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NOTICES

When Governmient drawings, specifications, or other dua
are used for any purpose other than in connection with a definitely
related Government procurement operation, the United States Govern-
ment thereby incurs no responsibility nor any obligation whatsoever;
and the fact that the Government may have formulated, furnished, or
in any way supplied the said drawings, specifications, or other data,
is not to be regarded by implication or otherwise as in any manner
licensing the holder or any other person or corporation, or conveying
any rights or permission to manufacture, use, or sell any patented in-
vention that may in any way be related thereto.

Qualified requesters may obtain copies of this report from
the ASTIA Document Service Center, Arlington Hall Station,
Arlington 12, Virginia.

Copies of AMC Technicai Reports shs..dd riot be returned
!o AMC Aeronautical Systems Cent cr unless return is required by
security considerations, contractucL uolijations, or r'otice on a
spec.tfc: iof urrnt
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This Is the final tecnnlcal engineering report covering aol work performed under Contract
AF33 (600)-36450 from March 1958 to May 1960. The manuscript was released by the author
on May 30, 1960 for publication as an AMC Technical Report

This contract Is a continuation of the work started by National Research Corporation to
develop titanium casting fundamentals under Contract AF33(600)-32801, Project 7-216-n.

This contract witi. Boeing Airplane Company was Initiated under AMC Manufacturing Methods
project numbe. 7-656, "Development of Titanit,,:n Alloy Casting Method." The contract was
administered under the direcl.on of Mr. A. H. Langenhelm of the Metallic Materials Branch
(LMBML-1), Manufacturing and M.terials Technology Division, AMC Aeronautical Systems
Center, Wright Patterson Air Force Base, Ohio.

Mr. R. V. Carter, Research Engineer, Aero-Space Division of Boeing Airplane Company
was the engineer in charge of the program. The work was supervised by Mr. J. W. Sweet,
Chief Metallurgist, Materials and Processes Staff, Aero-Space Division, Boelng Airplane
Company.

lhe primriry objective of the Air Force Manufacturing Methods Program is to ;ncrease
producibility and improve quality and efficiency of fabrication of aircraft and missiles
and comporents thereoi. This report is being di.seminated In order that the methods and/o:-
processes developed may be used throughout industry. th-reby reducing production ,usts a-,d
obtaining "MORE AIR FORCE PER DOLLAR".

Your comments are solicited on the potential utilization of the data and tnformation contained
In this report as applied to your present or future production program. In addition, any sug-
gestions concerning additional Manufacturinq Methods developments required on this or
isimilar subjects will be appreciated.
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SECTION A

INTRODUCTION
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This is the final report on Contract AF 33(600)-36450.
This research and development contract was initiated approximately
1 March 1958 and had the following objectives:

(a) Develop a complete commercially feasible process, on
a non-proprietary basis, capable of producing close-
toletance titanium-alloy castings of the type. size, and
quality required for aircraft application.

(b) As a practical demonstration of the validity of the deve-
loped process, produce and evaluate pilot production
quantities of several different casting designs.

(c) Establish procurement specifications, qua, lity control pro-
cedures, inspection methods and standards, and design
criteria necessary for extensive application of tit-,nium
designs.

This program consisted of four phases summarized as follows:

Phase I - Preliminary. Establish the present state
of the art; select components
for development as titanium
castings.

Phase 11 - Process Development. Develop a practicable casting
process; investigate melting
and pouring procedures, mold
materials, mold design, casting
oaloys, surface treatments, and
casting design.

Phase III - Trial Production. Produce and evaluate test parts;
develop quality control methods,
inspection standards, procurement
spectincations, design procedures,
heat treatment procedures; es-
tabliJi dusign allowabies by test.
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Phase IV - Pilot Production. Produce pilot production
lots of several casting de-
signs in accordance with
speciflcatlons, etc. deve-
loped in Phase III.

Oregon Metallurgical Corporation was selected as subcontractor
for this program, and conducted the necessary foundry research and deve-
lopment work.
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CASTING PROCESS DEVELOPMENT
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MELTING PRACTICE DEVELOPMENT

Because of the extreme reactivity of titanium at and
above its melting ,.oint, an entirely new melting process has been
devZo.,3ed s, ecifically for casting titanium and similar metals.
The rapid contamination of titanium at elevated temperature by
oxygen and nitrogen and the severe damage to ductility by small
percentages of such contaminants requires that all high temperature
processing of titanium be done in the absence of air. Also, since
molten titanium reacts readily with almost all crucible materials,
the problem of containing the heat until enough stock is melted to
make a -lour has required speciai attention. The only satisfactory
furnace for production casting of titanium was developed previous
to this program by the Albany, Oregon experimental station of the
U.S. Bureau of Mines. The equi,)ment used in this program is pat-
terned after the Bureau of Mines furnace, with improvements in
the mechanisms and controls. Briefly, the furnace consists of a
cylindrical tank with a tower for containIg and feeding the elec-
trode, a water cooled cop-er crucible sup•,orted on trunnions inside
the tank, provisions for centrifuge casting, and the necessary
vacuum pumps and controls. A sketch of the vertical axis centrifuge
furnace is presented as Figure 1B1.

Furnace Characteristics and Operation

Two furnaces were used during this program. One was
a static casting furnace with provisions for horizontal axis, centri-
fugal casting. 1 iie~ecornd ,ias a vertical axis centrifugal casting
furnace designed and built by the subcontractor to meet requirements
developed during this program. Both units operate with the electrode
at negative polarity.

All expeiimental melting and casting was done under a
dynamic vacuum. Melting was started by striking an arc between
the electrode and a small quantity of sponge or solids placed in the
copper crucible or against the skull from a ýpievio~us melt. Melting
powerwals ihr rapidly increused to the desired level where it
mai,,iiined until the, electrode vas consu,,eJ .nd the molten pool'
udtequsczly ýjul....,,,,,,,'Orb ,ccumulation of the proper amount
of rmolteri metal in the .rucible, ,he power i cut, the elecrode is
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rat->i" ' retracted by an 'neumatic cylinder, and the crucible tipped
to make the pour. Pouring of the mold is completed in four to six
seconds after the arc is extinguished. Table Ai lists the melting con-
ditions recorded for each heat mode in this program. The maximum
poured weight during this program was 340 pounds.

Cooling of the molds and furnace is usually accomplished
by backfilling the furnace chamber with inert gas, or occasionally
by allowing slow cool in vacuum.

Electrode Preparation

Electrodes for melting were prepared from ingot, wrought
products scrap, or casting recycle material such as gates, risers, and
rejected castings. An electrode prepared from ingot requires only
the welding of the stub (which is attached to the stinger) to the ingot.
The preparation of an electrode from scrap as shown in Figure B2 re-
quires additional fabrication of the electrode by welding.

The general procedure for preparation of an electrode
from casting recycle material is as follows. The gates and risers are
removed from the castings by power saw, abrasive cut-off, or by oxy-
acelylene torch. The material is then cleaned by shot blast. The
scrap is segregated to rpermit control of chemical analysis by blending.
The cleaned material is next assembled Into an electrode by Heliarc
welding in air atmosphere. Figure B2 is a photograph of an electrode of
commercially pure titanium which was used to pour experimental
castings. This electrode was made from sprues, gates, and risers
from previous heats :,lus a slab of wrought scrap plate which was added
to dilute oxygen to an acceptable level. The entire electrode, except
the attachment stub, is melted in one pour.

The welds must be large, since they must carry the entire
current load being used Jo melt the electrode. in some instances, in-
adequate welds have resulted in electrodes beirg prematurely dropped
into the crucible. As the consumable electrode is melted, hot spots
occasionally occur on the electrode, requiring that the power be re-
duced. If welding cracking is a -rotblem in fabric.dtion of alloy elec-
trodes, commercially :u-e weld filler wire can be used to dilute the
alloy content in the wedd. The elecirodes are welded as symetrically
as possible to civoid ! rotausions which could arc to the crucible.
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Recycling of Foundry Scrap

It was decided that maximum recycle of gates, risers,
and other foundry scrap would be utilized to gain experience on the
effects of melting on chemical analysis and the effects of analysis on
mechanical properties.

Three series of heats were poured to experimentally de-
determine the sources of melting contamination of the cast titanium
alloy. The variables in each series were as follows:

Series I - Control of melting at the normal operating
standards, with electrode preparation by welding in an
inert-gas (helium) tank using carbon welding electrode.

Series 2 - Melt under varying furnace vacuum (simulating
poor melting practice), with electrode preparation as in
Series 1.

Series 3 - Controlled melting as in Series 1, with elec-
trode preparation by cutting and welding (Heliarc) in
air atmosphere.

The results of these trials are shown in the series of graphs
comparing each of three series of casting conditions. Each of the three
casting conditions are plotted on the same graph for comparing the in-
terstitial rise in each controlled series.

Figure B3 illustrates the vacuum control held during the
three casting series. The three curves plotted on each graph (Series 1,
2, and 3) are drawn to show the starting vacuum reuding, the vacuum
reading during the melting cycle, and the vacuum reading directly
after pouring. The vacuum is measured in microns of pressure con-
tained in the furnace chamber. It is evident from the "during" melting
curve that outgassing occurs from the melting of the ingot and as con-
tinued recycling is conducted, the amount of outgassing increases. The
"after" pouring reading follows very closely the "during" melting vacuum
readings, demonstrating that little gas is liberatud by pouring metal into
the graphite mold.
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The vacuum pressure in Series 2 deliberately varies over
a large range as this series was conducted to determine the effect of
varied melting condit.ons. The first recycle heat of the Series 2 tests
was started at 50 microns and the remaining heats were varied to com-
plete the recycle experiment. The conditions in the furnace were
varied by backfilling to maintain the desired vacuum reading. The
second recycle heat in Series 2 illustrates that although the furnace
was backfilled to 200 microns, vacuum condition improved during
the run due to the continuous pumping of the furnace atmosphere.

The casting trials in Series 3 were conducted to determine
the effect of welding the electrodes in air. As the vacuum curve shows,
control of atmosphere during the entire series closely parallels Series 1,
illustrating that normal vacuum control was held. The Oduring" and
"after" vacuum readings vary over a wide range relative to the initial
micron readings, due to welding of the electrodes in air. Because of
the method in which the electrode was made for the continuous recycle
heats, little welding was necessary. To determine the effect of con-
ventional welding requirements on interstitial contamination, additional
welding was performed by welding beacs along the side of the ingot. It
is evident from the graphs that outgassing occurred during the melting
stage in larger proportion than in the other two series. It was concluded
that the welding in air does increase gas evolution during melting.

The series of graphs in Figure B4 illustrate the increase in
interstittals In the recycled 6AI-4V. The graphs show carbon, oxygen,
hydrogen, nitrogen, and iron content. Each of the series of casting
conditions plotted on the same graph illustrates by comparison, the
increases in interstitials due to different melting conditions.

The carbon ' ercentage graph demonstrates that in the
original heat, carbon increased as the recycle heats continued. Carbon
in recycle heat five is low, probably because that electrode was pickled
prior to casting. In recycic i!-at six the carbon content again increases.
It is evident that the increase in carbon is a function of the number of
times the material is cast in the graphite mold. Melting conditions in
Series 2 evidently did not have a se,)arate effect upon carbon increase.
The rate ot carbon increase is sirnilui to that of Series 1.
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The increase in oxygen does not show a great deal of
variation, there being a slight increase In all the heats as recycling
continued. Poor atmosphere control and welding in air are both de-
trimental to oxygen control. Since oxygen must be maintained within
close limits, the foundry has the option of tight procesc controls to
minimize oxygen pickup during the process cycle or addition of higher
purity raw stock to the heat to dilute the contamination to the proper
level.

The hydrogen curve illustrates a rapid Increase in hydro-
gen when electrode is fabricated in air by welding with Hellarc.

The increase in nitrogen occurs slowly as recycling con-
tinued. In heat five of Series 1, a reduction in nitrogen is noted on
the graph. The reason is not known. Series 2 increases in nitrogen
are gradual and uniform and increases In nitrogen, therefore, seem
to be consistent with uncontrolled furnace conditions.

The Increase in iron in recycling titanium does not seem
to be separately influenced by furnace conditions. It is expected that
the Iron content would not increase appreciably as recycling continued.
The source of iron contamination was shot blasting of the ingot material
for cleaning and, as very little cleaning was necessary for recycling,
the contamination level was kept quite low.

Mechanical property tests of each of the recycled heats
are reported in Table J2 and are plotted on graphs in Figure B5. Yield
strength, ultimate tensile strength, elongation, reduction of area, and
Brinell hardness are included. Each plotted point is based on the average
of three tensile specimens tested. Series I strength curves show a small
Increase in strength over the period of recycle heats. The second series
strength curves show higher, but consistent strength in recycle heats
except for heat four, where the specimens failed without yield.

The Series 3 conditions resulted In a gradual Increase In
strength as recycling continued.

the ultimate strength curves are generally similar to those
shown for yield sTrengthi. The overage ultimate tensile strength of the
fourth heat of Series 2 druiw:ed to 81,000 psi, with no ductility.
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After recycle heat three, the chemical analyses and pro-
p#erties showed greatest variation between the three practices investi-
gated. This indicates that recycling of selected fouidry scrap Is ac-
ceptable If the scrap is properly diluted with new metal.
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FIGURE B2
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FIGURE B3

FURNACE PRESSURES DURING EXPERIMENTAL RECYCLE TRIALS
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FIGURE 34

INTERSTITIAL ANALYSES OF RECYCLE HEATS
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FIGURE B4' (Continued)

INTERSTITIAL ANALYSES OF RECYCLE HEATS
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FIGURE B5

PROPERTIES OF RECYCLED TI-6AI-4V
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FIGURE BFr? (Corllint.,d)

FROPERTIES OF RECYCLED Ti-6Ak-4V
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MOLD DEVELOPMENT

A major problerm in the development of a practical
process for casting of the teactive metals has been that of finding a
suitable mold. The conventional mold materials used for casting of
steels (such as sand, shell, or ceramic molds) are completely un-
satisfactory for titanium, since titanium above or near its melting
point will violently react with those materials. The only materials
which have been found to satisfactorily withstand contact 'With molten
titanium are metals or grac3hite. Of these, graphite has been the most
satisfactory.

Machined Graphite Molds

At the time of initiation of this contract, usable titanium
castings of simple geometry had been produced In machined graphite
molds. This material was used for much of the early work in this
program, such as the first trial casting of the developmental bracket
and the r.,rst feeding studies. It was soon found to be unsatisfactory
for the developmental bracket, because the high strength of the mold
would not allow proper contraction of the casting during cooling, and
consequently would cause hot tearing In the restricted web area and
mold spailing, particularly at corners and restricted areas. Mold life
can be extended by use ot replaceable mold inserts.

In general, machined graphite molds are useful for simple
shares, whcer the mold does not restrict contraction of the metal
during cooling. Reproduction of surface detail Is good, and close
dimensional tolerances can be maintained. Some loss of dimensional
tolerance ca.ability occurs if mold inserts are used-

Metal Molds

Metld mcdd% are sntis!actory for only the simplest of
shIu.,s. Any rust ic!ior. o cott'-! during cooling of the casting
will cause ru•,.i-frinc-i of thu restricted aieas. The cost of preparing a
miebOI ilk Id is h.-,.'
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Rammed Gra -hite Molds

Shortly before initiation of this program, details were
oublished on research work on rammed graphite mold mixtures carried
out by A.L. Feiud, Jr. at the E.1. duPont de Nemours experimental
station at Wilmington, Delaware. The mold mixture consisted of
powder gra:hte as a base, corn starch for a green binder, pitch and
carbonaceous cement for a high-temierature binder, and water with
a wetting agent to provide molding plasticity. Further development
of t e mold was done by Andes, Norton, and Edelman at Frankford
Arsenal. This work provided a starting point for develo.ment of a
suitable rammed-graphite mold for production casting of titanium.

A total of 133 experimental mold mixtures were prepared
and tested during this program. Parameters used in judging the mix-
tures were mold shrinkage; oresence or lack of reaction with titanium;
carbon contamination of the titanium; green strength, Permeability,
and hardness; and general handling and casting characteristics.

All batches were mixed In a Carver Muller, Model
t-GF. The generai mixing -.nocedure was:

(a) mull graphite (or other base) and starch dry for
two minutes,

(b) add .itch and mull for two minutes,

(c) add water and cement and mull for four minutes.

Samples of each batch were hand screened through an eight-mesh
riddle for testing. In most cases, molds were prepared from the re-
maining material fur shrinkage determinations and casting trials.
Compositions of the various mixes are In Table J3 . Grain size
distributions of the graphite base materials are i, Table J4.

Two-inchl dianmeter by two-inch length standard
American Foundrymen Society briqette s jecirmens and standard
A.F.S. tensile specimens were pie ored from thse screened material.
These specimens were hand rammed to a hardnrss of A.F-S. 80 when
mix properties permitted.
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After the properties of the green specimens had bet n
determined, specimens were air dried for a minimum of 16 hours at
250'F and then fired. Firing was accomplished by packing the
specimens in graphite powder in corrosion resistant steel boxes, and
placing the box in an clectric-resistance ht-ated furnace at 1200"F.
The temperature of the furnace was raised to 16000°F for three hours
and the furnace then turned off and allowed to slowly cool. The
specimens were removed after the furnace had cooled to 1200 0F.
After air cooling to room temperature, the specimens were tested
using standard foundry sand-testing equipment. The results of tests
on the trial mold mixtures are given in Table J5.

Next, rammed molds for casting 5/8-inch thickness by
six-inch diameter plates were prepared from the experimental mix-
tures. These molds were used to determine mold shrinkage during firing
and to determine carbon pickup, resistance of the mold to reaction
with the titanium, and surface quality of the cast part. Most of the
molds were produced using a split core box technique where the
pattern halves could be assembled to form the completed mold. Molds
were bench rammed to a mnld hardness of A.F.S. 80 using a pneumatic
hand rammer. The patterns were drawn using a vibrator draw machine.

The molds were partially dried at room temperature and
finish dried at 250*F, usually for 16 hours. They were then packed in
graphite powder in corrosion resistant steel boxes and placed in an
electric-resistance heated furnace at 1200*F. The furnace was then
raised to 160 0 *F, held for three hours, and the power shut off.
The molds were removed when the furnace had cooled to 1200*F.
The firing cycle requiied approximately 24 hours. Fired molds were
stored at 250*F until about two hours before pouring, when they were
assembled. It is desirable to keep the molds hot until they are placed
into the casting chamber, to avoid moisture pickup from the atmosphere.
This is difficult since the externail .lating and the mold halves and
cores must be manually assembled after the mold is fired. Later in
the program, molds for production castiný,s were heated to 1650 0 F
instead of 1600°F, in an attempt to reduce gas porosity defects.

The tesulrs of hardness tests on the experimrntal rammed
molds are in Tob!_ -i.. The shrinkage micisurements (made by measuring
outside dimension~s of molds before and after firing) are Eiven in Table J6.
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Carbon contamination adjacent to the surface of Ti-
6A1-4V castings produced in rammed-,graphite and machined-graphite
molds was determined by machining 0.003-iinch successive cuts from
the fuec of cast discs and analyzing the cuttings obtained. The edges
of the discs had been previously machined so that contamnination at
the edge would not influence the analyses. Results of these tests are
plotted in Figure B6. As shown by this graph, the carbon contamina-
tion is high adjacent to zhe surface, but decreases rapidly as depth
increases, and at .025 to .030-inch has leveled off to the base carbon
content of the casting. This depth of contamination was confirmed by
hardness traverse technique.

Mixtures 7 through 15 were produced to evaluate
binders. Observations of interest are that laundry starch provides
fired strength, pitch provides fair green strength arnd best fired strength,
carbonaceous cement contributes only to baked strength, and foundry
corn flour provides good baked strength but Is weak after firing.
Starch-pitch and starch-cement combihations provide good green and
fired properties.

Mixtures 19 through 29 evaluate the use of raw linseed
oil as a substitute for carbonaceous cement. Three and four percent
additions of linseed oil produced good molds without detriment to
castings poured in these mixtures. However, the mixtures containing
linseed oil were difficult to handle because of "stickiness'. Costs
of the two materials were found to be about equal.

Mixtures 34 through 38 were made with varying amounts
of carbonaceous cement and with corn flour as a substitute for laundry
starch. Although the tests of the low cement mixtures indicated
desirable properties, the molds tended to be weak and brc!-.:; c."!y
at corners.

Mixtures 39 through 133 were made to Investigate
substitute materials such as coke for graphite, to test a wetting agent,
and to find mixtures that would decrease mold shrinkage.

