ing composite systems were suitable methods of fabrication and maintenance of
structural integrity in the interface regions during test exposure, Congider-
able progress was achieved on these two problem areas, and technical effort
is continuing. In addition, new and improved heat protective surfaces and
exploratory methods of fabrication were investigated.

WADD TR 60-125 July 1960

SUBJECT: THE EFFECTS OF HIGH VACUUM AND ULTRAVIOLET RADIATION ON
PLASTIC MATERIALS

INVESTIGATOR: Norman E, Wahl, Roy R. lapp

CONTRACT: AF 33(616)=6267, Cornell Aeronautical Laboratory, Inc

ABSTRACT: This study was concerned with the behavior of plastic

materials exposed to simulated conditions of pressure, temperature and near
ultraviolet as encountered outside the earth's atmosphere,

Glass fiber reinforced plastic laminates, of three types,
were exposed to vacua in the order of 10~6 to 107 mm Hg and ultraviolet flux
ranging from 1/3 to 2-1/2 times the solar constant of 2 calories cm~2 min~l,
The periods of exposure ranged from 3 to 500 hours. The equilibrium temperaw
tures of the laminates varied from 250° to 465°F depending on the intensity of
the ultraviclet employed.

After exposure to ultraviolet radiation equivalent to the
solar constant and vacuum, for periods up to 500 hours, no great change in
dimensions or loss in weight of the laminates was observed. The strangth of
the polyester specimens, however, tends to increase while the phenolic and
epoxy laminates decrease slightly in strength,

Laminates exposed to ultraviolet flux of 4.9 calories
em™? min* and vacuum for three hours show considerable loss in weight and
flexural strength.

WADD TR 60-176 October 1960
SUBJECT: FRACTURE STUDIES OF TRANSPARENT AIRCRAFT MATERIALS
INVESTIGATOR: Herschel L. Smith, William E, Anderson

CONTRACT: AF 33(616)-57-32 and AF 33(616)-58-16

ABSTRACT: This study was initiated to assess the relative shatter

resistance of stretch oriented, as-cast, and laminated acrylics as a funetion
of temperature and material thickness,

Similated air frame enclosure conditions were used in the
laboratory program. Formed semi-cylinders, internally pressurized, and under
controlled temperatures were subjected to impact and penetration by high
velocity projectiles,
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WADD TR 60-176 (Continued)

The stretch oriented acrylic exhibited superior impact
fracture resistance over the entire temperature range investigated. In
addition, the results indicate that substantial weight savings are possible
(35% to greater than 65%) without loss of structural integrity or reduced
shatter resistance by using stretched acrylics in lieu of as-cast or laminated
materials., Individual results are presented.

WADD TR 60-177, Part 1 June 1960
SUBJECT: STRENGTH PROPERTIES OF REINFORCED PLASTIC LAMINATES AT

ELEVATED TEMPERATURES - PART I. Phenolic-Asbestos, R/M
Pyrotex Felt Style 41-RPD

INVESTIGATOR: Kenneth H. Boller
CONTRACT: DO 33(616)-58-1, Forest Products Laboratory
ABSTRACT: Several reinforced plastic laminates that show promise of

having good strength properties at elevated temperatures are being tested to
determine their strength and elastic properties. This report, the third of the
series, presents results of mechanical tests on a phenolic resin laminate rein-
forced with an asbestos felt (RAM Pyrotex Felt Style 41-RPD). Data were obtained
after exposure periods of up to 1,000 hours from such tests as weight loss,
flexure, tension, compression, interlaminar shear, and bearing. DMost of the
tests were made parallel to the machine direction of the asbestos sheets to
determine the effects of high temperature and time on the strength properties.
Tension tests were made at both O and 450 to machine direction to ohtain data
from which edgewise shear strength and modulus of rigidity can be calculated.
Creep and stress-rupture data were obtained under both tension and compression
loads.

In general, the strength properties of the phenolic-asbestos
laminate decrease with increasesin itemperature., Specifically, the strength
properties decrease with the first application of heat but then often increase
with continued exposure or increased temperatures up to 500°F, Finally, after
some critical time at temperature, the properties decrease with additional
time at temperature. All tests except interlaminar shear show that over 5C
percent of the room-temperature strength was retained when laminates were
exposed for 1/2 hour at temperatures up to 800°F. The specific magnitude of
these strengths are presented in tables and curves.

WADD TR 60-202 September 1960

SUBRJECT: EFFECT OF ENVIRONMENT ON MECHANICAL PROPERTIES (OF GLASS
FABRIC PLASTIC SANDWICH

INVESTIGATOR: P. M., Jenkinson, E., W, Keunzi

CONTRACT: DO 33(616)-58-1, Forest Products Laboratory
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WADD TR 60-202 {Continued)

ABSTRACT: This report presents the results of flatwise flexure and
edgewise compression tests on three constructions of glass-fabric plastic
sandwich that were exposed at the seashore in south Florida for 2 months and
for 1 year. Included are results of tests of sandwich panels that were sub-
Jjacted in the laboratory to 100%F and 100 percent relative humidity for 16
months. The three constructions had facings approximately 0.03 inch thick of
glass-fabric laminate treated with polyester, eroxy, and heat-resistant phenoclic
resins. Two panels of polyester sandwich were evaluated, one painted and one
unpainted. Cores were of glass-fabric honey-comb treated with the same type
of resin as the facings except that the core for the sandwich with epoxy resin
facings was treated with nylon-phenolic resin.

Tests of all constructions were made at room temperatures,
and also at 500 F for the heat resistant sandwich,

The unpainted polyester sandwich panel deteriorated the
most in 1 year's weathering, with hoth edgewise compressive and shear strenghts
being reduced 14 percent. Painting the other polyester panel with a MIL-E-
7729 enamel of the type normally used on exterior reinforced plastic sircraft
parts prevented loss in edgewise compressive strength and reduced the loss in
shear strength to 6 percent, In comparison, unpainted polyester solid laminate
panel 1/8-inch thick also had compressive strength reduced 14 percent by 1
year's weathering.

it 500°F the heat-resistant phenolic sandwich panel showed
a 13 percent increase in edgewi se compresgive strength zfier a year's weather-
ing, compared to the control value at 500°F.

Exposure to 100%F, 100 percent relative humidity for 16
months reduced edgewise compressive strength by 47 percent for the unpainted
polyester sandwich panel, 51 pereent for the painted polyester sandwich panel,
24 percent for the epoxy sandwich panel, and 29 percent for the heat-resistant
phenolic sandwich panel, Hxposure of 1/8-inch thick solid lamirates to 100°F
and 100 percent relative humidity for 1 month reduced compressive stirenghts
27 percent for polyester, 13 percent for epoxy, and 15 percent for phenolic
laminates,

WADD TR 60-203 April 1560

SUBJACT: OPTICALLY TRANSPARENT MATZRIALS FOR SPACE FLIGHT VEHICLES
INVESTIGATOR: Robert E. Wittman

ABSTRACT: Requirements for optically transparent materials in manned

re-entry, orbital or general space flight vehicles for human vision are outlined.

A general survey to define the conditions imposed by natural
an induced enviromments on these materials is reported,
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WADD TR 60-203 (Continued)

The present capabilities of transparent materials as
related to the predicted environments to be imposed on space flight vehicles
is included. Resultant conclusions for research and development to improve
certain properties of presently available optically transparent materials
are given,

WADD TN 60-287 November 1960

SUBJECT: PROPERTIES OF HIGH MODULUS REINFORCED PLASTICS
INVESTIGATOR: George P. Peterson

ABSTRACT Properties of laminates made with a new high modulus glass

fiber designated as M31A glass, developed by the Owens-Corning Fiberglas
Corporation under Materials Central contract, were determined, The work con-
sisted of a determination of the mechanical and electrical properties under a
variety of environmental corditions utilizing an optimum resin-finish combinaticn,

The investigation demonstrated that M31A laminates not
only increased the modulus from 25% to 45% over duplicate "E" glass laminates
but also had equivalent or higher strength properties. The electricsl properties
in the lower temperature ranges were aporoximately equivalent but showed a
greater change in dielectric constant with ircreased temperature in the 200°-
500°C range.

Factors which greatly increase the effectiveness of M314
from both a strength and modulus aspect are minimizing yarn constraint (less
interlacing in fabric pattern) and the use of resin systems, such as the epoxy
type, which are not only more ductile but exhibit a high adhesive bond strength
between resin and rlass.

WADD TR 60-314 September 1960

SUBJECT: THE THERMAL DIFFUSIVITY OF A STRUCTURAL PLASTIC LAMINATE
AT BLEVATED TEMPERATURES

INVESTIGATOR: Rex W, Farmer

ABSTRACT: The applicability of vreviously developed relatinns fer

dynamically measuring the thermal diffusivity of structural plastic laminates
is briefly examined, The thermal diffusivity was found to ke an "apparent"
or "effective" value for these materials above their degradation temperature
with accompanying heat of reaction effects, Some exploratory experiments at
temperatures up to 1,000% are deseribed for a phenolic resin/glass fabric
laminate using a radiant heating source.

WADD TR 60-380 June 14960

SUBJECT: REINFORCED PLASTICS AT VERY HIGH TEMPERATURES
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WADD TR 60-340 (Continued )

INVESTIGATOR: Donald L. Schmidt, Georpe P. Peterson
ARSTEACT: The recent development of thermally stable reinforced

plastics is an important contribution to the advancement of high temperature
materials technology. Heat resistant reinforced plastics are presently
available for extended use at ter noerngures up to about 530°F, and short-time

use at temperatures un to about 1,000°F. These materials also have structural=
insulative capabilities in eXtPGIQlJ hlph temperature environments (over 5,500°F),
like those encountered in hypersonic re-entry and advanced propulsion systems.

A general review of high teuperature reinforced plastie
materials is cresented in this report. Structurzl nrgmﬂrtzes and charzcter-
ieties of various plastics at tnmneratarea up to 1000°F are discussed, using
illustrative data. The behavior of reinfaorced rilasties in very high t smpera—
ture environments is briefly reviewed. Performance characteristics are given
in terms of btoth materiazls and enviromental variables.

WADD TR &0-392, OIS Release September 1960

: EVAHUATION OF ERAAED STCOER STRUCTURES
B5TIG4T0R: Rovert C. lMekaster, Anthony T. D'irnessa, Henry w. Babel

CORTRACT: AF 32(616)-6364, The Chio State University
AZ3TRACT: The final report on U, 3. air Force Contract No. i

’1

P 33(616)-
£264, adwinistered by the Materials Central, Uirectorate of advanced Systems
lechﬂolaﬁv, kright air Uevelopment Division, swmarizes the results of a one-

ear study of nor’le<iructive test methods for the examination of bruzed and
velded joints in compiex shapes, The investigation was directed, by mutusl
rrreensnt, to commercially-available rondesiructive test methods for evalua-
tion of the Juality and serviceahility of btrazed honeycomb structures., Apnlie-
able nondestructive test methods were found to include (1) penetrating ralia-
tion tests, (2} ultrsasonic tests, and (3 } thermal tests Fumerous =xmerimsntal
and orocuction parts and bruzed noneycomb assemblies uravnied =y rovernment
and in «aJtrlal facilities were cuiuzmined by each test wethad and the results
were correlsted and evaluated. It was fownd that several cowrercially-availstle
nDthﬁtTZCu4V8 test methoads crovide reliasle and cetailed irndications of surface
1 iweontinuities sueh as eore—to-siin filleting and metal-to-rstal Londs
in edps senvers. A-ray test methoads alone orovided reliabie znd detzileq inmaica-
t s of internsl conditions such as crushed core, nade ilow, vertival-tie braze
s, and resuwired ilis.

nethads evel
o
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WwADD TR 60-293 (Continued)

Ultrasonic test methods ecveluated included: (1) immersion
ultrassnie tests with focussed iransducers, (2) contact ultrasonic tests with
resonance transducers, and (3) contact ultrasonic tests with pulse-reflection
transducer systems, Detailed images of surface-layer conditions and discon-
tinuities were sbttained only with immersion ultrasonic tests with focussed
transducers and hipgh-resolution C-scan facsirmile or memory-tube recorders,
Large-zrea voids were detectable, under carefully-controlled test conditions,
with contact ultrasonic tests with swept-freguency resonance transducer systems,

Thermal test methods evaluated included: (1) thermal-flesh
viozf tests, (2) thermal-sradient tests with heat-repelled fluid coatings, (2)
thermzl-gradient tests with thermographic phosphor coatings, {4) thermal tests
with temperature-sersitive color-changing naint coatings, and (5) thermal tests
with remote infrared sernsing systems. Jdeliable detailed images of surface~
layer conditions and discontinuities were obtzined with thermal pralient tests
with transient front-side panel heating znd heat-repelled fluid coatings that
produced permsnent images on the surlaces of the test specilmens, Larre-area
voids were detected by bulging of the skin materials in thermal-flash proof
tests., Cther thermal test methods descrited are experimental in nature and
ceserve conszideration for further developmert.

Complete detsil Indications have teen confirmed for numerous
test specimens wvhose surface-layer discontinuities were revealed by proper appiic-
ation and control of the following nondestructive test methods:

1. Film radiosraphy

2. XKerorzdioerapky

3. Direct fluoroscopy

4e Fluorsscony with electrostaiic dmzre tubes

5. Fluoroscony with vhotoconductive-screen television
systems

£, ?’*ercnon ultrasonice testinge with focussed transducers
and C-scan facseinile recording systems

7. Trermal-—grazdient tests with {rovi-side fransient heating

of panels coated with hest-repelled fluid media

Fumerous specimens containing surface-layer discontiruities have bLeen subjected

to destructive reel tests or to metzllorranhic zectioning and examination., The

results of these destructive examinations confirm the nondestructive test indic-
ations nroduced by the methods listed zbove,

Further ressarch and devalaoment are recontenisd for the
following experimental nonlestructive test zethods:

1. "e*ﬁﬂaiioﬂraﬂ”"

2. Paostoconductive~screen television svstews, pe 1Cularly
hiose which permit imsge erlarpement without deleterious
1nss of dmace dotail

3. Wiyt -eradient nonnestructive lests with Loth irect
i i ; i nd to
reraiures,




WADD TR €0-393 (Continued)

Although brazed honeycomb assemblies can be inspected reliably and in detail
by methods commercially available at present, the most effective test systems
are presently slow and costly., Further developments are recomnended for those
gystems which offer promise of adequate detail sensitivity and reliability,
but with which the tests can be made faster and at lower costs.

WADD TR 60-402 August 1960
SUBJECT: EVALUATION OF BIAXTIALLY STRETCHED TRANSPARuNT PLASTICS
IRVESTIGATOR: D. A, Hurst

CONTRACT: AF 33(616)=3994, Rohm & Haas Company

ABSTRACT: This program was conducted in an effort to improve the

crack propagation resistance by hot stretching methods, of a developmental
thermosetting type of transparent plastic material. This material, a modi-

fied acrylic known as Selectron 400, has an elevated temperature structural
capability well above that of any plastic glazing material available in quantity
today.

Conditions under which Selectron 400 can be stretched
without bresking were very critiecal ard were not fully successful. Three
basic processing steps were required; hot stretching without causing an
appreciable amount of cross-linking; relatively low temperature irradiation
to cause sufficient eross-linking of the stretched material to prevent relax-
ation of the degree of stretch at elevated temperatures; oven treatment at an
elevated temperature to produce the cross-linking action., A great desl of
tearing and breakape of sheets resulted in very low yields of stretched mater-
ial, The effect of varying the stretching conditions were studied with only
mild success in improvement.

Crack propagation resistance of the cross-linked stretched
Selectron 400 was very poor. Ik order to determine whether the limited amount
of stretching possible to obtain had any significant effeet on the crack pro-
pagation resistance, tests were conducted on stretched material without cross-
linking, The results indicated that hot stretching essentially produced no
gain in crack propagation resistance,

wiDD TR 60-466 September 1G6C
SUBJIRCT: STRuLNGTH PROPERTIZS OF REINFORCED PLASTIC LAMIKNATEZES AT

HLEVATED TamPEAATURES (dpon 1031 Resin and 121-Volan 4
Glass Fabric)

IFVESTIGATOR: Kenneth H. Boller
COETRACT: DO 33(f16)-68-1, Forest Products Laboratnry
AZ3TRACT: Severazl reinforced plastic laminates that show promise of

having good strength properties at elevated temperatures zre being tested to
determine their strength and elastie prooerties, This report, the fourth of
the series, presents results of mechanical tests on an eopxy resin lawinate
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WADD TR 60-466 (Continued)

reinforced with glass fabric (Epon 1031 with 18l-Volan i), Data were obtained
after exposure periods from 2 minutes to 1,000 hours from such tests as weight
loss, flexure, tension, compression, interlaminar shear, and bearing. Most of
the test were made parallel to the warp of the glass fabric to determine the
effects of time and above-normal temperatures on the strength properties.
Tension tests, however, were made at both c® and 45° to the warp to obtain
data from which edgewise shear strength and modulus of rigidity can be cal-
culated, Creep and stress-rupture data were obtained under both tension and
compression loads.,

In general, the strength properties of this epoxy glass
fabric laminate decrease with increase in temperature at constant periods of
exposure. Specifically, however, the resin softens and the strength of the
laminate decreases with the first application of heat, but then at constant
temperature the strength properties often increase., Finally, after some
eritical time, additional exposure causes the properties to decrease. The
specific magnitude of these strengths are presented in tables and curves,

WADD TR 60-648 November 1960

SUBRJECT : ABLATIVE REHAVIOR OF PLASTICS IN SURSONIC AKD SUPERSONIC
HYPERTEERMAL FLOW

INVEITIGATIR: Rex W, Farmer

GESTRACT: Materials research was conducted on the ablative behavior

of four plastic materials in subsonic and supersonic hyperthermal air/argon
environments., Small hemisphere cylindrical models of -the experimental materials
were exposed to the very high temperature gas stream, which was generated by a
stablized eleetric arc. Snvironmental conditions used were: stagnation en-
thalnies from 750 to 2,600 Btu/lb, free stream Mach numbers of 0.9 and 1.8, and
stagnation pressures of 1.2 and 4.0 atmospheres.

The material behavior was found to very with certain environ-
mental and materizls parameters. Within the range of environmental conditions
studied, inorganic fiber reinforced phenolic resin materials had the lowest
erosion rates in supersonic flow while the lowest erosion rates in subsonic
low mass flow were observed for a phenolic/nylon material,
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FIEROUS MATERIALS

“iLD TR 60-9, 0TS Release June 1460

SURJECT: & TOSSTFLE AFTLICASION OF CRGANIC FIRERS IN ITGH THRIERATURE
ENVIROM-ENT

ILVESTIGATOR ¢ yron J, Coplan, Donald H, Zowers, Jr., Leo Parish, Emery TI.
Valko

CUNTRADT AF 33(4156)-623), Fabric Research Laborutories, Ine,

ABSTRACT & It is teken &s & prewmise that fabrics used in re-~entry drag

parachutes (1) reguire typicel textile properties vp to deployment hut (2) that
they need not survive in their original chemical stazte subse.uent to deployment
provided the decay cceasioned by re-entry conditions (heat, seiive oxygen,
irrediction) cdoes not interfere with the decelerstion function, The possitle
utility of linear organic polymers as the principal chemical species in such
materisls is examined,

Letails of re-entry enviromment cconditicns, ©s applicatle
to the problem, are developed, 3Scome of the textile gquelities required of the
parachute fabric uvp to deployment are reduced to guantitative criteria, Typical
orgenic, metallic and ceramic materials are contrasted and the advantages of the
first class are defined,

Fecognizing that the principal deficiency of the organic
polymer fibers resides in their thermal cnd thermochemicsl sensitivity, & suvrvey
of ihe cruses of these deficiencies is :dven, 3Jome speculstive arsuments ere
sdvenced relotive to means of overcowming the deficiencies, In adcdition, & btrodd
concept for a means of employing the orgznic materizls is proposed —hterein therral
derenerstion is to be enticipated and even vsed to adventege,

» detailed account of the principles of the so-called "metz-
rorphie® fiber system 1s siven, & number of. specific thermochemical reection
schemes and polymer systems are proposed,

Unqualified conclusions regaidine the feagirility of the
basie principle end any of the specific schemes are not rosaille in the light
of the coecvmented need for further experimental effort,

WiLL To 5C-150, 013 DNelease Iey 1960

SUERJECT : LEVELCIMALT OF SHalB ST A0S W11 TOLRRLICRS FOR UZAF TLUE
84 L TLUE 584 s5LARVICE LIT CFTICIAL el THMIFCGHS

THVLSTIGATOR ¢ Frank J, Hizzo, Constentine J, egas, slvin &, hemsley,
william B, Tushnell, futh J, Lvans

COITTnCT aF 33(516)-53-221 and G4-%, . uartermaster Resesrch ond
Engineering Comrenc, U, 3. sroy

ABSTRCT The report covers the Gevelopment of & nmumber of shade

standards and toleraaces in USaF Flue 8/ vszed by the US:F in the service uniform
&nd also certsin cptionzl weur uniforms, snd for Elue 784 used in speciel com-
ponents, The standaréization vrocedure ¢evelozed by the Dusrtermsster Corps
along concepts which have besn common in the industry for many years vag applied
to this develogzment.
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WaDD TR 60-150, 0TS Release (Continued)

a5 part of this work, an extensive study of dye formulations
was accomplished from which new highly colorfast formulations were developed,
These formulations, in addition to fulfilling the bascie colorfastness require~
ments, have application characteristies suitable for roth large and smell in-
dustry,

The formulation selected ®presenis somewhat of a compromise,
a situation vwhich is normal in the usual interaction between colorfastness
properties, applicetion characteristics, availahrility factors, and end use re-
quirements,

The complete program was monitored hy appliecae*ion of both
stondard visual techniques =nd by colorimetric znalysis based on spectroghoto-
metric cata wansposed in accordance with tke tristimulus functicns of the CIE
stenéard observer for colorimetry,

The tolerance ranges which héave been developed around ezch
cof the stondards in the several different fabric constructions sre visvally well
spated, although tre colorimetric specing of the instrumentsal technigue does not
coincide with visual judgment, The roasons for tuis situation sre analyzed, and
it is concluded that & further revier of the theory of color mixtures must bhe
mede for the type of bhlencing operations which sre involved in a progrer of shade
stenderd snd tolercnces of {he type belng reported,

WALL TR 60-~151, 075 Relezse June 1960

SUEICT s DEVBLOFLALT OF SEALE STelLoRDS sl TOLERANCES FOR SILVER
Tl 193

ToValiTGaT0R Frank J, Rizzo, Censtantine J, Megas, Alvin O, Ramsley,
Jokn T, Yalweood, Ruth J. Evans

CONTEsCT: AF 33(616)=53-221 sné 54-107, Suartermaster Research and
Engineering Command, U, 3, Army

ARSTHACT : Shade stantards and tolerances have been developed for

tropicael and gabardine weave fahrics in sll wool, wool/polyester and polyester/
reyen blends, Telersznce spacing is sueh as to permit interchange of uniform
components mace for the blend fabrics with components mode of all wool so long
a5 the wezve constructicn is comron, The limiting factor to such usage is con-
sitered to be differences in appearance.originsting with the gloss of the fibers
:né not the chromsiic and lighness Ceviztions of the tolerance range, Color-
festness is pood st 40 Standard Fuding Fours for all fsbrics, except for the
polyester/rayon tropical ~here the vat dyed rayon permits a rating of good at
120 Stenderd Padine Hours, Lye formulations selected are practical for routing
aoplication &nd sterle to finishing factors,

“.LL TR 60-198, C15 Release June 1950

SUBTEST s DEVELOTELNT OF A FARRIC TO PROVILE FERSONAL FROTECTION FROM
TCATC MATERTALS

IIVASTIGATU A, Raymond G, Spein, Alexander V. 3anger
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WADD TR 60-198 (Continued}

CONTRACT: AF 33(616)-6501, Wyandotte Chemical Corporation

ABSTRACT: This report describes research directed to the development
of a coated fabric to resist the chemical effects of and be impermeable to high
energy fuels (HEF),

Thls program included the design and fabrication of special
test equipment and of a laboratory fabrie coating apparatus,

A base fabric (Dacron) was selected on the basis of resis-
tance to HEF, and the majority of the effort was directed toward the coating of
this fabric with fluoroelastomer based compositions and the necessary subsequent
testing,

A cozted fabric was approved and 100 yds.2 of this material
were prepared and delivered to the Nommetsllic Materials Laboratory, Materials
Central, Directorate of Advanced Systems Technology, Wright Alr Development
Division,

WADD TR 60-244, OTS Release June 1960

SUBJECT: CONTINUOUS IILAMENT CERAMIC FIBERS

INVESTIGATOR: W. A, Lembertson, D. B, Aiken, E., H, Girard

CONTRACT AF 33(616)-6246, Cartorundum Company

ABSTRACT: Melting and fining of refractory plass compositions and

drawing of continuous filament ceramic fibers have been carried ocut in a dry,
inert-atmosphere glovebox, which permitted the use of refractory metals,
graphite, and boron nitride as crucible and heater materials, and prevented the
adsorption of moisture by the filaments,

Several refractory glasses in the baria-alumina-silica,
calecia-alumina-silica, and magnesia-alumina-silica systems were successfully
drewn into contimuous filaments, Tensile strengths of filaments drawn were
determined at room and elevated temperatures. Values as high as 138,000 pounds
square inch at room temperature and 132,000 pounds per square inch at 1500°F

per s
(815°C) were obtained,

WADD TR 60-252, OTS Release October 1960

EJECT: THE DESIGN AND EVALUATION OF HEAT STARILIZED TAPES AND WEES
IRVESTIGATCR: Jacob Serbin, Herman Becker

CONTRACT: AF 33(616)-39447, Farricot Corporation

AB3TRACT: The basic purpose of this work was to design and evaluate

a serles of 13 representative webbings, tapes and ribbons, which would maintain
maximum breaking strength and minimum shrinkage when subjected to a temperature
of 250°F for a period of five hours.

Each of the 13 samples were to be made froms
1. Dupont Type 330 or 700 nylon
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WADD TR 60-252 (Continued)

2, Chems*rand Type REB nylon
3. Dupont Type 51 or 52 Dacron

A heat stabilization process was found necessary to accom-
plish the desired shrinkage. An experimental pilot program, involving three
types of stabilization processes, indicated that a "heat stabilized" continuous
method (ESCM) using a dry air oven was the most practical method,

Investigation has shown that, with due consideration given
to the strength per welght ratio, a woven end item of nylon or Dacron can be
stabilized with a measureable degree of success. Additional information was
sought to ascertain strength and shrinkage of all items at room temperatures,
and also after five hours at 300°F. Dacron items only were tested after one
hour exposure at 350°F, A1l items were checked for seam efficiencies in the
natural state and after exposure to 250°F and 300°F for five hours.

Fifty (50) yards of each of the 39 samples were delivered
to WADD for evaluation., The decision was made to use nylon materials., The
complete set of thirteen {13) samples were finally selected from among the
Dupont or Chemstrand nylon webbings, tapes and ribbons.

WADD TN 60-253, OTS Release December 1960

SURJECT: ULTRA VIOLET RADIATION RESISTANT MATERIALS FOR DECELERATION
INVESTICATOR: Joyee G, McGrath

ABSTRACT: Two improved types of nylon yarns (1) Type 330, 30 denier,

a more ultra-vislet radiation and heat resistant yarn and (2) Type 300, 30
denier, a higher strength than the conventionsl nylon yarn, were developed by
the E, I, duPont deNemsurs and Company, Incorporated, to be used in materials
for personnel and other type decelerators.

Cloth, woven of the two types of nylon yarn, in both natural
and Internationel Orange were exposed to (1) outdoor weathering at the Naval
Auxiliary Air Station, El Centro, California for pericds of 1, 2, 3, 4, 5 and
6 weeks, (2) Accelerated aging in a Weather-O-Meter, Type X1A4, for periods of
20, 40, 60, 80, 100 and 150 hours and (2] a temperature of 300°F for 8 to 16
hours,

Data obtained indicates that the Type 330 nylon cloth in
natural colar retains a very high ;~=cantage of sirength under all three ex-
posure conditions while the Type 230, International Orange and the Type 300 in
both natural and International Orange deteriorated at a very rapid rate after
exposure to both outdoor weathering and accelerated aging., The Type 300, natural
showed the greatest loss in strength after heat exposure of £ to 1€ hours,

(It was determined, in supplemental tests, by the E. 1,
duPont deNemours Company that the type of dye used to obtain the International
Orange color, was the chief factor in strength loss of the dyed Type 330 cloth,
The type 300 was not developed as a heat or ultra-violst lipht resistant yarn),

WADC TR 52-373, Sup 8 108



WALL TR 60-294, CIS Release May 1960

SUBJRCT: DEVELOPMENT OF SEACE STAITART AND TOLERANCES FOR USAF
TAN 505

ENVESTIGATOR « ¥rank J, Rizzo, Constantine J, Megas, Alvin 0. Ramsley,
William B, Pushnell, Ruth J, Evans

CUNTHACT s A4F 33(616)-53-221; 55-72, Guertermaster Research and
Engineering Command

ABSTRaCT ¢ Shade standards and tolerances for USAF Tan 505 used in hot

weather clothing heave been developed in three fabric constructions using a
fermulation which has had considerable industrial application for a mumber of
related shades,

The shade standardization procedure used was based on a
tecknique developed at the luartermaster Research & Engineering Commend, fol-
lowing procedures which are well known in the Industry.

The program was monitored by visual as well ag cclorimetric
crocecures, The tolerénce specing visually should provide for a reszsonalrle
T approach to a monotone appearance in uniforms mede from two different pieces of
febriec in the szmwe construction,

¢ shace characteristics of the three fakrics are such &s
to provice for vse of any of the fabrics in a sinele ensemble, Whatever dif-
ferences occur are more related to. fabric texture than to specific differences
in cclor, The colorimetric spacing obtained instrumenially does not coincide
with the visusl eveluation, The report discusses the reasons for this in detail,

The dersree of colorfasiness achieved is optimum for the
depth of shade,

wAiLD TR 50-295, 0TS Release July 1960C

SUBJRCT . DEVELGIMENT OF SHATE STATDARD »IT TOLKRANCES FOL USAF FLUE
157 HYLON RaYON 1OPLIHN AINL POLYVINYL FUTYRAL COATED NYLON
TWILL

INVRESTIGTUR Frank J, Rizzo, Constantine J, Megas, Alvin O, Ramsley,
Futh J, Lkvans

CUNTRLCT aF 33(516)-53-221 & FIPH (33-616)56-15, Guartermaster
Researeh & Engineering Command

&BSTRACT: Shade standards and folerances for Blue 157 have been de-

veloped in twvo separate fabrie constructions used in USAF rainwear, namely, the
cioth, nylon-rayon poplin and the cloth, rayon, twill, FVE coated, The formu-
letion used for the former fabric wes one pregcribed by the USAF, The formulation
of the latter was one which was selected after & rather extensive study of ecolor-
auyts, The durability <f the formulation of the nylon-rayon poplin to degradative
factors is dependent upon the effectiveness of the durable water repellent treast-
rent, 'The formuletion used on the nylon twill kas inherently good cclorfastness,
ite date reported shovw thet gsood colorfastness was obtained in both instsnces,
ihe tolercnce spacing and peneral standardization procedure utilized was one
develored by the Tuartermaster Research and Engineering Command follo-ing pro-
cedures which zre well krowvn in thke industry.
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Walll TR 60-295, OTS Release (Continued)

The program wag monitored by both instrumental and visual
methods anc the tolerance spacing provided is sueh &s 1o be in harmony with
the essential military requirements of geood appearence &nd the recognized cepa-
bilities of the industry. The tolersnce spacing on the nylon-rayon fabric is
slightly wider than that on the coated fabrie, This vas occasioned by the
greater complexibility of the dyeing system required for an ortho blend against
& single fiber system. In adcition, coating tends to a narrowing of the shade
ranze from the preccat condition, These tolerances as spaced colorimetrically
are different from their visual appearance, The latter héas been accepied &s
the important consideration in light of the fact that the colorimetrie theory
is under cuestion, Some of the possible reasons for these ceviations ere
enumerated in the report.

WALL TR 60-285, 0TS Release July 1960

SURJECT: FLAME BARGIER CHARACTERIZIICS OF TEXTILE FIBLES
INVESTIGLTOR,: Edward L, Keleod

AESTRACT IMethods of sémple preparzstion and testing were developed to

determine the relative performance of various textile fibers as impedients to
applied flame, Tests were conducted on randomly oriented compressed fiher peds,

It was found that residual products of wsh-forming fibvers
continued to ohstruct applied flame which temperatures detected on the opposing
side increased at a varying rate with ftime, Melting &and non-ash forming fibers
receded from applied flame without an increaze in detected temperature until
the point of complete flame penetrition. In some instances, nylon 66 showed
some departure from the normsal pattern of other melt type fibers, 1t wes es-
tablished thut inereased weight resulied in increased temperéiture lag time while
the most favoralle density for each fiber coccurred at some intermediate degree
of concentretion,

WaDD TR 60-51C, CTS Release October 1960

SURJECT : CETERIORATICON CF TEATILE MATERTALS PY ULTRAVICLET LIGET

THVESTIGATOR: William 3, Wileox, Charles V, Stephenson, James C. Lacey, Jr.,
Botby C. loses

CUNTRACT ¢ AF 33(hLl6)-56565, Southern Research Institute

ABSTRACT » This is the report on & project to determine the effecis of

ultraviclet radiation on polyethylene, Teflon, nyleon, Mylar, snd Acrilan, These
materials have been irradizied in a vacuum and in an inert stmosphere of nitrogen,

Leterioration of these materisls is faster for irradiation
with short wavelength vltraviolet than it is for long wavelength radiation, De-
terioration of polyethylene, nylon, kylaer, and ferilan is fester in & nitrogen
etmosphere than it is in & vacuvm, However, Teflon deteriorates faster in a
vacuul,

Experimental evidence as to the processes of detericreticon

are discussed in this report and mechunisms are proposed by —hich deteriorstion
could taite place,
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YALD TR 60-511, rart I, 0TS Release September 1950

SUBJRCT: TIVESTIGIION OF TEl KIGH SPEED ILTACT EEHAVIOR OF FIERCUS
FaTWRIALS FART I. Tesign znd Apparatus

INVERSTIGATOR Chauncey C. Chu, Robert J. Coskren, Henry I, Morgan

CONTRACT : AF 33(616)-6321, Fabric Researck Laboratories, Ine.

HBESTRACT # high speed impact test machine has been designed, con-

structed, &nd calibrated to test parachute components at high rates of loading,
This instrument is cepable of rupturing materials of up to 10,000 pounds static
bresking strength at velocities of from 200 to 750 feet per second, The im~
pacting force is applied by & free flying missile launched by & pas gun uti-
lizing either nitrogen or helium gas at moderately low pressures, The gun has
a bore of 2,5 inches and fires missiles weighing up to 10 pounds,

Fertinent datz are obtained by means of multiple exposure
photography using & multi-microflash lishting source which provides & maximm
of fifteen sepsarate flashes speaced at predetermined intervals of tretween 10 and
10,000 microseconds, The resulting photogrsph records the specimer and the
lmpscting missile before, during and after the impact, Measurement of the
distances between successive exposures yields information such as the breaking
strength, the extension to rupture, and the energy ahsorked by the specimen,
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FUELS, LUBRICANTS AND FIUIDS

FUELS

WADD TR €0~461, COTS Release September 1960

SUBJECT: AN ANALYZER FOR MOISTURE AND SOLIDS IN JET FUELS
INVESTIGATOR: Michael €zuha, Jr., Kenneth W, Gardiner

CONTRACT: AF 33(616)-6588, Consolidated Electrodynamics Corporation
ABSTRACT: An instrument for continuously and simultaneously measuring

total water, suspended water, and dissolved water in jet fuels was developed in
conjunction with the anti-icing program at WADD. Studies were also make of
photometric techniques for solid contamination detection and of the adaptability
of a nephelometric method to the moisture analysis equipment to form a unitized
contaminants analyzer.

The continuous coulometric analysis of total and dissolved
water in JP-4 and RP-1 fuels furnished by WADD was effected over several ranges
in a dual analyzer and the suspended water was determined by the difference in
the two readings. The instrument response was correlated with Karl Fischer
analyses using a polarized electrode end point indicator,

A positive interference with the instrument reading was
observed with methyl carbitol in the fuel as an anti-icing additive used in
early studies at WADD.

An optical system utilizing forward scattering of light and
muiltiplier phototubes in a ratio measuring circuit was incorporated into the
instrument to detect solid contaminants in the range 0-10 ppm. The response of
the analyzer was determined by adding test dust to the fuel and correlating with
gravimetric determinations using Millipore filters.

WADD TR 60-908 January 1961

SUBJECT: SERVICE TEST EVALUATION COF FILTERABILITY AND WATER SEPARATION
CHARACTERISTICS OF JRT FUEL VOLUME I AKRD II

INVESTIGATOR: Robert K. Johnston, J. P, Cuellar, Jr.

CONTRACT: AF 33(600)=39425, Southwest Research Institute

ABSTRACT: A study was made to determine to what extent fuel corrosicn

inhibitors interfere with fuel filtration and water separation. Performance was
rated on contaminated JP-4 fuel in a single-element filter-separator test facility,
using filter housings designed for each of five commercial element types to
similate flow conditions in the corresponding full-scale units. Standard coarse
A/C test dust and water were used as contaminanis; a brief study was also made
uging iron oxides.
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WADD TR 60-908 {Continued)

The corrosion inhibitors interfered with filtration and
coalescence, the effects ranging from slight to very severe. The various element
types differed in efficiency and in modes of failure. Fuel aromatics content and
gravity, within the JP-4 range, had little effect on performance.

The CRC water separometer, a bench-scale coalesecing test
apparatus, gave a general correlation with the single-element results. Inter-
action of additives with fuel components caused severe repeatability problems in
early work, but apart from this the separometer repeatability was satisfactory.
Preliminary work on a separometer reference fluid indicated that an "odorless
solvent" (alkylate) may be suitable.

HYDRAULIC FLUIDS

WADD TR 59-592 May 1960

SUBJECT: GAMMA IRRADIATION OF AN ELECTRO-HYDRAULIC SERVO TEST LOOP
USING ORONITE 8515 HYDRAULIC FLUID

IRVESTIGATOR: A, MacCullen

CONTRACT: AF 33(600)-32055, Lockheed Muclear Products

ABSTRACT: This summary technical report of the irradiation of an

electro-hydraulic servo test loop dynamically operated in a gamma environment
includes a brief historical background, the object and scope of the program,
and the procedures and resultg, The test was conducted for 260 hours with an
average dose rate of 1.1 x 107 ergs/em-hr (C). The fluid temperature was main-
tained at 275°, and the nominal pressure was 3000 psi.

WADC TR 59-760 April 1960

SUBJECT: HIGH TEMPERATURE FLUID EVALUATION TEST STAND

INVESTIGATOR: Iuke J. Gabrovie

CONTRACT: AF 33(616)-3126, Sundstrand Aviation Division

ABSTRACT: A hydraulic fluid test stand with the capability of evaluating

fluids at temperatures up to 700°F and pressures up to 3000 psi, has been con-
structed. A survey of the industry showed several areas in which reliable air-
craft type components were not available, and in such instances, the best non-
aircraft components were adapted to complete the test stand.

The report describes the fluid evaluation parameters, the
finalized test procedures to be used for fluid analysis, and the selection of
components,

The test results of two fluid evaluations are ineluded in
the report.
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WADD TR 60-250, Part I, 0TS Release May 1960

SUBJECT: HIGH TEMPERATURE HYDRAULIC FLUIDS - PART I, Chemieal
Degradation in a High Temperature, High Pressure
Circulation Leop
INVESTIGATCR: Robert J. Benzing, Leslie R, Drane, Jr.
ABSTRACT: A study was made to observe the nature and intensity of
chemical degradation resulting from severe mechanical shearing stregses at
elevated (L00°F) temperature, The degradation of these four fluids (two sili-
cones, & silane, and an alkoxy disiloxane) were also studied under static
thermal conditions., The physical and chemical properties, particularly viscosity,
neutralization number, and flash point showed changes in direction of values with
time, Possible mechanisms of break-down to explain observed differences between
the static and dynamic tests are discussed.

WADD TR 60-352, 0TS Release June 1960

SUBJECT: PERFORMANCE OF PETROLEUM BASED HYDRAULIC FLUIDS IN A PWMP
LOOP AT 3000 PSI AMD 275°F

INVESTIGATOR: Robert N. Johnson

ABSTRACT: Fluid breakdown and pump wear were investigated in a pump

loop at 275°F and 3000 psi on five petroleum based hydraulic fluids,

The mechanical shearing of these fluids resulted in excessive
loss of viscosity, although their resistance to oxidation was not appreciably
changed. The wide variations in the wear data of these fluids indicated their
difference in lubrication characteristics in the particular system employed.
Bench wear data did not correlate with the pump wear results.

WADD TR 60-3%4 July 1960

SUBJECT: INVESTIGATION OF THE LUBRICATING CHARACTERISTICS OF HIGH
TEMPERATURE POWER TRANSMISSION FLUIDS

INVESTIGATOR: Budd N. Barclay

CONTRACT: AF 33(616)-6498, Vickers Incorporated

ABSTRACT: This program was conducted to test and determine the feasi-

bility and potential of high temperature power transmission flulds for use in
550°F hydraulic systems, These fluids were tested for 2 particular purpose, and
the results do not reflect on the ability of the fluids to operate satisfactorily
under other conditions. The following fluids were tested under contract AF 23(616)-
€398:

1. Mineral 0il MLO 7460 - A superrefined mineral oil.

2. Bilicone MLO 59=250 - A halogenated methyl phenyl silicone,

3, Silane MLO 59-92 - Diphenyl &-n-dodecyl silane,
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WADD TR 60-394 (Continued)

4. Silane Mixture - 50% Silare MLC 59-92 and 50% Silane
MLO 59-91 (MIO 59-91 is essentially the same as MLO 59492, but contains a
lesser quantity of viscosity index improver ).

5. THP Ester MLO 59-6%Y - ester derivative of trimethanol
propane.

€. Silicone-Ester Blend MLO 59-700 — 504 TMP ester MLO
59-699 ard 504 chlorinated phenyl methyl silicone.

7. l-Bis (mePhenoxyphenoxy) Benzene MLO 59-6G2,

The test fluids were subjected to 550°F testing at 3000 psi
in a Vickers axial-piston vump desigred for high temperature operation. Of the
fluids tested, the silane-tase formulations, sSilane MLO 59-92 and 5ilarne kixture
{(\LO 59-92 and %10 59-91), exhibited the best apparent potential for 5500F
operation, enabling pump runs of 50 and 100 hours regpectively.

The low viscosity of MLO 7460 at 550°F resulted in mump
bearing failures; nevertheless, this fluigd appears to offer a good potential
for high temperature applications. The MLO 59-£92 fluid, m-Bis(m-Phenoxyphenoxy)
Benzene, exhibited excellent thermal stability, but the 550% viscosity was too
low to enable continued operation of the test pup.

Silicone iLO 59-250, TMP Ester KMLO 59-¢99, and Silicone-bster
Elend I:LO 59-700 dicd not maintain adequate chemical stability at 5500F. The
consequent increase in acid content resulted in pump damage and necessitated
early terminstion of tests,

The resulis of this orogram ingicate that overation of a
hydraulic pump on existing hydraulic fluids at 550°F is feasible. It is further
concluded that the nresent high temperature pump design can be modified to enable
extended operation on some of the fluids tested.

WADD TR 60-4€7 July 1960

SURJECT: SHEAR STABTLITY JF KYORAULIC ¥FLULILS BY 30RIC 3H=aR
INVASTIGATOR: Donald C, Trop

ABSTRACT: This report vresents conclusive proyof that shear stability

data obtained on hydraulic fluids by sonie irradiation compares guite favoratly

with data obtained bty the present shear stability test procedure {(nuwnp-testing )

in the LIL-H-5€C6 oSrecification, The sonic jrradiation method should be used to
replace the present pump testing procedure since it reduces test time from hours
to minutes and sample guantities from gzllons to williliters,
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WADD TR 60-583, Part I

SUBJECT' s

INVESTIGATOR:
AB3TRACT:

September 1960

LUBRICITY OF EXPERIMENTAL HIGH TEMPERATURE POWER TRANSMISSION
FIUIDS - PART I. Pump Wear at 275°F

Leglie R, Drane, Jr,, R. J. Benzing

The lubricity of several experimental high temperature power

transmission fluids of widely varying chemical types was investigated. A New
York Air Brake Company pump was used at 275°F as a means of studying the wear
behavior. Four-Ball wear tests also were run. The fluids consisted of a sili-
cone-ester blend, and ether and two disiloxanes, In general, these high temper-
ature fluids pave comparable lubrication tc that afforded by normal iemperature
petroleum fluids. In most cases the desired five hundred hours of operation
were successiully completed. Such performance demonstrates the feasibility of
the experimental fluids. No correlation could be obtained between the Four-Ball
wear tests and the pump wear testis.

WaDD TR 60-795, Part I, OTS Release December 19¢0

AXTRENE TEMPARATURE RANGS ORGANIC COOLANTS - PART I. -8C°F
to 400°F Temmerature Range Fluids
INVESTIGATOR: I4 Dale A, Barsness
AESTHACT: The increased performance demands of advanced aerospace
systems dictate the reguirement for new and improved heat transfer materials
capable of operating over extreme temperature ranges, i review of the status
of extreme temperature range (5TR) coolants for electronic equipment is pre-
sented., The fluids considered for use over a -20°F to %AOOOF temperature range
are describted in this revort and fall into the following class of compounds:
amines, chlorofluoro-carton oils, fluorochericals, silicones, silicate esters,
and siloxanes, 2Results show that the silicone fluids comply most closely to the
physical vroperties reguired for iTR electronic ccolants. 1t was observed that
they are the only group of materials that possess high boiling points and thermal
stabilities above the 400% bulk operational temperature, and still display reason-
ably low viscosity values within the extreme tewperature range. The electrical
properties of these materials are also very desirable.

SUBJECT :

The data on the nsw sexnerimental research fluids, reported
herein, 1list properties iwmportunt to futiure conlants for electronic components.
These data include the viscosity-temmerature relotion, vanor pressure-temnerature
oronerties electriezl characteristics, thermal oroverties and flamability charac-
teristiecs.

Wavd TR e0-255 January 196l
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WADD TR 60-855 (Continued)

ABSTRACT: The results of seven 100-hr fluid shear stability experi-
ments, six at 550°F and one at 275%, indicate that MLO 56-23/, (chlorinated
phenyl silicone), and MLO 57-637 (di-n-dodecyldiphenylsilane) resist degradation
from high shear stresses. MLO 59-98 (50-50 blend of phenyl methyl silicone and
ester of TMP), and MLO 8200 (hexa-2-ethyl butoxydisiloxane) experienced a mole-
cular change which substantially altered their properties, MLO 7277 (super-
fined mineral 0il) experienced a slight molecular change, and its properties

were slightly changed. An experiment is described where the wear of various
lubricated contacts can aiso be studied along with the shear stability of experi-
mental fluids.

an apparatus for studying lubricant behavior in rolling and
rolling-sliding contacts is described and results for initiasl runs are presented.
The initial wear-life results of solid film lubrication of spherical surfaces are
presented and discussed, Based on data from a plane on a cylinder configuration,
these results were lower than expected. Steps taken to make the high pressure
viscometer a self-contained working unit are outlined and the pressure limitation
resulting from bellows configuration and fluid compressibility is discussed.

Results for extreme pressure behavior of lubricants are
presented for a series of runs at 600°F and 275°F. Mating surfaces of M-10
tool steel were used for the 600°F runs while 52100 steel was used for the
2759,

HpAT TRANSFER FLUIDS

WwADD TR €0-303, Part I, OTS Release August 1960

SUBJECT: THE EFFECT OF GRAVITY ON FREE CONVECTION HEAT TRANSFER —
TEZ PEASIBILITY OF USING AN ELECTROMAGNETIC BODY FORCE

INVESTIGATOR: David A, Kirk

ABSTRACT: Theories concerning the instability and motion of a fluid

heated from below predicts the effect of various physical parameters, Experi-
mental investigations have succeeded in widely varying all parameters, except
¢ravity, in order to determine the validity of the theories. 1In extra-ter—
restrial heat transfer applications, such as in free convection, boiling, and
condensation, the effect of gravity should be verified by experiment.