The addition of "Duponcl G" (du Pont), a wetting
agent, to the rammed graphite mold mixture caused significant in-
crecise i, fired ter:sile sire qg:h, but cuused stickir:,-ss of the mixture
rnaling preparation of molds more difficull.
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The use of conventional liquid foundry binders in the
mixture (Mixtures 61 - 64) severely aggravated the gas porosity pro-
blem and caused 0oor surface quality in the casting. Soluble amin-
oaldehyde thermosetting resin (a high solid urea type of water soluble
binder), and a phenol-formaldehyde water dispersed binder were used.
in conventional foundry practice, these are used mainly as core binders.
It Is probable that the gas porosity and surface quality problems were
the result of incomplete removal of volatiles during firing of the molds,
and that modified firing practice including higher firing temperature
could be developed for these binders.

Mixtures 71, 72, and 73 were made using "Slurry"
(a petroleum residual available from Union Oil Com,•any, Los Angeles)
in place of water. As in other series, the percentages of pitch were
varied. These mixtures exhibited low green strength making pattern
withdrawal difficult, particularly with complex molds. Mixtures 74,
75, and 76 also included Slurry, but no starch or cement. These mix-
tures also exhibited low green strength. Additional mixtures were made
without starch, cement, or Slurry; with varying amounts of pitch and
water; and with addtions of coke flour.

Some of the mixtures made contained coke as a sub-
stitute for granular graphite in an effort to reduce mold cost. However,
coke was unsatisfactory beccuse of severe reaction with the molten
titanium, apparently because of high sulfur In the coke.

Mixtures 1 and 17 were considered the best of those
tested. They handled well during ramming, provided good casting
surfaces and had desirable strength levels. Mixture 17, with less
moisture than mixture 1, had superior flowabIlity and prod:,red the
better casting surface of the two but because of Its lower green and
fired strength, required more careful handling of the mold. Mixture 17
was selected as the most satisfactory mold material and was used for the
pilot oroduction 1_4 ase.
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Shell Graphite Molds and Cores

A partially successful program was conducted to develop
a shell process for making graphite molds and cores. The resulting
shell was used primarily for cores, and was satisfactory except when
exposed to a large volume of metal or when a sharp corner of the core
was exposed to metal on both sides, in which cases penetration of metal
into the shell occrred.

The experimental shell graphite mixes used in this work
are listed in Table J7. The mixture selected as best arnd used in pro-
ductio;- of Phase IV castingsis mixture 4.

The mixtures which contained calcined coke as a substitute
for granular graphite produced excellent surface finishes but sometimes
caused reaction with the molten titanium, apparently because of sulfur
in the coke.

The investment cycle found to be best was 8 seconds, with
a one minute cure. Variation in investment time directly causes varia-
tion in thickness of the shell. Curing longer than one minute does no
harm but was unnecessary. After a one minute cure, the shell was
quite strong and was durable enough to be handled without undue break-
age. Investing and curing are accomplished at 350* F. At temperatures
above 3500 F, the shell adhered tightly to the pattern and was difficult
to remove. Various parting agents were tried but did not eliminate the
stickiness problem at high curing temperatures.

Air pressure used to fo.ce the mixture into the corebox was
found to be an important factor in producing good shells. To obtain
consistently strong and dense shells, 't was necessary to use an air pres-
sure of 20 - 25 psig. A problem was experienred in some trials, because
of the rapid set-up of the mixture. During the build-up of the shell, a
bridging of the initial layer over parts of the corebox was observed,
particularl-y over sections that had re-e,,toants 3uch that the mixture
entering did not imTpnge directly on (ill portions of the corebox. Venting
along the parting line of the corelox aided in reducing this problem.
When molds or c:res containing hlidcj ai areas were filed adri used, meta!
Lenetrcitior occur, c Td"a the !ri,.ig r.01, v::%(f o lhe mold.
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Sheil cores were experimentally used to core the cavities
in the Sway Brace Case, the Torsion Fitting, and the Flap Track Link, and
to form the pockets in the Developmental Bracket. These experiments
demonstrated that the shell cores are not suitable adjacent to heavy
sections or to form sharp fillets, because of penetration of metal Into
the core. The heavier volume of metal around the shell apparently
does not permit the initial chilled skin to remain in place next to the
core wall. Consequently, molten metal remains in contact with the
shell and penetrates Into it.

Corcboxes were machined from aluminum or block graphite.
The sheils prepared in gra,ihite coreboxes were equal In quality to those
made In the conventional aluminum coreboxes. Graphite coreboxes
were preferred for experimental work because of the ease of making
dimensional changes. The graphite and aluminum boxes were initially
prepared for investing by application of a silicone parting compound
(grease) and then sp;raying with a silicon-water emulsion to facilitate
shell removal. The silicon-water emulsion was re-applied before each
investment cycle.

The shell graphite process was further studied to determine
if complete molds could be produced in multiple stacks. A corebox was
prepared to make multiple molds for casting discs. The pattern equip-
ment consisted of two 1/2" x 9" x 10" aluminum plates separated by a
3/4" x I " frame work around three sides to make the box. The cavity
for the casting was a 5/8" x 6" diameter disc, half of the disc on the
interior, of each of the box halves. A central 1 " diameter core was
also located to provide the sprue in each of the molds. The graphite
material was Invested from the bottom of the box in the shell core ma-
chine. The completed mold was then fired at 1650'F in the standard
manne r. The shell molds, when stacked together, formed a complete 5/8"

x 6" diameter disc with one-half of the disc In the cope section of each
mold and one-half of the disc in the drag section; the parting line of
the casting being between the two surfaces of the molds. The sprue was
centrally located to permit a single gate at the bottom to feed the entire
stack of castings. Twelve 5/8" x 6" diarmeter discs were to be cast In
a single stack Two attempts were made to pour the stack of molds.
The first ottem:.t failed because of severe mold reaction between titanium
and coke molds. Tht second pour was partially successful but Insufficient
metal was ,outed to fill I the entire set of -kltes and only fen of the twelve
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discs filled. The second series of molds was made of granular graphite
material. There was no penetration into the graphite material and the
castings were relatively clean with no surface burning.

Conclusions reached as a result of the shell mold studies
are as follows:

(a) The shell molding process offers excellent potential for
production use.

(b) At the present stage of development, shell graphite mo!ds
or cores are not suitable for shapes with relatively large
volume concentration or with sharp fillets, because pene-
tration oi metal Into the shell occurs in these areas.

(c) The feeding distance in shell graphite molds appears to
be approximately 1.5 times that typical of rammed graphite
molds.

Investment Molds

The Initial experiments with Investment casting techniques
were conducted with a proprietary Investment mold developed by Misco
Precision Company, Muskegon, Michigan.

The results of the first investment casting trial are shown In
Figure B7 . The castings had good reproduction of detail, but rough sur-
face and some surface burn-in. The major defect was the severe gas poro-
sity in the casting. Figure B8 is a print of the x-ray of the tensile test
specimens and clearly shows the extreme porosity.

Figure B9 is a photogrrp!;h of a casting made In another type
of investment mold which was made with a graphite -:rimary coat. Gas
porosily was extensive throughoot the castings, but surface finish was ex-
cellent. The mold was centrifugally cost In the vertical axis centrifugal
furnace in an attempt to elJminafe the: gas porosity ;.-roblem. The ingates
into each of the molds broke and coriplete mc.r4 filling did not occut.
The threaded portions of the test harms shc,wcd t.videince of ieaction betw-n

the mold material and rthe mctol.
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Castings made in a third type of Misco Proprietary invest-
ment mold showed severe surface reaction and gas porosity. The primary
surface of this mold was composed of graphite and zirconium oxide.
The type of binder used is not known. The photograph in Figure B10
illustrates the severity of reaction.

A general observation in connection with experimental
cas-ing of these molds is: to obtain a gas free casting, a binder that
does not retain oxide materials must be used to prevent reaction and
subsequent gas in the castings.

Additional investment casting trials were conducted using
molds developed by Oregon Metallurgical Corporation. The program
was aimed at producing an experimental mix that would not react with
the metal and that would produce gas-free castings. The mixtures tried
are listed in Table J8. Casting trials were conducted on only those
mixtures that showtd promise as an investment material.

Castings were poured into simple bar molds made from mix-
tures 11, 14, 15, and 16.

The molds made from mixtures 11 and 15 exhibited violent
reaction with the molten titanium, only about half the metal remaining
in the mold. It is believed that moisture in the second coat caused
the reaction. The mold made from mixture 14 also reacted violently,
with no metal remaining in the mold. This is believed due to the oxides
and silicates in the second coat.

Mold mixture 16 was used to make four trial castings with
no evidence of reaction. A problem of mold-face porosity was caused
by bubbles in the mixture and resulted in rough surface on the ccsting.
It is expected that further development of the process (such as mixing
of the ingredients in a vacuum chamber and mechanical vibration during
investment) would solve this problem.

In general, the deve!opment of a satisfactory investment
mold for casting of titanium appears feasible if based on the use of
graphite.
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Recycling of Mold Materials

The object of this study was to determine if mold materials
could satisfactorily be reused to make new molas and, If so, to establish
suitable preparation methods to obtain proper grain size and distribution
in the recycle materials.

The process for reclaiming the rammed graphite molds in-
volves crushing, pulverizing, and screening. The crushing operation was
to reduce the size of mold fragments broken from the castings to approx-
imately 1/2-Inch size for feeding to the pulverizer (a hammer mill) which
then reduced the material to the proper grain size for making new molds.
In some Instances when crushing machined graphite, a large proporatlon
of fines were produced and screen classification was necessary to separate
the useful portion from the fines.

To establish a procedure for obtaining material of proper
grain size from the pulverizer, several samples were processed using
different rotor speeds and screens, these being the variables most ef-
fective In adjusting grain size. TableJ9 Is a tabulation of grain size
distributions of the test samples. The rotor speed of the pulverizer was
varied between 14000 and 6070 RPM The higher rotor speeds produce
larger proporatlons of fines. The rotor speed of 6070 RPM combined
w;fn the 1/8-inch mesh herringbone screen produced the lowest per-
centage of fines.

The present stage of reclamation of the pulveilzed graphite
mold material Involves a screen classification process to obtain the
desirable portion of the pulverized material. The material as recovered
from the pulverizer can be used in two different ways. The first is to
use that materoal which will pass through the No. 20 screen of a vibra-
tory shaking unit. The distribution of the material is listed as Sweco
No. 20 .:. Table j4. Th-,ls mute:vai %,as somewhat coorae, but produced
acceptable molds where fine surface finish vas not essential. The most
satisfactory c .mbinction ol couIh,,--, 1 .a•eri!.-I has bcen fo,;nd to be
60 percent Sweco Nu. 20 and 40 fe ern Sweco No - 40 mixed to-
gether and used wtth !he lsanda.ad n:.w !n-• r.dient,. TV+i -o-mbl nation
contains a hitkor of f-rs --- Fi d in general
foundry moldin3  i.- -. J ':,. t-",utojyfor
the rammed cjrca! i-t. r'A!-) :-,cu;1
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FIGURE B6

CARBON CONTAMINATION DEPTH IN Ti-6AI-4V CASTINGS
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FIGURE B 7

INVESTMENT CASTING
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FIGURE B8

X-RAY OF INVESTMENT CASTING
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FIGURE B9

I NVESTMEINT C-AST Ti-OAI-4V
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FIGURE BI0

INVESTMENT CAST TI-6AI-4V
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FEEDING STUDIES

Feeding Distance In Flat Sections Cast In Machined-Graphite Mold,

An early study in this program consisted of the casting of
Ti-6AI-4V titanium alloy into a series of round, flat discs of various
diameters, thicknesses, and riser sizes, using machined graphite molds.
The purpose of the study was to become familiar with the feeding charac-
teristics of titanium alloy castings.

The specific objectives of the study were:

(a) to determine minimum riser diameters required to pre-
vent under-riser shrinkage porosity,

(b) to determine the "edgje effect", or soundness contri-
buted by faster cooling adjacent to the disc edge,

(c) to determine feeding distance changes caused by
risering variations,

(d) to measure the total effective feeding distance con-
tributed by the riser and by edge effect.

Plate diameters of five and six inches were cast, with thick--
nesses from 3/8 to one Inch in 1/8-inch increments. Riser diameters
were equal to their heights and were varied from one to 2 1/2 Inches.
In all cases, the risers were concentrtc to the plates. A typical casting
heat is shown In Figure B] 1. One inch gates were used. Ali molds for
this series were machined from graphite block. A typical mold setup
is shown In Figure BI 2.

After casting, the plates were x-rayed and examined for
under-riser shrinkage, shrinkage beyond the riser, and soundness adja-
cent to the edge and riser- The total soundness is expressed as "T" and
is equal to D/t where D is the sum of the sound distance measured
radially from the edge of the riser and from the edge of the plate, and
t ;s the thickness of the plate..

The results of the study are tabulated in Table JI0.
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After the first three trial pours, It was established that
bottom gating, as shown in Figure B11, produced the best casting de-
tail. This genera! setup was used for making all subsequent static
pours of this type.

Examples of extreme conditions of shrinkage observed are
Illustrated in Figures B12, B13, and B14. These Illustrations are photo-
graphic prints made directly from x-ray films.

The following was concluded from this study:

(a) Feeding distance In flat sections (no taper) in un-
heated machined-graphite molds does not exceed 1T
for consistently sound castings.

(b) Riser diameter at its junctlon with the casting must
he not less than two times the casting thickness, to
prevent under-riser shrinkage In castings made In
unheated machined-graphite molds.

(c) Bottom gating provides casting detail superior to top
gating.

Feeding Distance In Tapered Sections Cast in Machined and In Rammed
Graphite Molds

A second feeding distance study was conducted to evaluate
the effect of taper on soundness of cast titanium discs. In this study,
both rammed-graphite and machined-graphite molds were used. All
discs were tapered such that thickness increased from edge to center,
and were cast in edge thicknesses of i/t to one-inch in 1/8-Inch in-
crements. The following types of static molds were used:

(a) unheated machined-graphite,
(b) umhh.oted rammed- .j.-a•i.,
(c) heated maci:.,nd--,'hlte,
(d) heated rammed-9ra0kilte,
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The results obtained on study of x-rays of the castings made
in unheated machined-graphite and rammed-graphite molds are pre-
sented in Tables Jll and J12. The parameter 'T-" (defined on page B30
Is plotted against taper for various disc edge thicknesses in Figures B15
through B17. Figure B18 relates the taper required for sound castings
to the edge thickness of the discs, for castings made in machined or
in rammed-graphite molds.

The results obtained in similar trials using heated machined-
graphite molds are in Table J13. These tests were made using discs
of 1/8 to one Inch edge thicknesses with zero, one, three, five, and
seven-degree tapers. The mold temperature at the time of pouring
varied from 210 to 355 degrees fahrenheit. The parameter "T" for the
heated molds is plotted against taper for various edge thicknesses in
Figures B19 through B21, along with the "T" values obtained from the
similar tests of unheated machined-graphite molds.

A similar series of trials was conducted using heated ram-
med graphite molds. The mold temperature at the time of pouring
varied from 200 to 400 degrees fahrenheit. The results obtained are
tabulated in Table J14and plotted in Figure B22 to B24.

The following observations were made from this study:

(a) Increased taper in unheated machined-graphite molds
Improves soundness primarily by increasing the edge
effect. Increased taper In unheated rammed-graphite
molds improves soundness primarily by increasing riser
effect. Less taper is genc•ral ly required in rammed-
graphite mnldt than 'n machined-graphite molds. for
equivalent soundness-

(b) Shrinkage porosity i, cosi t itanium appears as distinct
voids rather than as cloudy low-density areas on the
x-ray f!.. M',cros-irnkage has rot beer, obser-ved..

( I) in cast taoert-d d.s.:- - •i - On edoe rH,1'5-" .•

(fiak A- -a
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(d) Increasing the timount of taper progressively Improves
feeding distances in rammed molds. In the case of
muchined-graphite molds the feeding distance de-
creases until taper exceeds three or four degrees,
and then increases.

(e) The effectiveness of taper decreases as the section
thickness is increased.

(f) The tapers required to cast sound sections have been
established in relation to thickness, and are shown
in Figure B18 in graphical form for machined and
rammed-graphite molds.

(g) The use of heated molds did not appreciably improve
the feeding of cast Ti-6A1-4V alloy but did decrease
the gas porosity problem, apparently because of re-
duced moisture pickup during mold assembly.

Feeding Distance in Shell Graphite Molds

The experimental castings of plates in shell graphite molds
exhibit greater areas of soundness than castings In the other mold ma-
terials. The initial casting of the plates was primarily for determination
of carbon contamination from the shell graphite material. Due to ex-
cessIve distortion of the shells during casting, the plates were not used
for carbon contamination studies. X-rays of these plates revealed only
small dispersed shrinkage areas, as conrasted to general heavily dis-
persed shrinkage in previous castings produced in rammed graphite and
machined graphite in the 5/8 'plate thicknesses without taper. There
was evidence of gassing occurring in two of the four plates cast in the
heat. The second experimental casting of shell graphite plates was
made wt1h a supporting arrangement to prevent sagging about the peri-
phery of the plate. The costing experiment was not successful due to
inadequate support on the surface of the cope, resulting in mold rupture.
The chilling effect was sufficient to prevent loss of metal through the
cracks in the molds oven though tle plates were much thicker than de-
sired, because of the mold, teforTnc,,n. l" appears that slight tapers
in plates cast in shell grcphite Tiolds would greatly extend feeding dis-
tance, because thli c, 0 r jn cfhective arnour.t of chilling permits
the metal to 5 j,_", " I- • : - "i , or,3 I;e-'rcncl[ ,rnnner toward
the casting .iscrs.
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Feeding Distance In Centrifuge-Casting

A comparative study of feeding distance in centrifuge-cast
discs was conducted using 1/2-inch thickness by six inch diameter disc
molds mounted on a central sprue. Four plates were cast in machined-
graphite molds in each of six heats. The casting setup is shown in
Figure B25.

The object of the study was to determine the effect of in-
gate size and centrifuge speed on the feeding distance. The data ob-
tained are in Table J15.

"Thll feeding characteristics In these discs were not signifi-
cantly different from the similar discs which were statically cast, except
the edge effect on soundness was somewhat less in the centrifuge-cast
plates. There was not an appreciable difference in soundness when
rotation speed was increased.

It was noted that the portion of disc which was forward of
the gate during centrifuging had improved soundness over the trailing
section. A second group of centrifuge-cast discs were made with the
gates at the trailing edge. This modification did not improve casting
soundness.

Several casting trials were made to investigate gating tech-
niques in centrifuge casting. Molds were prepared to produce 1/4 by
three by five Inch plates, and were arranged so that the plate mold
could be filled either from the leading or trailing edge, by reversing
the direction of rotation of the centrifugal casting apparatus. A poto-
graph of a typical casting produced during these trials is shown as
Figure B26. When the centrifuge was rotated counterclockwise the
plate molds were effectively "top filled', and were "bottom filled"
when rotated clockwise. A comparison of surface qualities of castings
produced at various ratatinn speeds (200, 700, and 1600 rpm) and direc-
tions demonstrated considerably superior surface qualify in the 'bottom
filled" plates at nil centrifuge speeds_ Comparison of x-ray quality
showed little diffurrence in clockwi•e or c-urterclockvise rotatlon at
low rotation speed (200 rpm) bui considerable advar.otae in 'bottom
fillin•" at the higher ;uuior , s.
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The centrifuge casting of up to twelve 1/2-inch thickness
by five inch diameter discs in a single pour was investigated to deter-
mine the practicability of the proposed multiple centrifuge casting
technique. A machined-graphite mold setup was prepared as shown
in Figure B27. Figure B28 is a photograph of a typical trial heat,
showing the arrangement of molds, gating, and central sprue. the
gates were one inch in diameter from the sprue to the two inch diameter
I n gates feeding the casting.

Examination of the X-rays of these plates revealed that the
gating size was not sufficient to provide soundness in the discs. The
locations and sizes of the shrinkage voids in the twelve discs were
very consistent. Additional trials were made using three-cavity
mold setups such as shown in Figure B29. Larger and smaller diameter
gate and ingate diameters were tried with some improvement in sound-
ness but complete absence of shrinkage porosity was not obtained.

There was no evidence of turbulent metal flow on the
casting surface, except for a very slight surface ripple near the in-
gate. As the radius at this junction was increased, the surface ripple
appearance decreased. The entire set of castings had consistently
good surface finish.
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FIGURE 811

TYPICAL FEEDING STUDY ARRANGEMENT
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FIGURE B12a

GENERAL DISPERSED SHRINKAGE - FEEDING
DISTANCE EXCEEDED GREATLY
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FrIGURE 51-2

TYPICAL PLATE MOLD SETUJP
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FIGURE B13

SHRINKAGE IN SLIGHTLY EXCEEDED
FEEDING DISTANCE

pk
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FIGURE B74

FEEDING REQUIREMENT SATISFIED
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FIGURE B15

FEEDING DISTANCE IN 6" DIAMETER DISCS
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FIGURE 816
FEEDING DISTANCE IN 6" DIAMETR~ DISCS
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FIGURE B17

FEEDING DISTANCE IN 6" DIAMETER DISCS
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FIGURE B18

TAPERS REQUIRED TO CAST SOUND 6" DIAMETER DISCS
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FIGURE B19

FEEDING DISTANCE IN 6" DIAMETER DISCS
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FIGURE B20

FEEDING DISTANCE IN 6" DIAMETER DISCS
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FIGURE 821

FEEDING DISTANCE IN 6" DIAMETER DISCS
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FIGURE B22

FEEDING DISTANCE IN 6" DIAMETER DISCS
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FIGURE B23

FEEDING DISTANCE IN 6* DIAMETER DISCS
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FIGURE B24

FEEDING DISTANCE IN 6" DIAMETER DISCS
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FIGURE 251

TYPICAL SETUP FOR CENTRIFUGED PLATE CASTING TRIALS
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FIGURE B26

CENTRIFUGALLY CAST PLATES

Jp °w

": ._, ." 2.

• ° :I

I?
I-!



D2-2786-8 CASTING PROCESS DEVELOPMENT B53

FIGURE B27

TYPICAL MOLD SETUP FOR CENTRIFUGALLY CASTING DISCS
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FIGURE B29

CENTRIFUGALLY CAST DISCS
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SURFACE TREATMENT OF TITANIUM CASTINGS

Removal of Gates and Risers

Gates and risers were removed from the castings by oxy-
acetylene torch cutting, power hack-sawing, and abrasive cut-off wheel.
Of these the use of the abrasive cut-off wheel was found to be the most
satisfactory. The oxy-acetylene torch cut-off increases oxygen con-
tamination of the foundry scrap and requires excessive hand grinding to
clean up the casting. Although power sawing produces a satisfactory
cut, the abrasive cut-off wheel can trim closer to the casting and Is
much faster than sawing. The cost of the abrasive discs was compensated
by lower labor cost compared to power sawing.

Grinding and belt sanding of cast titanium was used for pri-
mary cleaning. Rough grinding to remove material at g(,l i, risers,
and flash points vns the most effective method of metal removal. Aluminum
caide .,heels were used and are operated at approximately 3,030 surface
feet per minute. All castings were hand held.

The grinding terltwasubedfor finishing the cast titanium to
remove rough grinding marks and for slight blending and flash removal.
Material removal zs fastand efficient, with metal removal efficiency
increased by using a white-tallow base belt lubricant. Belt operating
speed vas 1100 surface feet per minute with average belt life of 8 hours.
The Eelts vere made of silicon carbide abrasive bonded to heavy cloth.
The most efficient sandirgwas accomplished using a ribbed hard rubber
wheel at the point of pressure contact. The ribbed-rubber wheel gives
maximum life to the sanding belt coupled with efficient metal removal..

Using present methods of grinding, there has not been any
evidence of grinding damage of cast surfaces. An attempt was made
to damage a cast titanium spccimen by poor grinding techniques. The
experiment cons:kted of hnd fini .hi;, g thn specimen on a gring"- belt
using abnormal !- hi-qli hand pressures. Microstiuclural exam*nation of
the surface did ,ot ruvttul any disconfirtouities in the ground surface.
The experiment icsul$:d i n destitictinr, of Je grind"isig bf]it
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Cleaning of Castings

The use of a shot type abrasive was mtsultable for cleaning
castings. Shot blasting does not adequately remove surface oxides or
fused graphite. The shot provicbd a surface deformation action whereas
titanium castings require an abrasive that will produce a cutting action
to remove the surface contaminants.

Grit blasting of castings with an angular abrasive material vas
a sat is factory method of cleaning. The angular grit cleaning material
produced a cutting action and readily removed surface oxides and graphite
from titanium alloy castings. The most satisfactory cleaning material of
those used has been a chilled iron blasting grit. The material continually
breaks up to produce new cutting edges and as used, a finer surface finish
wasobtained. Adding a small quantity of new material at frý.tquent inter-
vals maintains the cleaning action and surface finish at acceptable stan-
dards. A detrimental effect of using the sharp cast iron material is the
coating of the cleaned part with finely divided iron particles, which
later rust with detriment to appearance. A second although not serious
effect of the use of iron shot is possible slow build-up of the iron level
in chemical analysis of the cast titanium due to use of shot blasted scrap.
This effect Is not serious as additions of new material dilute the Iron to
acceptable levels. If necessary, surface contamination by iron dust can
be removed by light pickling of the scrap.

Other types of grit used were "malleabrasive" grits of various
grain sizes. The malleabrasive grit is more ductile than the chilled Iron
grit and wears by deformation rather than by breakdown. The wearing
action causes the sharp angular structure to become round and Ineffective
In removal of surface oxides and fused material. The material gradually
performs as shut in reduced cleaning effectiveness.

Sand blasting of cast titanium has been effective in producing
a fine surface finish with mriiu•i metal removal rate. Three types of sands
that have been used are Garnet sand, Banding sand, and Flint sand obtained
from Idaho Gorrnet Company, Spokane, Washington, and Ottawa Silica
Company, Ottawa, Illinois.
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The Garnet sand is the tougher abrasive and holds up well
during use. Metal removal is slow, therefore, primary cleaning of
surfaces with this material is not recommended. The material used was
fairly coarse and did not give a fine appearing surface finish.

The Flint sand and Banding sand provided a relatively fine
surface finish. These were used as a secondary cleaning medium to
remove any Iron contamination caused by the initial cleaning with the
chilled iron grit. The Flint and Banding sands have rapid breakdown
characteristics and, after one hour's use the major portion of the abra-
sive is reduced to fines.

Abrasive tumbling has not been found an acceptable method
of cleaning cast titanium. rhe abrasive material evaluated was Tumblex
"a" No. 3, an Alunduni material. The cast titanium specimens were

tumbled In the abrasive media for 24 hours to determine the effectiveness
In surface cleaning. At the end of 10 hours, no removal of the oxide
discoloration layer on the cast surface was evident. Surface roughness
was reduced at 16 hours with an acceptable product at 24 hours. The
flash and burrs on the specimen were not removed during the tumbling
cycle but Instead had a polished appearance. It should be noted that

this was a limited study and more favorable results might be obtained
through more trials using other equipment and abrasives.

Chemical Removal of Suffuie Material

A satisfactory acid solution and processing techniques were
developed for chemical removal of surface material from the castings.
Fatigue tension tests were used to determine the necessity of this step
and to establish the amount of material which should be removed.

The chemicrl iem-oval s-iit!on devwloped is as follows:

N i tric Acid 15 to 25 oz./gallon
HydrocLloric Acid 5 fn 9 oz-"gallon
Ratio HOi UO"CL 4.

Free Hydiofiuoric AdVl 3 [a) 8 ,, -'iait,
Acetjic Ac.id or 3 crif , -. < o:.,
Oxalic.. ' ,t,'. " 'Ar, 4 , ,'
Disc :, i .. .; I, '- . ."'

. '-
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This solution may be maintained until 20 ounces of titanium per gallon
of solution has been dissolved. It can be operated at 90'F to 1300 F to
adjust metal removal rate, which varies from .0003 to .0015 inches per
minute over this temperature range. To maintain a reasonably constant
specific removal rate, the temperature should not vary more than five
degrees from nominal during the removal o.ýeratlon.

Before being chemically cleaned or pickled, the castings
must be abrasive blasted to remove any mold particles or oxidation.
During chemical removal several dimensions on the parts should be fre-
quently spot checked for thickness control. After Pickling, the castings
must be water rinsed.

A series of tension-tension fatigue tests were conducted to
establish the proper amount of surface removal depth. Specimens were
1/2-inch gage diameter and were tested In the following conditions:

(a) As-cast, with normal abrasive cleaning,

(b) As above plus chemical removal of .005-Inches per
surface,

(c) Same as (a) plus chemical removal of .010-Inches per
surface,

(d) Same as (a) plus chemical removal of .015-Inches per
surface.

The specimens were tested in a conventional Sonntag SF - IOU universal
fatigue testing machine at 1800 cycle: per minute and a stress ratio of
R= .06. The specimens were oil from the same heat, were x-ray inspected,
and the accel-tab,le specimens selectud to randomize quality.

The r-ults of tile fitig,_! "-.C-s ar(le tabulated ;n Table J16 and
ilhistrated by S - N cuives In FFiu,,,icB3Q In g)eneral, removing only -005
inches per s.,fifcc damaged fcitiguc i-le, removing .010 inchiK 'Pm sur-
face restoied tc1,c fýjtique life to iI ci of the as-cost t ,ditior,, and removal
of .31 5 i•chus pet 5.1l oce [ lovid r.i::iicant i'ln I ov-lu,,'t O•-I tle as-

coat condiliitjn.
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It is recommended that, In titanium alloy casting applications
requiring best fatigue properties, .015-inches per surface be chemically
removed using the solution and process described.

FIGURE B30

FATIGUE PROPERTIES OF AS-CAST AND PICKLED Ti-6At-4V CAST SPECIMENS
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ALLOY DEVELOPMENT
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Development of Ti-6AI-4V Aloy

Early In this program, it was necessary to choose an alloy for
use in casting trials, mold development trials, and other work which
could not be delayed until alloy development studies were completed.
Because of the general acceptance of the 6AI-4V titanium alloy for
wrought products, that alloy was chosen for these studies with the in-
tention of substituting a more suitable casting alloy when one was
found. As discussed In the portion of this report which discusses
general alloy development, a casting alloy significantly better than
TI-6AI-4V was not found.

A series of approximately 440 heats of Ti-6AI-4V was studied
to establish effect of analysis on mechanical properties, practical
analysis limits, practical guaranteed minimum mechanical properties,
and correlations of processing variables with resulting interstitial levels.

First, frequency distribution bar charts (histograms) were pre-
pared to show the distributions of oxygen, nitrogen, hydrogen. carbon,
Iron, aluminum, and vanadium which vere characteristic of the equipment
and practice developed in this program. The histograms are presented
as Figures Ct through C7 . Much of the early work In the program was
done without concentrated effort to maintain close control of chemical
analysis, since other variables received the main focus of attention.
As a result, a fairly wide spread of analyses was obtained which proved

of benefit in studying effects of analysis on properties.

As shown In Figure C1 , the oxygen content varied from .08
to .37 per cent and averaged approximately .21 per cent. This high
oxygen range is the result of recycling of foundry scrap, since from .02
to .05 per cent oxygen Is picked up during each melt and recycling of
material from previous heats compounds the pick up. Because of the
economic necessity to use foundry and other titanium alloy scrap In
the castlrng process, high interstitiai oxygen contamination has been a
problem. To maintain oxygen at acceptable levels, it is necessary to
occasionally discard a portion of the normal foundry scrap (gates, risers,
etc.) and dilute the oxygen content by adding low-oxygcn sponge or
electrode stock to the heit. Tlheiefoor., the amount of oxygen that can
bu tolerated os o -fmo im• .. in. 6 fiml ui' oll o" . clsti nqp hois a significant
be.rimg on tlne rosi -t;i t. hlr'-(,I 1!i.." I .
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For study of effects of each specific element on mechanical
properties, the analysis ranges of the other alloying and interstitial ele-
ments were restricted to closer-than-normal tolerances, to minimize
obscuring the effects of the element in question by effects of scatter of
the other elements. In the case of oxygen, only those heats were used
which were within the following analysis limits:

Nitrogen .021 - .032 per cent
Carbon .10 per cent maximum
Hydrogen .010 per cent maximum
Aluminum 5.8 - 6.2 per cnnt
Vanadium 3.8 - 4.2 per cent

This left 135 heats within these analysis limits having mechanical pro-
perties available, with oxygen ranging from .07 to .37 per cent.
Oxygen was then plotted against ultimate tensile strength (Figure C8)
and against reduction of area (Figure C9) as scatter diagrams. As shown
in the figures, increased oxygen Increases strength with fair correlation
and decreases ductility with considerable scatter In individual values.
As also may be noted in the scatter diagram for oxygen versus reduction
of area, average reduction of area decreases as oxygen is increased,
but the minimum reduction of area does not appear to decrease in the
range of oxygen covered (i.e. up to about .25 per cent oxygen). Next,
to establish the allowable production maximum for oxygen, all heats
which fell in the normal analysis range (Al 5.5 - 6.5, V 3.5 - 4.5,
N .07 max., C .lO max., H .015 max., Fe .30 max.) excepi [o, oxygen
were separated Into groups according to oxygen content, as follows:

Group A less than . 1 6 per cent oxygen
Group B .16 - .21 per cent oxygen
Group C .21 - .26 per cent oxygen
Group D .26 - .31 per cent oxygen

HWit^cr•rnr fJnr ultimate strenath, elongation, and reduction of area were
then plotted for these groups and are presented as Figures C1I, Cl 1, Ci2
and Cia Averages and standard deviations (a) were computed for each
curve using the conventional statistical analysis method for the "normal"
freq,'Mncy curve. (it should be noted that the histograms for mechanical
properties are not "norial" distributions but are skewed sliqlhly toward
the high-value ends of the curves, fesulting In conservative minimum
propesties since the standard deviation is slightly enlarged by the high
values which are no! undesirabl,! ;c-Actt fot this influence). Two standard
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de.-izaiorns .v;.ic s•birs.ed rio.,u t.,.I- ,1.1 :, v Ilues for e,.ch curve to
es.Qblish "niI.:imLrns "for ,his s ud:. Dusign allowble mirimums are
discussed later ir. 1his report, This anal.sis method is explained in thre
appendix. As is shown by the his:ograrns and the scatter diagrams, the
average and minint'n Valus for Jlrinaate strength are increased as oxy-
gen increases, but for both elongation and reduction of area the averages
decrease but the minirnuwn values either remain fairly constant or actually
increase due to lesser armounts of scatter in all properties as oxygen is
increased. As a result it is advantageous to allow .25 per cent as a max-
imum for oxygen in titanium castings compared to the .20 per cent maxi-
mum usually allowed in wrought products. The minimum ultimate strength
Is increased without loss in ductl it7.. Consequently, .25 per cent has
been established as a maximum for oxygen in the specification for TI-
6Al--4V castings.

The scatter diagrams for nitrogen show that it strengthens TI-
6AI-4V considerably without detriment to ductility., ard that the correlation
between analysis and propd;ties is better for nitrogen than fo, oxygen. It
may be desirable to establish a minirmum as well as the present maximum
analysis value for nitrogen to take advantage of its strengthening effect.
This was not done since nirugen independently is difficult to control
but as is shown in Figure Ci6, tends to be high when oxygen is high.
Since recycling of foundry scrap is desirable, oxygen content will nor-
mally be near the high limiting value, and nitrogen w.ill be also maintained
at a relatively high value. As a resu~t, the minimum design values established
f•r T-6AA1-4V during th*is proqram may possibly be creused as .. o.e pioduc-S... .. .... .~~~... d .. •a , !- awl,•U,: 5 '~ @ l~U U -

tion experience is gained with heats appioaching the higher analysis limits
for oxygen and nitrogen.

The scatter dingrams and analysis comparisons for aluminum and
vranadium show negligible effect of analysis on strength or ductility for
the composition ranges typical of the process. For these histograms,
ranges for the other elements were selected to the following limits.

for studv r1' .... ,,'i•ir

Vantaditri I fl -
4 .2 per cenit

tx' i .en 1 -3 .25 per cent
. , - : .r -'1rn
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for study of vanadium,

Aluminum 5.8 - 6.2 per cent
Oxygen i 3 - .26 per cent
Carbon 0 - . 10 per cent
Hydrogen 0 - .01 per cent

The study of carbon showed that Increasing carbon provides
slight strengthening effect with no significant effect on ductility over
the normal analysis range.

Considering past experience with wrought alloys, the normal
analysis distributions characteristic of this process, the economics of
using foundry and other scrap in the casting process, and the influence
of analysis on mechanical properties, the following analysis limits were
established as controls for produchon castings of the TI-6A1-4V alloy:

Aluminum 5.5 - 6.5 per cent
Vanadium 3.5 - 4.5 per cent
Oxygen .25 per cent maximum
Nitrogen .07 per cent maximum
Carbon -10 per cent maximum
Iron .30 per cent maximum
Hydrogen .015 per cent maximum.

A brief study af the effect of !3r in size of cast Ti-6A1-4V as

affected by cooling rate during solidification consisted of pouring a
heat of Ti-6AI-4V into four tensile coupon molds, made of rammed
graphite, shell graphite, machined graphite, and copper. A macro-
photograph of the sectioned coupons i s shown as Figure C17. The
properties of tensile tests of these coupons wcre as follows:

Y.T.S. Notch *
UI T C, % r.g., RAMold 1.T T.2,) E-t-"ong., R.A., Tensile

Material 0s I .. : 0/ ,, .

Machined Graphite | 3b, (000 116,000 7.6 13.0 205,000
Rammed Grnnhlte 135 00) 115 000 7.6 13. 194,0 0

Shell Graphite 137,600 120,000 5.5 10.1 198,000
Copper ! ,/, 1(n0 i |, 000 7.1 8.3 205, 000

* Kt 3,37 HJ, - I . - :'_I
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It was concluded !hut the viurious molds hcd ir:signifia.rt effect on mcchurn-
ical properties.

The as-cast properties of the I ;ts of Ti-6AI-4V are tabulated in
Table 317.

Elevated temperature properties of as-cast Ti-6AI-4V were deter-
mined and presented in Table JIB end Figure C18.

Several attempts were made to improve the strength and ductility
of the Ti-6AI-4V alloy by heat treatments. The first trials were attempts to
modify the cast situcture by cycling through the beta-alpha transformation
temperature. Next, attempts were made to homogenize the structure by
longer solution times than are used for forgings. Neither of these treatments
produced improvement over conventional heat treubtents. In general,
greater strength with concomitant lower ductility was obtained at higher
solution temperatures and lower rging temperatures. As solution temperatures
were progressively reduced to 1550 F and aging temperatures were increased
to 1100* F in attempting to obtain better ductility, ,,Imate strength increase
over the as-cast condition was in the order of 15,000 psi with an accompanying
loss of ductility to about one half the as-cast ductility values. Furnace cool-
ing from 15003 F to 10000 F followed by air cooling resulted in reduced duc-
tility with no increase in strength, as compared to as-cast properties.

Further attempts to improve the ductility of cost Ti-6AI-4V con-
sksted of annealing for two to eight hours at 10000 F to 1200 0F. Although
the results were erratic, the annealing at 1150*F was generally slightly
beneficial to ductility without affecting strength. At the other temperatures
tried, no advantage in annealing was found. If annealing of Ti-6AI-4V
castings is desired as a stress relief or for other reasons, the 1l500 F treat-
ment is recommended. The carbon, oxyger., nitrogen, iron, and chromium
analyses of the heats used for the annealing treatment investigation were
studied to determine if there was a correlation between the amounts these
elements and the tendency for ductility to be increased or decreased by
annealing. Such correiarion .u5 .-

A heat trc-tment w"is dclt.loped which simultaneously increased
strength and ductility by ,i¶JnifiC•flt ,r:,,t)I1rtt, -ow.ver the heat i•,htent
was conside! ed tao diiffic uiit o• ':...t i t o ,, ,p1ish on cast shapes.
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The hcu- trmating:.J consisted of holdi.,,j ot 1900'F for 30 minutes,
quenching to 1250"F i:i less thirn six ;,ucor;ds, hold at 12500 F for 8 hours,
air cool to room tenmpcru.ure, hoot to 1500*F and hold for 2 hours, furnace
cool at not more than 5F per minute to 1000, and air cool. This treatment
provided approximately 3000 psi strength increase with an increase of re-
duction of area of 5 per cent. A further solution and aging treatment
consisting of 16500 F for 20 minutes, water quench, 10000 F for 4 hours,
and air cool resulted in a strength increase over as-cast of 19,000 psi
with reduction of area loss of 3.5 per cent.

The results of all heat treatment trials on the Ti-6AI-4V alloy
are in Table J19.

Development of Casting Alloys Other Than TI-6A1-4V

The purpose of this portion of the work was to develop titanium
casting alloys with properties superior to those of Ti-6A-4V.

The as-cast mechanical properties of the experimental alloys
are in Table J20.

Since the experimental alloys were produced from new sponge
and high purity alloying elements, the carbon, oxygen, and nitrogen con-
tents are general!y lower than normally present In the Ti-6AI-4V heats
which were produced from recycled foundry returns. Consequently, in
some instances the experimental alloys are of lower strength and higher
ductility than would be uxpected if they were used in normal production.