This report considers trhe feasibility of using an impressed
electromagnetic tody force acting parallel to the earth's gravitational field.
The resultant of this electromagnetic force and the ground level gravitational
force is sali 1c be an "equivalent gravitational® force acting on the fluid mass,
Eased on the analysis made, a series of experiments can be performed to ascertain
the gquantitative contribution of gravity, over the range from -13.6 to 15.6 times
ground level gravity, on free convection heat transfer. Ain apvaratus is presently
being fabricated to conduct an experiment for the case when heat is applied from
below,
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LUBRICANTS

Wal$ TR §55-30, Fart VIIT June 1940

SUBJECT : FLUILS, LUBRICENTS, FUBLS il iELalil paThRTals
I0VESTIGETOR K, Erwin Klaus, llerrell K, Fenske, Elmer J, Tewksbury
CUNTRACT : AF 33(616)-5460, Fennsylvenia State University

ABSTR.CT: This report describes work carried out on & contimuing pro-

gram to characterize the capabilities of various base stocks and fluid formu-
lations for appliceiion as hydraulic fluids and/or jet engine lubricants under

a wide variety of conditions, 4An antiwezr or chemiczl polishing mechanism
similar to that sugrested for tricresyl phosphate is shovn for silicon-containing
fluiés with ferrous bearing surfsces, Variables designed to improve yield, ef-
fiegieney, =nd fluid properties are discussed for low temperature sclvent dewexing,
In many cases, the viscosity-temperature charzcteristics of the oil and wax
fractions wre koth better than those of the original oil prior to separstion,
Formuletion, distribution, and hardware testing of several wineral oil fluids

for use over the range of -fjo to =700°F are noted, HResvltis chtsined in a
550°F vickers pump test progrem sre ciscussed, The tesic trenés in thermal de-
gradetion with mineral oils have teen studied in a pressure cylinder, Tuzntita-
tive evaluation of the zaseous end licuid reaction products suspest different
rechanisms for the gas ond liguid phsse reactions, The effectivenecs of inbititor
combinaticns @5 antioxidantis versus 2 gingle inhibitor is illustrated &t tempera-—
tures of 347°, L4009, &nd S00°F, The use of & small volume test 1o evelvate
materizls availakble in limited gquantities is Cdiscussed, 4 series of sanples vhich
have heen in storsse for periods of 2 to 17 years are teing revelvate! Tor changes
in properties due to storage, 4an insisht into the mechanism of oxidaticon on or

in the vicinity of hot metal surfaces is provided bty quantitetive oxidation
studies in the controlled aticosphere panel coker, & series of svcecessive tegts

in the pernel cokers has been used to exglore further itle mechenism of coking and
the veriabtles soverning the depogit., Teposition type tests in & single-pass

lube rig are zlso discussed,

WalC TR 55240, Fart VI april 1960

SUBJRCT: PuiIC FalTIORS IN UFB FOFMATICN L2T ZTOETLITY OF TUN-IGAT
LUBEI CaTT ol GRE-SES

THVASTIGATUR John J, Chessick, &lhert €, Zettlemoyer, Jemes I, "ightnen,
Lovellsa Reub

COATHACT « AF 33(416)-399%, Lehigh University

ABSTACT . A systemization of the mest probable states for solids dis-

persed in organic media has been made, Specific attention hes heen paid to the
developisent of more rigorous definition vhere ambipuity existed previously,
Floeevulation is discussed in terms of (primary) van der Yails fype attrective
forees «né secondery wnd itertiary attrective forces, These latter two resvlt
from the influence of flocculating agents, Reduced deflccerlstion occurs due
to steriec hindrance, adsorted lyvsphere, entropie repvision or douhle layer
effects,
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WaLS TR 55-240, Fart VI (Continued)

4n investigation designed to determine the czuses of struc-
turel instability of non-soap greases durine use, «nd the sprlication of the
knowledroe obtained to the production of superior greages was initiated, Various
techniques sueh &s ion incorporation or resin trestment of thickener solids were
employed to inerecse the mechanicsl end temperstivre stability of FT'e8sSes CcONa-
teining verious inorganic thickeners., Good success wes achieved here, apparently.
Grease with excellent stability properties can he prepared with surface-modified
thickeners, DSurfzce modification wes accomplished ty deposition of pherncl-formal-
dehyde tyre resins onto the surfaces of the solids in question followed by curing
st elevated temperatirres to a stahble, coherent, thousk not necessarily, a mono-
molecular £ilm,

Liscellensovs work included the construction of & high tempera-
trre Skell Roll Tester wund limited studies of the inflvence of additives on
azse st

grease structure,

“anl TR 57-2%9, Fart III April 1960

SURTaCT . NUCLEAR RaDI ATON RuSIsTANT LUBRICANTS

ToVRETIGLCH, Williem L, R. Rice, David 4, Kirk

ABSTRACT . This report is intended to present a summery of the state-of-

tre-art of extrere temperature, nuclear rediation resistant fluid ané lubricent
cdevelopzent, It presents data on the effects of gamra radistion cn 2 number of
cormerceial fluics and lubricants, with a discussion of potential prohlem areas,
Selection of improved materials of greetly increased thermel and nmuclear radia-
tion stabilit: is discussed and the present ststus of preferred lubricants is
cutlined,

It is estimated that on a rasis of informetion to date, the
follovine conelusions can be made:

1, Tret us to the dosares (2.41x10%% erss/em carbon pamra
and 3X1016 nvt fést nevtrons) investigated ambient temperziire wear life of
rercizl solic film lubricents dié not show significant changes on irr:diation,

2. Tata on the silicone hise geuses stow thet the large
changes vhich ¢o occur in dropplng point, temh oxidetion, homb copper corrosion,
and 0il separstion hed little to ne effect on the hewring performance tests,
Treliminery in-source resring teste on an arvlurea siliccone hlend have performed
sutisfoctorily for an average of 500 hours at 450°F &nd at & doge rate of

.5x107 ergs/cm cirton hour,

3., The most promising candidate high temperature radistion
resistent ensine oils @re the polychenyl ethers, Latroratory tests indieate thet
they should he usealle to bulk oil tenperetures &s hirh .8 500°F in the presence
of intepreted nuclesr cossges of 1x1cl ergs/om carton,
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L, In-source testing of a hydraulic locp showed that
feilure of Viiton A dynamic sesls covld he expected at 3.0x109 ergs/cr: carbon
perma dosage and at 275°F,

5. aireraft instrument oils (IXIL-L-A085) oxidation-
corrosion stahility wes severely diminisked at gagma dossges &s low as 8,71x108
ergs/pm carbon,

wLalO TR 58-297, Fart IIT April 19460
SURJECT: TEVELOIDENT OF BVALUATICY TECPNITTE

o TOR
TrE LUBKRICTTY &M STaRILITY OF WET FIGH-
LUERTC-TS oBD HYLEAULIC FLUIDRS

IMNVESTIGATCR: Vernice Fopkins, asndrew I, 3t, Jobn
COMLRACT aF 33(616)-5202, liidwest Research Institute
ApSTREDT: in investigotion hes been conducted to ¢etermine the initial

purping rates of seven synthetic lubricants &nd one super-refined mineral oil

st temperatures down to -95°F, ilost lubricants were pumped &t lemperatures
pelow their pour points,., Fesk torques experienced curing & simvlated cold start
were rany times the torgue reguirec &t reted conditions,

4 high-tempersture hydravlic fluid pump test stend hes been
set vp, its performance evaluszted at temperatures up to TOOCF, and pressures up
to 2,000 psig. Test results wre presented for three LCO-khr, tests, two at
400°F, and one at 550°F, Changes are described wrich were mace to improve the
purp stend's performance and reliability.

4 Peering anslysis hes been completed viich incdicsates that
the energy dissization and coclent roles of lubricant in the bearing depend on
szverase metal body temperstuvre; the tvo roles ere otherwise isclated from one
snother., The desirn of a tester is outlined which seperately measures the
tubricant dissipaticon and cooling properties.

& four-trzllvesr tester hes heen modified for 1CCOCF oper-
ztion, Tests have been run on & sroup of experimental lutricents £t temperatures
up to 1C0CCF using a specizal steel und 1.-1¢ tool steel, These tecty were Con-
ducted Lo see if a e£liding contact of special stesl was better lubricated then
=10 tool steel with this srovp of lubtricants, The K-1C tool steel was generslly
worn the lesst excep: when lubricsted with & siliccne,

Tegts have been run on the WAIL I, P, tester to evaluate
its performance and to obtain information for esteblishing & fluié evalustion
procecure, 4 tentative procedure for selzure loed Ceterrdinetion his heen written,
Zeiztre lowd dete are presented for & di-ester end an B, F. lutricant with &
250°F lubricant temperature, Then 5£100 steel test elements ere veer, the
seizure lowd for the E, ©. lubricant is prester ten that for the di-ester; hovw-
ever, when k-10 tool sieel test elements are used, seizure vwis not experienced
with either lubricant,
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A high-pressure viscometer capable of operating at temper-
atures up to 400% and pressures up to 250,000 psig has been set up in the
lubrication laboratory at the MRI Deramis Field Station. Seal problems pre-
vented the evaluation of its performance. Steps have been taken to correct
the seal problems and to make it independent of MRI capital laboratory equipment,

An oscillatory bearing tester has been modified for 1000°F
operation. It is planned to use this machine to evaluate dry film lubricants
epplied to a spherical ball bearing,

An environmental chamber system has been completed in which
accessory components can be mounted and used as test rigs for the practical
evaluations of lybricants and power transmission fluids., The system consists
of & =100 to 800F environmental chamber, a 50 h.p. 0-12,000 rpm variable speed
drive, 28 v. DC and 208v,, 400 cycle power supplies, and controls and instrumentation.

5 Specifications have been written for a -300 to 1500°F,
107 mm of Hg "walk-in® altitude chamber and a 25 h.p. 50,000 rpm variable
speed drive,

WADC TR 58-350, Part III June 1960

SUBJECT: DEVELOPMENT OF GREASES FOR HIGH SPEED BALL AND ROLLER
BEARINGS

INVESTIGATOR: Paul R. McCarthy, Guy C. Blewett, John F, Hedenburg

CONTRACT: AF 33(616)~5020, Gulf Research and Development Company

ABSTRACT: During this phase of the contract, approximately forty

fluids and ninety experimental thickeners were evalusted as components for
greases intended for operation at 20,000 rpm and 400°F.

The most promising of the fluids were certain of the sili-
cones, mpbis(m-phenoxyphenoxy)benzene and a silphenylene, Since the m-bis{m-
phenoxyphenoxy )benzene and silphenylene were in short supply, very limited work
was done with these fluids,

Of the thickeners used primarily in conjunction with DC-550,
certain lots of spiro(hydantoin-5,1'-indan) and 1,1'-methylenebis(5,5-dimethyl~
hydantoin) produced experimental pgreases which operated satisfactorily for a
period of 500 hours at 400°F and 20,000 rpm. Greases prepared with other lots
of the same materials failed in much shorter periods, Arylureas and combinations
of arylureas and Benzidine Yellow as thickeners may provide greases showing even
better performance under the above conditions. More extensive evaluation is
needed to substantiate this.

Statistical analyses to determine (a) correlation between
screening tests and performance of greases in antifriection bearings and (b)
precision limits on performance life tests at 20,000 rpm and 400°F were made,
Resultis on the analyses indicated no correlation for (a) and very poor pre-
cision for (b),
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Construction of two 45,000 rpm extreme high speed testers
was completed and one of these testers put into operation., The second tester
will be in operation by February 10, 106€0. Operation of the tester and acces-
sory control eguipment is very good. Sixteen trial runs on two greases showed
very short life (0.25 to 10 hours) for the greases and bearings at speeds
above 30,000 rpm,

WADC TR 59-633, Part II December 1960

SUBJECT: HIGH TEMPERATURE INSTRUMENT OIL

INVE3TIGATOR: Albert A. Schwartz, Harry R. Broadley, Jr., Robert 5, Norman
CONTRACT: AF 33(616)-5894, General Electric Company

ABSTRACT: Studies were made on lubricity improvers and oxidation

inhibitors for silicone fluids, which had been found in our earlier work to

be the most promising base stocks, Preliminary screening of the various fluid
additive combinations were carried out using procedures developed in Part I

of the program, Full scale performance tests in instrument bearings were run

in air and in argon atmosphere, Significant improvement in performance in both
the preliminary screening and the bearing tests was achieved with several of the
lubricity additives. 4 vendor-developed dry lubricated ball bearing looked very
promising in the bearing life tests,

Evaluation of the base stock, the most promising fluid
formulation, and the vendor-developed dry lubricated ball bearing was carried
out in a simulated gyro pimbal assembly and in high speed gyro motors designed
to operate at AOOOF. Significant improvement over the gilicone base oll was
obtained with the oil compounded with a lubricity improver, especially in the
slow speed gimbal tests, Iubrication of the high speed gyro motors with these
lubricants was not as satisfactory as the slower speed application.

The dry lubricated bearings developed by the outside vendor
appear promising for moderate to high speed applications, such as the tachometer
generator, where torque requirements are not eritical., These bearings did not
prove to be satisfactory in the gyro gimbal test since bearing torque increased
rapidly during the first 200 hours of operation,

WADC TR 59-736, Part 11, 0TS Release May 1960

SUBJECT: LOAD SUPPORT AND ANTI-SCUFT'ING PROPERTIES OF LUBRICANTS
PART II. WADC Universal Gear and Spline Lubricant Tester

INVESTIGATOR: leslie R. Drane, Jr.

ABSTRACT: The design and operating characteristics of a gear and

spline lubricant tester are described. Results of studies to determine the
effects of lubricant flow rate, gear speed, and inert atmosphere on gear scuff
load are presented.
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Lubricant load carrying ability decreased sharply in the
5000 to 10,000 rpm range, but leveled off in the 15,000 to 20,000 rpm range.
A slight increase in scuff load with inereasing speed was noted in some cases,

The use of an inert atmosphere caused a decrease in scuff
load rating with a mineral 0il, a sebacate, and a silicone-ester blend, Two
silicone fluids showed no significant change in scuff load when tested in an
inert atmosphere,

WADD TR 60-424 November 1960

SUBJECT: HIGH TEMPERATURE LUBRICATION IN THE PRESENCE OF NUCLEAR
RADIATION

INVESTIGATOR: V. N. Borseff, 3. J. Beaubier, W. W, Kerlin

CONTRACT: AF 33(61€)-6658, Shell Development Company

AESTRACT: The work presented is an investigation of lubricating

capabilities of unsubstituted polyphenyl ethers and a comparison of these
ethers with conventional lubricants. The work consists of studying the per-
formance of the lubricants in bearings and gears under severe thermal, oxida-
tive and ionizing radiation stresses. Based on the evidence obtained, it
appeared that all lubricants suffer an appreciable decrease in load carrying
capacity at elevated temperatures, but preserve their lubricating properties
under the most severe environments, providing the flow of o0il to the load
bearing elements is not impeded in any manner. Sinee the flow of oil is highly
affected by degradation due to hest, oxidation and ionizirg radiation, the
stabilities of unsubstituted polyphenyl ethers and MIL-1-92364 oil were studied.
The results showed a great superiority of the polyphenyl ethers over the con-
ventional oils, Regarding the effect of ionizing radiation, it was noted that
at levels below 1 x 107 ergs/g C its effect is neglipibly small and in this
radiation range the main causes of lubricant degradation are heat and oxidation.

WABD TR 60-529 October 1960

SURJECT: MECHANISM OF LUBRICATION OF GRAPHITE SINCLE CRYSTALS
INVESTIGATOR: Paul J. Bryant

CONTRACT: AF 33(616)-6277, Midwest Research Institute

ABSTRACT: A research program has been initiated to investigate the

frietion mechanism of graphite. The effects of gtmosphere, crystal orientation,
etc., on the lubricative process are being observed.

A search for satisfactory graphite samples has been under-
taken with praphite whiskers being considered first. The whisker structure
was first found to be imperfect when it was physically removed from the growth
matrix, A technique of selective oxidation was developed to extraet the whiskers
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from the matrix without physical damage. Whiskers thus extracted, while still
not ideal, are useful in some phases of the study. In particular, they con-
tain a uniform inner core which is useful for surface friction, atmosphera,
and wear damage studies.

Single crystals of graphite were produced by the thermal
decomposition of aluminum carbide single crystals., These samples have the
regular graphite crystalline orientations throughout, and are representative
of the fundamental graphite system.

Aluminum-oxide whiskers were grown as a by-product of the
technique for producing graphite single crystails. Their structure and the
mechanism by which they were produced are of interest because they indicate
the temperature conditions which existed during the production of graphite
crystals.

X-ray diffraction analysis of the single erystals showed
uniform erystallographic orientations and interatomie snacings in close agree-
ment with those reported for natural graphite. The graphite whiskers show
normal grachite spacing, but their erystal orientations were not uniform. The
aluninum—oxide whiskers were found to consist entirely of the aloha phase and
to contain no measuratble impurities,

Structural features of the graphite whiskers and single
erystals as determined by optical microscopy and induced damage experiments
indicate the type of experiments for which the whiskers and single crystals
are sultable,

WADD TR 60-530 September 1560
SUEJECT: CaRIC BONDED s50LID-FILM LUBRICANTS

IRNVESTICATOR: ¥, T. Lavik

CORTRACT: iF 33(616)-6115, Midwest Research Institute

ABSTRACT: Thirty-three compounds were screened for their oxidation

resistance in air. Sixiteer compounds indicate less than 50 percent conversion
to oxides after 4 hr, at 1000°F. The same compounds were screened for fric—
tional properties from 80° to 1000°F at light loads, Seven of them indicated
a friction coefficient below 0.50 over a large portion of the temperature
range.,

Four high temperature bonding agents were selected for
bonding films of the most promising solid lubricants. OCutstanding results
were obtained at 1000°F with PbS films bonded with BpO3. Wear-lives as high
as 50,000 revolutions were recorded at lOOOOF, 100-1b. 1load and 370 rpm, with
frietion coefficients from 0,07 to 0.15 and negligible wear on the rub shoes.
The wear-life of the PbS/BQO3 films falls off very rapidly with decreasing
temperature. Films combining oS, or graphite with Pb5/5203 films have not
shown good results at 1C00°F,
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WADD TR 60-536 November 1%60

SUBJECT: HIGH TEMPERATURE LUBRICANTS TOR ADVANCED GAS TUHRBINES
INVESTIGATOR: Harold W. Adams
ABSTRACT: Selected polyesters derived from trimethylol propane

proved to be satisfactory base stock fluids from —65°F to bulk oil tempera-
tures of AOOOF to ABOOF, for advanced gas turbine engines. A combination
"inhibitor package" consisting of 5-10-10 diphenylphernazasilane and phenyl
alpha naphthy amine, was found to be most effective in these trimethylol
propane fluids., The finished fluid formulations (resulting from the above
base fluids and additive combinations) provided the necessary physical and

chemical characteristies required for advanced gas turbine lubricants,

WADD TR 60-557, Part I October 1960
SUBJECT: DEVELOPMENT OF GREASE LUBRICANTS FOR HICGH TEMPRAATURE
BALL AKD ROLLER BEARTKGS OF ZTLECTRICAL EJUIPMENT
INVESTIGATOR: 4. C. Borg, K. H. Bunting, A, M. Dobry, J. C. Goossens,
J. H. Klauwers, R. S. Barnes
CONTRACT: AF 23(616)-6584, Standard 0il Company
ABSTRAGT: The objective of this contract is the development of grease

systems for use in ball and rolles bearings_of electrical equipment over an
ultimate temperature range of -65 F to £900 F. The current program is aimed
at the development of a -¢OOF to ¥7OOOF grease, The high temperature per-
formance ic the oping and screening fluids, thickeners and greases at 6007F.
600%F was chosen because long time performance at this temperature is reguired
by the contract and it was close to the limit of significantly long performance
of available greasss and test equipment at the bepinning of the contract.

Equipment was bullt or ottained for running loaded bearing
tests, dropping polats, svaporations, -and roll stabilities at temperatures up
to 9OOQF. Several types of bearings, said to be better for high temperature
use than the MRC 204 S-17 bearings used in this period, were received at the
end of this reporting perioed, but no tests have yet been run on them.

Fluids and thickeners, believed to be potentially useful
in -AOQF to 700°F greases, were synthesized or obtained from outside sources
end screened in bench tests for adequately high thermal stability and low
volatility., Thickeners were also screened for thickening ability over the
temperature range, Materials that appeared promising after screening were
made into greases and bearing tested. Fluids were thickened with the best
high-temperature thickener availakle, and thickeners were dispersed in the
best high-temperature fluid to obtain the greases for these tests.

Most bearing tests were run at 600°F, under modified CRC
1~35 conditions, on Pope-Texas type spindles. TUnder these conditions, the
best of the currently available greases, methylphenyl siiicones, thickened
with one of several high-melting organic thickeners ran for about 55 hours,
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fireases made with several experimental silicone fluids gave results that
ranged from slightly worse to significantly better than those obtained with
the best available greases. The best results were obtained with DC-QF-6-7024
Silicone Fluid which ran from 100 to 4004 hours in various tests. Failures
were due to the instability of the silicone fluids. The best phenoxyphenyl
ether and chain-type polyphenyl greases ran as long as the best of the cur-
rently available greases. Failures were not dus to fluid instability, but
fluid volatility. Preparation of lower volatility fluids of these and related
structures are under way. Surface treated silieca, carbon black and glass
fiber thickeners gave better results than the best of the currently used high
temperature thickeners., In addition, some promising initial results were
obtained with high melting polymers, complex sulfonyls and sulfonamides, and
gome organic pigments. None of these thickener systems has been completely
perfected and even better results are to be expected as they are further
developed,

Running similar bearing tests on MRC spindles gave results
equivalent to those obtained on the Pope-Texas spindles, when similar load
conditions were used. Under higher load conditions, shorter test runs were
used, The DO—JF-6-702/ Fluid grease ran only £ hours when the axial load was
increased from five to fifty pounds. Load carrying additives improved bearing
performance at higher loads, One additive in the JF-6~7024 grease, lowered
the five pound axial load rurning time to about 60 hours, but raised the fifty
pound running time to over 30 hours, Another additive when added in this
grease, did not affect the five pound load life, and ran for over 40 hours at
fifty pounds load.

Increasing the temperature to 650°F decreased the running
time.

Increaging the amount of grease filled into the bearing
increased the running time.

No tests were run with relubrication, but the development
and use of such a technique coupled with the use of better bearings is expected
to increase bearing running times,

WADD TR 60-757 December 1960

SUBJECT: SILICONE LUBRICANT-CARBON SEAL INTERACTION AT ELEVATED
TEMPERATURES

IHVESTIGATOR: Thomas H. Koenig, E. James Vargo

CONTRACT AF 33(616)-6714, Cleveland Graphite Bronze

ABSTRACT: The advent of higher power jet enpines necessitated a

suitable high temperature lubricant. Silicone oils became attractive candidates
for this field primarily because of their thermal stability at high temperatures,
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However, one problem presented itself in the form of deposits at carbon seal
areas. 1t was originally theorized that these deposits were formed by a basic
incompatibility between silicone oil and the carbon used for mechanical secals.

Static immersion tests using 18 grades of carbon in com-—
bination with three silicone oils, one ester, and one silicone-ester blend at
bath temperatures of AOOOF, 500°F gave no indication that carbon has an effect
on viscosity increase or high temperature breakdown of the oils tested., In
tests where radical changes occurred in samples containing carbon, there were
also radical changes in control samples not containing carbon. This point was
also confirmed in dynamic tests,

In a test setup simulating sealing conditions, silicone
sludges were formed at indicated interface temperatures of 280°F. This
temperature is considerably below the oxidation and thermal decomposition
temperatures of the lubricants. Localized hot spots were found to be the
source of the high temperature., In one case, temperatures 300% higher than
the average were recorded.

Bench rig tests of shaft ard face seals produced silicone
sludge under conditions far less severe than those encountered in the field.
Tests run with a nitrogen blanket show that excluding oxygen from the seal
interface inhibits or stops the formation of silicone sludge. This method of
seal protection will be satisfactory until the seal interface temperature
Zeashes the chermal decomposition limit of the silicone oil, aprroximately

20°F.

WADD TR 60-770 December 1960

SUBJECT: SYNTHESTS AND INVESTICATION OF HIGH TEMPERATURE GREASE
THICKENZRS

INVESTIGATOR: John &. Griffith, III, John B. Christian

ABSTRACT: High melting imide solids synthesized from anthraguinone,

pyromellitic acid, pyromellitic dianhydride, phthaliic anhydride and various
amines were investigated as potentisl high temperaiure crease thickeners.

Several commercially available high melting solids such as asbestos, resins

ard amine anthroguinone thickening compounds were included in this investigation.

Greases were formulated from these materials by solvent,
heating, and milling techniques. Physical characteristics of the resulting
greases were also determined.

An imide thickener combination comprised of two sevparate
components, the aluminum complex of pyromellitic benzoic acid and phthalimido
benzoic acid nroved to te the most promising material investigated. It oroved
to have good thermal stability, excellent gel characteristics and a melting
point above 1200°F.
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The commercially obtainable high melting point solids
were generally ineffective as grease thickeners. Better methods of dispersion
and of keeping article size uniform would greatly facilitate this work.

SOLID FITM LUBRICANTS

WADC TR 59127 July 1960
SUBJECT: A MOLECULAR APPROACH TO DRY FI1LM LUBRICATION IN A
VACUUM (SPACE) ENVIRONMENT
INVESTIGATOR: R, K. VanVliet
SESTRACT: This report presents an analysis of the problems associated

with the use of dry film lubricanis at moderate temperatures on unpressurized
space vehicles, The effects and suspected effects of vacuur on dry film lub-
ricants are analyzed in detail to provide the basis for future research programs
in this area. 3Several hypotheses for luosricant environment interaction are pre-
sented and a few basic research approaches are sugrested.
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ELECTRICAL AND ELECTRONIC MATERIALS

WADC TR 59-337, Part II, QTS Release September 1960
SUBJECT: SYNTHESIS AND PURIFICATION OF DIELECTRIC MATERIALS
INVESTIGATOR: W. C. Divens, D, H. Hogle, D. W. lewis, P. A, Tierney,

T. W. Dakin, D. Berg
CONTRACT: AF 33(616)-5979, Vestinghouse Electric Corporation
ABSTRACT: This report describes the progress during the second year

on a research program undertaken to prepare pure dielectries with improved
properties for use as electrical insulation at 500°C. The effort has been
concentrated on the materials: boron nitride, alumina, and boron phosphide.

Boron nitride has been prepared with better dielectric
proverties, at 500°C, than any other reported materials, The condition for
the hot pressing of the boron nitride dises have been elucidated. Hot pressed
boron nitride has been shown to possess electrical properties which are
anisotropic,

Anodized aluminum oxide films have good 500°C dielectric
properties. The films are polarity sensitive and have a resistance which
decreases with increasing field.

The adhesion of the electrode metal to the anocdized oxide
film has been improved appreciably by first evaporating silicon monoxide in
vacuum, and then evaporating gold on top of the silicon monoxide without having
released the vacuum,

Dielectric measurements of aluminum oxide films formed by
hydrolysis of aluminum isopropoxide have indicated inferior properties for the
oxide made in this manner.

Boron phosphide has been synthesized by two means: (1)
direct reaction of the elements, boron and phosphorus, and (2) by reaction of
boron trichioride, phosphorus and hydrogen.