Several elements that can be alloyed with titanium to strengthen
the alpha phase without producing the beta phase in the room-temperature
microstructure are: aluminum, silicon, carbon, oxygen, nitrogen, tin,
and zirconium. Since alpha alloys do not respond to heat-treatment,
they have good weldability. Also because of the relatively small tempera-
ture difference between the liquidus and solidus of alloys of titanium and
these elements, it would be expected that these alloys would have good
fluidity in the sense of ability to run a thin section without cold shuts or

risers to feed relatively long distances without shrinkage porosity. Hence,
It was hoped that an alpha alloy would be found useful a5 a low-strength
weldable alloy of good castability.
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Elements known to be soi.blUe in beta titanium and which

tenud to make the beta phase stable and strengthen it are: vanadium,
manganese, chromium, iron, columblum, molybdenum, nickel, and
hydrogen.

Alloys containing manganese, chromium, iron, and nickel
undergo a eutectoid transformation from the beta phase to alpha and
form inter-metallic compounds as the alloys are cooled to room temperature.
In general, as the rate of transformation increases, the transformation
temperature and the alloy content of the eutectoid composition decreases
for alloying elements toward the right side of the periodic table and
having greater differences in atomic diameter as compared to titanium.
With the elements vanadium, columblun,, and molybdenum, which are
not as far to the right of titanium In the periodic table and have atomic
diameters more nearly equal to that of titanium, the eutectold trans-
formation has not been found to occur.

The 5AI, 2 1/25n alloy and the 8AI, 2Cb, ITa alloys were
tried because they were well-known btandard alpha alloys at the time.

The 6AI and 8AI alloys were tried because investigatons
by others had indicated that aluminum strengthens titanium in additions
up to approximately 8 per cent.

The 2Cu and the 6AI - 2Cu alloys were tried because the equili-
brium d.agrat;. for Ti-Cu Indicates that TI 2Cu can be precipitated from

Uit.I ti3tanium~. 1141 flwIC01 t *~

these alloys and that in the second alloy, additional solid solution harden-
ing would be obtained. The 3Mo - l/z2Be alloy was tried for this same
reason.

The 6A!V ISi alioy w•as taiud in a tollow.-on of work performed
at Watertown Arsenal

Wiact;i c hi;;i. ph 1 I (,I.ll.; :Jts-ired, ti -2Cu

("Hloy 41) ,ppc,;'s It,. t: ; . ' i t " t - ; . *- j1,. j . 1 i, :t i f ,

.1_ _ -: .. . -l-i-,. ;

T :,I -'o r:_-- .I
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these relatively large additions, it was believed that vanadium would be
Preferred to molybdenum because of density considerations.

To gain additional hardening by means of the eutectoid re-
action, a Ti-15Mo-6V-2Ni alloy was cast. In an attempt to speed up
the eutectoid reaction rate, a Ti-SMo-6V-2NI-2A1 alloy was cast and
tested.

To investigate the possibility of decreasing the required aging
time of the B 120 VCA type of alloy by changes in the aluminum content,
the following alloys were cast:

Ti-13V-1 ICr
Ti-13V-1 ICr-I .5Al
Ti-13V-1 ICr-2.5AI
TI-I 3V-1 tCr-4AI

Considering as-cast properties only, the rollowing alloys had
properties similar to Ti-6AI-4V:

5AI-2.5Sn (Alloy 6)
13V-11Cr-1.5AI (Alloy 11)
13V-1lCr-2.5Ai (Alloy 12)
13V-1lCr-4AI (Alloy 13)
5.5Al-5.5V-.5Fe-2Sn-.25Cu (Alloy 16)
7AI-3Mo (Alloy 19)
6,5Al-3.5Mo-1V (Alloy 2I
6AI-1Si (Alloy 47)
6AI-6V-2Sn (Alloy 49)
2AI-9Zr-13Sn (Alloy 50)

The following alloys could be expected to be in the same properties class
as TI-6AI-4V, if at the normal interstitial levels:

4AI-3Mo-]V (Alloy 27)
8Al-8Zr- jCb-_5Ta (Alloy 45)
6AI-lSi (Alloy 47)
6AI-4V--.5W (Alloy 55)
6A-4V-. 5Ta (Alloy 56)
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Since these alloys did not appear to be superior to the 6AI-4V
alloy, work on these ulloys was discontinued. It appeors that the alloys
of the following types may be superior to TI-6Al-4V:

4AI-4Sn--Zr-IFe-IV-ICr (Alloy 60)
4AI-4Sn-8Zr (Alloys 59 and 64)
4AI-4Sn-SZr-t.5Fe-1. W-1 . 5Cr (Alloy 105)
4Al-4Sn-8Zr-.5Fe-.5V--- 5Cr (Alloy 106)
4AI-4Sn-8Zr-2V (Alloy 108)
4Ai-4Sn-I0Zr-2V (Alloy 110)
4A1-6Sn-8Zr-2V (Alloy I11)
6Al-4Sn-8Zr-2V (Alloy 112)

Additional study will be required to determine the best range of elements
for this type of alloy.

The results of mectanical property tests on heat treated expert-
mental alloys are given In Table .12i.

Most of the beta and alpha-beta alloys could be strengthened by
solution treat and age type of heat treatments. However the increase in
strength was accompanied by loss in ductility. In general, at any given
.strength level an as-cast alloy can be found that is as strong and is more
ductile than an alloy that was strenqtheried by heat trztmcnt. Therefore,
hardening heat treatments are not recommended for the cast titanium alloys.

I 'I~UI'1116 CTIUd of 1heI PIU I AIg tI 'fa WllUI rnj,*IC LU -' ---- IL

candidates were further screened by a heat treatment to test "thermal stability".
This consisted of heating for up to 80 hoLjrs at temperatures from 600 to 1000 0F.
The following were embrittled by these treatments and were eliminated from
further consideration because they would not he suitable for service in this
temperature range:

13V-1 lCr-1.5Ai (Altu 1 i.i
8V-5[e-IAI ('Allo,"7 I E:•

4A1-SSn-7-8 /1 i, v
4AI -ASn-81' i 4 1- ,i; I I

Th _ 4 3 : • -, " - -"f:' -'. .Tke64 st Wi 2C!-
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The chemical analyses of ui heats In this program are given
in Table J22.

The following conclusions were reached as results of the alloy
development studies:

(a) At the present stage of development, unalloyed titanium
and Ti-6AI-4V are suitable for "standard" casting alloys.

(b) Ti-2Cu has ductility superior to unalloyed titanium which
has been hardened to the same strength level through in-
terstitial additions.

(c) The properties of an alloy of titanium containing four to
six per cent aluminum, four to six per cent tin, eight to
ten per cent zirconium, and two to four per cent vanadium
are slightly better than those of TI-6AI-4V. Additional
work is needed to establish the best composition and In-
terstitial levels of this type of alloy.
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FIGURE CI

OXYGEN ANALYSIS DISTRIBUTION IN CAST Ti-6AI-4V
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FIGURE C2

NITROGEN ANALYSIS DISTPIBUTION IN CAST Tl-6AI-4V
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FIGURE C3

HYDROGEN ANALYSIS DISTRIBUTION IN CAST Ti-6AI-4V
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FIGURE C4

CARBON ANALYSIS DISTRIBUTION IN CAST Ti-6AI-4V
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FIGURE C5

IRON ANALYSIS DISTRIBUTION IN CAST Ti-6Ai-4V
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FIGURE C6

ALUMINUM ANALYSIS DISTRIBUTION IN CAST TI-6AI-4V
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FIGURE C7

VANADIUM ANALYSIS DISTRIBUTION IN CAST Ti-6AI-4V
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FIGURE C8

SCATTER DIAGRAM - OXYGEN VS. ULTIMATE STRENGTH
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FIGURE C9

SCATTER DIAGRAM - OXYGEN VS. REDUCTION OF AREA
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FIGURE CIO

FREQUENCY DISTRIBUTIONS FOR ULTIMATE
STRENGTH FOR VARIOUS OXYGEN RANGES
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FIGURE Cl I

FREQUENCY DISTRIBUTIONS FOR REDUCTION
OF AREA FOR VARIOUS OXYGEN RANGES
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FIGURE C12

FREQUENCY DISTRIBUTIONS FOR ELONGATION
FOR VARIOUS OXYGEN RANGES
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FIGURE C13

(FIGURE 12 CONTINUED)
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FIGURE C14

SCATTER DIAGRAM - NITROGEN VS. ULTIMATE STRENGTH
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FIGURE C15

SCATTER DIAGRAM - NITROGEN VS. REDUCTION OF AREA
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FIGURE C16

SCATTER DIAGRAM - NITROGEN VS. OXYGEN
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FIGURE C17

EFFECT OF COOLING RATE ON MACROSTRUCTURE
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SECTION D

CASTING OF SHAPES
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Selection of Components

Five parts were selected for use as developmental shapes in
this program. The parts represent a variety of casting problems and are
considered typical of structural members which would be desirable as
castings.

The following parts were selected:

(1) Developmental Bracket

A sketch and a reduced size drawing of the Develop-
mental Bracket are shown as Figures D1 and D2. This
part Is not an actual production component, but *%as
designed specifically for development work on castings
and forgings. As a shape, It Is difficult to forge or
cast because of the adjacunt heavy and thin sections,

the high thin flanges, and the thin confined web. The
part is somewhat typical of airframe structural detail
and is small and economical to produce, machine into
a finished part, and test. The Developmental Bracket
was used for much of the basic development work in
this contract. As a titanium casting, the machined
shape weighs approximately 2.2 pounds.

(2) Flap Track Support Link

A sketch and a drawing of this part are shown as Figures D18
andD19. This is a redesigned KC-135 Tanker-Transport

structural brace, presently forged from AISI 4140 or-.- •,l , Sri. . .. . i n! nril. s *•/ S..

8740/' siee' und fewu ieuied iU ihe '18(1 - MJU "I UIIibl;SiSU

tensile str•cngth range. Fo,:r of this configuration are
used per airplane. The machined component weighs 2.9
pounds as a titanium casting.



D2-2786-8 CASTING OF SHAPES D3

(3) Sway Brace Case

This Is a B-52 BomLer component, essentially a
spring casing, presently used as an AISI type 410
steel rough centrifugal casting heat treated to
150 - 170 ksi ultimate tensile strength. The machined
titanium part weighs 7.75 pounds. There are eight
used per airplane. Conversion to a titanium casting
would save 46 pounds per airplane. A sketch and a
drawing of this part are shown as Figures D32 and D33.

(4) Elevator Torsion Fitting

A sketch and a drawing of this component are shown
as Figures D36 and D37. The part is a redesigned
structural component that converts rotation of an
input shaft to change of attack angle of thehori-
zontal stabilizer on the Bomarc missile. The fitting
is designed for rigidity and Is presently an AISI
type 410 steel casting heat treated to 180 - 210 ksl
ultimate tensile strength. One left and one right
hand versions of this component are used per missile
and weight 4.48 pounds each as machined titanium
castings.

(5) Inboard Horizontal Stabilizer Rib

A sketch of this component Is shown as Figure D4^.
The corresponding production component controls
angle of attack ard attaches the horizontal stabilizer
to the fuselage of the North American Aviation A3J-1
Airplane. The production part was initially designed
nnrd prolrwp a% nc titnnhim f-diny fnrgsne heaf treateda

to 150 ksi ultimate strength but was later changed to
a steel forging to increase rigidity. The titanium
forging weighed 160 pounds and was machined to
37 pounds. This component was selected as a large
casting which approached the size limitation of the
available casting equipment. The part was not satis-
factorily developed as a casting.
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Casting of The Developmental Bracket

A sketch and drawing of the Developmental Bracket are
shown as FiguresD1 and D2.

The Bracket was first statically cast In both machined
graphite and rammed graphite molds using the Ti-6AI-4V alloy.
These first castings were produced without the optional holes in the
web, and contained dispersed shrinkage In the web. This design,
when produced in a machined graphite mold with a machined graphite
core to form the web and inside surfaces of the flanges, also had
extensive cracks In the web area because the high strength of the
machined graphite restrained contraction of the metal during cooling
after solidification. The casting was again produced In the machined
mold using a rammed graphite core with no cracking.

Following further tests to verify the dispersed shrinkage
distribution in the web area, the patterns were modified to include
the optional holes through the web and castings were then produced
in both machined and rammed graphite molds. The addition of the
holes greatly improved the feeding characteristics of the web and re-
lieved the problem of web cracking when machined graphite cores
were used.

Experience with this design made it apparent thot the con-
ditions which produced web soundness were borderline, since several
of the castings produced had some shrinkage in the web area. A
typical risering and gating technique for static casting the Bracket
is shown in Figure D3 . Risers were located at each of the lugs,
which represent three Isolated thermal centers. Gating to the mold
was through the risers so that risers would fill last and thus provide a
greater temperature gradient from casting to riser.

Casting made In machined graphite molds generally ex-
hibited a surface roughness visually comparable to a 150 RMS finish.
In genera!, the surfaces of castings produced in rammed graphite
molds were rougher than those in the machined mold, in the order of
120 to 300 RMS.
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FIGURE DI

DEVELOPMENTAL BRACKET
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FIGURE D2

DEVELOPMENT BRACKET
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Next, the shrinkage condition in the flanges was experi-
mentally improved by adding a three degree taper to the exterior of
the flanges, from the midpoint of the flange toward the riser connec-
tion. This reduced the shrinkage to very minor areas near the flange-
to-web intersection. Incorporation of a one degree taper from the
center of the web toward the flanges further Improved the soundness
to the point where shrinkage was no longer a problem in the web and
flanges. The corebox was then modified to provide the flange taper
on the inside of the flange to incorporate the web taper. It became
Increasingly obvious as shrinkage was eliminated that gas porosity
was a major problem.

The initial trials of centrifuge casting the Developmental
Bracket utilized machined graphite molds with machined or shell
graphite cores to provicie the web and inner flange surfaces. Cen-
trifuge casting at 850 RPM (160 G's) resulted In nearly sound castings
with slight shrinkage porosity In the heavy section at the srmall end
of the part.

An additional casting was then made using a shell core
with a larger Ingate to feed the small end. This casting was also
centrifuge cast at 850 RPM in a 16-inch diameter mold and had satis-
factory soundness In the problem area. Surface quality of the casting
was poor, because of no-ntrotlon rif intteS Into the core in the web
and flange areas. The core material was easily removed from the casting
by sand blast, but a rougn surface remained on the casting. The
roughness is attributed to lack of density at those surfaces of the core
whic:.* are vertical in the corebox and did not receive adequate packing
during shell molding.

A photograph of three casting made with the above mold
arrangements Is shown in Figure D4.

The Developmental Bracket was next cast by centrifuging
in multiple cavity molds. The arrangement illustrated by Figure D5
was poured in a horizontal axis centrifuge casting furnace. The photo-
graph shows the front of the mold as poured. The mold was rotated
counterclockwise at approximately 900 RPM. This arrangement was
used to provide boattom pouring" into the mold cavity to prevent
outward impingement of metal directly into the mold cavity. The
metal enters the gates and is accelerated outward to the ends of the
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gatus, fills them, and then enters the mold with Jlltik tui:,ult;.ice. The
castings produced were sound except for a shrinkage cavit r ir. the iarge
lug which is not connected to the h.gate, caused by the neces.ity for
this flange to be fed through the relatively thin sections between the two

heavy lugs.

The castings shown in FigureD6 were ca) In the vertical
axis furnace and were gated and risered at each heav) lug. These
castings were x-ray sound but had slight surface laps or shuts along
the lower flange, caused by metal entering from the top gate and flowing
to meet the metal from the bottom gates.

The casting setup shown in FigureD7was a variation used
In an attempt to prevent surface laps. However this setup produced

heavy surface laps because of too rapid filling of the mold cavity.
The angle of the surface lap Indicated a necessity for repositioning the
mold in addition to a new gating arrangement. The results from this
casting experiment Indicated that In centrifugal casting, It is necessary
that each end of the mold cavity be at an equal radius from the central

sprue to permit even filling of the mold cavity.

The casting setup shown In FigureD~was to determine the
effect of higher casting forces on the outside mold and a new gating
arrangement on the Inside molds. The as-cast surface from the outside
mold was improved slightly, and that from the Inside mold was greatly
improved. It Is apparent that a reverse gating system Is necessary to

introduce a low-turbulence flow of metal into the mold cavity.

The setup shown in FigureD9did not Improve the casting
surface to any great extent. The single gating arrangement did not
reduce the turbulence for proper filling of tet, mold cavity.

Tk- v~l' +.hownl in:III n in- I Ih l-•l~ ll~l[+• ll -OJl Vujjjtl•:'"• 11+.,Udt:

In gating systems and mold position as a result of previous experimental

heats. The mold position was changed such that a line through the mold
cavity would be perpendicular to a line from the center sprue. This
position permits low-turboflence filling of the mold cavity. The gate
pipe feeding the Ingates to the mold cavyty has bee. red.,r-fed !n 'iz

after the first gate opening to cieate a slight pressure head at the firot
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ingate. This method of gating was to provide equal flow of metal Into
each of the ingates. However, the small Ingates (I " O.D.) did not
permit the metal to enter at the proper rate and some surface laps
appeared as shown in the sketch in Figure D10.

The photograph in Figure D1I illustrates a setup similar
to that shown in Figure D70 with a gating change that increased the
ingate into the mold to I 1/4" O.D. This Increase In gating size
further improved the surface finish obtained,

The casting setup shown in Figure D12 Is .he same as
shown in Figure DI 1. The variation in casting was to increase the
centrifugal forces by rotating at 215 RPM (25 G's force at the cavity).
The surface finish of the castings produced was not improved over
previous castings cast at 140 RPM (12 G's). The noticeable difference
was that the surface laps were only on the straight flange and the
angular flange. There was no change in metal penetration of the
shell core or the rammed graphite mold. It was concluded that the
relatively high rotating speed was not advantageous as there was no
improvement in surface finish. The effects of centrifugally casting
at high speeds will become important where molds are stacked inwards
towards the center of the sprue, enabling rotation at high enough
speeds to obtain x-ray sound castings at the inner locations without
detriment to the molds rotating at high speeds nearer the periphery of
the plate.

The photographs shown in Figure D13 illustrate the casting
setup used to test a higher production experimental pour. The top
photograph illustrates the arrangement of four molds on the central
sprue and the bottom photograph shows the gating system, developed
iIn the .reviUs w. pu..i.. . i. allut c.. asti ng . .tups.

Of the entire quantity of castings produced in these trials,
only two experimental heats f ail ed to yield x-ray sound castings.
One of the two heats was relectable because of gas porosity. It was
centrifugally cast at only 5 G's force which is evidently too slow to
cnmpletedy reiove gas porosity. The second heat was relectable because
of shrinkaga porosity and was made with the molds reversed such that the
riers had insufficient effect in feeding shrinkage prone areas.
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Next, the Bracket was experimentally cast using a variety
of mold setups aimed at the development of an improved gating s-stem
and of multiple-mold centrifugal production setups. Radiographically
sound castings were consistently prodtuced.

Figuro D14 illustrates a setup of two castings produced with a
two-Ingate mold-filling system. The molds are attached to the periphery
of the runner bars with vertical ingales feeding the risers. The runner
bar is reduced in size after the first ingate, to create a pressure head
and increase the metal flow through the first ingate, thus providing a
more uniform filling of the mold cavity. This change in the gating system
for the Bracket was made to prevent surface laps in the castings caused
by turbulent mold filling. Examination of the castings showed them to
be free of such laps.

Figure D15 shows a four-casting arrangement and an eight-
casting arrangement used in developing multiple-mold production
setups. Visual examination showed these castings also to be free of
surface laps.

in this production-setup work, the approach taken was
to use a casting method which has been proven successful for small
pours (as illustrated in Figure D13), and adapt the method for increased
numbers of molds until a maximum Is reached as dictated by equipment
size. Figure D16 illustrates the pouring setup used for casting a 16-mold
production arrangement. This was found to be the maximum number of
castings that can be made under the existing casting conditions. The
setup consists of eight stacks of two molds each. The molds are attached
to a runner bar and gate mold of rammed graphite. The lower photo-
graph in Figure D16 shows the setup after pouring was completed. Very
little metal was lost through splashing and spilling from the sprue.

Figure D17 is a photograph of castings produced in the setup
shown In Figure D16, Visual examination showed these castings to be
free of surface iaps.