WADC TR 59-469, (TS Release September 1940
SUBJECT: INVESTIGATION OF ORGANIC SEMICONDUCTORS

INVESTIGATOR: G. P, Brown, S. Afterbut

CONTRACT: AF 33(616)-5949, General Blectric Company

ABSTRACT: The specific resistivity as a function of temperature has

been determined for a variety of organic compounds including polyacrylonitrile,
polyacrylonitrile containing additives, 1,l-diphenyl-2-picrylhydrazyl, naphtha-
lene and Its leamine, l-nitro-, 2-methoxy-, and 2-phenyl derivatives, 1,4-
diphenyl-~l, 3-butadiene, 1,8-diphenyl-1,3,5,7-cctatetrasne, and seversl picrates,
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The resistivities were obtained on materials in various stages of purifiecation,
over a wide range of applied voltages, in nitrogen and in air, and in the solid
and (wherever feasible) in the liquid state. A zone refiner was designed and
used in the purification of several materials. The results obeyed the semi-
conductor equation, /3==,e? exp (E/2kT); values for the energy gap E and the
resistivity at infinite temperature /& were calculated. A model for con-
ductivity in organic compounds has been advanced postulating that the primary
process responsible for conductivity consists in the formation of biradicals.
The pertinent literature was surveyed and the available data were tabulated.

WADD TR 60-17, OT3 Release May 1960

SIBRJECT: PELTIER EFFECTS FOR CRYSTAL GROWING

INVESTIGATOR: Iouis L. Thomas

CONTRACT: AF 33(616)~6150, Nuclear Corporation of America

ABSTRACT: Available literature on crystal growing and refining pro-

cesses has been reviewed. In accordance with the results of the literature
survey and analysis of the problem, the zone melting technique has been chosen
for modification to atudy the potential of the Peltier effect for improving
erystal properties. Zone melting apparatus, modified according to the criteria
developed, has been fabricated, Germanium rods have been zone melted. Con-
current experimental work included measurement of resistivity, Hall effect,
magneto-Seebeck effect at the melting point, and Peltier effect as applied to
zone melting.

WADD TR €0-111, OTS Release June 1960

SUBJECT: ORGANIC SEMICONDUCTOR STUDY

INVESTIGATOR: J. B. Rust, F., A, Haak, J. P. Nolta

CONTRACT: AF 33(616)-6024, Hughes Aircraft Company

ABSTRACT: This report covers the first fifteen months of a study on

organic semiconductors under Air Force Contract AF 33(616)-6024. Experimental
results for the temperature dependence of the resistivity are presented for
thirteen organic compounds, Experimental results regarding the rectification
properties of copper phthalocyanine and other metal derivatives of phthalo-
cyanine are presented. A tentative theory based on the formation of a space
charge due to the presence of an oxidizing agent in the system has been developed.
Preparation for the study of the effects of high electric fields on anthracene
and phenanthrene are discussed and some qualitative results are presented.

WADD TR 60-364, OIS Release August 1960
3UBJECT: AN INVESTIGATION OF THE RESPONSE (F PHOTOMULTIPLIER TUBES
IRVESTIGATOR: Gordon H, Griffith
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ABSTRACT: The response of a photonultiplier tube is related to its
average sensitivity and can be improved by using only the most sensitive part
of the photocathode. This report presents a number of graphs to illustrate

the response of a photomultiplier tube as a function of the point on the photo-
cathode surface that is illuminated and to indicate the improvement in symmeiry
of the iso-sensitivity lines that may be achieved by varying the shield voeltage.
While the observed sensitivities were due primarily to the geometry of the
cathode-dynode configuration, they were also due partially to the non-uniform
response of the cathode surface.
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WADC TN 59-401, OTS Release

SUBJECT:

INVESTIGATOR:

ABSTRACT:

NUCLEAR MEASUREMENTS

November 1959

ATTEMPT TC EVALUATE CHLORINATED HYDROCARBON DOSIMETERS
BY CROSS CALIBRATING ELEVEN GAMMA RAY SOURCES

Robert L. Hickmott, Maurice J. Cote, Philip B. Hemmig
An evaluation of the chlorinated hydrocarbon dosimetry

gystem of Convair, Fort Worth, was attempted by the Materials laboratory,
Wright Air Development Center, with the cooperation of a number of high
intensity irradiation facilities throughout the country. The evaluation con-
sisted of two phases, The first phase tested the precision of the dosimetry
system, It involved the irradiation of thirty five single dosimeters at
Wright Air Development Center. The second phase was intended to field test
the dosimetry system. It was also hoped that data from this phase would per-
mit the cross calibration of the participating facilities,

of the results.

Data obtained in this program is presented with an analysis

Variations from facility to facility, and within the same

facility, were noted which cannot be explained by the available information,
however, the program was not specifically designed to separate rate effects,
spectrum effects, and temperature, storage, and handling effects which could
have influenced the results,

Although the data appear inconclusive they illustrate the

problems that may arise in applying such dosimetry systems, and demonstrate
the desirability of further work to cross calibrate the many irradiation

facilities,

WADG TR 59--443, 0TS Release

SUBJECT:

IKVESTICATOR:
CONTRACT:
ABSTRACT:

Septenmber 1960

FANTASTIA AND TRIFROD - SHIELDING CODES ¥OR THZ 11034
UNIVAC

Herbert 3Stelinberg, Jerome Heitner, Raphael Aronson
AT 33(416)-5187, TAG, Incornorated

Two codes have been develaﬂed for the 11C3a Univac.

PANTASIA computes reutron transmission through laminated slab shields and
slowing down density within the shields by Monte Carlo methods, TRIPRCD is

a slowing down code suitable for shielding problems.

It is based on the

General Blectric reactor code VALPROD, Both theory and application of FANTASIA
and TRIPROD are discussed, Operating instructions are included,

WADC TR 59-607, 073 Release ¥ay 15860

SUBJECT: STUGIARST Z4ATION OF ¥ABRIICATION 1ECHNIJUSS (TIIRESHOLD
??T137

IMVESTIOATOR 1., &, Laxb, R, R, Tsukimuara

CONTRACT: A 33( 00)=35917, aero et-Ceneral Mucleonics
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WADC TR 59-607 (Continued)

ABSTRACT: The techniques used to develop and standardize a series
of neutron detection foils for measurement of neutron spectra are described,
The series includes gold and cobalt foils, and plutonium-239, uranium-238,
and sulfur threshold foils, A method of calibrating the foils with a low-
flux research reactor is discussed. The instrumentation required to obtain
data from the foils is presented, together with the neutron intensities that
may be explored with these detectors.

WADC TR 59-711, OTS Release February 1960

SUBJECT: OPTICALLY ACTIVE ORCANIC COMPOUKDS AS HIGH LEVEL GAIMMA
DOSTMETERS

INVESTIGATOR: Stanley M. Dec -

ABSTRACT: Materials which are of necessity located in high level

radiation fields frequently undergo degrading effects, A measurement for
high level radiation is an important factor in the practical application of
materials in nuclear environments,

This projeqt was initiated In order to develop a dosimeter
gystem which could extend the range of current dosimeter methods. A new
technique was used, wherein the efrects on the rotation of optically active
organic compounds were determined with gamms radiation. The program was
directed toward obtaining characteristics of a number of probable dosimeter
systems, Linear or near linear response was observed for seversl systems to
a range of at least 10+Y ergs gram™ carbon, Maximum range levels were not
determined since a considerable length of time is needed for irradiations at
higher doses.

WADD TR 60-98, OTS Release May 1960

SUBJECT: MICROWAVE GAMMA-RAY IONM CHAMBER

INVESTIGATOR: Donald A, Brown, Karl C. Speh, Jesse J. Tezub

CONTRACT: AF 33(616)-5758, Airborne Instrurents Laboratory

ABSTRACT: A microwave gamma-ray ion chamter and its asssociated equip-

ment has been , developed that is capable of measuring gammna radiatiocn in the
range from 106 to 1010 ergs per gm-hr (carbon), This equipment overaites at a
mierowave frequency of about 9 kme and measures radiation by using the changes
in the reflection coefficient looking into a gzs-filled microwave resonznt
cavity caused by ionization of the vas due to radistion, uvata on gas conduct-
ivity and resorant freguency shift have been taken for diiiersnt gas mixtures,

WADD TR €0-293, OT3 Release July 1960
SUEdaCT: A PROT-HEC0210 JDRCANIC SCINTITIATION »PacTid 27531 Ol
IBVLSTIGATION IRTO 4 VART G2 TR=0000lD SPARF COURT-R
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WADD TR 60293 (Continued)

IRVESTICATOR: John B, Ashe, William E. Tucker, O. M, Hudson, Jr.,
J. T. Prud'homme
CONTRACT: AF 33(616)-6362, Texas Nuclear Corporation
ABSTRACT: This report describes the research which was conducted

by Texas Muelear Corporation on two possible neutron spectral measuring
devices based on the detection of recoil protons,

A scintillation detector is described which has the ability
to differentiate between neutrons and gamma rays by means of the different
decay times of recoil proton and Compton electron scintillations. This detector
has been incorporated into a neutron spectrometer which is highly insensitive
to gamma rays over a detectable neutron energy region of approximately 0.8 Mev
to greater than 17 Mev. Data obtained with the spectromeler are presented.

In addition to the scintillation detector, investigations
into the feasibility of using a spark counter as an energy sensitive neutron
detector are also described. The results of these investigations are discussed
and representative dats are presented,

WADD TR 60-312, 0TS Release September 1960

SUBJECT: THE SPM {STOCKASTIC PROCESS METHOD) EJUATION FOR CAICULATING
THE SPATIAL VARIATION OF NEUTRON SPECTRA

INVESTIGATOR: Carl WN. Klahr, H., Julius Zell

CONTRACT: 4F 33(¢31€)-5187, TRG, Incorporated

ABSIRACT: The 3P equation is a second order partial differemtial

equation in lethargy (or energy) and spatial coordinates. It promises to
describe the slowing down and spatial diffusion of neutroms with sufficient
accuracy for shielding problems and for other applications where neutron flux
spectra are critical., A primitive SPM with infinite orders of derivatives is
first obtained from either the Smoluchowski or Boltzmann equations, It is then
truncated after the second order derivatives., The ccefficientsof two forms of
this ejquation are obtained and suitable boundary conditions are given. A code
has been written to solve this equation on the 11034 Univac., Various solutions
are given,

LADD TR 60-344, O0T3 Relesse November 1960

SUAJECT: A STULY O THE NATURE OF FREE RADICALS IN IRRADIATED
CHEMICAL SYSTEMS

IIVA3TIGATOR: ¥, Y. Yeng, W. A. Classon, 3. 4, karshall

CONTRACT S AF 33(£16)-C141, armour Research Foundation

APSTRACT: In order to better evaluate the factors which dictate the
suscentinrility of orranic compounds to form free radicals on exposure to ioniz-
ing radistion and the nature and fate of said radicals, a study has been made
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WADD TR 60-344 {Continued)

of the radiation chemistry of various organic compounds, The compounds studied
were chosen in order to ascertair the effect of structure and presence of func-—
tional groups within the basic carbon skeleton on the radiation damacing of the
various substrates., Compounds studied were n-, sec-, and tert-tutyl iodides,
tert-butyl amine, n-butanol, n-butyric acid, and ethyl acetate. The alkyl
iodides were studied in order to ascertain the effect of structural isomerism
on & system whose primary dissociative step is known, i.e., carbon-iodine bond
fission, The other compounds were studied in ordsr to evaluate the effect of
changing the functional group (alconol, amine, acid, etc.) and the over-all
structure (ester) in a four carbon organic system,

The systems were studied using product analysis as the
main tool. Gas-liquid pertition chromatograshy was the arnalytical method
used for the ligquid oroducts while manometric and mass spectrometric means
served for the gaseous products, In addition electron spin ressnance tech-
niques were used as a means for determining directly the radical(s) present.

The results indicate that over-all yields of products
increase on changing from a primary to a secondary to a tertiary bond to the
dissociable entity, Further, on changing the functiosnal group the character
of the produets change as the bond energy in question approaches that of the
carton-hydrogen bond, The results are in accordance with the view that the
croducts can be predicted on the basis of the relative tond strensths within
the molecule and classical theories of free radical chemistry,

WADD TR €0-544, OTS Release August 1960
RADTOCHEMICAL PRODUCTION ABD FATE OF FRAZ 24010 LS

IEVESTICATL Roger E., Rondeau

ABSTRACT: This report represents an effort to interrret and coirelste

to a limited extent, the many physico-chemical phenomena of radiation cremistry
in terms of elementary free radical processes,

WwADD TR €0~5¢2, 0135 Releuse Cetober 196¢

4 2010 3T5
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WADD TR 60-562 (Continued)

upon irradiation. Results in a cob0 ?/:ray #ield with the anthracene disagree
sharply with theory, while the Mylar film yields excellent agreement (#£5%)
with theory, A preliminary attempt to discriminste between the fast neutron
and gamma ray dose in a nuclear reactor has been unsuccessful,

WADD TR 60-563, 0TS Release October 1960

SUBJECT: DOSIMETRY BY LUMINESCENCE DEGRADATION IN ORGANICS

TRV STIGATOR: Frank H, Attix

CORTRACT: MIPR (33-616)58-21, U, S. Naval Research laboratory
ABSTRACT This report covers an investipation of the phenomenon of

photoluminescence degradation in organic materials due to damage by ionizing
radiations.

A survey of previous studies of this effect is presented.

The present work stresses reduction to a practical dosimetry
srstem for the 5 x 10° to 5 x 107 rad absorbed dose range. It is demonstrated
that pressed wafers of anthracene and of p-guaterchenyl can be employed together
to cover the reguired dose range, Ultraviolet light (3650 angstrom) is used to
excite the photoluminescence, which is observed in a narrow band at 4420 angstrom.

Some recovery of photoluminescence with time after X-ray
irradiations is observed, and heat treatment is proposed as a method of reducing
this effect,

Degradation of luminescence in biphenyl, p-terphenyl,
fluorene, naphthalene, and tetracene have also been studied and are reporied
uporn.,

wADD TR €D-G45, 0TS Release November 1960

SUBJECT: RAUTATION SFF2CTS O8 SUTECTROLIC COMPOMBNTS: A COMPARISON
OF PAPER CAPACITORS IMPREGHATED WITH VITaHMIR e kINSRAL
1L 4ll) BIS-(P~PHEN2XYPHELYL) RTHER

: Lennis H. Johnson, lilton %, L. Zellmer

AL ITHACT: Pis-(p-phenoxyphenyl) ether (BPPE) when irradiated proves
tn ve hirhly resistant to radiation damage., Paper capacltors irpregnated with
the ether were manufactured by the Sorasue Electric Company, North Adems,
iesaschuszetts in an effort to develop radiiation resistant electronic components.
he coracitors were irradiated in the kilo-curle Cobalt-€C gamma facility of

the laterials Central, Wrirht Air Development Uivision. Simaltaneosusly, Sprague
atendard Vitamin "M mineral oil impregnated cavacitors were irradiated for
purnsses >f comparison.

widl TR 572=373, Sup & 136



WADD TR €0-645 (Comtinued)

Capacitance, dissipation factor and insulation resistance
were measured throughout the tests lasting from 200 to 700 hours, depending
upon the type of test employed. In most cases, the effects were an initial
decrease and then an increase in capacitance, an increase in dissipation
factor, and a large decrease in insulation resistance. The most dramatic effect
was a marked decrease in capacitor lifetime in the gamma environment. DMost
fajlures were attributed to catastrophic breakup of the units due to internal
gassing of the dielectric; it was this property which was significantly improved
by the substitution of the ether for Vitamin "Q". In some instances, the BPPE
units lasted three to four times as long as their Vitamin "' counterparts.
However, the paper used in the capacitors was found to be a major contributor
to the generated gases; therefore, the problem of catastrophic failure of the
capacitors was only partially solved., In separate tests, both the Vitamin #"
and the paper contributed enough gas individually to cause f ailure, while the
DPPE essentially did not gas, thus, little was gained by the use of BPPE as
the dielectrie since the major culprit was the paper,

WADD TR €0-£68, 0TS Release September 1960
SUBJECT: THE RADIATION CHEMISTRY OF CHLOROFORM SYSTHEMS
IRVESTIGATOR: Gabriel Stein, M. Ottolenghi, I. Eliezer

CONTRACT: AF 61(052)-224, Hebrew University, Jerusalem, Israel
ABSTRACT: A dosimeter based on solutisns of kbiallyl in chloroform

is developed. The radiation chemistry of pure 0 and Op free chloroform is
investigated and all products identified. A reaction mechanism is derived.
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THERMO-PHYSICS

WADC TR 56-222, Part III, OTS Release April 1960

SUBJECT : DETERMINATION OF EMISSIVITY AND REFLECTIVITY DATA ON
AIRCRAFT STRUCTIURAL MATERTALS - PART III. Techniques
for Measurement of Total Normal Emissivity, Normal
Spectral Emissivity at 0.665 Microns, Solar Absorptivity
and Presentation of Results

IKVESTICATOR: 0. Harry OUlson, James C, Morris
CONTRACT: AF 33(616)-3002, Armour Research Foundation
ABSTRACT: Total normal emissivity is the ratio of total normal radiance

emitted by a material to that emitted by an ideal blackbody at the same tempera-
ture. Parts I and II of this report described equipment and techniques employed
for obtaining total normal emissivities of conducting materials, such as metals,
at elevated temperatures. Part II describes equipment and techniques developed
to make similar measurements on non-conducting materials such as refractories and
glasses, 3Several samples are heated simultaneocusly in a2 tubular, wire wound
furnace and presented successively in the field of view of a thermistor detector
through a port in the furnace wall, The equipment and methods are described and
data are presented for a list of materials, Low temperature measurements were
made with equipment described in Parts I and 1I.

Normal spectral emissivity is the ratic of normal radiance
emitied by a material o that emitted by an ideal blackbody at the same tempera-~
ture at a given wave length, Most commonly, the wave lensth used is a narrow
band at 0,665 microns and this is the sense in which the term is used in this
report. Methods are described and results included,

4an integrating sphere reflectometer was used to measure
spectral reflectivity and transmission in the spectral range, 0.3 to 3,0 miecrons.
This employs a Perkin-Elmer monochromator, a comparison integrating sphere, and
a lead sulfide detsctor. Spectral reflectivity and transmission data asre com-
bined with solar spectral energy data to determine solsr absorptivity at sea
level and above the earth's atmosphere. Results are presented for a list of
materials.

wall TR 58-47¢€ August 1960
ol wCT s THERMOPHYSTCAL PROPERTI®RS OF SOLID MATERIALS VILUME I,
EIEMENTS (Melting Temperature Above 1000°F) REVISED
ADITION
ILVESTIGAT IR, alexander Goldsmith, Thomas E, Waterman, Harry J. Hirschhorn
CONTRACT: AF 33(€16)-5212, Armour Research Foundation
AB3TRA0T: Thermophysical property data, and their variation with tem-~

nerature, are presented for a great number of solid materials, based on litera-
ture putlished during the period 1940-1957, Esach reported value is shown and
arnolated, zno reconnended '"most probable value" curves are given,
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WADC TR 58-476 (Continued)

Materials covered include Elements, Alloys, Ceramics,
Cermets, Intermetallics, Polymerics, and Composite Materials. Except for
materials in the last two categories, only those melting above 1000°F are
inclinded.

Properties covered include the following: Melting point,
density, latent heats, specific heat, thermal conductivity, thermal diffusivity,
emissivity, reflectivity, thermal expansion, vapor pressure, and electric
resistivity.

Each of the four volumes is designed to be expansible, and
it is expected that additional or revised data sheets for inclusion in these
volumes will be forthecoming,

WADC TR 58-476, Volume II November 1960

SURJECT: THERMOPHYSICAL PROPERTIES OF SOLID MATERIALS - VOLUME II.
ALLOYS (Melting Temperature above 1GOCCF)

INVESTIGATOR: Alexander Goldsmith, Harry J, Hirschhorn, Thomas E. Waterman

CONTRACT: AF 33(€16)-5212, Armour Research Foundation

ABSTRACT: Thermophysical property data, and their variation with tem-

perature, are presented for a great mumber of solid materials, based on litera-
ture published during the period 1940-1957. Each reported value is shown and
annotated, and recommended "most probable value" curves are given,

Materials covered include: Elements, Alloys, Ceramics,
Cermets, Intermetallics, Polymerics, and Composite Materials. Except for
materials in the last two categories, only those melting above 1000°F are
included.

Properties covered include the following: Melting point,
density, latent heats, specific heat, thermal conductivity, thermal diffusivity,
emissivity, reflectivity, thermal expansjon, vapor pressure, and electric
resistivity.

Each of the four volumes is desigred to be expansible, and
it is expected that additional or revised data sheets for inclusion in these
volumes will be forthecoming.

WADC TN 59-210, OIS Release April 1960

SUBJECT: AAPERADMENTAL INVESTICATION OF THE DOWNSTREZAM INFLURKCE OF
STAGNATION POINT #lAs5 TRANSFER

INVESTIGATOR: Paul A. Libby, Robert J, Cresci

CONTRACT: af 33(416)-5944, Polytechnic Institute of Brooklyn

ABSTRACT: This report presents the results of an experimental investiga-

tion of the downstream influence of localized mass transfer in the stagnation
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WADC TN 59-210 (Continued)

region of a blunt body under hypersonic flow conditions., The coolant is injected
through a porous plug coaxial with the center line of symmetry of the model. The
tests were carried out in a Mach 6 wind tunnel with stagnation temperatures of
approximately 1600°R and with a stagnation pressure of approximately 600 psia.
Four different gases were injected over a range of mass flows., The heat transfer
on the impermesable section was measured under isothermal wall conditions; for the
higher rates of mass flow, adiabatic surface temperatures were also determined.
The theoretical analysis of the boundary layer flow is investigated in order to
establish the similarity parameters for the flow system. These parameters permit
the extrapolation of the test results to other flow conditions provided laminar
flow prevails., Helium is found to be the most efficacious coolant.

WADC TR 59-366, Part I, OTS Release May 1960

SUBJECT: THERMAL PROTLCTION JOF STRUCTURAL, PROPULSICN AND TEMPERATURE
SEXSITIVAE KATERIALS FOR HYPZRSONIC AND SPACE FLIGHT - PART I.
Relative Performance of Ablating Materials Exposed to Low
and High Heat Flux hknvironments

INVESTIGATOR: John H, Bonin, Channon F. Price
CONTRACT : 4F 33(616}-6006, Chicago Midway Laboratories
ABSTRACT: This report includes the results of an investigation for which

the prime objective was the comparison of the relative performance of ablating
materials exposed to thermal environments associated with recoverable space capsule
trajectories., The experimental equipment used is briefly described, and test re-
sults for 19 different test specimens are presented., The data are used to com-
pare the relative performance of the ablating materials with heat sink materials

on a welght-per-unit-area basis.

WADD TH €0-32 April 1960

SUBJECT: AN APFPARATUS ¥OR THERMAL ANALYSIS OF REACTIVE ALLOYS
IRVESTIGATOR: Lt Donald J, Bvans, Dr. Karl Strnat

ABSTRACT: An apparatus for thermal analysis of small alloy samples

has been developed and tested, It is to be used in an experimental study of
Linary alloys containing a rare metal as one constituent. The alloys to be
investigated are highly reactive. The apparatus is suitable for phase diagranm
work at temperatures up to 1500%. It is alwost fully automatic and yields a
continuous record of the sample temperature vs time,

In this report, some general remarks on the method of thermal
analysis are nresented first, the apparatus is described, a few examples of heat-
ing and ccoling curves obtained with the apparatus are shown, and the accuracy of
the measurements is discussed on the basis of calibration runs.
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WADD TN 60-88, OTS Release June 1660

SUBJEGT: ANALYSIS OF RELATIVE PERFORMANCE OF ABTATING MATERIALS
COMPARED TO A HEAT SINK MATERIAL

INVESTIGATOR: R, B, Otto

ABSTRACT: This report analyzes the data presented in WADC TR 59-366

generated by Chicago Midway Laboratories, University of Chicago, under Contract
AF 33(61€)-6006, Data are presented comparing relative performance of ablating
materials with heat sink materials in terms of inside surface temperature rise
and on a weight per unit area basis. Structural characteristics of available
materials and analysis of re-entry deceleration loads are indicated,

WADD TR 60-463, Part I, OTS Release October 1960

SUBJECT; THE VAPORIZATION AND PHYSICAIL PROPERTIRS OF CERTAIN
REFRACTORIES - PART I, Techniques and Preliminary Studies

INVESTIGATOR; A, A, Hasapis, M, E, Panish, C. Rosen

CONTRACT: AF 33(€16)-6840, iveo Corporation

ABSTRACT: Simple effusion studies of the vaporization of rhodium,

iridium, and osmium have been undertaken by the Knudsen effusion technique,
The rate of effusion was determined ty condensing the molecular beam on a
target., Rhodium was studied from 2051 to 2205°K. In this temperature range,
its heat of vaporization was found to be 129 Keal/mole. Iridium was studied
frem 2100 to 2600°%K, In this range, its tentative heat of vaporization is
155 £ 5 Keal/mole. It was ncted that some interaction between the iridium,
the thoria liner, and the tungsten cuter liner of the effusion cell may have
occurred. No data were obtained for the vaporization of osmium because of
extensive interaction tetween the thoria liner and the tunpsten outer liner
of the effusion cell,

Mass spectrometric studies have been made of the vaporization
of thoria from tungsten effusion cells, Interactions between thoria and tungsten
at elevated temperatures were noted, Tentative data on the vaporization of
thoria to ThO and ThOp were obtained and are presented.

Mass spectrometric studies of the vaporization of ils05
in contact with tungsten have been made in conjunction with comsatibility
studies of tungsten and Alp03. Data are given for the vavorization of AlsDa
in tungsten to yield Al, Al10, 4150, and WJp, Nore information will be needed
before thermodynamic calculations can be made for this system,

The continuocusly monitored effusion apparatus, the null-
point effusion apnaratus, the oscillating cup viscometer, and the sessile drop
equipment have been constructed and calibrated.

The viscosity of fused silica has teen determined at tem-
peratures up to 25609 where N = 104+ poises, The viscosity of alusina has
been measured using an iridium crucible uv to 2200°C and determined to be
wpproxizately 13 poises,
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WADD TR 60-581, OTS Relesse December 196G

SUBJECT: THERMAL PROPERTIES JF REFRACTORY MATERIALS

INVESTIGATOR: Guy W. lehman

CONTRACTOR: AF 33(616)-6794, Atomics International

ABSTRACT : A pulse heating method for measuring the specific heat of

conductors from near absolute zero to their melting point is described. Hesults
obtained on copper, iron, molybdenum, tantzlum, and rhenium are reported here
and indicate that the pulsed heating method gives specific heat data accurate

to & few percent, Our measurements show that the heat capacities of molybdenum
and tantalum gradually rise above their Dulong and Petit values of 0,06253 and
0.03316 cal/em/9C, respectively, at high temperatures. At 2800°%K, cp(Mo) =
0.1350 cal/em/°C and at 3200°K, cp(Ta) = 0.0667 cal/em/°C. These anomalies

have been noted in other transition metals.

The percentage elongation, relative to room temperature, of
zirconium carbide has been measured between 1000 and 2000°C and was found to
very linearly from 0.6% at 1000°C to 1.6% at 2300°C with a permanent set occurring
above 2300°C.

4 transient method for measuring thermal diffusivity, specific
heat, and thermal conductivity of insulators as well as conductors has been under
development for the temperature range 20° to 2500°C. A theoretical analysis of
the transient thermal response of this system is presented and basie equations
are derived for obtaining the above mentioned thermal properties, Theoretical
and experimental results on the thermal response of a tantalum heater compare
quite favorably. A cooling curve of beryllium oxide enclosed in a tantalum
heater is presented and shows that heat conduction losses are completely negligible
above 900°C. Experimental diffusivity results are presented on Armco iron below
the Curie point.

WADD TR A0-782, Part I, OIS Release November 1960
SUBJECT: VAPORIZATION JF COMPOUNDS AND ALLOYS AT HICH TENMPERATURE

PART I. Mass Spectrometric Determination of the Dissocia-
tion Energies of the Molecules AgdAu, AgCu, and AuCu

INVESTIGATOR: Marcel Ackerman, Fred #. Stafford, J. Drowart
CONTRACT: AF 61(052)-225, University of Brussels, Brussels, Belgium
LB3TRACT: The vapors issuing from mullite and Graphite Knudsen cells

containing pure metals and alloys of the triad Cu-ig-Au have been analyzed mass
spectrometrically, From the experimental ratios of diatomic to monocatomic
species and the vapor pressures of the elements, the following dissociation
enerpies are obtained.

Dg (Cu2) T 43.2 £ 2.2 keal Dg = (4gau) 47.6 4 2.2

Dy (sg,) = 35.7 £ 2.2 keal Do = (AeCu) 40,7 # 2.2

Dg (Auy) = 51.9 £ 2.2 keal Dg = (AuCu) 54,3 £ 2.2
)

These are based on HS}E = 21,1, 68,4 and 87,5 cal/mole for Cu, ig, and Au where

FO
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WADD TR 60-722, Part I {(Continued)

Dg of Agiu depends on the value for Cu, and Dg of Agiu and AuCu on Au, The
uncertainties quoted do not include the uncertainty in AHVEP,

The results are interpreted in terms of chemical bonding
theories, The relation between bonding in the gas and in the pure condensed
phases is again observed, Furthermore, a previously unobserved gualitative
relation between the dissociation energy of the asymmetrical molecule and the
heat of formation of the corresponding alloys i1s indicated.
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ANALYTICAL TECHNIQUES

WADC TR 59-763 April 1960

SUBJECT: DEVELOPMENT OF AN INFRARED, PRISM~GRATING, DOUBLE BEAM
RECORDING SPECTROPHOTGMETER

INVESTIGATOR: Hamilton W, Marshall

CONTRACT: AF 33(616)-5190, Perkin-Elmer Corporation

ABSTRACT: The design and construction of a Double Beam Recording

Wide Range Infrared Spectophotometer to automatically cover the range from

2.5 to approximately 50 microns through four ranges isg discussed. Experiments
with gratings showed that to cover this range, pgratings blazed at 6 microns
through 30 miecrons, both used in the first and second orders were required.

By selecting the beginning and end points of the regions as all exact integral
multiples of one another, one wave number cam is used to drive the gratings
thus assuring simple and accurate abscissa presentation. In order to separate
the overlapping orders of the gratings, three prisms are used, NaCl, KBr, and
€sI, with the prism monochromator double passed, since the dispersion from the
prism must be large when wide slits are used to gain high signal-to-noise ratios,
Because slit widths can become as great as 20 mm, an attenuator using two blades
which may be tilted, similar to the action of a wvenetian blind, is used. A
Golay cell was chosen as the detector since a large target was necessary to
receive the energy from the wide slits,

WADD TR 60-204, OTS Release September 1960

SUBJECT: INVESTIGATION OF THE INFRARED ABSORPTION OF SELECTED
ARCMATIC COMPOUNDS IN THE REGION OF 2 TO 35 MICRONS

INVESTIGATOR: R. J, Jakobsen

CONTRACT: AF 33(616)-6140, Battelle Memorial Institute

ABSTRACT: Complete vibrational assipmments have been made for phenol,

p-xylene, p~cresol, and hydroguinone, All assignments of ring vibrations have
been checked by use of the Pitzer-Scott modification of the Teller~Redlich pro-
duct rule. These complete vibrational assigmments have been made in order to
provide a foundation for the assigmment of the low-frequency vibrations of a
gseries of para-substituted phenols,

Infrared spectra of the selected para-substituted phenols
have been recorded over the 2- to 35-micron range, With the aid of these
infrared data and of Raman spectra, most of the low-frequency vibrations have
been assigned. The reliability of the assignments and the significance of the
assigpmments are discussed, as well as the determination of the modes of vibration.

Correlation studies of frequency with physical properties
have been made for the assigned frequencies that are sensitive to the nature of
the substituent. Vibration 207still shows (although not as good as shown in
Progress Report No. 1) a correlation with the substitutent constants, g, and

frs and possibly shows a correlation with Platt's specirosconic moments. " The
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WADD TR 60-204 (Continued)

possible correlations of 1J18’ with group mass and 1/20" with Sanderson's
partial charges are discussed. These last two correlations may indicate the

need for multiple correlations since, for instance, 1/18’ seems to give one
correlation with group mass of certain types of phenols, and another correlation
with group mass for other types of phenols (depending on the type of substituents).

WADD TR 60-333, OTS Release September 1960

SUBJECT: FAR INFRARED SPECTRA OF SUBSTITUTED ARGMATIC HYDROCARBONS
INVESTOGATOR: William 3, Wilcox, C. V., Stephenson, W. C. Coburn, Jr,
CONTRACT: AF 33(616)-5855, Southern Research Institute

ABSTRACT: The results of a fundamental study of the infrared spectra

of substituted aromatic hydrocarbons from 2 to 35 microns are discussed. The
purpose of this work has been to explore the possibility of correlating the
absorption frequencies of substituted benzenes with physical properties of the
molecules or of their substituents, Since the far infrared spectra (15 to 35
microns) exhibits a greater sensitivity to changes in the substitutuents bonded
to the aromatic ring than the rocksalt spectra (2 to 15 microns), the correla-
tion studies have been limited to the long wavelength region., The materials
apparatus and techniques used in this study are discussed in Appendix I. The
far infrared spectra of 94 substituted benzenes are given,

WADD TR 60-415, CTS Release September 1960

SUBJECT: BLECTROANALYTICAL METHOD FOR THE DETERMINATION OF CARRON
AND HYDROGEN IN ORGANIC COMPOUNDS

INVESTIGATOR: Herbert 5, Haber, Kenneth W, Gardiner

CONTRACT: AF 33(616)~-6676,. Bell & Howell Research Center

ABSTRACT: This report contains the results of research investigations

completed for Contract AF 33(616)-6676 during the period from June 15, 1959 to
May 14, 1960. Research efforts were directed toward the development of a rapid
electroanalytical method for the determination of carbon and hydrogen in non-
metallic organic compounds containing carben, hydrogen and oxygen. The method
utilizes a novel combustion technique and is applicable to the solid, liquid
or gaseous state of aggregation. The method at the present time is specific
for carton and hydrogen only in the presence of oxygen, but future work is
planned to extend the aprlicability to compounds containing halides, sulfur,
nitrogen, etc. The time required for analysis of a sample is approximately 10
minutes including the weighing of the sample. A suitable-packaged prototype
instrument designed to accomplish these ends will be available for delivery to
WADD at the termination of this contract.
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DESIGN CRITERIA

WADC TR 55-319, Sup 2 September 1960

SUBJECT: EFFECTS OF WEATHERING ON THE MECHANICAL PROPERTIES OF
FOUR REINFORCED PLASTIC LAMINATES

INVESTIGATOR: Kenneth Kimball

CONTRAGT: DO 33(616)-58-1, Forest Product Laboratory

AB3TRACT: Four different reinforced plastic laminates were subjected

to outdoor weathering at three sites having entirely different weather con-

ditions. After completion of the exposure, the laminated panels were tested
in flexure at the U, S. Forest Products Laboratory. Data on the effect of 3
and 12 months' exposure on the flexural properties and the appearance of the
laminates are presented in this report.

Another series of panels are still undergoing exposure
at all three sites, and this series will be tested after 3 years' exposure,
Uoon completion of the tests on these panels, all data will be compiled in
a final report.

Data obtained from the tests to date show that the effect
of outdoor exposure varies greatly with different types of laminates and con-
ditions of exposure. The greatest loss in strength was usually associated with
exposure at the Florida site. In general, normal and wet flexural strengths
of weathered plass-fabric laminates were 90 percent or more of the control
strengths, but the high-temperature strength was only about 60 to 20 percent
of the control., The phenolic-asbestos laminate had a higher over-all strength
retention than the glass-fabric laminates.

) Results of strenpth tests of over 700 specimens are pre-
gsented in this interim report.

WADC TR 57-344, Part IV, OIS Release May 1960

SUBJECT: DEVELOPMENT OF NIORIUM-BASE ALLOYS

INVESTIGATOR: Richard T. Begley, William N. Platte

CONTRACT: AF 33(616)-5754, Westinghouse Electric Corporation
ABSTRACT: Vacuum tensile data were obtained for pure nicbium from

room temperature to 1371°C (2500°F). The data for niobium followed the general
pattern exhibited by other pure refractory metals. The ductile-brittle transi-
tion (in impact) for commercial purity, arc melted niobium was close to room
temperature.

The effeet of binary additions of Ti, Zr, Hf, V, Mo, W,

Re, 4l, and Y on the hardness and workability of niobium was determined. Kb-Ti
and Nb-Y alloys had excellent cold workability.
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WADC TR 57-344, Part IV {Continued)

Mechanical property data were obtzined at room temperature
and 1093°% (ZOOOOF) on niobium containing additions of Ti, Zr, Hf, V, Mo, and
W. Of the elements studied, vanadium additions were the most effective strength-
eners, Nb-Zr and Nb-Hf alloys having high oxygen contents had very good high
temperature propertles. It appears that the interaction of oxygen with the
alloy addit’ m may be responsible for the high strength, Tensile data were
also obtaineu on alloys having ternary and quaternary asdditioms of Ti, Zr, HE,
and Mo. NbaTi-Zr-H alloys exhibited yield strengths well in excess of 40,000
psi at 1093°C (2000°F),

Welding studies on a number of niobium alloys containing
additions of Ti, Z2r, Hf, V, and W were carried out. Satisfactory welds were
obtained in all the alloys studied. Bend test data were obtained on the weld
specimens,

WADC TR 57-374, Part V, 0TS Release October 1960
SUBJECT: PHYSICAL PROPERTIES OF HIGH TEMPERATURE MATERIALS ~ PART V.

Thermal Diffusivity of Mapnesia-Stabilized Zirconium Oxide
at High Temperatures

INVESTIGATOR: Howard W, Flieger, Jr., Friedrich P. Knudsen, Defoe C.
Ginnings

CONTRACT: AF 33(616)}-56-21, National Bureau of Standards

ABSTRACT: As a part of a program developing standards of thermal

conductivity and thermal diffusivity of refractory materials at high tempera-
tures, thermal d4iffusivity measurements have been made on dense polycrystalline
zirconium oxide which had been stabilized with magnesium oxide. The results
indicate that the stabilization of the zirconium oxide was inadeguate, giving
progressively increasing values of thermal diffusivity after cyeling to temper-
atures of avout 1200°C. Thermal expansion and X-ray measurements Indicate that
the increase in thermal diffusivity values correspond to a change from cubic to
monoclinie crystalline form.

WADG TR 59-744, Volume V, OT3 Release ¥Xovember 1960
SUBJECT: IRVASTIGATION COF FEASIBILITY OF UTILIZING AVAILABLE HEAT

RESISTANT MATERTALS FOR HYPERSONIC LE£ADING EDGE APPLICATIONS
VOLUME V., Mechanical Properties of Bare and Coated
FKolybdenum Alloy

IEVESTIGATOR: J. Robert Kattus, James B. Preston, Herman L. Lessley
CONTRAGT: AF 33(616)-£034, Southern Research Institute
ABSTRACT: The mechanical properties of are-:ast, fully recrystallized

molybdenum 1/2%—titanium alloy - bare, W-2 coated, and Durak-MG coated -- were
determined at temperatures up to 3000°F in short-timc tension and compression
and in tension and compression creep for times up to 10 hr. The purpose of the
work 1s 1o provide data, for this alloy upon which to base the design of leading
edges for hypersonic boost-glide vehicles.
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WADC TR 59-744, Volume V (Continued)

In inert atmospheres, this molybdenum alloy retains useful
strength and good ductility at temperatures up to 3000°F, Both coatings have
an extreme embrittling effect and a weakening effeet on the base metal at room
temperature. At 1200°F and above, the coated material is equivalent in strength
and only slightly less ductile than the bare material. When properly applied,
both coatings provide good oxidation protection in still air at temperatures up
to 3000F and for times up to 10 hr, Under tension and compression loads, the
coatings can absorb, without failure, elastic strain and varying degrees of
plastic strain from less than 1% up to 18% depending upon the conditions,

With W-2 or Durak-MG coatings of optimum quality, the
molybdenum 1/2%-titanium alloy is recommended for applications that are limited
to no plastic strain at room temperature and to small amounts of plastic strain
at elevated temperatures to a miximum of 3000% for times up to 10 hr, Although
the coatings can absorb considerable plastic strain under many conditions, further
research 1s needed to safely extend their usefulness beyond small amounts of
plastic strain at 2100°F and at room temperature. Future research is recommended
to minimize or to eliminate the embrittling effeets of coatings on the base
material and to develop quality-control methods to assure consistent optimum
quality in the protective coatings.

WaDC TR 59-744, Volume VI, 0735 Release November 1960

SUEJECT: INVESTIGATION OF FEASILILITY COF UTILIZING AVAILABLE HEAT
RESISTANT HATZRIALS FOR HYPERSONIC LEADING EDGE APPLICATIOKS
VOLUels VI, Determination and Design Application of Mechaniceal
Properties of Bare and Coated Graphite

INVESTIGATOR: alfred Rudnick, Robert L. Carlson, George K. Manning
CONTRACT: AF 33(%16)-£034, Battelle Memorial Institute
ABSTRACT: The purpose of this contract was to investigate the feasi-

bility of utilizing available heat-resistent materials in the fabrication of
leading edres for hypersonic boost-glide vehicles. This volume presents the
results of a study on the mechanical properties of a siliconized Grade ATJ
graphite, The mechanical proverties were studied as functions of temperature
(to 29SOOF), strain rate, size, and stress state. Sunplementary studies were
conducted to determine the room temperature vroperties of the uncoated material
and the degree of anisotropy of both the coated and uncoated material,

Cross variations in the material tended to obscure the
effects of the parameters under consideration. Inspection techniques were
devsloped, however, which will reduce these variations, With proper selection
of material quality, it is believed that the siliconized Grade ATd graphite
can be used efrectively as a structural component at elevated temperature in
an oxidizing atmosphere,
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WADC TR 59-744, Volums VII, OTS Release Dacember 1960

3UBJECT: INVESTIGATION OF FEASIBILITY OF UTILIZING AVAILABLE HEAT
RESISTART MATERIALS FOR HYPERSONIC LEADING BDGE APPLICATIONS
VOLUME VII. Oxidation Resistance of Bare and Coated
Molybdenum Alloy and Graphite

IKVESTIGATOR: Donald J, Powers, John A, Dickson, Joseph C. Conti,
Frank M. Anthony
CONTRACT: AF 33(616)-6034, Bell Aerosystems Company
ABSTRACT: The purpose of this contract was to investigate the feasi-

bility of utilizing available heat resistant materials in the fabrication of
leading edges for hypersonic boost-glide vehicles. This particular volume pre-
sents the results of oxidation resistance tests of bare and coated 0.5% titanium
alloy of molybdenum and ATJ graphite. Chromalloy W-2 and Durak-MG coatings were
evaluated on the molybdenum alloy while the ATJ graphite was coated by the
HNatjonal Carbon Company's siliconizing process.

Tests were conducted in five different facilities including
three arc plasma jets. Specimen temperatures ranged from 2000°F to 3400°F.
Test times ranged from approximately 1 minute to 4 hours,

Both uncoated materials reacted exothermically under oxidiz-
ing conditions, GSurface recession was the major result of the high temperature
exposure in the oxidizing environments, The surface recession was guite pre-
dictable and uniform; it was a function of specimen temperature and environ-
mental pressure.

A hipgh degree of failures were encountered on all coated
specimens. The failures were dependent on time and temperature but there was
considerable scatter in the results. For the coated molybdernum specimens the
edges and corners were most prone to failure, Failures of the siliconized ATJ
specimens were more or less randomly located over the surface area,

WADD TR 60-56, Part I, OTS Release October 1960

SUBJECT: A COMPENDIUM OF THE PROPERTIES OF MATERIALS AT LOW TEMPERA-
TURE (PHASE I) PART I. Properties of Fluids

INVESTIGATOR: Victor J. Johnson, General Editor

CONTRACT: AF 33(€16)-58-4, National Bureau of Standards

ABSTRACT: This first phase of the Compendium covers ten properties of

ten fluids (Part I), three properties of solids (Part II), and an extensive
bibliography of references (Part III}. Density, expansivity, thermal conducti-
vity, specific heat and enthalpy, transition heats, phase equilibria, dielectric
constants, adsorption, surface tension and viscosity for the solid, liquid and
gas phases of helium, hydrogen, neon, nitrogen, oxygen, air, carbon monoxide,
fluorine, argon and methane are given wherever adequate data could be collected.
Thermal expansion, thermal conductivity and specific heat and enthalpy are given
for a number of solids of interest in cryogenic engineering. Data sheets,
primarily -in graphie form, are presented from "best values” of data collected.
The source of the material used, other references and tables of selected values
with approcriate comments are furnished with each dats sheet to document the
data presented. Conversion tables and other helpful information are also included.
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WADD TR 60-5€, Part II, OTS Release October 1960

SUBJECT: A COMPENDIUM OF THE PROPERTIES OF MATERIALS AT LOW TEMPER-
ATURE (PHASE I) PART II., Properties of Solids

INVESTICATOR: Victor J. Johnson

CONTRACT: AF 33(616)-58-4, National Bureau of Standards

ABSTRACT: Thig first phase of the Compendium covers ten properties of

ten fluids (Part I), three properties of solids (Part II), and an extensive
bibliocgraphy of references {Part III). Density, expansivity, thermal conducti-
vity, specific heat and enthalpy, transition heats, phase equilibria, dielectric
constants, adsorption, surface tension and viscosity for the seolid, liquid and
gas phases of helium, hydrogen, neon, nitrogen, oxygen, air, carbon monoxide,
fluorine, argon and methane are given wherever adequate data could be collected.
Thermal expansion, thermal conductivity and specific heat and enthalpy are given
for a number of solids of interest in cryogenic engineering. Lata sheets,
primarily in graphic form, are presented from "best values" of data collected,
The source of the material used, other references and tables of selected values
with appropriate comments are furnished with each data sheet to document the
data presented. Conversion tables and other helpful information are also included.

WADD TR 60-56, Part IJI, OTS Release October 1960
SUZJECT: A COMPENDIUM OF THE PROPERTIES OF MATERIALS AT LOW TEMPER-

ATURE (PHASE I) PART III. Bibliography of References
(Cross-Indexed)

INVESTIGATOR: Vietor J. Johnson, General Editor
CONTRACT: A% 33(616)-58-4, National Bureau of Standards
ABSTRACT: This first phase of the Compendium covers ten properties of

ten fluids (Part I), three properties of solids (Part II), and an extensive
bibliopraphy of references (Part III}, Density, expansivity, thermal conducti-
vity, specific heat and enthalpy, transition heats, phase equilibria, dielectric
econstants, adgorption, surface tension and viscosity for the solid, ligquid and
gas phases of helium, hydrogen, neon, nitrogen, oxygen, air, carbon monoxide,
fluorine, argon and methane are given wherever adeguate data could be collected.
Thermal expension, thermal conduectivity and specific heat and enthalpy are given
for a number of solids of interest in cryogenic engineering. Data sheets,
primarily in graphic form, are presented from "best values" of data collected.
The source of the material used, other references and tables of selected values
with appropriate comments are furnished with each data sheet to document the
data presented. Conversion tables and other helpful information are also included.

WADD TR 60-363, 0TS Release November 1960
SURJEGT: INVESTIGATION INTO "MORE COMPLETE USE OF STRUCTURAL

MATERIALS" THRCOUGH A STUDY OF THE STRESS-TEMPERATURE-
TIME CONDITIONS ¥ A RE-ENTHY VEEICLE

INVESTIGATOR: J. B, Davis, J. E. Fischler, J. W. Lotbeit, D, Saltman,
J. W, Stanwood, N, A, Tiner
CONTRACT: AF 33(616)-6680, Douglas Aircraft Company, Inc
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WADD TR 60-363 {Continued)

ABSTRACT: In the past, vehicles orerated in a fairly low temperature
environnent, The selection of materials were primarily dependent on the quasi-
static and dynamic loads. With the advent of manned hypersonic glide re-entry
vehicles, the temperature and time parameters were found to significantly affect
the selection of materials. In this report, the criteria for including the
effects of temperature and time are clarified by using six "measuring sticks",
Two materials, Incorel 718 and Haynes 25 were evaluated for repeated exposure

to a typical hypersonie re-entry glide trajectory,

WADD TR 60-404, OTS Release Jamiary 1961

SUBJECT : 4 STUDY OF THE EFFECT OF BELECTRNON BEAM MELTING ON COMPOUNDS
AND MBTALS

INVESTIGATOR: R. L. Mariin, S, R, Seaple, Q. Bertea

CONTRACT: 4F 33(€16)-5603, Reactive Metals, Inc

AESTRACT: Because of the high temperatures and vacuum that can be

obtained during electron beam melting, this process offers the potential of
purifying high melting point materials, This program consists of & study of

the effeet of the electron beam melting process on boron, boron-~carton alloys,
tantalum carbide, titanium carbide, zirconium di-boride, hafnium, tungsten,

covalt, venadium and beryllium. In addition, deoxidation studies were carried

out on beryllium, vanadium, cobalt and molybdenum. when poseible, microstructures,
tensile properties, and chemical compositions of the materials melted were
obtained,

The comoounds studied either could not be melted or were
brittle after melting. The interstitial content of all the metals was reduced
bty the electron beam melting process. By the addition of deoxidants, the
interstitial contents of molybdenum and beryllium were reduced. Improvement
in the tensile properties of vanadium and molybdenum were obtained by the
addition of deoxidants to these metals.

WADD TR 66~419, OTS Release October 1960

SUBJECT EFFECTIVE STRESS COBCENTRATION FiCTORS ¥OR FLIGHT
VEHICLE MATERIALS UNDER VARIOUS CONDITION3 DURING
FATIGUR TESTING

INVESTICATOR: V. F. Lardencit

ABSTHACT: This report presents in the form of tables and curves,

the effective stress concentration factors, Kr, for 2 number of aircraft

materials subjected to various conditions during fatigue testing, The in-

fluence on K¢ 1s shown for such parameters as temperature, stress ratio,

specimen size, direction of testing, test frequency, fabrication of notches,

heat treatment, grain size, and for titenium and its alloys, interstitial

constituents and hydrogen level.