X-rays of the 16 castings mode it the first maximum production
pour revealed a void i.n 15 -.f them. These voids were all located In the
same portion of the casting_ The cause of the void has been traced to the
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FIGURE D 3

TYPICAL RISERING AND GATING TECHNIQUE
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FIGURE D4

EXAMPLES OF SURFACE CONDITIONS
OBTAINED IN BRACKET CASTING TRIALS

Left - Centrifuged, Machined Graphite Mold and Core
Center - Centrifuged, Machined Graphite Mold, Shell Core
Right - Static Cast, Rammed Graphite Mold and Core
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FIGURE 05

CENTRIFUGALLY CAST DEVELOPMENTAL BRACKET
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FIGURE D6

'4

BRACKETS CENTRIFUGALLY CAST

AT 125 RPM 0lOG)

Rammed Graphite Mold, Shell Core

Below: Castings were X-ray Sound
Surface Showed Slight Laps
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FIGURE D7

BRACKETS CENTRIFUGALLY CAST

AT 125 RPM (0OG)

Rammed Graphite Mold, Shell Core

Below: Castings were X-ray Sound
Surface Showed Heavy Laps
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FIGURE D8

BRACKETS CENTRIFUGALLY CAST
AT 140 RPM (OUTER 126, INNER 106)

Rammed Graphite Mold, Shell Core

Below: Inner Castings Had Light Laps,
Outer Had Medium Laps. Both
were X-ray Sound
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FIGURE D9

BRACKETS CENTRIFUGALLY CAST
AT 137 RPM (12G)

Rammed Graphite Mold, Shell Core

Below: Costing was X-ray Sound
Surface Had Medium Laps
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FIGURE DI0

A 

h.h

BRACKETS CENTRIFUGALLY CAST
AT 130 RPM (1OG)

Rammed Graphite Molid, Shell Core

Below: Casting was X-ray Sound
Surface Had Slight Laps
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FIGURE DlII

BRACKETS CENTRIFUGALLY CAST
AT 130 RPM (1100)

Rammed Graphite Mold, Shell Core

Below: Casting was X-ray Sound

Surface Had Slight Laps
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FIGURE D12

BRACKETS CENTRIFUGALLY CAST
AT 215 RPM (25G)

Rammd Grpi'Ae Mold, Shefl Care

Below: Casting was X-ray Sound
Surface Had Medium Laps
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FIGURE D13

-0y

BRACKETS CENTRIFUGALLY CAST
AT 135 RPM (12G)

Rammed Graphite Molds, Shell Core
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FIGURE D14

CENTRiUGALLY CAST DEVELOPMENTAL BRACKETS

Two-Casting Arrangement

. A
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FIGURE D15

CENTRIFUGALLY CAST DEVELOPMENTAL BRACKETS

Four-Casting Arrangement

Eight-Casting Arrangement
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FIGURE D16

SIXTEEN-MOLD CENTRIFUGAL SET UP
FO'R DEVELOPMENTAL BRACKET

Before Pour
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FIGURE D17

CENTRIFUGALLY CAST DEVELOPMENTAL BRACKETS

Sixteen-Casting Arrangement
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method of feeding the upper riser. An analysis of the gating system
showed that a large volume of metal was being fed through a thin web
to the riser, from where it was subsequently fed back to the casting.
This situation caused improper thermal gradients to be set up across
the riser and casting.

The gating system for this part was then revised to allow
metal to flow to the mold cavity through each of the three risers as
shown In Figure D6. The surfaces of castings made with this system
were found tobe free of visible laps, and x-rays showed them to be
sound. This mold arrangement was used to produce the pilot pro-
duction lot of 50 castings.

To obtain the production lot of 50 parts, it was necessary
to cast five heats, a total of 80 castings. The rejection rate was
approximately 33 per cent, of which half the rejections were because
of surface defects and the remainder because of Internal (radiographic)
defects. The foundry yield (acceptable casting weight/weight of poured
metal) was in the order of 14 per cent.

Of the castings shipped, none were entirely within the
dimensional tolerances established as targets early in the program or
within the tolerances later established as representative of this process,
mostly because of pattern errors which were not corrected before bi-
ginning the production phase. All of the shipped castings were x-ray
acceptable. The ranges of deviation from average of several specific
dimensions on the 50 production phase parts was determined and Is
discussed in the section of this report dealing with development of
specifications. Representative tolerances were statistically developed
from these data.

Casting of The Flap Track Link

A sketch and drawing of this component are shown in
Figures D18 and D19. Initial design of this casting included a cored
ho!e through the cylindrical portion, but this requirement was removed
in favor of machining the bore when it did not core satisfactorily.



D2-2786-8 CASTING OF SHAPES D27

FIGURE DI8

FLAP TRACK SUPPORT LINK
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The Initial castings were made in rammed graphite molds
with rammed and with machined graphite cores. The first results ob-
tained were considered generally good. The tool hold-down lugs
(along the flanges reinforcing the tubular section) represent Isolated
thermal centers that caused shrinkage voids. Other Isolated shrinkage
areas are located at the junction of the tubular portion and the trans-
verse flange at the wide end of the part. A photograph of the first
casting made is shown as Figure D20. The gating and risering setup is
shown as Figure D21.

Next, a shell core was used in an attempt to cast the
Flap Track Link to soundness. It had been established that the use of
the shell core promoted soundness by reducing the chilling effect and
extending feeding distance. The web areas at the large end of the link
presented a borderline shrinkage problem with soundness being obtained
part of the time. Some of the castings exhibited shrinkage at riser

junctions, because of the difficulty of attaching properly sized risers
to the casting without obscuring casting detail. Large heavy risers
were added at the top of the casting at the heavy sections in an at-
tempt to better feed the casting. The riser was necked down to tain
casting detail and unfortunately the necked down portion of the riser
closed off feed metal before the costing solidified.

The two tooling lugs extending from the sides of the casting
were- at this time, problem areas in shrink porosity. Chilling of the tool
lugs and use of shell cores promoted directional solidification to the
point where the shrink void was located just inside of the casting at the
riser junction. The location of the single shrink void in the middle of
the tool lug is acceptable since these lugs are removed after the part
has been machined, but since the location of the shrink void was partially
in the casting when shell cores were used, an attempt was made to remove
the shrink by supplementary gating from the riser located in close proxi-

Exparimental castings were next made without coring. This
method permitted the shrinkage to concentrate along the centerline areas
where it is removed by machining the center of the tubular section.
Castings of the link were made while varying the position of the mold.
Most of the variations In positiooing resulted In very poor surface finish
due to cold lops being formed by rneal impinging on the sides of the mold
cavity.
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Figure D22A illustrates the shrinkage in the Flap Track Link
cast in a rammed graphite mold With rammed core at the smali end and
a machined graphite core thrOUqh the center bore. Six thermal areas
are represented by thle six localized siirlnk areas shown fit the relatively
isolated heavy sections, Slight dispersed shrinkage occurred in the thin
triangular web area. The casting was side gated through four risers lo-
cated as shown on the sketch.

The sketch of the Link 'in. Figure D229 tt~preserirs u variation
to determine the effect of copper chills placed at the tool hold down
lugs to remove the shrinkage areas preient. The copper chills moved
the shrinkage area into the cast-ing ond rfc-iuced the size of the voids
slightly. The six loccaliyed shrink age oYeeos reinvined,

Figure D22C represents a Link cast in a machined graphite
mold with 2-1/2'-inch diameter risers, attached. The only noticeable
difference in co-iting~ In tke mnachined graphite mold wos the change in
location of the shrinkage at th~e tip of the thin triangular Nveo area
into the body of the casting.

Figure D23A arroargcernt -was cast without a core in the center
section to deterfmine the possibility of isulu~tirg Sýrirlkage_ at the center
of flie casting. This Flap Tr ack Link was cast in a rammed graphite mold
preheatted in avaciuw neiting ovenr to iC3 I.-,he major shrinkage
areas occurred along the cenier li~l-in ir4 e castng, The previous
shrinkages at the tip o! the trianc hi'i wb hpd ra n ea h
core at the wide end of the cat-,inq were rerooved. The two shrinkage
areas at the tool hold.-dow.- Iligi remoinnu w~n ,omne change in loca-
tion toward rrie center of' tý al ditpersed sbfrnkage
again occurred it, the w-Ar ca ofi~h Aig

- The 1lr T-,i q - ' n e x i , e

Tr'ro~w en,-- ci hc.,Ir':j ic-Mn. -~ii t the Paint

of~~~~ lucton t5-Er

i~-. p n.
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gradients conducive to removal of the shrink areas at the tip of the web
area. Isolated shrink remained near the core at the wide end of the
Link. The shrinkage areas in the tool hold down lugs also remained.

The illustration In Figure D23C is of a second experimental
casting without the core through the center. Shrinkage was Isolated
along the center line with the exception of the tool hold down lugs
muid the web. Figure D24A Is the same casting x-rayed after drilling
through the center of the casting to remove shrinkage.

Figure D248 represents a modification of the Flap Track Link
by varying the method of gating. in attempting to remove the shrinkage
area In the tool lug, a slot from the riser to the tool lug was milled
into a rammed mold to provide a feed channel and gate. The shrinkage
area In one tool lug was absent and in the other lug it developed as
an elongated center shrink In the head along the thin web section.
One Isolated shrinkage area still remained at the wide end of the flange.
The shrinkage had been reduced to one side of the casting, possibly in-
dicating Incorrect flow of metal into the mold cavity and the setting
up of higher thermal gradieran on one side of the casting.

Figure D24C is an [llu.filion of a core modification in an
attempt to remove shrinkage by a larger taper towards each end of
the casting where risers are located. A two piece core of shell graphite
and machined graphite was used. The shrinkage was generally isolated
to the tip of the triangular shaped web areas.

Figure D25A illustrates a variation in the core by machining
a straight machined graphite core and using it in conjunction with a
shell graphite core at the small end of the Link. The straight center
t'Zi• ca;•!es the shrinkage to be isolated at the tip of the thin triangular
web section. The same 7!8-inch diameter center core with a slight
modification as in Figure D25B eliminated shrinkage in the castina. The
variation in Figure 025B reduced ti•e concentration of metal by coring a
portion of the critical area and establishing a favoioble directional
solidification •ondition- A general gas condition has prevented definite
soundness conclusions to be reached-
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The photograph shown in Figjure D26 is of a static costing
setup with gating and risering attached. Using the static casting
method, the Flap Track Link can be produced with shrinkage only in
areas which are subsequently machined out. The .anajr problem in
static casting, h,.,vever, is the presence of dispersed gas porosity.
The problem is an uncontrollable Factor influencing the soundness
quality of oil of the statically cast parts. The sketch in Figure D26
illustrates areas whure shrinkage is typical. Further experimental static
casting was discontinued in favor of centrifuge casting to solve the g's
porosity problem.

Next, experimental pours of this part were made in a
vertical-axis centrifugal fut aece. Figure D27 illustrates the setup of
the part and the attached qating and risering. The mold was made
using the same pattern and risering as is used for static casting. The
gating arrangement was revised and repositioned to accommodate the
centrifuge arrangement. A detrimental centerline shrinkage area occurs
at the narrow end of the casting as shown in Figure D27. The method
used to gate the casting was not satisfactory and medium surface lops
occur along the surface of the part. A modification to introduce a
smooth low-turbulence flow was necessary to remove the surface lap
defect and produce a smooth cast surface.

Figure D28 illustrates a different experimental setup poured
in the vertical-axis centrifugal furnace. The gating, risering, and mold
position were modified in an atternpt to arrive at a workable pouring
setup. The sketch illustrates the location of resulting centerline shrink-
age. The major shrinkage area occurred in an area where normal ma-
chining would not remove the defect. The risers located at the narrow
end of the Link were intended to feed the area where shrinkage occurred
and to feed the two flanges at that end. The thin section adjacent to
the risers prevented adequat- fc-ding of the heavier section where major
shrinkage occuti•Ud. di is qii syst rem, "1-.vJel ai .... b i .! m.ethod

Uink was free fro-. pcroi.-

A simcdl riez -.. -xt- OýJf.d ýZ thr: L-n C; t' i-- ct- orin

of th W e•;i e . -i tr, .-- lo-Hior... 0c1,m1ciri--.o f
F:q ie D29 --,'d F13 0- 1, k - ;_i3f-. ,,-,- , .- -r .-- ' --.- _ ffe Or
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shrinkage in the area. The position of the parts shown in Figures D29
and [3O during casting was such that the casting was self risering with
the exception of the wide end, which war located nearest the center
sprue. The shrinkage void at the riser, shown in Figure D30 could be
removed entirely by enlargement of the riser.

Further modifications in the risering and gating system for
this part are shown in Figure D31. In the system shown in the lower
photograph of Figure D31, the large risers at the narrow end of the
Flop Track Link were modified. This modification did not provide a
sufficient volume of metal to feed the narrow end, allowing shrinkage
to occur. To eliminate this shrinkage, small risers were added at the
narrow end of the Flop Track Link. The risers at the narrow end of the
part in the top photograph of Figure D31 are unnecessarily large and
contribute little to the soundness of the casting.

The method of gating the Flap Track Link at the outer ex-
tremity of the casting, as shown in Figure D31, is necessary to achieve
a bottom pour with low turbulence as trital enters the mold cavity.
Gate sizes are varied to cause an even flow of metal into both of the
Ingates.

Next, a preliminary dimensional analysis of the Flop Track
Link was made. The general trend was for the parts to be oversize , In-
dicating that the combined mold and metal shrinkage averages slightly
less than 3/8 inch per foot.

The pattern equipment was modified prior to casting pilot
production heats. Risers were added to the narrow end of the Link and
a riser was added to the center of the wide end to reduce the large
shrinkage void occurring at that point. A 1/8-inch-radius fillet was
added to the edges of the pattern to provide a mold with rounded
edges, thus preventhric a mold crushing problem and possible graphite
Inclusions.

The production run set of Links was to be made in five
heats of twelve castings per heat. Mishaps and rejections caused an
increase to six heats- A total of 50 parts was produced. Of the 72
castings made, 50 were accepted. Seventy-five per cert of the
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reject-ons were because of mold shift during casting and incomplete
filling, the remainder were rejected because of grinding errors. The
overall rejection rate was 35%.

The castings were centrifugally cast twelve molds per
heat. The molds were rotated at 130 RPM to obtain 10 G's on the
center of the part.

X-ray quality of the accepted castings was good. Dimen-
sional accuracy was fair but not within the specified tolerance.
Tolerances are further discussed in the section on specifications.
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FIGURE D20

FLAP TRACK SUPPORT CAST IN RAMMED GRAPHITE MOLD

-oes
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FIGURE D21

TYPICAL GATING AND RISERING
SETUP FOR FLAP TRACK SUPPORT LINK
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FIGURE D22

Porosity In Flap Track Link
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FIGURE D23

Porosity In Flap Track Link
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FIGURE D24

Porosity In Flap Track Link
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FIGURE D25

Porosity In Flap Track Link
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FIGURE 026

FLAP TRACK LINK, STATICALLY CAST

Rainmed Graphite Mold, No Core

Gas Poros ity

L~jjp 7Shrinkage

kJfo 1



D42 CASTING OF SHAPES D2-2786-8

FIGURE D27

FLAP- TRACK LINK CENTRIFUGALLY
CAST AT 150 RPM (1OG)

Rammed Graphite Mold, No Core

Results Below

Medium Surface Laps•T Shrinkage
40(
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FIGURE 028

1.2Q

FLAP TRACK LINK CENTRIFUGALLY
CAST AT 110 RPM (l0G)

Rammed Graphite Mold, No Core

Results below
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FIGURE D29

X-RAY OF FLAP TRACK LINK SHOWING

SHRINKAGE IN CYLINDRICAL SECTION
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FIGURE D30

X-RAY OF FLAP TRACK LINK SHOWING
SHRINKAGE ADJACENT TO INADEQUATE RISER
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FIGURE D31

CENTRIFUGALLY CAST FLAP TRACK LINKS

-L



D2--2,-f CASTII-G OF SHAPES D47

Ccsting of T1e Sway Brace Cc.,e

The Sway Brace Case was first cast fro~i TI-6AI-4V alloy in
static i:;olds of ra.;i..:ied graphite with ra;.imed graphite cores. The
casting was poured in the horizontal position, gating through four
risers. A riser was located at each corner of the casting and connected
to the casting through the lugs on one side and directly to the heavy
section on the other side. Basic problems exist with this design for
casting in titanium. It should be noted that minimum wall thickness
throughout the cylindrical section of the part is 1/4-inch and that no
difficulty was experienced in producing a smooth casting without mis-
runs. However, as would be expected from the feeding studies, the
uniformly thin center section had dispersed shrinkage porosity. As the
section increased in thickness toward the ends of the casting and the
riser locations, the shrinkage disappeared and the casting was sound
with exception of the thermal centers adjacent to the lugs. Connection
of the risers to the casting was difficult at these lug positions since an
adequate connection would destroy definition of the lug outlines.
Shrinkage occurred in the characteristic manner at the thermal centers
behind the lugs, appearing as a single concentrated void existing at
each location as shown in Figure D34B. It should be noted that the two
tapered ears and the closed end of the casting were completely sound
since their design produces exceptionally good directional solidification
condi tions.

Figure D34A shows the effect of pouring position on casting
soundness. The casting was poured with the open end down. It was
evident that gas was rising to the surface of the mold and being col-
lected under the surface of the r,,etal In all castings poured in this
position. Shell cores were used for these trials. Risers were attached
to the lugs extending from the parting line plane. The mold cavity
was gated through each of the four riser locations. Shrinkage in the
thin tuLe section was dispersed indicating poor feeding of the wall
area. Heav/ shrinkage was located at the lugs extending from the
-- ut vt ur[ 01m ct.Q;nqg[t•l I rE•fI . II1

Figure D34B illustrates a casting that was poured with the open
end at the top of the mold. The casting was gated through two of the
four side risers with an additional four risers attached to the top of
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FIGURE 032

SWAY BRACE CASE CASTING
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FIGURE D33

SWAY BRACE CASE CASTING
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the casting. D~ispersed shrinkage was still present in the tubular sec-
tion. The four trip risers were attached to the top of the casting in an
attempt to feed the tugs extending from this area. The risser connec-
tions were not suffic~ent to pearml-1 '4- -,t to fi-d1 the top of the
casting,

The initial pcttern revisions were decided upon the basis
of the experimental casting shown in Figure D34C. In this casting a
heavy shell core was tapered from~ one end toward the open end of
the Sway Brace Case to Provide a 2 itCk*er Wall section near the top
end of the casting. The core mondificat'on increased the feeding of
the top seulion to the tube section. Shrinkage was still evident in
the heavy too ene, since no) provisions were made in this modification
for additional feeding of the heavy section at 4te top of the costing.

Figure D34D Illustrates the. modified casting with redesign
and location of risers, The top riser Is a wedge shaped ring covering
the entire area at the top of the casting, to provide more efficient

'reing of this areas. The shell core was modified to incILde a 50 taper,
starting at approximaotely 2 Inches from the bottom of the core. This
amount of taper was believed to be more than, needed to estab-lish
proper directional solidification and soundness of the tubular section.
The top section of the casting did rnot feed properly to obtain sound-
ness because of the greater volumre of metal located at the top of the
open end of the c~asting,

The ftj!-ubunr section of tý-_ cocting poured in this manner did
not show any shrinkage. There wos som.e surface roughness from both
the rammed graphite meld and the m~achIned graphite core. The core
was machined hollow to ! ' -;-nc ý! ;Lký-ess t heoer~ n ordc

the chilling effect and c1lc,:;: -out iroblems. There were a few cold
shu-ts in the interior of thp. casting dive -1- t!.e rapid skin cWilling effect

of th ma 1'.,rc-

zo:ýnce rtrur-i T I i I t6rI .ý -IPGC- 1ty

to prevar-t wi-. . CL t'ettinc,

Of the exiu7A -f
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relatively thick (1/2-inch) to give it sufficient thermal capacity to
prevent penetration by the molten metal. Breakage of the core at
the support hole occurred after the casting had solidified, without
damage to the casting. Movement of the shell core, if any, was
very slight.

The photograph in Figure D35 is of a casting setup in which
a rammed graphite core was used. The use of a rammed graphite
core with a machined graphite insert at the support end of the core
gave consistently good results. The major disadvantage in the
rammed graphite core is that it was difficult to remove from the cast-
ing. It was necessary to chip almost the entite core free from the
casting. An advantage of the rammed core over shell core was the
better dimensional accuracy in the finished castings

The Sway Brace Casting was bottom gated through two side
risers attached to the closed end of the part. These two risers provided
feed metal for the two end lugs and the heavy portion of the casting to
which they were attached. This gating arrangement provided uniform
metal flow to the top riser, which was attached to the entire open end
of the part, forming a ring riser. The inner portion of the Sway Brace
Case was tapered from the open end to the closed end to provide
a sound wall section. With incorporation of this taper, the wall sec-
tion was consistently cast with very little shrinkage or gas defects.
The ring riser a' the top of the part supplied metal for the wall section
and the heavy portion at the open end of the part. The part as centrif-
ugally cast was consistently sound. The production run of 16 Sway Brace
Cases was completed by pouring four heats of four parts each.