Because Ky is sensitive to so many variables, no attempt
is made to relate it to any of the above listed parameters.
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WADD TR 60-489, OTS Release Qctober 1960

SUBJECT: INVESTIGATION TO DEVELOP OPTIMUM PROPERTIES IN FORGED
Ti-7Al=-4Mo

INVESTIGATOR: James E, Hamer

CONTRACT: iF 33(616)-6122, Crucible Steel Company of America

ABSTRACT: The influence of six processing seguences on the micro-

structure, mechanical properties and heat treatment response of the Ti-7il-
4Mo alloy has been studied. The information developed demonstrates the criti-
cal effects of processing history in controlling the material performance
levels and emphasizes the importance of such considerations in attaining
"optimum" values,

Forging entirely above the beta transus produced the usual
Wildmanstatten type of structure found in titanium slloys after such processing.,
As expected, the creep resistance of this structure was excellent; however,
heat treatment response and tensile ductility were poor, and a reduction in
charpy impact strength of 3/4" rod was noted for all thermal treatment con-
ditions., TForging entirely bslow the beta transus developed an equiaxed micro-
structure and generally good properties except for reduced creep resistance.
Duplex forging, i.e,, forping initially above the beta transus, cooling to
room temmerature, and reheating to below the beta transus for finish forging,
oroduced a nearly equiaxed microstructure and general properiy levels quite
similar to all below-betaforging but with improved creep resistance.

In general, notch tensile and notch stress rupture did
not show any direct relationships with processing history. Notch rotating
beam fatigue tests for above-beta forged material showed more scatter than
those on material forged below the beta transus though the endurance limit
was not greatly affected.

WADD TR ©0-793, 073 Release Mareh 1960
SUBJECT; DIFFUSION IN Re£FRACTORY METALS

INVE3TIGATOR: N, L. Peterson

CONTRACT AF 33(616)-7322, Advanced Metzls Research Corporation
AESTRACT: Data available in the open literature on diffusion in

tungsten, tantalum, molybdenum, niobium, platinum, hafnium, zirconium, vanadium,
chromium, and titanium is reviewed and evaluated. Information on ninety-five
birary systems and thirteen ternary or higher order systems is reported.

Care was taken to make this report as complete as possible
at this time., For some systems where no diffusion data was available, dif-
fusion coefficients were estimated from existing theories or from data on
diffusion controlled processaes,
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APPLICATICN STUDIES

WADC TR 57-649, Part III, OTS Release November 1960

SUBJECT: ETERMINATION OF THE MECHANICAL PROPERTIES OF AIRCRAFT
STRUCTURAL MATERIALS AT VERY HIGH TEMPERATURES AFTER
RAPID HEATING - PART III, The Effect of Simultaneous
Heating and Loading on the Tensile Properties of Typical
Structural Alloys

IRVESTIGATOR: A, Clyde Willhelm, J. Robert Kattus
CONTRACT: AF 33(616)-3494, Southern Research Institute
ABSTRACT: Three series of experiments were conducted to determine

the effects of simultaneous heating and loading on the stress-strain character-
isties of some typlcal structural sheet metals, and to correlate the experi-
rmental data with predicted effects based on the concept of a Mechanical Equation
of State. The first series of experiments was performed on Inconel X nickel-
chromium age-hardening alloy and on 17«7 PH/TH 1050 stainlese steel. The 17-7
PH and full-tard Type 301 stainless steel were used for the second and third
series respectively. Improvements in the experimental method and equipment

were sought in each succeeding series,

The results of the experiments indicate that although
practical application of the concept of a lMechanical Equation of 3tate to
desien problems appears promising on a qualitative basis, improvements in
prediction and experimental methods will be required to obtain gquantitative
confirmation,

WADC TR 59-366, Part 11, OTS Release July 1660

SUBJECT: TRERMAL PROTECTION CF STRUCTURAL, PROPULSION, AND TEMPER-
ATURB-SENSITIVE MATERIALS FOR HYPERSONIC AND SPACE FLIGHT

INVESTIGATOR: William P, Manos, Donald B, Taylor, inthony J. Tuzzolino

CONTRACT: AF 33(616)-6006, Chicago Midway Laboratories

ABSTRACT: This report presents the results of an investigation in-

tended to examine various phenomena avpplicable to the protection of materials
subjected to severe thermal environments and evaluate their effectiveness on
the survival of materials now available. The heating experienced by materials
in selected severe thermal environments is reviewed. The various phenomena
that might be employed for protection are studied and evaluated analytically,
Experimental tests were performed to aid in evaluation of certain phenomena,
using the plasma discharge of a 1000-KW air-stabilized are to provide a severe
thermal environment. These results are reported, along with a correlation of
the observed behavior with theory and previous tests.

WADD TR 60-58 May 1S&0
SUBRJECT: SYMPOSIUM ON PROCESSING MATARIALS FOR RE-ENTRY STRUCTURES
IMVESTIGATOR: Materials Central
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WADD TR €0-58 (Continued)

ABSTRACT: The theme of the symposium, "Processing" is carried
throughout the papers which cover general requirements and problem areas,
materials applications, methods used to form and fabricate items from high
strength moderate temperature materials, high temperature metallies and

high temperature non-metallics, Specific papers concern themselves with
methods for processing materials such as: refractory ceramics, graphite and
ablation materials, refractory metals, super alloys, forging methods, explo-
sive forming, welding and plasma and metallizing. There is a limited amount
of published information for most of these toples,

WADD TN 60-246, OTS Release February 1961
SUBJECT: MATERIALS INFORMATION CENTERS

INVESTIGATOR: K. A, Winter, Irving Lopatin

CONTRACT: AF 33(€16)-6288, McGraw-Hill Book Company, Inc
ABSTRACT: This technical note contains a listing of all known

organizations or agencies which may be designated as a materials information
center on the basis of their activities concerned with the collection and
dissemination, in some manner, of information on a class, group, or type of
material, or materials.

The purpose of this technical note is to provide interested
personnel of the Department of Defense, its contractors, and materials suppliers
with a2 means of locating and obtaining information pertinent to their specifiec
area of interest,

WADD TR 60-584, 0TS Release October 1960

SUBJECT: HANDBOCK OF FIBROUS MATERIALS

INVESTIGATOR: Herry Mileaf

CONTRACT: AF 33(616)-5726, McGraw-Hill Book Company

ABRSTRACT: This report contains the summarized and consolidated in-

formation extracted from WADD Technical Reports covering several phases of
fibrous materials research, The information is arranged to make the results
of these reports more readily available and useful to decelerator designers
and others interested in the fibrous materials phase of Air Force research,

This report is divided into sections covering the pertinent
facets of fibrous material information., Falrly complete information is sup-
plied on various phases of basic deslgn data, sewability, friction, abrasion
and weather resistance, porosity and alr permeability, temperature properties
and chemical resistance of different yarns, cords, webbings and fabrics.

Some information is also supplied on sunlight and weather resistance, tear
resistance, radiation, aging and electrostatic properties, stiffness, flexi-
bility, elongation, elastic recovery and energy absorption.
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WADD TR 60-867, OTS Release February 1961

SUBJECT: CONSIDERATIONS AND RECOMMENDATIONS FOR DEVELOPING A
MATERIALS INFORMATION PROCESSING CAPABILITY

INVESTIGATOR: Albert J, Belfour

CONTRACT: AF 33(616)-7064, Belfour Engineering Company

ABSTRACT: A survey 1s summarized in conjunction with recommendations

for the development of a Materials Information Processing Capability at the
WADD Materials Central, The discussion covers some basic concepts of technical
information, user requirements, and existing information "centers". A con-
sistency in pattern of information processing techniques is examined and dis-

cussed, Recommendations are given for the development of a Materials Informa-
tion Processing Capability.,
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ACOUSTICAL MATERIALS AND STUDIES

WADC TR 59-676, OTS Release March 1961

SUBJECTs WADC - UNIVERSITY OF MINMNESOTA CONFERENCE ON ACOUSTICAL
FATIGUE

INVESTIGATOR: W. J. Trapp, D. M. Forney, Jr.

ABESTRACT: This report is composed largely of invited papers and

some selected seminar material presented at the Conference on Acoustical
Fatigue held at Beecher's Resort, Annandale, iMinnesota, from 29 September
1959 through 2 October 1959. The conference was organized Jointly by the
Materials Laboratory of Wright Alr Development Center and the University of
Minnesota, 1t was designed to establish communication between individuals
from the several diciplines involved in acoustical fatipue problems, namely,
acoustics, applied mechanies, and service failure analysls, It was hoped
thereby that an improvement in the over-all understanding of the acoustieal
fatigue problem would ensue. Another important objective was to define clearly
the critical problem areas and aspects which would require emphasis in the
future. Over 100 participants from the United States and abroad were invited
to attend and take part in the discussions., A list of attendees is included
in this report.

WADD TR €1-70, OTS Release March 1961

SURJECT: EXPERIMENTAL STUDY OF THE RANDOM VIBRATIONS OF AN AIR-
CRAFT STRUCTURE EXCITED BY JET NOISE

IHNVESTIGATOR: B. L. Clarkson, R, D, Ford

CONTRACT: AT 61(052)-332, University of Southampton, United Kindom

ABSTRACT: Recordings have been made of the strains induced in a full

scale rear fuselage test structure of the Caravelle airliner when one jet
engine is running at maximum take-off thrust., The structure is a conventional
sheet-stringer combination attached to pressed out frames,

The analysis has been concentrated on the strains in the
centres of panels, Correlation measurementis have indicated that the lower
frequencies (up to 500 c.p.s.) are associated with overall vibration modes
and have low strain amplitude. The larger panel strains occur at higher
fregquencies with the frames acting as boundaries. In these measurements the
main resonance peak in each panel occurs at about 600-700 c.p.s., and has been
identified with the fundamental stringer twisting mode (i.e., adjacent panels
180° out of phase), There are penerally two smaller pesks in the 200-1000
c.p.S. range but the modes of vibration have not been completely identified
due to lack of information,

An attempt has been made to calculate the panel resonant
frequencies theoretically, assuming that the frames act as boundaries. Although
this work appears promising it has not yet progressed far enough for any definite
conclusions to be drawn from it.
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ELECTRONICS

AMC TR 60-7-352 1 November 1960
SUBJECT; IN-LINE EXHAUST MACHINE

INVESTIGATOR: H, E, Trinkle

CONTRACT: AF33(600)-26222, General Electric Company
ABSTRACT: This report describes functional improvements made

in the Receiving Tube Inline Exhaust Machine and its application in procesp
experiments performed, using tubes type 6005, The work program was

based on the experience gained during work on tubes type 5654, wherein
three major areas of d1fficulty were encountered,

One source of troubles was dus to the recurrent mal-
function of various machine components. Improvements have been in-
corporated on the machine which have resulted in a very resl improvement
in operation. The performance of the machine during 6005 process ex-
periments has been quite satisfactory.

Another source of difficulty encountered in the
earlier work was attributed to the choice of the 5654 as the firet test
vehicle, The 5654 is a relatively low power dissipation type and its
quality has been carefully optimized by an extended period of development
and preduction. On the other hand, the 6005 1s a high power dissipation
tube and has a history of life impairment due to the svolution of gas.
The 6005 should therefore comprise a more satisfactory test vehicle to
demonstrate the advantages of the inline exhaust process. Life teste
on & limited number of tubes have indicated an improvement in performance
due to the process, but the results are still not ae impressive as had
been expected,

The final important question that was encountered
in the previous work was taken from a very approximate analysie of the
manifold pressure record during processing, The analysis indicated
that the residual pressure level in the tube at the enmd of the process
might be much higher than hal been expected, Special equipment has
been constructed an? used in process experiments on the 6005 to provide
more accurate Information., These experiments have substantiated the
conclusion taken from the 5654 manifold pressure data., The experiments
indieate that the outgassing characteristics of the 6005 impose a hasic
limitation on the residual gas level that may be attained by any
practical process schedule. The degree of outzaseing attainable within
the present operating limite of the machine is coatrolled primarily by
the complex desorption characteristics of the plate and cathode, acting
in combination with pumping restrictions due to the tubulation and mieas.
Variations in process parameter levels over a broad range seem $o have
very little effect on the total amount of gas evolved.

A description of process experiments and 1ife tests
on gubminiature tubes type 5902 1s included in the report,
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AMC TR 60-7-444 Octoder 1960

SUBJECT: DEVELOPMENT OF THE WAFER TRANSFORMER

IRVESTIGATOR : Colonel A. Hughes

CONTRACT: AF33(600)-30839, American Machine & Foundry Co.
ABSTRACT: The primary purpose of this program was to establish

production techniques and to "design-fabricate" semi-automatic equipment
for the production of wafsyr transformers, The wafer transformer coil

18 wound with a metallic foil ridbon instead of the conventional round
wire, The flat wafer or pancake form of the winding used, permlits very
compact construction and results in the reduction of traneformer weight
and size by up to 50%, Electrical and enviromnmental testing to Speci-
fication MIL.T-274 has shown these tranaformers to be reliable and
gatisfactory in performance. Approximately 275 transformers have been
fabricatad and tested, Thess designs have incluied both aluminum and
copper ribbons, classes R and U and grades 4 and 5 of Specification
MIL-T-27A, and ribbon sizee from AWG 10 to 37. 4 full study of the
method of insulating & ribbon, and of the characteristice of beth
soldered and welded aluminum-copper junction has been completed, Ex-
perimental pilot line eguipment for producing ribbon conductor (bvoth
insulated and not ineulated), for winding wafer coils, for intercommection
of wafers, and for the assembly of coil and core, has been developed,
apd is described in Volume II of this report.

The Air Force, faced with an sxponsntial riee in
military aircraft elesctronic content, is sponsoring this program so
that the ahove noted henefits of sige, weight and production may be
realized.

AMC TR 60-7-505 May 1960

SUBJECT: DEVELOPMENT OF PRODUCTION PROCESSES & TECHNIQUES
FOR HIGE VOLTAGE SILICON RECTIFIERS

INVESTIGATOR : Ray Kuhl

CONTRACT: AF33(600)-36110, Texas Instruments Incorporated

ABSTRACT: High-voltage silicon rectifiers in the 20,000;

30,000; and 60,000 P,I.V, range for use as clipper diodes in ground
and alrborne electronic applications can be economically fabricated in
production quantities,

Successful operation of the rectifiers at extremely
high voltages was made possibls by resolution of the problems associated
with avalanche breakdown, junction forming by diffusion, arcing, stacking
of basic cells and packaging., Solution to the problem of arcing under
evacuated conditions and packaging contributed most to the success of
the progran,

Teat samples furnished to a contractor for appli-
cation in a fire control system were satisfactory under all conditione.
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AMC TR 60-7-534 March 1961

SUBJECT: DRY CIRCUIT TESTS & TEST EQUIPMENT FOR ACCEPTANCE
TESTING OF RELAYS FOR LOW LEVEL APPLICATION

IRVESTIGATOR : H, K, Trinkle

CONTRACT: AP33(600)-33%02, Union Switch & Signal Co.

ABSTRACT: The general performance and reliability of a relay

with respect to surety of contact make appears %o depend upon two main
factors: desizn and manufacturing procesees,

Particulate matter apparsatly causes the ma jor
portion of contact failures, That is, the number of failures for &
given period of operation depends upon the amount of contamination in
the relay and its random movement.

Desizn can reduce or eliminate the problem due to
particle contamination by insuring the hizh contact force and the relatively
large amount of contact wipe required to maintain clean contact inter-
faces. Proper material selection for the moving parts will help to
maintain wear product contamination at a minimum value,

Manufacturing processesz can help produce a re-
liable product by reducing to a minimum the contamination included in
each unit during its construction.

It 48 important that those tests which attempt
to determine contact reliability maintain operation in the low level
area for each total contact operation to obtain the most accurate ré-
sults; thus, the electrical test parameters must be as low as poesible.
It is also obvious that in attempting to measurs a factor which indicates
product quatity or reliability, the test squipment must have high re-
1iability.

Four different makes of relays, thought to be
representative for hermstically sealed relays, were selected for this
study and test,

AMC TR 60-7-535 May 1960
SUBJECT: ELECTRON TUBE VIBRATION TEST PROGEDURES
INVESTIGATOR: W, F, GiImer

CONTRACT: Ar33(600)-31879, Armour Research Foundation
ABSTRACT: An intensive investization was made of vibration

test procedures applied to tube types 5654/6AKSW /6096, 5670WA, 5718,
5840, 6101/6J6WA, 6112 and 6189/12AUMWA. Effort on the program was
divided into three tasks.

Tagk A was concerned with fatigue tests of tube
types 5654 /6AKSW /6096, €101 /6J6WA and 6189/12AUWA, Correlation studles
were made of fatigue effects produced by the 96-hour fatigue test
specified in Par, 4.9.20.6 of MIL-E-1C, and the 3-hour fatigue test
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AMC TB 60-7-535 (Continued)

spacified in Par. 4#,7.1,2 of MIL-E-5272A, The extent of tube degradation
was evalusied in terms of measurement of tube parameters and measurement
of tube noise during subjection %o a "standard" vibration measurements
test. Heatar to cathode leakage was found to be the most sensitive in-
dtcator of tube degradation, Short duration, increased severity fatigue
tests were also investigated,

Task B conaidered evaluation of a vibration
moasurements test for the purpose of establishing & standard tsat.
Tube types 5654/6AK5W/6096, 5670WA, 5718, and 5840 and 6112 were studies.
Three vibration tesis were compared, 4wo at fixed frequency, fixed
acceleration level, Maximum tube noise was the data of the test,
Design of experiments considered and evaluated variations in nolse
voltage dus to: Aifferances between tube types; differences between
manufacturers for each tube type; differences between lots for each
manufacturer; differences between tubes within a given lot; random
variations between readings on the same tube due to measurement in-
struments and for recording equinment characterietice; and variationse
between vreadings on the same tube due to carryover effects from its
use history. Test reproducibility for fixed frequency test conditione
lead to the conclusion that only limited correlation could be obtained
from different tests or, in fact, repetition of the asame test.

In tagk C, factors affecting tube noise were
atudies in detail, Sweprt sinusoidal teste and random excitation tests
(constant spectral denaity and equal energy per octave) wers studjed.,
Effscts of acceleration level, sweep rate, bandwidth were studies with
respect to tube noise magnitude and harmonic content, over a wide
dynamic yange, Major tube resonances were determined, both for
principle frequencies at which they occurred and the Q's of resonance.
Reproducibility of test results were studles where the same vibration
test was performed on a glven tube using two different vibration
exciters,

AMC TR 60-7-608 June 1960

SUBJECT: MINIATURIZED TERMINALS FOR HIGH-VOLTAGE, HIGH-
ALTITUDE TRANSFORMERS

INVESTIGATOR : ¥. F., Gilmer

CONTRACT: A¥33(600)-37392, General Ceramics Div., Indiana
General Corp.

ABSTRACT: A general description of the process employed by

Advanced Vacuum Products is glven, and the changes in the original
terninal designe (as set forth in WADC Technical Report 56-658) that
were necessitated by the adoption of the Advac proceas are described,

Twelve terminals of each of the three tyves
{total of 36) were fabricated and then tested in accordance with the
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AMC TR 60-7-608(Continued)

qualification requirements of Exhibit WCRE 57-2A. The terminals
successfully passed all the qualification $ests except the contact re-
sistance epecification. A 8light change in manufacturing procedure
was recommended in order tc meet the contact resistance specification.

For all three types of terminals, the procedure
for attaching the proper cable to the terminal is described in detail,

350 of each type of terminal {total 1050) were
fabricated and delivered to the Government. During production of these
terminals inepection teste devised by the contractor anmd approved by
the contracting officer were performed. The terminals met the acceptance
levels agreed upon by the contractor and the Government.

The process of manufacture is deacribed in detail,
including processing data. The requirements with respect to personnel ,
equipment and floor space are set forth, and a recommended egquipment
layout for the manufacture of 375 terminals per day (125 for each of
the three types) is presented,

AMC TR 60-7-663 June 1960
SUBJECT: HIGH POWER SILICON TRANSISTORS

INVESTIGATOR: Ray Kuhl

CONTRACT: AF33(600)-36234, Westinghouse Electric Corp.
ABSTRACT: It has been demonstrated that the Westinghouse

alloyed silicon transistor meets the objectives required, The transistor
heg proven to be a menufacturable design which ensures commercial
availability. Two devices were produced with collector current ratings
of 5 and 15 amperes, the first device being completed in Jan 1959,

Since then, the 5 ampere device has been in full-scale production and

ie now commerclially availahle in quantities, The second device is now
designated as Westinghouse Type WX115B, amd has collector current

rating of 15 amperes and collector breakiown voltage of 120 volts.

The final design has an operating voltage of 100 volts which ie several
times that of the contract objective of 30 volts,

AMC TR 60-7-697 Hay 1960
SUBJZCT: METAT,~CERAMIC EXTERNAT, ANODE TUBES
INVESTIGATOR : Arnold H, March

CONTRACT: AF33(600)-38449, Bendix Aviation Corp.
ABSTRACT: On a previous contract, AF33(600)-26860, “our

metal ceramie tubes were developed which are capable of operation at
high ambient temperatures in the viecinity of SOOOC. The two tubes de-
veloped on Contract AF33(600)-38449 are to expand the previous group
of four tubes to inelude a medium mu triode and a high mu triode.
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Processing and construction are essentially
similar for all six types except that the two tubes developed in the
Pressnt contract utilize titanium plates as the active getter rather
than the pressed ceralloy pill previously used,

Data presented includes results on high temperaturs
1ife, vibration, shock, fatigue, heater cyeling, and static characteristics.
Processing and test specificaticns, as well as parts drawinge, are also
included.

AMC TR 60-7-732 June 1960
SUBJECT: LOW POWER SILICON VHF TRANSISTOR

INVISTIGATOR: P, P, Poliquin

CONTRACT: AP33(600)~39606, Radio Corporation of America
ABSTRACT: This abstract gives a brief deseription of the

significant accomplishments of the Production Refinement, Low Power
Silicon VHF Transistor Program (Contract No. AF33{(600)-39606) by the
Radio Corporation of America (Semiconductor and Materials Diviaion)
during the vperiod from June 5, 1959 to June 5, 1960.

An NPIN, all diffused, l1ine structure desien was
chosen for this device because of ite ability to operate at high fre-
quencies and have a high collector-to-base breakiown voltage. This
device, as designed, msets both the high frequency 250me osciliator
and amplifier requirements and the 100 volt Vggp specification,

High frequency eilicon transistor manufacturing
techniques were developed and refinad to meet the production requirsments
of the contract. These techniques are shown to be suitable for large
volume production. A description of the diffusion, photoresist, and
metalizing operations are described in the section on Device Fabrieation,

The contract specified an investigation of improved,
and possibly avtomated, techniques and equivment to be huilt for the
purpose of bringing the transistor manufacture un to mass production
capabilities, RCA Somerville helped develop and bring into general use
as an interim tool the Kulioke and Soffa bonding machine on which rates
as high as 100 units per operator hour =re anticipated., The Automatic
Device Assembly Machine (ADAM) was designed and built. The machine is
complete and operable, snd has made transistors--toth mechanically and
electrically goed--and a few samnles have been delivered to the Elecironie
Technology Laboratory, WADD,

Transistors were fabricated and submitted ag
state~of-the-art samples,
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AMC TR 60-7-824 January 1961

SUBJECT: HIGH EFFICIENCY SILICON SOLAR CELLS
INVESTIGATOR: P, P, Poliquin

CONTRACT: AR33(600)~40497, Hoffman Electronics Inc.
ABSTRACT: Silicon photovoltiaic cells for solar snergy con-

version can be produced in higher efficiency and varied configuration
through the development of new and Improved production techniques and
processes,

The 1imitations of silicon aolar cells are dis-
cusased and four major areas of improvement are considered: optimization
of the p-layer thickneas and series resistance; selection of c¢crystals
with improved nroverties; improved handling and fabrication technigues;
decresased losses due to seriss resistance. Various studies and experi-
ments made in order to obtain higher efficlency solar cellw are detalled,

Studies are discussed which determinad optimum
Junction depth and the diffusion parameters necessary to obtain these
Junction depthe. Several diffusion experiments were performed and the
variation of surface concentration, junction depth and the diffusion
coefficient have been determined as a function of temperature. The
effect of varying diffusion temperature on solar cell spectral responste
was investigated. Two methods of evaluating diffusions (junction depth
and sheet resietance) are analyzed theoretically, and techniques for
experimentally sveluating diffusion by these methods are discussed.

An improved plating technique which has significantly
decreased cell serlies resistance and improved conversion efficlency is
discussed. In order to further decrease cell series resistance, an
evaluation to determine the ontimum number of cell grid lines was made,

Technique vartations such as ultrasonic cleaning
and ulirasonic cleaning and hydrogen carrier gzas for diffusion were
studied.

Infrared transmiseion studies were made on silicon
and silicon solar cells to determine whether design of cells for lowsr
"in gspace® operating temperatures were feasible,

A light source simulaeting sunlight in space was
developed. The sunlight simulator and various other parameters necessary
to measure cells under space conditions are described.

The operation of a pilot production line using new
techniques developed under this program is described.

Performance tests for the three one-square-foot
panels required by this contract are detailed.
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CHEMICAT, ENGINEERING

AMC TR 50-7-436a 24 December 1959
SUBJECT: DEVELOPMENT OF TE-60 PLASTIC PARTS ASSEMBLY
INVESTIGATOR: Major Fritach

CONTRACT: 4733(600)~31113, Thiokol Chemical Corp.

ABSTRACT: Under the cognizance of the Manmufacturing snd

Methods Division of the Air Materiel Command at Wright-Patterson Air
Force Base, a program (Contract AF33(600)-31113) was conducted which
demonstrated the feasibility of constructing chambers and nozzles for
80lid propellant motors from reinforced plastic materirls, The T-61
(Matador) booster was selected for this program. A successful reinforced
nozzle and chamber assembly was made of fiber glass roving and epoxy
resin. This assembly weighed less than 600 1bs and when loaded, con-
tained 1,450 1be of T-35 (polysulfide) propellant. The performance of
this motor was approximately 106,000 lbs of thrust for 2.6 seconds at
60°F, Six firings were made; all were successful, The firings were
made at -30°%, 60° and 160°F and included a drop test, a rough road test,
and & temperature cyele test,

AMC TR 60-7-436b April 1960
SUBJECT: DEVELOPMENT OF PLASTIC CASE FOR XM15 JATO ROCKET
MOTOR (PLASTIC JATO CASE)

INVESTIGATOR ¢ J. W, Hurst
CONTRACT: AF33(600)-31436, Rocketdyne Division
ABSTRACT: A XM15 JATO rocket motor case 50 percent lighter

than a comparable steel case and competitive in cost has been fabricated
from Evon 828 epoxy resin reinforced with helically wound glass fibers.
Successful firings and storage tests confirmed the ability of the plastic
cagse to meet all design requirements.

Sixty JATO motors were made of filament wound
glass fiber reinforced plastic case, asbestos phenclic plastic aft head
and nozzle, Buna-X rubber liner, and with the only metal parte being
the forward head mounting bolts, rupture discs, stesl insert for
mounting the igniter assembly, and the mounting brackets. These steel
parts accounted for 8 percent of the total weight. The comparable steel
case weighs 94 pounds and costs $37.00 per motor. The plastic motor
cage weighs 41 pounds (57 percent reduction) and should coat approxi-
mately $37.00 per unit for a production rate of 5000 units per month.

AMC TR 60-7-632¢ April 1960

SUBJECT: LARGE CERAMIC RADOME MANUFACTURE BY FLAME SPRAYING
TECHNIQUE (CERAMIC RADOMES — FLAME SPRAYING)

INVESTIGATOR: L. C, Harleman

CONTRACT: AF33(600}-37877, Norton Company
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AMC TR 60-7-632¢ (Continued)

ABSTRACT: Large ceramic (98.5% alumina) radomes for future
hynersonic aerospace vehicles may possibly be fadbricated using flame
spraying, dry isostatis preasing or wet forming, hydrostatic pressing
techniques,

Scale model (13" diameter x 39Y hisgh) radomes
mede by the flame spraying technique were fired successfully bdut only
one thick wall radome had besn ground successfully when the contract was
terminated,

Norton Company's standard ROKIDE alumina composition
was flame sprayed onto a rotating water cooled precision mandrel which
had been coated previously with a thin layer of potassium chloride.
After a sufficient thickness of alumina was deposited, the mandrel was
suspended over a tank and the salt interlayer washed out with Jets of
water. When the salt layer had dissolved, the radome dropved free and
was washed thoroughly to remove all traces of the salt., The radome was
then dried at 85°C for 24 hours,

The radome blanks then were given a low teaperature
firing to 900°C to relisve stresses which had been develoved in the
spraying operation,

The final firing was accomplished in a large
catenary sas-fired car kiln using special shrinkage setter plates, The
radome blanks were fired in an upright position. The firing cyele took
aporoximately one week. Firings were made to 1740°C,, with a five-hour
soak,

4 large number of test specimens alsc were fabri-
cated for physical and elsctirical testing to determine the properties of
high alumina bodies., The test resulte are shown in the Final! Techniesal
Engineering Renorts under Melpar, Inc., Contract AF33(600)-37908,

AMC Project 7-632d4, and Boeing Alrplane Co., Contract AF33(600)-38574,
AMC Project 7-632f.

AMC TR 60-7-6324 June 1860
SUBJECT: LARGE CERAMIC RADOME MANUFACTURE ELECTRICAL &

MECHANICAY, CHARACTERISTICS MEASUREMENTS (CERAMIC
RADOMES ~.~TESTING)

INVESTIGATOR : D, C. Harleman
CONTRACT: AF33(600)-37908, Melpar, Incorporated
AB3TRACT: Determinations were made of various electrical,

mechanieal, and thermal properties from ?OOF. - 2500°F of two sets of
three ceramic compositions for wse in fabricating large ceramic
(99.5 percent alumina) radomes for future hypersonic properties.
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The samples tested

AMC TR 60-7-655
SUBJECT:
INVESTIGATOR

CONTRACT:
ABSTRACT:

_ The experimental methods are discussed and data
presented for the following properties:

1)
2)
3)
k)
5)
8)
7)
8)
9)
10)
11}

12}

Dislectric constant and lose tangent at X band
Teneile strensth
Compressive strength
Flexural strength
Modulus of elasticity
Modulus of rigidity
Poigson's ratio
Specific heat

Normal total emissivity
Thermal diffusivity
Thermal expansion

Thernal conductivity

were fabricated by:

1)

2)

3)

Coors Porecelaln Co., Golden, Colorado
Contract AF33(600)-37879, AMC Project 7-632a

G1adding-MeBean Co., Los Angeles, Calif.
Contract AF33(600)-37952, AMC Project 7-632b

Norton Co,, Worcester, Mass,
Contract AF33{600)-37877, AMC Project 7-632¢

November 1960

DEVELOPMENT OF MANUFACTURING PROCESSES FCOR HIGH
TEMPERATURE TUBRICANT AND HYDRAULIC FLUID BASE
STOCKS

Charles Tanis

AF33(600)-36237, American Potash & Chemical Corp.
This report describes the laboratory development
work and successful pilot planting of a process for the manufacture of
n-dodecyl tri(n-decyl) and n-hexadecyl tribenzyl silane fluid stocks.
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On the dbasis of a literature survey, it was declided that the best route
wag %0 condense silicon tetrachloride with the appropriate alkylmagneaium
halide. This process was developed in the laboratory to give an over-sll
yield of at least 30 per cent of tetraalkyl silane flunid of 95 percent
vurity. Analytical techniques were developed for following the various
stages of the reaction, particularly through the use of infrared spectrum
techniques,

A multi-purpose pilot plant was designed anmd con-
structed to manufacture these flutds., The laboratory processes were
proven out succesafully in the pilot plant. The capacity of this plant
wae 3 to 20 gallons per day, depending on product purity. In the pilot
plant it was shown that a wipe film evaporator was the most versatile
unit for rectifying these high boiling fluids. By the use of euper-
heated steam in connection with 1t, it was possidble to separate
trialkyl silane hydride and moat of the hexaalkyl disiloxane impurities.

On the basis of the data collectad in the pilot
plant, a full-secale production unit has been designed. Specifications
for raw materials, plant operation, etc,, are included in a section of
the report.

By means of = nine-stage process, bis{m-phenoxyphenyl)
ether was prepared in very high purity and free of isomeric products in
the laboratory. In five of these steps the yileld was improved markedly
over that previously reported in the literature. This resulted in a
big reduction in cost.

AMGC TR 60-7-719 December 1960

SUBJECT: DEVELOPMENT O SILICON INFRARED OPTICAL COMPONENTS
{ TRANSMITTING WINDOWS)

INVESTIGATOR: My, D, C, Harleman

CONTRACT: AP33(600)-38085, Texas Inatruments Incorporated

ABSTRACT: Silicon Plates up to 12 inches in diameter by 1

inch thick and silicon hemispherical domes up to 8 1/2 inches in diameter
by 1/4 inch thick can be economically cast or segmented for use as
infrared transaitting windows, Silicon vapor depcosition technigues are
not as feasible as castinz. The optical transmission of nuclear resactor
irraliated silicon showed some improvement for limited wavelengths.

A form of shell casting in which molten silicon
freezes to a rotating silicon carbided graphite manirel has been de-
veloved as & feasible and economlcal process to produce large size
gilicon domes and plates.

Silicon may be Joined with an appropriate epoxy
sdhesive to produce suitable site mosaic structures, Plates 12 inches
in dismeter by 5/8 inch thick and domes 7-1/2 inch in diameter by 1/4
inch thick have been successfully produced. Size ies limited by sbility
to fabricate suitable bondine fixtures.
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For the sizes and shapes specified in the contract,
casting is the more useful amd economical process to use,

Silicon may be vapor deposited into 4 inch domes
with a significant reduction in the absorption at 9 microns. Becaunse
of fabrieation d¢ifficultiea and a reduction in transmission between
4 - 8 microns, vapor deposition, as compared to cast silicon, is mot
prosently a feasible production process,

The strangth of cast and thermally deformed silicon
1s similar to the value obtained on grown silicon material., Typical
values of Modulus of Elasticity and Rupture are 26,000,000 psi and 23,000
pei respectively.

A gignificant increase in the resistivity of
silicon may be realized after irradiation., Little effect was found on
the Silicon Monoxide costing before and after irradiation. Irradiating
low resistiviiy silicon decreases the silicon absorption coefficient
the greatest in the 5 to 6 mixzron range. Some of the irradiation in-
duced defects which reduce the room temperature absorption coefficient
are annealed out at tempermtures about 400°C,
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AMC TR 60-7-1104 July 1960

SUBJECT: NUMERICATLY CONTROLLED MILLING MACHINE

CONTRACT: AF33(038)-24007, Servomechanisms Laboratory,
Magsachusetts Institute of Technology

ABSTRACT: Numerical control is a design techniqus which ex-

tandas tha benefits of automatization to moderate-volume manufacturing
processes previously limited to manual production methods, A milling
machine, now in operation at the Massachusetts Institute of Technology,
illustrates the technical feasibility of numerical control and, on the
basis of initial test operation, shows promise of becoming a valuable
production tool.

A new concept of automatic machine-tool control
nov being demonstrated at the Servomechanisms Laboratory at M,I.T.
promises to simplify some of the manufacturing problems of medium and
small run production often encountered in the alrceraft industry.

Called numerical control, this technique has been
applied by M.I.T., under the sponsorship of the Air Materiel Command of
the U.S, Air Force, to & milling machine controlled by a numerical code
punched on paper tape.

Since March 1952 vhen construction was completed,
the milli{ng machine has been used as an experimental production unit to
evaluate the economic aspects of numerica) control and as a basis of a
astudy of the application of numerical control to other machine tools and
manufacturing processes of particular interest to the aircraft industry.

While m complete svalustion will be possible only
after the present program of trial operation has been carried much
further, it 1s already clear that the numerically controlled milling
machine is a valuable production tool which combines high productivity,
flexibility, and precision, The control system, during approximately
4,000 hours of operation, has exhibited a high degree of reliability.
Operational experience shows that the system requires as little
maintenance as the basic machine tool.

AMC TR 60-~7-250a March 1960

SUBJECT: DEVELOPMENT OF FLASHYELDING TECHENIQUES FOR NON-
FERROUS ALLOYS

I¥VESTIGATOR ; B, E, Price

CONTRACT: AP33(600)-22246, Lockheed Aircraft Corp.

ABSTHACT: Flashwelding techniques and machine set-up data

curves have been developed, for 6061, 2014, 2024 and 7075 alumipum
alloys which produced flash weldments possessing acceptable quality,
ductility and fatigue 1life, The static strength levels of developed

WADC TR 53-373 Sup 8 169



AMC TR 60-7-250a (Continued)

welds wera equal to or greater thaa the minimum strengthe of the parent
metal, A proposed Military Specification is preeented,

T™he fatigue strength of 6061, 2014, 2024 and 7075
weldments were subetantially the same with a strength reduction
approximately equivalent to a stress concentration factor Kt of 3.0
when compared with basic FACA data on comparable aluminum alloy sheet
specimens, TFlushing of the weld and then shot peening resulted in a
fatizue strength comparab’e to the parent netal,

Standard protective finishes common to bare aluminum
alloys will satisfactorily protect w ‘ments from pure corrosion. Howsver,
the higher strength aluminum alloys, 2024, and 7075, were susceptable to
gtress corrosion,

The primary factor responsible for the high stress
corrosion suscentidility of 7075-T6 flash weldments is the short trans-—
verse grain orientation formed in the weld as the result of upsetting
during flashwelding. Comparative stuiles of the effects of grain.
orientation in non~welded 7075-76 reveals that the stresa corrosion of
7075-T6 flash weldments is defined by the short transverse strass cor
rosion propertics of the parent metal. Variatfons in the flash welding
process, post weld thermal treatments, or use of chemical conversion
coatings provide no significant improvement in stress corrosion re-
sistance. The combination of post weld shot peening and aging affords
improvement but dees not prevent stress corrosion cracking.

The short transverse grain orientation of the weld
in 2024-T4 flash weldments 1s not the limiting factor determining stress
corrosion susceptability, A significant improvement in stress corrosion
resistance and strength can be obtained dy sging 2024-T4 flash woldmenta
pix or more hours at 370°F after flash welding and by & combination of
post weld shot peening and aging.

Post weld aging of 2024 flash weldments, supplemented
by protective coatings and shot peening, is recommended as a means of in-
suring maximum serviceability in structural applications where stress
corrosion is a consideration. The use of 7075 flash weldments for
structural components in corrosive environments or for extended service
1ife applications is not recommended.

AMC TR 60-7-488 March 1960
SUBJECT: DEVEL.CPMENT OF A,C. INVERTER STATOR WIKDING MACHINE
CONTRACT: AF33(600)~33405, American Machine & Foumdry Co.,
ABSTRACT: Phage I was a study program for the development of

an auntomatic AC invertor stator winding machine. Patents, existing
winding machines, and techniques used by the rotary electrical industry

WADC TR 53-373 Sup B 170



AMC ™R 60~7-486 (Continmed}

were investigated, With an appraisal of inverter characteristica, speci-
fications for the machine were established.

Phase II was a design program to develop a machine
to meet the requirements of the specifications of Phase I, After the Jjury
rig testing of two concepts, a design was evolved for the prototyve
machine, Components consiated of a Wire Feed System, End Locp Forming
System, Translating Mechanism, Skewing Mechanism, Oscillating Mechanism,
Chuck and Indexing Mechanism, Motor and Drive System and Counting, Pro-
gramming and Speed Control.

Phase III c¢alled for the final development of the
components, the fabrication assembly, testing and the evaluation of the
machine. The prototyve machine was built to wind 250 VA uniform stators,
A deteiled description is given of the machine,

Phare IV provided for the modification of the
Machine to wind 750 VA concentric stators. To program this pattern of
winding, modifications were made to the arbor drive, the nozzle drive,
the coll span mechanism, the shoe coil forming device and the wire re-
tention device,

The machine successfully produced uniform wound
250 VA size and concentric wound 750 VA size stators,

AMC TR 60-7-561 Dacember 1960

SUBJECT: EVALUATION OF NEW TITANIUM SHEET ALLOYS FOR USE IN
ATRFRAME CONSTRUCTION

CONTRACT: AF33(600)-33597, North Americen Aviation, Inc,

ABSTRACT: Descriptions of the basic objectives of Contract

AF33(600)-33597, the selection of parts to be fabricated under this con-
tract, the seléction of the sheet alloys to be evaluated, and the results
of a preliminary evaluation of the Ti-16V-2,541 and Ti-441-3Mo-1V sheet
aYloys are presented in this volume.

Baged on a survey of the available data on properties
and on production statue, the T1-16V-2,.541, T{-4A1-3Mo-1V, and Ti-341-6Mo
alloys were selected for evaluaticn, Before any extensive tests could
be made, preoduction of the Ti-341-6Mo was discontinued, and the compara-
tive evaluation was restricted to mechanicel properties and forming
characteristics of the two remaining alloye,

The average short-time tension and compression
strengths from room temperature to 900°F of the Tt-16V-2,5A1 alloy in
- the aged condition was higher than the average strengths of the Ti-
4A1-3Mo alloy. Based on the data obtained, the Ti-16V-2,5A1 would have
design tensile minimums (2) of 153,000 psi yield amd the 165,800 psi
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ultimate versus 147,000 psl yleld and 184,600 pei ultimate strengihs

for the Ti-4A1-3Mo-1V alloy. The Pi-4A1-3Mo-1V alloy had higher tensile
elongation and higher modulus of elasticity (E) than the T1-16V-2.5 41
alloy. A limited number of creep teste indicated that the Ti-4d)-3Mo-1Y
alloy would have greater tensile creep resistance at 600°F amd 800°7
than the T1-16V-2.5A1 alloy.

Straining the P4-16V-2,5 Al alloy in the solution-
treated condition followed by aging, resulted in a substantial loss in
teneile strength, The tensile strength of the Ti_LAl-3Mo-1V alloy
increased when strained and aged,

The surface condition of the sheets (grind marks,
scale pits, and other defects) had a major effect on the results of the
forming tests, particularly on the bend radii. Both alloys had a rangs
of approximately 3,57 to 5.5T bend radius. Bende made in the T{-16V-2,5A)
alloy hai much gZreater spring back than bends made in the Ti-4A1-3Mo-1V
alloy.

Difficulty was experienced in joggling the Ti-16V-
2,541 alloys. Larger runout depth-to-length ratios were required %o
Joggle the Ti-16V-2,5 A) alloy than were required to Joggle the Ti-U4dl-
3Mp-17 alloey.

Greater local stretch and shrink valuss were ob-
tained in the Ti.4A1-3Mo-1V alloy than in the Ti-16V-2,5A1 alloy in
both hydropress and streich forming operstions,

After reviewing with the Air Force the mechanical
properties and forming data obtained on the two alloys, the T{-Lil1-3Mo1Y
alloy was selected to be used for the fabrication of parte and the com-
Plete metallurgical evalustion as descrided in subssquent volumes of
this report.

AMC TR 7-618 Hovember 1959
SUBJECT: TITANIUM SANDWICH PANET, RESEARCH & DEVELOPMENT
CONTRACT: A¥33(600)-34392, Convair

ABSTRACT: Five titanium alloys (6Al-4V, 16V-2,541, 341-6Mo,

4A1-34o-1V, and ES-140) and numerous brase alloys and adhesives were
evaluated for suitability for structural sandwich construction in the
temperature range of -67° to 800°F, RS-140 was chosen as the prime alloy
because of superior properties and availability. 16V-2,541 and 6A1-4V
were selected as "back-up" alloys., Extensive mechanical property testing
of R5-140 was asccomplished,

Three brazed and two bonded production-size eand-
wich panel designs were selected for developmental fadrication and testing,
These were modifications of B-58 stainless steel and aluminum eandwich
panel designs, *
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Procedures for brazing and bonding were developed,
A new apd superior braze alloy was developed. FPreliminary test data
on small sandwich specimens was obtained. Limitations of fabrication
by drawing, bending, machining, a&nd welding were tentatively established.

Testing of the brazed structursl test panels showed
that they pogssessed excellent structural efficiency at temperatures from
~67°F to 800°F, Strength-to-weight ratic of braved sandwich panels con~
struction used in the B-58 by a factor of approximately 1.50.

AMC TR 60-7-627 July 1960
SUBJECT: STAINLESS STEEL, SANDWICH COMPOSITE MATERIAL PROGHRAM
CONTRACT: AP 33(600)-35074, Sciaky Brothers, Inc.

ABSTRACT: This ig the final report of a research program to

develop tooling methods and processes for resistance welding of stainless
steel sandwich composite material., The program was conducted by the
Seiaky Bros., Inc, Research Division, 2311 Purdue Ave., Los Angeles 64,
California, for the Air Materiel Command.

The program included extensive investigation of
core configurations; for ease of manufacture, accessibility of weld
tooling, structural aspects. Basic resistance weld methods, weld tooling,
and electrical components used were of completely standard deslign or
slight variation. The findinge of the above were resolved to parameters
which culminated in the cconetruction of two experimental sandwich
welding machines,

Instrumentation and testing equipment were commercial.
Tests conducted were per MIL-STD-A401A, MIL.C-21275 and with consideration
given the substance of ATC Report No. ARTG-17 and FMS-003(e).

The feasibility of resistance welded stainleas
steel sandwich composite material has been demonstrated.

AMC TR 60-7-681 November 1960
SUBJECT: SUB-.ZERC MACHINING PROGRAM

CONTRACT: AF33(600)-38296, Convair

ABSTRACT: The application of sub-zero coolants to machining

high~strength, high temperatures alloys will, in certain applications,
ineresse metal removel rates up to 400%. These increases are not
necessarily concurrent with cost reduction, because of the additional
axpense of sub-zero equipment, coolants and machine maintenance, The
mechanical properties of the materisls tested were not affected by sub-
zero temperatures,

Cost comparisons showed sub-zero coolants to be
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more economical in only one of the four tests when the nachining of
production parts was simulated. The resultis indicated that uninterrupted
cutting operations on long cuts can be accomplished more efficiently with
sub~zero coolants than with conventional coolants, Machining with sub-
zero coolants is uneconomical! on short runs and in interrupted cutting
operations.

The three sub-zero cooling methods evalnated were:

1. Application of COp mist at the cutting edge (-81F to -101F).
2. Fl?odin§ the workpliece and tool with ABCO 156 A Solvolene
_58F
3, Freezing the workpiece in a cold chest (-110F) prior to
machining,

The machining operations performed were turning, milling, drilling,
tapping and grinding. The materials used in the tests were:

A-286, an sustenitic stainless steel
1-605, a cobalt base alloy

R.235, 2 nickel base alloy

H-11, a hot-work die steel

Mo-0.5Ti, a molybdenum base alloy

Room temperature tests were performed with conventional coolants to
eatablish tool geometry, tool material, feed and cutting speed for com-
parison with sub-zero machining tests. The resulis are presented in
graphical form.

AMC TR 60-7-765 Hovember 1959
SURJECT: RESISTANCE HEATING OF TITANIUM AND TITANTUM ALLOYS
CONTRACT: AF33(600)-38042, Revublic Aviation Corp.

ABSTRACT: An investigation aimed at determining the variables,

equipment requirements and control problems of the resistance heating of
titanium was conducted. This program, at ite outset, determined that
temperature control was the primary problem. The one plausible solution
appeared to be control through radiation pyrometry. 4lthough accurate
correlation of emissivity of bare titanium %o temperature proved im-
possible because of consideradble surface condition change, the program
wazs brought to 2 successful conclusion through the use of stable
emiassive coatings on the workpiece.

AMC TR 60-7-766 November 1959

SUBJECT: FORMING, HEAT TREATING AND MACHINING CF 5-Cr-Mo-V
TOOT, STEELS

CONTRACT: AF33(600)-38042, Reoublic Aviation Corp.

ABSTRACT: A typical detalled evaluation of the 5=Cr-Mo-¥V
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tool steel revsaled the deeizn criteria covering the application of this
material in airframe construction, This evaluation, in its extensive
breadth, covered all of the standard forming methods, marking methods,
heat treatment proceduree and the machining of this steel in the sheat
and cast state. The resultant data provides an excellent foundation
for extensive use of the material in sheet form and will assist in
alleviating many initial production problems.

AMC TR 60-7-767 November 1959
SUBJECT: FORMING OF INCONET X

CONTRACT: AF33(600)-38042, Republic Aviation Corp.
ABSTRACT: The basic criteria for the forming of Inmcomel X

into typical airframe parts has been determined., In addition to studies
of the basic funiamentals, investigations uncovered significant features
involved in the initial heat treatment amd the processing through some
of the more sophisticated mamufacturing operations. The results clearly
indjcate that this material is readily usable if certain precautions
peculiar to this material are observed.

AMC TR 60-7-768 November 1959
SUBJECT; BERYLLIUM COPPER DIES

CONTRACT: AF33(600)~38042, Republic Aviation Corp.
ABSTRACT: The non-oxidizing and non-galling properties and

superior thermal conductivity of beryllium copper have been exploited
by using this material! for aircraft forming dies. This progran has
established the great potentiale of integrally heated cast beryllium
copper tooling. This tooling has found application on drop hammer,
hydropress, power brake, power press and stretch press operations.

One of the primary advantages is incorporated in the perfected precision
casting process and the resultant economics,

AMC TR 60-7-769 Hovember 1959

SUBJECT: TUNGSTEN INERT GAS ARC WELDING OF HIGH STRENGTH
STEELS

CONTRACT: AF33(600)~38042, Republic Aviation Corp.

ABSTRACT: The procedures for the fabrication of reproducible

welds of aireraft quality of 5-Cr-Mo-V and AM-~355 stesels have been
established., Both steels are readily weldable by conventional techniques
if certain well-defined steps in the procedure are followed, These

steps involve specific therma! orocessing post and vrior to ths welding,
The design eriteris established excellent weld efficiencies at high heat
treatment levels (250-300 ksi),
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SUBJECT: METALLIC ARC WELDING (F HIGH STRENGTH STEELS
CONTRACT: AF33(600)-28042, Republic Aviation Corp.
ABSTRACT: A number of cormercial coated electrodes were

evaluated for the aircraft quality welding of 5-Cr-Mo-V and SAE 4340
alloy steels, Several of these slectrodes prove satisfactory in pro-
ducing weldments meeting the requirements of the spplicable military
specifications. Extensive testing clearly defines the various
properties peculiar to each coated electrode in comparison to epeci-
£1s4 values. This data will bs met by enthusiastic acceptance through-
out the airframe industry %in that it is immediately applicable to pro-
duction problems on hard.

AMC TR 60-7-807 May 1960
SUBJECT: BERYLLIUM FASTENER PROGRAM

INVESTIGATOR ; E. ¥, Gowen, Jr.