The parts were cast with 12 G's force on the mold cavity by
centrifuging at 140 RPM. This speed was found to be necessary to obtain
proper feeding from the ring riser attached to the top of the casting.
The ring riser was relatively close to the spin axis of the mold setup and
did not teed properly at reduced speeds.

The iejection rate for Sway Brace Cases was 25%. The cause
of rejection was insufficient metal to fill the mold cavity. Casting
yield was 28 per cent. There was no difficulty encountered in the pilot
production casting of this parr. The incorporation of taper in the bore
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of the part provided adequate thermal gradients to properly feed the walls
of the cylinder and heavy riserings in close proximity to thermal centers
prevented shrinkage In the heavy sections.
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FI(GURE D34

Porosity In Sway Brace Case
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FIGURE D35

CENTRIFUGALLY CAST SWAY BRACE CASE

Rotated at 140 RPM (12 G)
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Castinq of the Elevator Torsion Fitting

The Elevator Torsion Fitting was first cast in machined
graphite with a machined graphite core, in machined graphite with a
rammed graphite core, and in rammed graphite. Machined cores pro-
duced the same cracking difficulty in the thin flat areas at each snd
of the casting as was experienced with the Bracket. This condition
was readily corriected with the use of a rammed graphite core in the
machined mold. As was expected from the result of the feeding studies,
the casting evidenced shrinkage porosity in the wide thin webs at each
end as shown in Figure D38, and in the four heavy sections around
the center of the part. Approximately two degrees of taper were
added to the webs, thickening the casting toward the heavy center
which decreased the total shrinkage but did not remove all shrinkage
in that area.

The four heavy sections around the center of the Elevator
Torsion Fitting presented difficulty in risering with sufficiently large
riser connections, because the wall thickness of standard graphite
tubing h'eld the risers at least I - 1/4-inches apart, and the slight jog
at the edge of the casting prevented a fuil- width riser connection
without loss of casting detail. Characteristic shrinkage in these heavy
sections is shown in Figure D 39.

Through further casting attempts, it was determined that
the web section with taper to approximately 1/4-inch of the center
di d not have sufficient taper to promote direction solidification.
In attempting to obtain sound web sections, risers were located along
the edges of the channel to feed the web area. This was not success-
ful. The thin sections required feeding to remove dispersed shrinkage,
but were not thick enough that risering at the edges of the channels
would provide the directional solidification required to remove the
shrinkage.

The next trials In statically casting the Torsion Fitting were
based on increasing the taper of the thin web section and increasing
and modifying gating and risering.
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FIGURE D36

ELEVATOR TORSION FITTING
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FIGURE D37
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The tapoi added to 06.thi web) areas was varied from
120 to 14* by tapering fiom ti~u coittel of ibke webs toward the edges
where a recta.-gular riser was attrizhed to each side for the entire
length of the wet) rata -lTie 12' it f.rinthc w'eh area did not free
the area of sil~inkctg.. '.Ylght di;ýpt.i.-t'd slirirtkaoe ),as still evident
In the center of the. wei- The ]1." tnoii't dlid not shiow any definite
shnrinkage ateas, bUt 9(,- wii v:~fxesi~eod *..oncuivui It--

suits werie Poe- *obIt,1-

Figure C14i,,A *hý th.& fnii tpe of ý.e up used in at-
tempting to obtain- ai somid part ;,%, ~s'i'z fasti ng. The mold was
made of rammed Otoplidte with rammied giciphiiu coieý_, Risers were
attached to tlhe mrold extuirrally anid fed into Oif- carling through
gates.. The entirte ccvii ty wus ied by ion tars arid gates th~ai entered
through the iher locaitr,,. fsitlsluru i :c: mci glraci mts toward
thle risers. Dispersed shi tt1ý9ýj'co --C_'iEuH uU ifl the wt 4b a-eas in all of
the static casfiriuqs !nade \0,it 116'. attte!tA d 5 Of riser size
and location, Localized shii,,k uritels occ-uited (it the Center of the
heavy sertionr, near the holt: wkt:: Ui-tc Ilifcu-ratr 3eas were formed.
The riser location'*u UitcI Atlhi tn tf: ftcedin:) this central area.

t-iptsrd D' 4',, B a cusiiniI -nodification withnie
attachned it) Hit: '.up, off tk0 cn; 5 .:cctj (lciI-u neclee-L.t

type core sy~.ienl to fuct iiltot ilte acoisal riser connection
to the casting was fa; ticor by . tsJ-;t.:op~tiitg1. Io' fit the shape
of the areas to be fu&~ Tkt;! rtviid iic ul : did niot riiov'ide 0 sound
casting. The mold covii. wn- i~ In fomt places at thte heavy
areas. -f he rictus1(,! 't. J G u ,i..- ".1" sd Of tle, Web areas

reduced thre. deqee ofseP0. i 't-Jmricitt, 0.

F- Mu~t e 1) 40( (.j.I t j -4- Dr LOsintp wunqs iit. e urfd to deter-

rnisne if o dtt I . s .oKjuide
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The phototq.aph in Figjure D41 illustrates a static casting
setup with side risers along the tapered web area. The web area
had Leen revised to include a 14° taper from the center of the web
to the edges in an attettipt to obtain a sound casting. The addition
of 140 of taper to the web section did not provide adequate thermal
gradients to obtain soundness. Adding taper from the center of the
web section to the edge did not successfully remove shrinkage in any
of the trials conducted. The heavy rectangular riser shown located
at the central portion of the casting, feuding the heavy section, did
not result in a sound heavy section.

The photograph in Figure D42 is of an experimental pour
made to determine the effectiveness of adding taper from the extreme
ends of the web towards the center section. The taper added to the
web section was parabolic, starting af 70 at the extreme ends of the
casting. The tapers required to Feed the section of the casting were
determined from the feeding distance studiesi i.e. for the first inch
from the end a 7' taper is required to cast a one-inch length of
1/8-inch section thickness sound or to otain a soundness ratio of
eight. The second taper was 68 to the two-inch length and there-
after 20 to the five-inch length.

The X-ray of the castinj did not reveal any dispersed
shrinkage, although some gas porosity was apparent. This type of
taper was more effective In Increasing the feeding distance than
a straight tfier. Upon straight tapering 60 from the end of the
casting to the heavy center section, dispersed shrinkage occurred at
the outer edges of the thin web section. The paraLolic taper not only
Increased sound feeding distance ,ut reduced the total volume of
metal required to pour the casting. As experimental casting trials
progressed, experience showed a necessity for large tapers
on large thin sections and less taper as section thickness increases.
Several factors involved in the cooling of the matal contributed to
this. The rapid chilling effect of the graphite mold causes thin
sections to froeeze very rapidly, and as section thickness increases
heat transfer is less rapid. The problem is similar to all casting
processes but is exaggerated in the case of titarnium because of
high melting tempuratures and high thermal coiductanc.e of the
mold materials.
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The casting was made centrifugally in rammed graphite
molds. Figure D 43A Is a sketch of the first centrifuge cast part.
Some dispersed shrinkage was prominent in one of the web areas while
the opposite end had slight amounts of shrinkage close to the heavy
center section. Isothermal areas under the Ingn'es presented two
shrinkage areas at the same end uf the heavy section that contained the
greatest degree of shrinkage in the web area. The part was gated at
the four heavy sections at the center of the casting. The four gates
were attached perpendic-Iarly to t. .a.ting and "entered sprue.

The rastings were In a horizontal position attached centially about
a sprue. Castings poured in this arrangerrmentd;d not give satisfactory
results in surface quality because of excessive turbulence as the
metal enters the mold.

The sketch In Figure ) 43B represents a casting centri-
fuged using the pour technique shown in Figure D144. The molds
were side gated and cast in the horizontal axis centrifugal casting
furnace. The benefits of gating in this manner were reduced turbulence
and continued pressure on the mold cavity as solidification took place.
The thin web section was relatively free of general dispersed shrinkage,
although gas porosity was evident in this secl'ion°

Figure D 43C is an exnmple of a casting containing large
amounts of gas porosity. This casting was made by tapering the web
section to obtain a 140 taper from the center of the web toward the
outside edge and the rectangular riser located to feed the web area.
The gas porosity may have bee- intensified by 'indg the rammed
mold and exposing the subsurface of the rammed graphite mold. The
center section %as free from shrinkage. The casting was side gated
through the risers located at the heavy center section of the casting.

Figure D 431D illustrates the casting modified io incorporate
6* of taper from the end o,,f 141r rmtiui- thil wf b area toward the center
section. Risers ,•.:#ze c.-_tr-,_d . :1 of the casting and overlapped
the sjies with o"'tt•:.j.. l . , , , r, tf,) the+- -- -i Shfinkage
wa i reo.. I Pd, r • : - "4 .,:. h 1. ! 1c web area and

at the heavy cente! ý.,-i' on.
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Absence of gas porosity in centrifugally cast parts was
noted when molds were centrifuged at high speeds. Localized shrink-
age at the heavy thermal areas in the center of the casting Illustrated
that sufficient metal supply was not available to feed those areas as
solidification progressed.

The sketch in Figure 045 shows the characteristic dispersed
shrinkage found In the part when cast with inadequate padding and
centrifuged at high speeds. The casting shown was centrifuged at
140 rpm (12 G's). it has been established through experimental heats
that a higher G force will not remove this shrinkage. The ultimate
removal of shrinkage such as this depends almost entirely on improved
padding and risering.

The sketch In Figure 0 46 shows the location of shrinkage
when a 1 - 1/2-Inch diameter riser has been added at the center of the
web. The addition of this riser improved the soundness of the
part by moving the shrinkage area to within 1/2-Inch of the ends of
the part. The illustration in Figure D47 shows the location of shrink-
age with a 2-inch diameter riser used. The shrinkage still remains
near the ends of the web.

Risering of the center of the web section does not appear
to be an effective method of obtaining a sound section. A thin web
does not lend itself to feeding from a centrally located riser, as has
also been shown in previous feeding distance studies on tapered platns.
The present casting attempts also demonstrate that the feeding distance
of a centrally located riser Is not influenced greatly by centrifugal
casting techniques.

Figure D48 illustrates a further modification of the riserlng
srfem. A riser of large connecting area is at the end of the web at
the location of prevlous dispersed shrinkage. Occasional shrinkage
occurred such as shown In the sketch.

Two heats were required to make the pilot production run
of ten castings. Six molds were poured in each heat.
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The gating and risering system was similar to that shown
in Figure D48. The molds were centrifuged to obtain 12 GCs on the
muld cavity, re_;uirlng centrifuge speed of 140 rpm to obtain proper
casting conditions.

The rejection rate for the castings was 17%. The two
casting rejections were caused by breakage of mold setup braces and
consequent dislocation of molds during pouring. The yield of casting
weight to poured weight was 20%.

The Torsion Fitting was the most difficult part to cast to
the internal soundness levels required. The thin web section is very
difficult to feed properly to establish thermal gradients required
for casting sound parts. In some instances a random dispersed shrink-
age was located at the extreme ends of the fittings. The 12 G force
on the mold cavity has succeeded in eliminating the shrinkage occur-
ring in most instances.
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FIGURE D38

DISPERSED SHRINKAGE IN WEB SECTION --
MACHINED GRAPHITE MOLD

Moro
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FIGURE D39

SHRINKAGE IN HEAVY SECTION
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FIGURE D40

Porosity in Toision Fittir.g
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FIG URE D41

STATICALLY CAST TORSION FITTING

Rammed Graphite Mold, Shell Core

Result below

Gas Shrinkage

IIz 7
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FIGURE D42

STATICALLY CAST TORSION FITTING

Rammed Graphite Mold, Shell Core

Result below

Gas Porosity
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FIGURE D43

Porosity In Torsion Fitting
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FIGURE D44

TORSION SUPPORT FITTING CENTRIFUGALLY CAST
IN RAMMED GRAPHITE MOLD

Atmooo/
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FIGURE D45

CENTRIFUGALLY CAST TORSION FITTING

Rotated at 140 RPM (12 G)

Shrinkage

-- -•-- - -
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FIGUJRE D46

CENTRIFUGALLY CAST TORSION FITTING

Rotated at 160 RPM (15$G)

I 1/2-inch Otameter Riser Added tc. Centers of Webs

Shrinkage
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FIGURE D47

CENTRIFUGALLY CAST TORSION FITTING

Rotated at 160 RPM (15 G)

2-inch Diameter Riser Added to Centers of Webs

Shrinkage

------
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FIGURE D48

CENTRIFUGALLY CAST TORSION FITTING

Rectangular Riser Added to Ends of Webs

Shrinkage

-L--
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Casting of the Horizontal Stabilizer Fitting

The Horizontal Stabilizer Fitting was first cast statically. The
mold required sixteen sections fitted together. Gating and risering was
accomplished by drilling into the rammed graphite mold and by addition
of graphite piping to provide the external connections.

This casting was not sound. Numerous gross shrinkage areas
occurred as a result of insufficient risering. The web areas of the part
contained widely dispersed shrinkage demonstrating that inadequate
tapers had been incorporated in the original pattern equipment. In
addition to the shrinkage problem, severe gas porosity was noted.

The photograph in FigureD50shows the front of the casting
with gates and risers attached. In this casting experiment two-thirds
of the metal was theoretically to flow through the large front gate
and through its interconnecting system, feeding the length of the
fitting. The remaining one-third was to flow through the two smaller
gates into the enclosed arm of the part, thereby preventing cold shuts
and surface laps. The system succeeded in minimizing surface cold
shuts, but not in entirely eliminating them. A slight misrun occurred
in one of the thin webs In the bottom of the mold as shown in Figure D51
This misrun was due primarily to too much metal flow through the end
ingates and not through the next inside ingate. It would be necessary
to reduce the size of the runner or ingate feeding the end of the casting
to provide a more desirable flow of metal.

FigureD51 illustrates the bottom of the casting and the cored
out detail. Evidence of blowing is visible in the web areas of the
cored sections. The cause of this irregularity was not determined.

The second attempt to cost the Horizontal Stabilizer Fitting
was accomplished in the vertical axis centrifuge furnace. The part
was extremely large for centrifuge casting in this furnace.

This casting also was not sound. It contained numceiou5 shrink-
age defects whert risering was insufficiunt. Thc:u was a noticeable in-
crease in soundness of the wf:b areas of the anyglas 'U' s-ction and the
eutreruities of thie Fitting. Tihe center po•tion o•l the costing was absent,
due to insufficient metal in the pour. T!e costitrg wus gated along the
trailing edges, to provide low tuibulence inutol flow into thie mold
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cavity. The mold cavity was gated at several places from a main runner,
and gating size changed to provide uniform filling through each of the
gates. The 'U' shaped exiension was also gated In three locations at
the trailing edge to fill this area at approximately the same time as
filling of the remainder of the mold cavity. It was expected that filling
of the center portion would be difficult, and therefore a large gate was
provided to feed metal to the center. Because of spilling and splashing
there was insufficient metal to fill the mold cavity.

It was concluded that although sufficient development would
be expected to solve the shrinkage porosity problem, the gas porosity
problem could not be overcome without centrifuge casting the part.
This component was too large for centrifuge casting In the furnace
equipment available.
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INBOARD BEARING SUPPORT RIB, HORIZONTAL STABILIZER

(as machined from forging)

A ~21.75*
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FIGURE• D49A

TYPICAL SECTIONS - INBOARD BEARING SUPPORT RIB
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FIGURE D50

STATICALLY CAST HORIZONTAL STABILIZER FITTING

Ar-
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FIGURE D51

STATICALLY CAST HORIZONTAL STABILIZER FITTING
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SECTION E

EVALUATION TESTING
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The following mechanical tests wete used to evaluate the
general properties of cast titanium alloys and to compare the structural
components with conventional mateilals and fabrication methods:

(1) Conventional Materials Tests

(a) Tensile, room and elevated temperature
(b) Compression
(c) Impact
(d) Shear
(e) Tension fatigue
(f) Notched tensile
(g) Bearing

(2) Component Tests

(a) Developmental B.-acket - Static and fatigue simulat.
service tests, cast Ti-6AI-4V compared to cast type 410
steel.

(b) Flap Track Link - Static and fuigue simulated service
tests, cast Ti-6AI-4V compare:d to forged AISI 4340
steel.

(c) Elevator Torsion Fitting - Torsion load vs deflection
simulated service tests, cast Ti-6AI-4V compared to
AISI 4340 hog-out.

(d) Sway Brace Case - Static simulated service tests,
cast TI-6AI-4V compared to cast type 410 steel.

(e) Inboard Bearing Support Rib - No testing do to failure
to develop a satisfactory titanium casting.

Conventional Materials Tests

All tensile tests were conducted on conventional 1/4-inch gage
diameter, 1-inch gage length tensile spe•im•,•e- sim.lar to those specifiled
In Federal Test Method Stundaid No. 151, type R3 specimen. The strain
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rate used was .005 + .002 ln./ln./mlnute through 0.2 per cent strain.
All tensile yield strengths reported are at 0.2 per cent offset. The
results of tension tests are reported In the section of this report on alloy
development.

The notched tension test specimens were as shown In Figure El
and had a notch factor (Kt) of 3.3. Results of notched tests were used
to compare properties of experimental alloys and are reported In the
alloy development section.

The impact test specimens were conventional charpy test
specimens. Results of impact tests are reported in the alloy development
section.

The compression, shear, and bearing tests were on conventional
specimens and were conducted to provide allowables data for design pur-
poses. Results are in the section on development of specifications,
standards, and design allowables.

Tension fatigue specimens were tested to establish requirements
for chemical removal of surface contamination. The results of the tests
are reported on page B60.
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COMPONENT TESTS

Testing of The Developrr. ital Brcl.: et

Tire tests on co ,porients wu.n to ..ompote cost titanium
structural shapes with tire presently conventional aircauft materials
and fa.ri cation r,-,.thods. All tests ,,ve•,o at 0oo0:1 te perature and
were designed to siriulato service conrditiori. applicacire to each
part. All parts teslod were cot poied with the pr•esent production
part. except the deveo•pt.oental, I-acket which w:s not a ploductiol,
part. Two attempts were rmade to produce this part as a titanium
forging, but the thin we4s and high thin flanges made the part iri-
practical to forge. Therefor.• type 410 steel castin.is wvre oltained
and tested for coi ,parison with the lita•nra castings.

TRe Bracket was prepared for testing by milling both faces
of the two heavy lujg and a slot In the small lug and then drilling
and reaming the fastener holes. Coastings were considered satisfactory
for testing If X-ray defects were absont In all areas except the web
and the two flanges which received almost no load. In those areas,
slight shrinkage porosity was accepted. The castinjs were faliqro
tested using the fig shown in Figure E2 and static tested in a (-...en-
tional tensilh test nicl.hiie u0ing n similar jig. Thir castirngs we.-e
loaded 2 6 .6' from vertical (as shown In Figure E2) to provide a hori-
zonta! load equal to one half the vYrtical load.

All of tte type 410 steel cc-stl rgs were X--ray sound and
were heat treated by the vendor to 180,000 psi wninimum ultimate
tensile strengthf, 150,000 psi minimum yield sitength, and 25 per
cent minirvure reduction of area. The TI-6AI-4V castings were in
the as-cazt condition and had not been pickled.

Four cast Ti-6A1-4V brackets and one type 410 steel
bracket were statically loaded to failure. The four cast Ti-6A1-4V
brackets failed ut 11ru rsouritinr hole In thre ppur largo lug (Figure E3)
at 24,400, Yý,YUU, 2!,00,), wid 2!8000 plound, load. The type 410
steel biacket failud in thlu ui1.•pu floatu, (Hiure F3) at 34, 100 pounds
load. The avetruje of thl four (-(xt Ti-.AI- 4V vulu'.! i. 73 per cent
of the ultimate loud lo, the type 410 oteel !,rJcket. ThWis value is
Very (lose to the lalio5 Ah ultfi,;',u turiha shi-.jthis of tlie !..4,, moturials-
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Ten cast Ti-6AI-4V Bracke•i and seven cost 410 steel brackets
were fatigue tested for comparison of fahjtue properties. Table J23and
Figure E4 show the results of these tests. The fatigue strength of the
TI-6AI-4V castings at any given iiumber of cycles is 55 to 60 per cent
of that of the 410 steel castihgs.

An additional series of fatigue tests was conducted on a
modified version of the Bracket to determine the necessity of chemical
removal of surface material frorn the as-cast surface. Since several of
the brackets already tested failed adlacent to the machined mounting
hole, in the upper lug, that lug was thickened by twenty per cent to
make the casting fail in the flange, which had an as-cast surface. In
addition the flange was tapered fhom its midpoint toward the lugs to
encourage failure at the flange midpoint. Although the static strength
of the modified design was an average of 37,000 pounds load for three
tests (compared to 25,000 pounds for the unmodified design), the casting
continued to fail frequently at the same machined hole. For this reason,
a tension fatigue spech,.en having a gage diameter of 0.5 inch was de-
signed and used for the chemical removal study. The results of this
study are reported on pages B59 and B60, in Figure B30, and Table J16.
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FIGURE El

NOTCHED TENSILE TEST SPECIMEN
(Kt = 3.3)
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FIGURE E2

SETUP FOR FATIGUE TEST OF DEVELOPMENTAL BRACKET

R[;;mA
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FIGURE E3

TYPICAL FLANGE FAILURE

TYPICAL LUG FAILURE
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FIGURE E4

RESULTS OF FATIGUE TESTS OF THE DEVELOPMENTAL BRACKET
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Testin; of ThO lt, T.ack Link

Tvwo t'P-. of tl;s w.. ,.. i :d to evoalu.L l]he cast Ti-6AI-4V
Flap Track [iJ&'. One ploductior, AISI ,1340 ste.-'l pai t and one cost
Ti-IAI-4V puft were static co..rlts,,slon loaded to failure as shown in
Figure E5. Thtee steel putts arid six cast Ti-5AI-4V parts were fatigue
loaded to failue.

The AISI 4340 paI v,, obtained directly from production
stock in the finished condition. They had }Leen heat treated to the
180,000 to 200,000 psi ufi.,.ate strength range. The Ti-6AI-4V
castings were in the as--cast condition and had been pickled to re-
move .015 inches material thickness per surface. The static tests
failed the steel component at 127,600 pounds load and the cast
TI-6AI-4V componunt failed at 104,700 pounds load. The mechanism
of failure was uniform bending of the shank for the steel part and
localized crippling of the tubular portion of the cast Ti-6AI-4V part.

The fatigue tests were conducted in a fixture designed to
load the part in combined bending and torsion, to simulate expected
service conditions. The torsional Joad on the part is equal to 6.17
times the bending load. The results of the fatigue tests are as follows:

Material Bending Cycles to
Load, Failure
Pounds

Steel 5000 4,667
3000 24,330
2000 148,231

Cast Ti-6AW-4V 2000 11,602
2000 6,067
1500 660
1500 57,557
1000 216,833
1000 1,000,000

(Not failed)

Figure E6 is a S--N c-urve of these 1est uiulfs.
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FIGURE E5

FIXTURE FOR COMPRESSION TESTING OF FLAP TRACK LINK
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FIGURE E6

RESULTS CF FATIGUE TESTS OF THE FLAP TRACK LINK
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Testing of The Sway Brace Case

Static tests were used to compait the properties of five
cast Ti-6AI-4V components with two production cast type 410 steel
components heat treated to the 150I,000 p!l ultimate tensile strength
level. The Ti-6AI-4V castings wete in the as-cast condition.

The test setup and loading conditions were as shown in
Figure E7 and were designed to ,lritulute attual service loads.

No casting failures wore experienced In the tests which
loaded the large lugs in compression (Test B In Figure E7). In all
trials, the bolt which loaded the lug failed in shear.

The 410 steel cast Sway Brace Cases tested as shown
In Test A (Figure E6) failed at 32,700 pounds and 35,300 pounds
tension load. Both failures were in the upper lug and exhibited
good ductility. The five TI-6A1-4V castings failed at 22,900;
23, 400; 25,000; 25,000; and 28,600 pounds tension loads cot the
same location. These failures exhibited fair ductility but not
equivalent to the 410 steel test parts.



El 4 EVALUATION TESTING D2--2786-8

FIGURE E7

TEST FIXTURES FOR THE SWAY BRACE CASE
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Testing of The Elevator Torsion Fitting

This component Is a part of a missile control system and
was designed for rigidity rather than strength or fatigue requirements.
Consequently, the evaluation tests were conparlsons of rigidity of
the cast Ti-6AI-4V part and the production AISI 4340 steel part
which was machined from bar stock. The Ti-6AI-4V parts were in
the as-cost condition and the steel parts had been heat treated to
the 180,000- 200,000 psi ultimate strength level. (Since these
parts were obtained, this production component has been redesigne I
as a type 410 steel casting.)

The Torsion Fittings were tested in a fixture adapted to
a Gonvvtilional torsion test machine. The torsion load was fed Into
the slotted center hole and the reaction load restrained at the
channel ends. Deflection of the ports was measured by dial indi-
cators supported by the load Imput bolts and cantilevered to the
channel ends. A schematic load daogrom Is shown In Figure E8.
Typical ioad-defeli;o,, curves obtained from these tests are shown
as Figures E9 and EIO.

FIGURE E8

LOAD SCHEMATIC FOR ELEVATOR TORSION FITTING

,,- INDICATOR A

WI

IND~ICATOR B



E16 EVAH)ATION TESTING D2-2786-8

FIGURE E9

RESULTS OF DEFLECTION TEST OF CAST Ti-e AI-4V ELEVATOR TORSION FITTING
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Testing of The Inboard Horizonhdl Stablizein 111b

Since this part was not satlsfatoi lly- produced as a tlta,dlumu
alloy casting, no tests were condIatIJtd.
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SPECIFICATION AND DESIGN CRITERIA
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DEVELOPMENT OF CASTING SPECIFICATIONS

A tentative mraturial specification for procurement of air-
frame quality Ti-6AI-4V castings has been developed and is presented
on page F3.. This specification is based on the conclusions made from
the devolopment work conducted in this program and from experience
gained In development and use of other casting specifications.
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TENTATIVI. SiI:CII-ICAIiON - TITANIUM ALLOY CASTINGS
(Ti.-6AI-4V)

Teitl-1iv: IBot:,rig Matemi ul Spocification IIMS 7-111
Or'w:goti Mf-tul lurgicul Cot poralion Spec fication--OMC 164

1.. ACKNOWLEDGMENTS:

1.1 A vendor shall ,•nition this spocificrttion number in all pertinent quotations
and when acknowled lin.9 purchlsIV oldurs.

2. APPLICABLE SPECIFICATIONS:

2.1 The following specifications, of the issue in effect on date of Invitation for bids,
form a part of this specification to the extent herein described:

2.1.1 MIL-1-6865 lnspection, Radiographic

2.1.2 MIL-1-6866 Inspection, Penutrant

2.1.3 MIL-C-6021 Castings, Classification and Inspection

2.1.4 Federal Test Method Standuid No. 151

2.1 .5 Reference Radiographs for Titanium Castings (Boeing Document D2-2786-9)

3. APPLICATION:

3.1 This specification is phinicilly for high strength titanium alloy aircraft castings
requiring room temperature ulti1ualto tensile strength above 140,000 psi, light
weight, and good corrosion resistance.

4. TYPES AND GRADES:

4.1 Unless otheiwise specifiud, caIings aue to be in the as-cast condition. If
annealod condition is spocitit:,J, the annealing heat treatment shail be Tu00v-F
for 4 ho.rs followed by (oit (, Il.-

4.2 Cat•tiw cla:sificoliu1 •l,,l bu us specified on the applicable casting drawing.
Clams d,-;iniiiois 01aI I,u s .po,-ified in MIL-C-6021

5. CASTING. MIlII):

5.1 CuIintll- I 11k ,1,11(I In. I tItuInC, .,tulAhit; mixed willh suitable binders, unless

IM ji ':I
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5.2 Meltinli shlcal ibe by tuec vitjthh;¶ dot.ic~--melt piocess when the titanium source
is eithier r'aw 01 M !poije or tomsiU&ipi .uts. Use of titanium solids in preparation
of electfrode. stoick is pc111i ml id, paovi&Icd 1111 othier requii ements of this specifi-
cation, are iite. Ali mccltintj shall be by thea vacuum coi 5sumnnble-electrode process.

A. COMPOSITION:

6 1 CastiIlus Isun 11 be of Iiha following composition;

Wejight Pur Cent

C~il boni .11 0 Iax.

Ilydiogen .0'I5 max.
Niliogen .07 [fax.
Ox(y(jen .25 1mafx.
11011 .0 JO max.
Aluminum 5.5 -6.5

Vanatdium 3.5 - 4.5
Oilivi Elements .4 BRIX.
Titu~iium Balunlte

6.2 Each hecat shall lna otietlyzed for each of the elaiemens listed in parcigraiph 6.1
except titacniunm. (ieamical antalysis of each lot shall be certified by thle vendor.
Analysis for hydioo~jit sliall be on saniplei rinioved aifite all vendor piocessingj.
All anailyse5 Anil11 In: pei formed usinjg uquip)1rtint ond piocodut es approved by
the procuring aumitie>. flydliogen analysis samcple dlnull lbe totinoved flom a
location desigitmitttl on file casting di awing, or fietcim sna iet-)ie coupon flom
the same heat andii pi ocessed at the sumon timte ais tho ctosling lot, This Coupon
shall be no tldckti, than thle thinnest soctiort of the cati ngl

I. QUALITY:

7. 1 Ccmzstings shacll be oni loini in quality and coniditlon, well cloaned, and have
a uli tot titl> snmlooli it ful- Iiceorripatibla will, th10 casting1 plocolls. Cctst1i~g% slial I
be free o(f 5ut f~ na 0 tj cni tion cl (uin oxyn. nit ofen wtoher fog elgn
coritofli tit)

7.2 Uttless oitot wiso 31spaiftid moil, fcIk spilt ot 4shot slitil I tiot 1,- tsed for filial

1. Ai C(:~iil 411 ,41 I~ll'ii Ii i -(-, i w In~i by' ptijgii, v.li)j o.:-h l~.n otliel ii.01lohid
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7.4 The areas of castings subject to soundness requirements shall be as specified,
and the number and extent of defects in such areas shall not be greater than
indicated by the stat.dard furnished or approved by the procuring agency.
Combinations of cracks, shrinkage cavities, cold shuts, misruns, or other
defects not individually cause for rejection, but which are so aligned as to
cause stress concentration are cause for rejection.

7.5 When soundness is specified in ac,.ordance with paragraph 7.4, it shall be
determined in accordance with visual, penetrant, and radiographic inspection
methods established by MIL-C-6021, MIL-I-6865, and MIL-I-6866.

8. TENSILE PROPERTIES:

8.1 All test specimens shall be cast in a graphite mold in the same heat and in the
same manner as the castings which they represent.

8.2 Two cast test bars per heat shall be furnished to the purchaser. Bars shall be of
sufficient size to be machined into type R3 specimen in accordance with
Method 211.1 of Federal Test Method Standard No. 151.

8.3 Vendors shall conduct at least two tensile tests per heat.

8.4 Tensile tests are to be performed in accordance with Federal Test Method
Standard No. 151 using type R3 specimen. Strain rate shall be .005 * .002
irvin/min through 0.2 per cent strain.

8.5 Tensile properties of each separately cast specimen or specimen sectioned from
a critical area of a `A casting shall meet or exceed the following minimum
values:

Ultimate tensile strength - ------------------------------- 140,000 p:
Yield tensile strength (.2% offset) ----------------------- 122,000 p!
Elongation ------------------------------------------ 5 per cer
Reduction of area -------------------------------------- 10 per cer

7. toDEN-TiFiCATIO)N:

9. 1 Unless otherwise specified, each casting shall be identified with the part
number and a vendor identification symbol approved by the purchaser by
the use of raised figures in a location indicated on the drawing. When
no location is shown on the drawing, the number shall be so located as not
to be machined off in finishing to the required casting dimension;. Such
numbers shall not be at indicated tool point locations.
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10. CHEMICAL REMOVAL OF SURFACE MATERIAL

10.1 If pickling is specified, castings shall be pickled to remove .015 inch minimum
material thickness per surface. Foreign material, such as pariicles of mold,
adhering to the casting surface shall be removed prior to pickling. Castings
shall not be peened, abrasive blasted or otherwise finished after pickling,
unless otherwise specified.

11. CERTIFICATION:

11.1 Three copies of a quality certification shall accompany or precede each lot
of castings. The certification shall include results of analyses in accordance
with paragraph 6.2, the results of tnilu lests in -accordance with paragraphs
8.3 and 8.4, the vendors 6eat number, the thickness of material removed by
pickling in, ccordance with paragraph 10.1, the quantity of castings con-
stituting that lot, the casting part number, and the purchase order number.

12. DEFINITIONS:

12.1 A lot consists of castings of the same heat, the same configuration, the same
condition, processed at the same time, and submitted for inspection at the
same time.

12.2 A heat consists of the material produced in one melting and pouring cycle.
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DEVELOPMENT OF MINIMUM PROPERTY VALUES

A :.roup of 191, hrots of cost Ti -6AI -4V alloy were studied
to establish minimum property valufes for scparately cost tcst bars, for
desifin purposes. The heats were il those produced prior to thle
production run which were within the composition limits estaidished
by the specification (pane F3) and for which mechanical properties
data were available, with thle exception of a smallI number of
experimental low-interstitial heats which were poured durin-i study
of meltirq proctice.

The ultimate tensile stren~th, yield strength, elor,'trion,
and re~duction of area valuecs for these heuts were avericged arid the
standard deviations determinewd by coniventlional statistical atiodysis
methods ais shown it, the c'ppundix to this report.

Both "A" und "B" design values were determined. For a
"1normul " distribution, "A" values ossure to a 95% corifidenc,.4 level
that 99 percent of flit distribution will exceed tire "A" value given.
The "B" design value assures to fihe same conifidence level that 90
per cent of the distribution will excted thle "B" value. Although
mechanical property distribulions are not "normal" in tht1A the dis-
tribution curve is slightly skew.!d toward the high-value end of thw
curve, this analysis method k~ convenient and the small error involved
Is in the conservative direction.

In occord-&-ce with Corivair Astroriautics Document AZS-27-274
"Statlistical Delermin. tion of Slrer,,ýith Properties", 2.573 standard devia-
tions were subtructed from the property tvL'razles to estr.blish "A" des;qn
values and I1.452 steind .rd deviation~s were subtracted from lthe averanies
to establish "B" values. This myethod is, usually (.pplied to stren'itl, values,
but is also suLith.ble for eshtblishio, tire ductility mindizzums. The aver-
aces, "A" values, and "B" volucs obtained were !s follows:

"As'"B#

Ultimate Turi:ilu Sistwi'tl1, KSI 146 -8 135.0 140.0
Yield Stren,-th, KSI, .2%, Offsu-t i29-8 I116-0 122.0
Elonquatiori, per curat 8.0 3.2 5.3
Reduction of Aft ii, p,;r cenat 15.3 5.7 9.6
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COMPRESSION, BEARING, AND SHEAR PROPERTIES

Room temperature compression, bearing, and shear tests were
conducted to provide basic properties values for design purposes. Tensile
tests from the same heats were also conducted for reference. The results
were as follows:

Tensile Tests

Ultimate Yield
Heat Tensile Strength, Elong. R.A.,

Number Strength, KSI (.2%) Per Cent Per Cent
KSI

P441 152.5 138.0 9 17
P483 141.3 129.0 12 18
P494 143.5 130.5 10 17

Compression Tests

Heat Yield Modulus of

Number Strength, Elasticity,
KSI (.2%) KSI

P441 141.0 18.3
P483 148.7 17.9
P494 135.5 17.7

Bearing Tests

Ultimate Yield Hole Edge
I leat Bearing Bearing Diameter, Mcargin,

Number Strength, Strength, Inches Inches
KSI KSI*

P441 239.1 215.9 .1 199 .2566
P483 225.0 194.1 .1600 .2573
P494 235,0 708,9 .1 599 .2574

SBased on offset of 2 per cont of hole diamutur
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Shear Tests

Heat Ultimate
Number Shear

Stress, KS!

P441 96.3
P483 90.8
P494 97.3
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DFVELOPMENT OF REFERENCE RADIOGRAPHS

X-ray reference radiographs were prepared from specimens

muchined ior itie diswcs wich wcrc cast during the feeding sudies.

The radiographs of the discs of proper thickness (1/4, 1/2, and 1 inch
thicknesses) were examined and sections which represented reasonable
gas and shrinkage porosity quality gradients were selected and machined
from the discs. Other casting imperfections found in steel, aluminum,
and magnesium alloy castings (such as heavy inclusions, dross, micro-
shrinkage, segregation, internal cracks, and internal cold ';uts) were
not experienced in the titani-tm alloy castings, with the exception of
mold moterial (graphite) inclusions. This defect was not often ob-
served, and when it was found, it was similar in appearance on the
radiograph to shrinkage porosity. Consequently, the defects shown

in the shrinkage porosity reference radiographs can be applied to
graphite inclusions, since the appearance and stress concentration
effects of these types of defects are similar. The reference radiographs
are attached to the back cover of this report so that they may be
readily removed for use. These radiographs were prepared to a film
density of 1.9 to 2.2 (American Standard Printing Density P 2-3) so
that they may be directly compared to typical casting rodiographs.
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DEVELOPMENT OF DIMENSIONAL TOLERANCE CRITERIA

Ninb diriensions were selected from tlne Development Bracket
and the Flap Track Link for analysis of devlations from the desired dimen-
sions. The dimensions were selected to enable separation of the effects
of parting plane causes of deviation from the basic tolerance characteristics
of the rammed graphite mold casting process. Fifty of each part were
studied.

There are several obvious sources of di,,iensional variance In
castings. Examples are; deviation of the pattern dimensions from the
desired nominal dimensions, the inaccuracy of the established average
shrinkage of mold and mnetal, the variations in mold and metal shrink-
age from the esta'lished average, the inconsistencies in mold ramming
and drawing practice from mold to t:iold, the inaL..-!.ity of the foundry
to establish the proper pattern dimensional corrections after a casting -
trial (due to the impracticality of pouring enouqh trial casting to es-
tablish true process average dimensions), variations in casting cleanup
practice (removal of gates, risers, flash, etc.), variations in pouring
temperature and practice, and variations in mold material quality and
in mixture ratios.

The effects of these causes of dimensional variation are
cumulative and each cause represents a separate avenue for potential
Improvement in dimensional quality.

The dimensions selected for study represent three general
types of tolerances. Four simple dimensions which were not across the
parting plane were selected for establishment of a basic tolerance.
These dimensions varied from .2 to 9.6 inches. Three dimensions of
similar magnitude but across and parallel to the: parting plane were
selected to separate the effects of pattern and mold mismatch. Two
dimensions which were across and perpendicular to the parting plane
were studied to separate the effects of poor parting plane fitup other
than mismatch-

The results of these studies are in Table J24 and frequency
distribution Lu, J,•rui fao ucach of the dimensions studied are presented
as Figures F] through F9. Recommended winii.,um design tolerances
wore computed fro*. these data. The actual values fi, each dimension
were averaged and the standard deviation was thern calculated as
explained in the Appendix. Three standuid deviatioiz were used to
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establish the recointnended tAinicium tolerances. Such a tolerance will
make approximately 99.7 per cent of the di-.,ensions in a nor-:mal distri-
bution acceptable, rLovided that the average of the distribution is
exactly the desired no:::inal dir.mension. Obviously, it never will be;
therefore, the actual number of rejected diqiensions will be greater than
the 0.3 per cent implied, the amount dependent on how close the foundry
can make their average approach the desired nominal dimensions. The
usual practice is to cast one or two trial pieces, inspect them, and make
pattern corrections. This practice will reveal only large errors, since
any dimension on one individual part will rarely indicate the average
of a large number of pieces.

General rules for recommended design dimensional tolerances
for dimensions up to ten inches were derived from the results of this
study, as follows:

(a) For simple dimensions under one inch that do not cross
the mold parting plane, use a basic dimensional tolerance
of plus or minus .015 inch. If the dimension exceeds one
inch, add .005 inches to the basic tolerance for each
whole inch. Examples are 0.620 4 .015, 1.135 * .020,
4.720 - .035.

(b) For dimensions that cross the parting plane and are es-
sentially perpendicular to It, add .008 inch to the
tolerance calculated as In (a) above. Examples are
0.620 i .023, 1.135 + .O2?, 4.720 - .043.

(c) For dimensions that cross the parting plane and are es-
sentially parallel to it (i.e. r.-i:r.latch), add .020 inch
to the tolerance calculated as in (a) obove. Examples
are .620 1 .035, 1.135 ± .040, 4.720 1 .055.