CONTRACT: AF33(600)-39728, Standard Pressed Steel Co.
ABSTRACT: A program to determine the feasibility of manu-

facturs of beryllium fasteners for aircraft and missile structural
applications was made possidle through the support ard sponsorship
extended by the Manufacturing Methods Division, LMBM, AMC Aeronautical
Systems Center.

Since beryllium has a weight less than ome~forth
an equal volume of steel, substantial weight savings could be realized
by employing beryllium in fasteners. Therefore, it was desirable to
learn as quickly as possible how beryllium fasteners could be manufactured
and what their mechanical properties would be.

This information was obtained in a two step progran,
At first, the bolts were produced to a current confizuration by standard
manufacturing techniques, From the data and experienca nbtained, changes
in design and manufacturing methods were employed and evaluated to
further improve the potential of beryllium bolis.

It was found necessary to establish special con-
trols for inspection of incoming bar stock, Current methods were in-
adegquate to Ineure suitable materials,

Bacause the currently available beryllium material
is extremely notch sensitive, modifications of existing bolts designs
were found necessary to enhance the proverties of the fasteners, The se
inetuded the use of larze radii in the thresd roots and special surface
treatment of the finished bolts.

Standard methods of fastener mamufacturing were
found apolicable to5 the production of beryllium boltse. The only additional
precautions necessary were the addition of exhaust systems when machining
or zrindine the parts. These collected all particles of beryllium oxide
80 that machine operators wers noi exposed to these toxic materials,
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The data showa that beryllium shear fasteners
ean bhe produced with a great advantage in their strength-to-~weight
ratios over current fasteners fabricated from bdoth titanium and high
strength steel, 5Shear and fatigue strengthe were 70,000 pei and 40,000
pail respectively, The strenzth of the basge material was =z minimum of
85,000 psi. Because of its high degree of notch-sensitivity, beryllium
is not recommended for tension fasteners.

AMC TR 60-7-755 December 1960

SUBJECT: FORGING PROGRAM TO IMPROVE MECHANICAY, PROPERTIES
OF LARGE STEEZL FORGINGS

INVESTIGATOR : Mr, @, L, Camvbell

CONTRACT: AF33(600)-38060, Tadish Company

ABSTRACT: Statistical analysis of 5,000 test data from nine

forgings of AISI 4340 alreraft quality steel for 8 landing gear component
shows that transverse ductility and toughness decreases (1) as a function
of distance from surface to center of the ingot, (2) ms a function of

the hardenabitity of the varticular ingot heat studied, and (3) as a
function of the amount of reduction in cross~gsection when forging the
ingot beyond = four to one reduction up to an eight to one reduction.
Transverse propertles are more affected than lengitudinal properties

and the effects are more pronounced as the strength level increases in
the range of 200,000 - 300,000 pounds per square inch,

Steal manufacturers have pushed the tensils
properties of 4340 and other steel alloys to levels approaching 28¢, 000
pounds per square inch. In general, satisfactory longltudinal prepsrties
have been shown but these are not matched in the transverse direction.

Conventional steelmaking practice and forging re-
sult in parts with a large differential between longsitudinal and trans-
verse mechanical properties, with iransverse, particularly ductility,
being lower. A large amount of AISI 4340 aircraft high strength steel
hes been made under these conditions but no thoroush critical evaluation
incorvorating a nunber of controlled variables has ever been made with
the obJective to improve the mechanical properties of forgings made
from this steel.

To minimize the adverse property effects resulting
from melting and freezing vhenomena supnlementary to the forging, two
heats of steel were made utillizing the best melting and processing
nractices. Two ingot sizes were reduced to 12 inch R(S billets for
evaluation, incluling the following tests: macrostch, grain gize, micro-
¢leanliness, magnetic particle cleanl’iness, chemical analysis, tensile
and hardenability. Landiing gear component forgings mede from the billets
were further processed, sectioned and tested, based upon the effects of
forzing reduction ratie, hardenability, strength level, the test i
rection and location upon strength, ductility and toushness,
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BASIC INDUSTRY

AMC TR 60.7-257 July 1960

SUBJECT: DEVELOPMERT OF AN EXTRUSION METHOD FOGR THE FRO-
DUCTION OF WIDE PROFILE EXTRUSIORS

INVESTIGATCOR ; T, 5, Felker

CONTRACT: AF33(600)-~21525, Loewy-Hydropress Division

ABSTRACT; Wids, flat, thin-profile aluminum extrusions for

high performance aireraft and missile appliecation can be readily and
economically extruded by means of a rectangular (flat) billst contalner
in conventional extrusion presses rather than being extruded from round
containers in "V® or round shapes requiring subsequent flattening.

A rectangular container proved superior to the
round container in that thinner sections are posaible and greater unit
pressure effected more efficient metal fliow. The neceaszsity for converting
the extruded section from "V¥ or other shapes which resulted from pre-
viously used round contalners was eliminated,

In use, the rectangular container made possible
an extrusion pressure of 109,000 pal on the billet. An integrally
stiffenced panel of 7075 aluminum alloy, 18 inches wide, with web
thickness of 0.037 inches, having eight stiffeners, each one inch in
height by 0.100 inches thick was successfully extruded to a length of
25 feat aml with excellent surface condition.

Snecific die entrance angles and sturdier dle de-
gign were necessary to withstand the higher extrusion pressures.

AMC TR 61-7-557 March 1961

SUBJECT: DEVELOPMENT OF IMPROVED METHODS FOR COLD EXTRUSION
OF TITANIUM

INVESTIGATOR: R. J. Fiorentino, 4. M, Sabroff, ¥, D. Frost

CONTRACT: AF33(600)-33540, Battelle Memorial Institute

ABSTRACT: Precision hollow shapes of unalloyed titanium and

T$-341-2,57 alloy can be backward extruded at 50 percent reduction at
practical working pressures, using a fluoride-phosphate coating and
properly designed punches. Applications of the precess to fabrication
of a titanium MS-21921 hexogonal mut for airerart flareless tube
fittinze shows a potential saving of 48.5 percent of the matsrial and
labor costs over automatic screw machine techniques alone,

The contour of the optimum punch tip is described
by the segment of a circle having a half-sngle of 70 degrees. Backward
extrusion pressures for unalloyed titanium are 340,000 psi with the
optimum punch shape, compared with 400,000 psi required by a flat punch.

The hexagonal nut was fabricated by first backward
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extruding a so0lid cylindrical billet, 1 inch in diameter x 5/8-inch long,
into a full-sized hexagonal cup, 1 inch acroes the flats x 25/32-tnch-
diameter bore x 1 inch long, The cup is then threaded and finished on
an sutomatic screw machins,

The potential extrudability of five commercial
titanium alloys at 80,500, and 1000°F was estimated from compressive
flow~stress curves, 4 method is sugezested for estimating the backward-
extrusion pressure requiremente for 50 percent reduction, knowing the
compresgsive flow streas at this same reduction.

Forward-extrusion studies on the all-bets T1-13V.
11C0r-3A) alloy showed it can be cold extruded into solid rounds at re-
ductions of 20, 40, and 60 percent. Pressures over this range were from
124,000 to 252,000 psi, about 60,000 to 80,000 psi greater than those for
the same reductions on unalloyed titanium,

AMC TR 60-7-577 July 1960
SUBJECT: EXTRUSION DIE DEVELOPMENT, TITANIUM AND STZEL
INVESTIGATOR : Mr. T. 5, Felkser

CONTRACT: AF33{600)-36303, Harvey Aluminum, Inc.
ABSTRACT: Precision hot extrusion of titanium and steel

structural sections for alreraft, missiles, and mercspace vehicles may
be accomplished most effectively with bonded carbide or M-36 high speed
steel dies and a lubricant of the graphite-moly-disulphide type.

In order to adequately evaluate many potential
dle materiale, a testing device was designed and constructed. This
machine simulated, on a laboratory basis, extrusion conditions which
are normally encountered by use of a conventionel hydraulic extrusion
press, The cost per test was thus greatly reduced. Subsequently, ex-
trusions were produced in limited numbers using the press to prove the
validity of the evalustions secured on the laboratory device.

The experiments were conducted using a titanium
alloy (2.5 A1 - 5 Sn) a= a flat surface heated to 1800°F, This plate
similate the billet in the extrusion process. Various die materials in
the form of a nib with a 3/4 inch sphere at the tip were tested, each
heated to 750°F. Die materials were thus evaluated by moving the nib
over the plate under controlled loading and apeed and accurately messuring
the scoring produced.

Approximately 50 die materials were tried in this
effort, These included carbides, cermets, ceramics, steel alloys, and
refractory alloys. In addftion, numercus types of die surface treatments
were evaluated by these simulated tests,
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SUBJECT: HIGH ENERGY RATE METAT FORMING

INVESTIGATOR: F, Pipher, Glen Rardin, ¥, Richter

CONTRACT: AF33(600)-35543, Lockheed Aircraft Corp,
ABSTRACT: High energy rate metal forming techniques, for

fabrication of structural high strength componente for airframe and
spacscraft sheet metal applications are presented, The forming technigques
developed demonstrate that the controlled application of the energy
available from high velocity explosives is a safe, efficient and economical
production forming method. The inherent advantages, as well as the
1imitations of this new forming method, are presented for coneideration

in the design and production of "difficult to form" sheet metal components.

Explosive forming techniques were developed for
five {5) different configurations. Multiple operations were employed
as required by the material used ani the severity of the forming operations.
High velocity explosives were used throughout the production phase of
this program, Descriptions of the explosives and methods for preparation
of cylindrical, linear and shaped charges are presented. Metallurgleal,
stress corrosion and mechanical property dats is included. Tank deaign
criteria were establiched,

General tool deeign recommendations are presented
which should further improve the cost advantage of explosive forming.

AMC TR 60-~7-£31 September 1960
SUBJECT: DEVILOPMENT OF BERYLLIUM SHEETS ROLLED FLAT TO GAUGE
INVESTIGATOR : K, ¥ikle

CONTRACT: AF33(600)-35829, Brush Beryllium Co.

ABSTRACT: Beryl1lium sheet material for high performance air-

craft, missiles and orbital vehicle application can be rolled to speci-
fied thickness, flatness and up to 24" x 60" in size under controlled
mill rolling and flattening techniques,

Beryllium sheet produced by the developed process
wag successfully fabricated into typical serospace componente, thereby
establishing beryllium as an acceptable engineering material becaunse of
the improved ductility demonsatrated,

Conventional rolling in the direction of the
longlitudinal axles proved insufficlent to produce deeired mechanical
properties for aeronauntical application, but consistent mechanical
propertiss within 10% in both the longitudinal and transverse directions
were obtained by the developed cross rolling technique for the material.

Minimum cost ani the mechanical properties required
for the sheet material dictated the use of 200 mesh, vacuum hot preassd,
QGMV beryllium as the starting block material, rolling at 1400 - 1500°F.,
followed by flattening between platens,
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AMC TR 60~7-637 September 1960

SUBJECT: IMPROVEMENT OF MECHANICAT, PROPERTIES OF STEEL
CASTINGS BY PRESS FORGING

INVESTIGATOR: D. C. Harleman

CONTRACT: AF33(600)-36387, Armour Research Foundation

ABSTRACT: Steel castings for high performance aircraft and

miasiles were merkedly improved in atrength by the spplication of a
press forging operation accomplished under controlled conditions of
temperature and deformation.

The most suitable alloys for the technique are
low-carbon, high-alloy tyves of steel where the martensite can sustain
daformation, The casting alloys of this type investigated were AMS
53634 (an 18-8 stainless), and 17-4 PH stainless steels. In the former,
strength increases of 400 - 600% in yield atrength and 200 - 250% in
UTS were obtained by vress forging at -100°F with 40% deformation,
followed by tempering at 650°F. In the case of the 17-4 PH steel, in-
creases in both yleld and UTS of appnroximately 10% were obtained by
deforming the predominantly martensitic structure 10% at room temperature
followed by aging at 860°F,

SAE 4340 is responsive to strengthening by warm
working, vrior to transformation and at the 240,000 psi strength level:
the yield point can be increased by 15 percent and the UTS by 10 percent.
The composition of 4340 is not entirely suited to these techniques,

Utilization of the process with the low-carbon,
high-alloy steels is feasible but not without certain difficulties,
These involve the design of closed dies of adequate strength to vress
forge at the lower temperatures, Selective press forging of critical
areas in castings by semi-open die techniques, is perfectly feasibdle.

AMC TR 60-7-643 Decenber 1960
SUBJECT: BERYLLIUM CASTIEG

INVESTIGATOR: A, H, Langenheim

CONTRACT: 4¥33(600)-37902, Beryllium Corporation

ABSTRACT: The objective in FPhase II of this contract was to

develoo a reliable technigue for producing fine grained, sound beryllium
caat ingots. ¥Four avproaches to obtain grain refinement were evaluated
including: alloying additions, {noculation, mold vibration, and
accelerated cooling throush mold design. Of these, the latter was the
moa3t affecting in achieving sovnd, fine grained Ingots,

The alloying additions 4in varying amounts of
lanthanum, zirconinm, germanium, and silver were evaluated for grain
refinement effects, Five ingots were poured with lanthanum additions
of 0.07% to 0.5%. Inzot XP-183 with 0,07% lanthanum produced the
lowest average grain size of 0,115 (mm) in this series. Thiriteen ingots
containing zirconium additione from 0.15% to 2.#3% were evaluated,

WADC TR 53-373 Sup 8 181



AMC TR 60-7-643 (Contimued)

Ingot IP-186 in this group with 0,27% zirconium had a low average grain
size of 0,097 (mm), Eleven germanium alloy castings were poured with
germanium concentrations of less than 15 ppa to 0.69%, In this series
Ingot XP-96, having 0.135% germenium, had the lowest average grain size
of 0.101 (mm). The silver alloy series included six castings. The
amount of silver additions varied from 0.23% to 16.1% with ingot

XP-89 (4.94% silver) having the loweast average grain size of 0.137 (mm) .
In summary of the data presented, the zirconium alloy containing 0.2
zirconium, poured at 1350°C into a cold 1 1/2" diameter mold produced
the lowest average grain size,

Other alloying elements incluling alumipum,
titanium, silicon, and silver were unsed either singly or in combination
to evaluate their effect on surface finish, apparent fluldity of the
metal, and ingot soundness, Fifteen heats were poured, The silicon
ard titanium in ccmbination produced good fluidity and sound castings
were produced using a combination of titanium, silicon, ani silver,

Tantalum nitride and tungsten carbide were found
to be ineffective as inoculants, in the concentrations cbtained in the
elghteen melts poured.

The use of a low freguency mechanical vibration
of the mold produced grain refinement in six ingots poured. The study
suggests that a higher enmergy in either frequency or amplitude would be
beneficial in breaking up the columnar grains as they grow during
solidification,.

The use of heavy walled molds made of high thermal
econductivity materials to control solidification rates was moat effective
in achieving sound, fine grained ingots.

Three fine grained ingots were extruded at a
reduction ratio of 4.5:1., The first ingot containing 0.76% silver was
poursd at 1300°C. The second contained 1.22% silver and was poured umder
the same conditiona. The third ingot was unalloyed beryllium pouvred at
1400°C. No vibration was used on the molds of these ingots. Sectione
of the Pirst two extrusions were clad and subsequently rolled to 0.090
gheet. Metallographic examination of the sheet indicated that a re-
erystallized structure can be produced which is equiaxed and has a £rain
size comparable to hot pressed beryllium powder.

AMC TR 60-7-656 Septamber 1960
SUBJECT: DEVELOPMENT OF TITANIOM ALLOY CASTING METHOD
IRVESTIGATOR: A, H, Langenheim

CONTRACT: A¥33(600)-36450, Boeing Airplane Co.

ABSTRACT: A commercially feasible process was developed for

production of titanium alloy castings for high performance aerospace
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vehicle applications, The recommenied practice utilized a vacmm con—
sumable-electrode arc furnace, water cooled copper, tilt-pour crucible,
expendable rammed graphite molds, and centrifuge casting techniques.
The Ti-6A1-4V alloy is the beet casting 2lloy presently available, with
ag-cast tenslle strength in excese of 150,000 psi an? excellent surface
finish,

A vacuum, consumable-electrode, arc furnace with
water—ccoled copper, tilt-pour skull crucible is suitable for melting
and pouring of production heats of titanium alloys, Meltingz stock and
electrodes were prepared by inert-gas shielded arc welding compacted
sponge and re-cycled solid scrap. An expendiable rammed graphite mold
has been found most suitable for production casting of titanium alloye.
Graphite base shell molds and investment molds were partially developed
and offer considerable potential for future investigation.

Feeding characterietics wers determined in rammed
and machined graphite molds. In general, increasing the amount of taper
improves feeding distance, ard the relationship between taper and section
thickness was established and tabumlated. Centrifuge casting did not
significantly change feeding characteristics but did help in fillinz out
thin sections in the mold., A satisfactory heat treatment to improve the
proverties of cast Ti-6A1-LV alloy was tempted, but the best properties
were obtained in the as-cast condition.

Satisfactory fintshing operations include, removal
of gates and risers by power saw or abrasive cut-off wheel, grinding and
belt sanding for primary clean up, and sand blasting for final clean up.
A satisfactory acid eolution anil processing technique was developsd for
chemical removal of contaminated surface material, ¥For best fatigue
properties, up to 0,015 inch per surface should be chemically removad,
using the solution and process developed.

Effects of interstitial and alloying elements were
determined and composition limits established. Elevated temperature
tensile properties were determined. Selectsd vhapes and sizes were
succasafully developed and produced, and compared with the corresponding
production components by structural! testing., Statistically valid minimum
desigzn altowables were established and minimum dAimensional telerances
for design purposes were determined. Fundamentals of casting desigm do
not differ greatly from princinles used for other metals,

AMC ™R 60-7-667 December 1960

SUBJECT: EVATLUATION OF NUMERICALLY CONTROLLED MACHINING OF
FORGING DIES

CONTRACT: AP33(600)~36136, Harvey Aluminum, Inec.

ABSTRACT: The use of a numerically controlled milline and

WADC TR 53-373 Sup 8 183



AMC TR 60-7-667 (Continued)

profiling machine has proven practicable and feasidle in the machining

of dies, templates, forzings, and Elox Elsctrodes of alrcraft quality.
Compared to conventional methods of proceseing the major benefits attained
are.

a. Closer tolerances { - .0005") are obtained through numerical
control,

b, Fine finishing of die surfaces requiring 1ittle or no
polishing.

¢, Exsct duplicantion of a die to the original dimension when
a re-sinking operaticn is required, by use of the origlnal tape.

This evaluation program developed the use of and evaluated the operation
of a Kearney & Trecker Profiler in conjunction with the Bendix Corp.
Compace 01 Numerieal Control,

During this evaluation program it was found that
when more than one die of the same configuration is regquired, the economics
are definitely in favor of numerical controlled die sinking. The pro-
gramming and tape preparation time for making a single die 1s avproximately
twice that of machining time. After a tape has once been made, additional
dies can be sunk on a comparatively rapid basis,

The numerical controlled machine can also be used
economically and interchangeably for sinking dies, machining forgings,
machininz templates, electrodes, and any combination of two or more of
the above %o secure an economical forging, despite intricate configura-
tions, Many of these combinations could be used *o manufacture forgings
in suvport of the Air Force programs such as window frames, landing gear
support forgings and a variety of other forginge for aircraft work. This
tyoe of forging can be manufactured faster and at a lower cost because
of usage of the numerical controlled machine and will result In lower
costs to the Air Force,

Thig method of sinking forging dies has proven to
be very accurate, but the system does have some economical and practical
limitations, Competitive requirements, however, may require al! manu-
facturing operations to be performed by numerical controlled machines,
which will lead to better products produced at less cost and with less
overall time,

AMC TR 60~7-667a September 1960

SUBJECT: EVATL.UATION QF RUMERICALILY CONTROLLED MACHINING OF
FORGING DIES

INVESTIGATOR : D, C, Harleman

CONTRACT: AF33(600)-36176, Wyman-Gordon Comvany

ABSTRACT: Numerically controlled machining of forging dies

provided a suverior finish and greater accuracy as compared to con-
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ventional methoda of die sinking. Outstanding results were obitained on
interim work performed on templates ani the machining of parts. Re-~
peatability was excellent and results proved more satisfactory as to
accuracy, finish, and time when compared to conventional methods.

The continuing development of programming techniques,
svecifically the mode of communication between the human element ani the
machine, %o translate drawing information into control tapes which direct
the tool aided in moving from simple shapes to more complex configura-
tions. The establishment of controcl tape centers whers the burden of
calculations is transferred to computers expedited the meneration of
control tapes. Use of automatic programming systems of "systesatized
solutions™ reduced programning time to a periocd competitive with con-
ventional models and masters,

During the life of this contract, seven die blocks
were programmed, One of these die blocks was an experimental impression
designed to initiate the numerical control group into the intricacies of
programming and to require the machine to perform in various overational
modes. The other eix blocks machined were production forging dies
capable of projucing finished forged varts., Only finish die blocks, for
which the impressions could be mathematically defined, were programmed
and machined, Former or blocker dies, which have blended or "faired®
surfaces, were not attempted because computer routines for such work
were not available.

Operational problems posed no varticular diffi-
culties after the normal break-in period, Hylrauliec and electronic
maintenance routines were established after a thorough personnel training,
Maintenance costs were considered consistent with this type of equipment
and were not excessive.

AMC TR 60~7-670 November 1960

SUBJECT: DEVELOPMENT OF COATINGS FOR TITANIUM DURING LILL
PROCESSING

INYESTIGATOR M4, A, Komertz

CONTRAC™: 4F33(600)-37425, Crucible Steel Co, of Ameriea

ABSTRACT: Three proprietary ceramic-type coatinzs to pretect

and reduce the contamination of ajrcraft and misedile quality titanium
alloy sheet during rolling mill processing were determined as satisfactory.
These coatings are effective in air ard in furnace atmosnheres at tempera-
tures up to 200C%F for periods of four hours or more and act as lubricants
during mill rolling.

Coatings presently available were not designed to
withstand forging and rolling overations so eveluation and develonment
were necessary under simulated conditions. Coatings for titaniuvm alloys
prevent ravid oxidation in air or in furnace atmospheres at hizgh tempera-
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tures required for reheating, forging, rolling and heat treating, thus
preventing high metal losses through scale formation and metal contami-
nation and minimizing surface conditioning costs. This investigation
included the testing of twenty-cne proprietary coatings and forty-one
laboratory mixes of ceramic and non-cersmie types. The coatings showing
the most vromise were tested at temperatures up to 2300°F, These coatings,
Markal Company's CRT, du Pont's J-4C0, and Crucible's No. 50 were chosen
for hot rolling experiments under simulated mill conditions, Coated and
uncoated sheet bar specimens of alloys, Ti-6A1.4V, T4-16V-2.541,

T4 -LAT-3Mo-1V, and B120VCA (Crucible’s all-beta alloy) were rolled into
sheet. All coatings minimized metal loss and contamipation during
rol1ing and heat treatment and exhibited lubricating properties by re-
ducing roll vressure requirements urder specific temperature and thickness
conditions.

Metgl loss due to acale formation was eliminated
apd the skin remaining after removal of the coating was less than that
on the uncoated specimens after the loose oxide was removed. The
mechanical properties of the alloys are not changed appreciably by the
use of coatings, Ti-16V-2,5A1 exhibited 5 to 8 ksi higher ultimate
tensile strensth in both the solution treated and solution treated and
aged conditions when the alloy was coated.

AMG TR 60-7-677 September 1960
SUBJECT: PITANIUM SCALE REMOVAS, BY CHEMICAI, PROCESSES
INVESTIGATOR : M, A, Xomertz

CONTRACT: Ar33(600)-36858, Syracuse University

ABSTRACT: Aircraft and missile cuality hot rclled titanium

alloys have been chemically descaled at low temperature (220°F) without
degradation of mechanical properties and no hydrogen absorption. Ti-
6A1-4V and Ti1-2,541-16V have been satisfactory descaled in the following
tow temperature solutions:

a. 50% NaOH / 5% CuSOy . 5H,0
b. 50% NaOH / 5% CusSO, . 5H,0 4 5% Na, S0,
c. 50% NaOH £ 10% CuSO, . 5H,0

Bath temperatures of 200°F and less were investigated with unsatisfactory
results, By means of well established processes as well as new experi-
mental vprocesses chemical scale removal has been investigated with respect
to temperature, descaling efficiency, the effect on microstructure,
bhydrogen absorvtion by the urderlying alloy and mechanical properties,
Commercial descaling processes investigated were: Virgo Process (Hooker
Chemical Company), Molten Solium Hydroxide, Sodium Hydride (DuPont de
Nemours), Temco Electrolytic and 40% aqueous Sodium Hydroxide, A1l
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processes were able to satisfactorily remove the scale from the Ti-6A1-47
alloy with 1ittle or no adverse effect on miercatructural and mechanical
properties, For the Ti-2.5A1-16V alloy, the Virgo, the molten Sodium
hydroxide and the Sodium Hydride processes were satisfactory for scale
removal at temperatures above 200°F, however, the mechanical properties
of the alloy were adversely affected due to descaling, i.e,, there was

an increase in tensile and yield strength by nearly 200%, a decrease in
ductility and there was hydrogen absorption. Low temperature descaling
(near 200°F) of thie alloy was also studied with experimental baths con-
elsting of aqueocus sodium hydroxide, copper sulphate and sodium sulphate
in variable amounts.
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