These dimensional tolerances represent minimums. Larger
tolerances should be used when practical. It -s anticipated that some
improvement in available minimum tolerances (particularly In mismatch)
will occur as the mold preparation process becomes mechanized. All
rammed molds in this program were manually prepared with the aid of
a pneumatic rnmmer.
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FIGURE Fl

DIMENSION DISTRIBUTION IN DEVELOPMENTAL BRACKET

This dimension is basic, both surfaces being in the
same mold half. The desired ditaension was .200 + .015 inches.
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FIGURE F2

DIMENSION DISTRIBUTION IN DEVELOPMENTAL BRACKET

This dimension is basic, both surfaces being in the
same mold half. The desired dimension was .6.50 + .015 inches.

Average ______
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FIGURE F3

DIMENSIONAL DISTRIBUTION IN DEVELOPMENTAL BRACKET

This dimersion is basic, both surfaces being in the
same mold half. The desired dimension was 3.050 * .015 inches.
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FIGURE F4

DIMENSIONAL DISTRIBUTION IN FLAP TRACK LINK

This dimension is basic, both surfaces being in the same
mold half. This dimension was not directly specified on the
engineering drawing, but Is controlled by two cumulative di-
mensions. It was selected because it was convenient to measure
and represents a !arge dimernsior, on the part.
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FIGURE F5

DIMENSIONAL DISTRIBUTION OF DEVELOPMENTAL BRACKET

This dimension is across the parting plane and is per-
pendicular to It. It represents the basic tolerance plus the added
dimensional variations resulting from misfit of the mold parting
plane. It does not involve mismatch. The desired dimension
was 1.520 + .025 - .015 Inches.
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FIGURE F6

DIMENSIONAL DISTRIBUTION OF DEVELOPMENTAL BRACKET

This dimension Is across the parting plane and Is per-
pendicular to it. It represents the basic tolerance plus the added
dimensional variations reswlting from misfit of the mold parting
plane. It does not involve mismatch. The desired dimension
was 2.520 + .025 - .015 inches.
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FIGURE F7

DIMENSIONAL DISTRIBUTION OF DEVELOPMENTAL BRACKET

This dimension Is across the parting plane and is parallel to It.
It represents the basic dimensional tolerance plus the added variations
resulting from pattern and mold mismatch. The desired dimension was
not directly specified. It was measured for comparison with Figure F2
to separate mismatch effects.
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FIGURE F8

DIMENSIONAL DISTRIBUTION OF DEVELOPMENTAL BRACKET

This dimension is across and parallel to the parting plane, It

represents the basic tolerance plus effects of pattern and mold mismatch.

The desired dimension was 3.050 * .015 inches.
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FIGURE F9

DIMENSIONAL DISTRIBUTION OF FLAP TRACK LINK

This dimension is across and parallel to the parting
plane. It represents the basic tolerance plus effects of pattern
and mold mismatch. The desired dimension was 10.630 E
.050 Inches.
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The following conclusions are based on the development
work performed during this program. They are listed in the same order
as the corresponding discussions in this report, except for the first three
conclusions which are of a general nature.

1. A complete commtiercially fuasible process was developed for produc-
tion of titanium alloy castings of tho type, sizes, and quality required
for aircraft and missile application.

2. A practical demonstration of the process was accomplished by pro-
duction of quantity lots of several airframe structural shapes.

3. A procurement specification, quality control procedure, inspection
standards, and design criteria were established to permit production
application of titanium alloy castings.

4. A vacuum, cansumable-ele: -ode, arc furnace with water-cooled
copper, tilt pour crucible is suitable for melting and pouring of
production heats of titanium alloys.

5. Preparation of melting electrode stock may be satisfactorily done
by inert-gas shielded arc welding of pressure-compacted titanium
sponge mechanically mixed with the proper alloying additions, or
by similar welding of titanium solids from previous melting operations.
Care in welding must be exercised to minimize oxygen and nitrogen
contamination of the electrode stock.

6. Foundry and other scrap may be satisfactorily recycled to produce
Giriclaft quality h;.ý f;iiujm cu5rings, provided additional low-interstitial
stock is added to dilute the interstitial content. It will be necessary
to occasionally discard foundry scrap if the interstitial Ih-vel becomes
too high. This reqvirement can' k. m inimized if ci•ctrode welding
is conducted in an inart gas chamber.

7. An expendable rammed graphite mold has been found suitable for pro-
ducti- n casting of tirunium alluys. Properties of the mold were deve-
loped uyid are presented ud d": ....... ed in Scrtion B of t*" report.
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8z A graphite-base shell mold was developed, which with further
development aimed at increasing its resistance to penetration,
offers considerable potential as a production mold. At the present
stage of development, shell graphite molds are suitable for small
shapes.

9. Development of an investment graphite mold suitable for casting
of titanium was partially accomplished. The successful develop-
ment of such a mold appears feasible if based on the use of graphite.

10. Used rammed graphite mold materials were satisfactorily reused to
make new molds.

11. Feeding characteristics were determined for titanium alloy Ti-6Ai-
4V cast in ramned and machined graphite molds.

12. Shrinkage porosity- in cast titanium appears as distinct voids on the
X-ray film, rather than as cloudy low-density areas.

13. Less taper is generally required in rammed than in machined graphite
molds, for equivalent soundness.

14. Increasing the amount of taper progressively improves feeding distance
in rammed molds. In the case of machined graphite molds the feeding
distance decreased until taper exceeded three or four degrees, and
then increased.

15. The effectiveness of taper decreases as the section thickness in In-
creased.

16. The tapers required to cast sound sections were established in relation
to thickness and are shown in Figure B18.

17. The use of heated molds did not appreciably improve the feeding of
cai TP-60A1-14v bur did decrease the gas porosity problem, apparently
because of reduced moisture pickup during mold assembly.

18. The feeding distance in shell graphite molds appeared to be signifi-
cantly superior to rammed and machined graphite molds.
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19. The feeding characteristics of centrifuge cast Ti-6AI-4V discs
were not significantly different from the similar discs which were
statically cast.

20. Castings which are centrifuge cast should be fed such that the
metal enters the mold from the trailing side of the casting and
from the outside (away from the centrifuge axis). This is neces-
sary to minimize poor casting surface resulting from turbulent
metal flow into the mold cavity.

21. Removal of gates and risers from the castings by power saw or
abrasive cut-off wheel have been found to be satisfactory.
Use of oxy-acetylene torch increases interstitial contamination
of the scrap and requires excessive hand grinding to clean up
the casting.

22. Grinding and belt sanding is satisfactory for primary clean up of
titanium castings. Grit blasting is satisfactory for removal of
mold particles and surface oxides. Sand blasting is satisfactory
for final clean up.

23. A satisfactory acid solution and processing technique was deve-
loped for chemical removal of surface material from titanium
castings.

24. For besa '.i;Ogue properties, 0.015 inch per surface should be
chemically removed from Ti-6A1-4V castings, using the solution
and process developed.

25. At the present stage of development, unalloyed titanium and Ti-
6AI-4V are suitable for "standard" casting alloys.

26. A satisfactory heat treatment to imprwcv the properties of cast Ti-
,&.A I-Al . .... ..no J .... lop--& I -L - - _

the as-cast condition.

27. Ti-2Cu casting -alloy has ductility superior to cast unalloyed titanium
which has been strengthened to the some level by interstitial additions.
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28. The properties of a titanium ccoting alloy containing four to six
per cent aluminum, four to six per cent tiri, eight to ten per cent
zirconium, and two to four per cent vanadium are slgthd.y bette•,
than those of cast Ti-6AI-4V. Additional work is needed to es-
tablish the best composition for this alloy.

29. The offects of the interstitial and alloying elements in cast Ti-
6AI-WV were determined. Composition limits were established.

30. Elevated temperature tenssile properties for as-cast Ti-6AW-4V
were determined.

31. Four of the five shapes selected for study as titanium alloy castings
were successfully developed and produced. The fifth shape was
too large for the available equipment.

32. Properties of the four developed shapes were compared with the
corresponding production components by structural testing.

33. Statistically valid minhmiuui uev~ut ukOwulies were established
for the as-cast Ti-6AI-4V alloy.

34. Minimum dimensional tolerances for design purposes were deter-
mined.
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The following recommendations are based on the work done
during this contract.

1. Further development of an investment casting mold and process Is
recommended.

2. Further development of casting alloys is recommended, aimed at
higher strength properties.

3. Development of composition limits and a casting specification for
the four to six per cent aluminum, eight to ten per cent zirconium,
and two to four per cent vanadium titanium casting alloy Is recom-
mended, to take advantage of the s u p e r I o ri ty of this alloy
over the TI-6AI-4V casting alloy.
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TABLE J2

MECHANICAL PROPERTIES OF
RECYCLED LOW INTERSTITIAL 6AI-4V

ULTIMATE REDUCTION
YIELD STRENGTH TEI;:.ILE IN AREA

HEAT NO. O.ZL OFFSET STuLNGIH ELONGATION % BHN

22-43-P245- IA 104,000 124,800 13 33.6 269.3
8 103,000 124,000 10 24.6

C 105,000 124,200 9 22.4

22-43-P249- IA !02,000 122,200 10 19.0 269.3
B 104,000 124,200 I 21.7
C 104,000 124,000 10 24.6

22-43-P252- ZA 106,000 127,600 10 20.4 276.5
B 107,000 127,600 II 25.2
C 104,000 126,000 9 22.4

22-43-P255- 3A 107,000 128,000 13 27.2 277.0
O 107,000 126,800 10 25.9

C 106,000 126,800 10 21.7

22-43-P259- IA 109,000 128,000 13 32.4 279.6
C .108,000 128.000 12 24.4

22-43-Pz89- 5A 106,000 126,000 12 31.9 277.0
B 104•O00 122000 9 20.8
C 105,000 122,000 12 31.9

22-43-P267- 2A 109,000 130.000 12 26.5 2/1,6
B 110,000 131,200 12 23.9
c !10,000 1,u I0 19.7

22-43-P271- IA 109,000 128,000 13 29.2 279.0
a 110,000 128,400 12 26.5
C 108,000 128,000 10 24.6

22-43-P280- 2A 110,000 128,000 8 22.4 277.0
0 130,000 130.000 I! 27.0
C 1o9,ooo 130,000 13 34.4

22-4i-P282- 4A Tin 9,3,2C3 0 d 262.3

8 B-lt3 1. , -0 a o a C
C 72,000 0 0

22-4J-P332-CIA 105,000 125,200 12 18.1 272.0
8 10z,uuo 123,600 12 3,.6
C 104,000 124,000 12 27.6
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TABLE J2 (Continued)

MECHANICAL PROPERTIES OF
RECYCLED LOW INTERSTITIAL 6Ai-4V

ULTIMATE REDUCTION
YIELD STRENGTH TENSILE Ih AREA

HEAT NO. 0.2% OFFSET STRENGTH ELONGATION % BHN

22-43-P33'.-C2A 109,000 128,800 10 28.5 290.1
B 110.000 128,800 if 27.7
C 110,000 128,000 iI 29.2

22-43-P372-C3A 110,000 131,600 11 26.5 279.2
B 110,000 131,600 12 23.2
c 112,000 131,200 11 26.5

22-43-P375-CMA 114,000 133,200 8 15.0 287.2
B 116.000 134,400 10 19.7
C 115,000 134,800 11 26.5

22-43-P376-CSA 117,000 137,200 13 26.5 296.0
B 119,000 136,200 10 21.0
C 118,000 136,200 I! 21.0
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TABLE J3

EXPERIMENTAL RAMMED GRAPHITE MOLD MIXTURES

GRAPHITE USED
MIXReclaim Clastfled PITCH LAUNDRY CORN .. RAW WAT
NO B. B 1 STARCH FLOUR WAC-T"NO. •11 LILED

1 69 10 5 8 8
2 70.5 10 5.25 8.25 6
3 80.5 5.8 5.8 4.6 3.3
4 75 7.0 5.0 6.0 7.0
5 70 10 5.0 8.0 7.0
6 73.7 10.1 3.04 8.1 5.05
7 83.7 7.1 10.1
8 76.1 11 12.9
9 79.3 9.2 11.5
10 73.5 10.6 5.32 10.6
11 71.1 10.3 8.3 10.3
12 85.8 3.73 10.4
13 75 10.85 3.26 10.85
14 86.25 3.75 10.0
15 86.25 (Ttu,,ar) 10.0

3.75
16 70.5? 10 5.25 8.25 6.0
17 70 10 5 8 7
18 73 12.2 6.1 8.7
19 77 10 5 1 7
20 74.76 9.85 4.92 1.97 8.5
21 72 10 5 3 10
22 70 (858) 10 5 8 7
23 74 10 5 4 7
24 76 10 3 1 10
25 75 10 3 2 10
26 74 10 3 3 10
27 75 10 4 1 10
28 74 10 4 2 10
29 73 10 4 3 10
30 70 10 5 8 7
31 70 10 3 8 9
32 67.75 9.67 4.84 7.75 10
33 68 10 5 8 9
34 69 10 4 7 10
35 70 10 4 6 10
36 71 10 4 5 10
37 72 10 4 4 10
38 73 10 4 3 10

2 ad reclaim
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TABLE J3 (Continued)

EXPERIMENTAL RAMMED GRAPHITE MOLD MIXTURES

MIX ~~GRAPHITE USEDjRA WTEmix Clasified DUPONOL PITCH LAUNDRY CORN CEMENT LINSEED TERNO. 885 Crecent ngs j G STARCH FLOUR C-3 J OIL

39 65 0.938 9.38 2.82 7.5 14-75
40 70 10 3 8 941 69 1 10 3 8 9
42 69 10 5 8 8
43 73 10 4 2 11
44 66.2 1.09 10.95 5.47 8.75 7.65
45 68 2 10 5 8 746 70 10 5 8 7
17 70 10 5 8 7
30 70 10 5 8 7
47 69.5 9.72 4.85 2.78 8.35
48 72.5 0.98 9.a 4.9 2.94 8.82
49 69 1 10 5 8 7
50 (Calcined Coke

3-15)
70 10 5 8 7

51 70 9.72 4.86 3.8) 9.58
52 (Calcined Coke

3-04)
70 10 5 8 7

53 (Calcined Coke
3-15)

76 8 4 6 6
54 71 10 4 8 7
55 72 10 3 8 7
56 73 10 8 9
57 70 10 3 8 9
58 70 10 3 8 9
59 63.75 0.938 9.38 2.82 7.5 9.38
60 66.5 9.38 2.82 5.62 14.7
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TABLE J3 (Continued)

EXPERIMENTAL RAMMED GRAP 11 TE MOLD MIXTURES

mix PRLEM CAL PETROLEUM11 Coy_
CALCINED CALCINED RAW [STARCH MIHd WAlER RNAENO.I CTOKE~q COC COKE FLOUR CMN

83 75 5 5 10' 10 0.006
84 70 10 1ip 10 0107
85 65 15 t0p 10 i".-2
86 70 5 5 10* 10 0.012
87 65 10 5 10, 10 0.012
88 60 15 5 10" 10 0.011
89 65 5 5 30* 8 7 0.016
90 d0 30 5 10" 8 7 0.015
91 55 15 5 301 8 7 0-013
92 75 .5 iO, 10 03105
93 70 10 10t ,0 0.089
94 65 15 30, i.l 0.074
95 75 5 t0* 10 0.097
96 73.8 5.2 10.51 10.5 0.305
97 72.2 5.56 11.2* 11.2 0.093
98 75 5 10' 10 0.093
99 73.8 5.2 10.5' 10.5 0-093
100 72.2 5.56 31.2" 31.2 0.159
301 80 t0" t0 0.002
102 75 W 3S .....
103 70 20' 10
104 76.2 4.76 9.52* 9, S 0.023
105 71.6 4. 14.2' 9,) 0.015
106 66.7 4.77 10.03* 9.5 0.021
107 78 12' 10 0.007
108 80 j0' i0 0.008
109 82 8' 10 0.003
130 75 5 10' 30
IIOA 70 5 5 10* 10 0.019
1 lO0 65 30 5 10' 30 0.016

111 70 30 30* 10 0.002
112 65 15 30' 30 0.005
113 76 12"* 12
114 78 30" 12
115 80 a." 12
116 71 5 12" 12 T.0F8
117 73 5 10 " 12 0.012
3 38 75 5 8. 132 0.016
119 76 12'4* 12 U.(
120 78 10' 1232
121 80 8"#4 12
!22 78 3!"' 12 0.003
323 73 35" 12 0.007
124 68 20"- 12 0.023
125 73 5 30"'* 12 0.0i6
126 68 5 33*". 12 0.023
127 63 5 20"" 12 0.023
128 71 5 12"' 12 0016
129 7.3 5 12.. I i 0.012
3 30 75 5 B"* 12 0.014
133 A7 5 a2"; 8 8 0.016
132 69 5 30"' 8 a 0.016
133 7] 5 8"' 8 8 0.018

'e K.pp.,t Pitch
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TABLE J3 (Continued)

EXPERIMENTAL RAMMED GRAPHITE MOLD MIXTURES
mix GRAPHITE USED PITCH LAUNDRY CEMENT LIQUID BINDER WATER SHRINKAGE

No. -So 20 S Wo 40 STARCH C-3 ,IW .

61 70 9 6 10 (7605) 5
62 75 9 6 8 (7605) 2 0.0!05
63 70.5 10.1 5.04 10.1 (7601) .-2 0.0150
64 71.6 10.2 5.1 10.2(7101) 1.5 0.0276
65 52 21 10 5 8 5.6 0-0239
66 52 20 10 3 8 7
67 70 (carbon 10 5 8 7

sand)

COKE 93-04)

68 68 12 5 8 7 0.0094
69 70 10 5 8 7 0.0094
70 72 8 5 8 7 0.0063
71 64.8 11.4 4.75 4.75 14.3 0
72 66.7 9.5 4.75 4.75 14.3 0
73 68.6 7.6 4.75 4.75 14.3 0
74 74.3 11.42 14.28 0
75 75.2 10.50 14.3 0.031
76 78 7.6 14.3 0
77 73 12 5 10 0.0125
78 75 10 5 10 0_0019
79 77 8 5 10 0.0078
80 78 12 10 0.0016
81 80 10 10 0
82 82 8 t0 0

* Slurry - Petroleum resoduul

7605 - Amino - Aldchyda

7601 - Urea typo - watur soluble

7101 - Pheno - Formaldehyde - water dispersing



D2-2786-8 TABLES J 25

TABLE J4

GRAIN SIZE DISTRIBUTIONS OF GRAPHITE BASE MATERIALS

U.S. Series National Sweco Reclaimed Reclaimed Reclaimed Reclaimed 2nd Reclaim
Equivalent Carbon Separator (Tumbled Crushed & Crushed Crushed & Reclaim PIus

No. Grade B8 8 Pass No. 10 Only) Tumbled Only Pulverized Crushed 20% Fines

6
12 0.78
20 5.44 39.70 0.12 0.26 0.22 2.32 0.32 0.38
30 40.82 40.86 1.46 3.88 5.54 7.10 5.24 1.50
40 32.35 10.62 5.30 13.50 9.88 12.12 15.06 3.10
50 16.72 3.24 31.30 25.96 20.76. 20.06 30.28 15.50
70 2.08 1 .68 38.75 29.10 26.20 23.56 25.40 23.78

100 .49 1.00 19.72 18.32 18.10 15.66 10.94 17.60
140 .28 0.52 2.90 5.44 6.86 5.14 3.90 6.50
200 .20 0.46 0.84 2.18 3.80 2.96 2.76 4.30
270 .08 0.14 0.08 0.34 2.00 0.96 1.28 3.30
Pon .22 0.42 0.06 0.92 6.52 8.28 4.74 23.84

Total 98.68 99.42 100.53 99.90 99.88 98.16 99.92 99.80

Crescent Calcined Calcined Sweco
SwecoCoke 3-15 Coke 3-04 Swco No. 40 60% . 20 BB540% No.' 40

6
12 .04
20 .06 .10 .08 .60 0.2 0.14
30 9.36 6.-2 23.24 1.44 - .02 6.4 0.68
40 11.62 22.34 51.58 3.14 .06 18.0 1.22
50 22.66 52.50 21.42 6.16 1.38 32.0 26.44
70 17.74 18.54 3.36 13.34 10.12 22.2 44.28

100 11.12 1.82 .34 27.24 17.84 10.2 24.62140 6.36 .08 .06 27.80 16.96 4.2 1.44
200 3,50 .02 .02 12.94 12.86 2.4 0.2
270 1.04 3.0 9.44 1.2 0.Cd
Pan 6.32 .06 3.32 30.76 3.2 0.68

Total 87.98 i02.02 100.16 99.02 99.44 100. 99.718
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TABLES

TABLE J5

PROPERTIES OF RAMMED GRAPHITE MOLD MIXTURES

E MOISURE GREEN FIRED
R CONENTMRE GREEN GREEN COMPRESSION TENSILE FIRED SCWTCH

NO. CONTENT, PERMEABILITY HARDNESS STRENGTH, HARDNESS
PSI

2 2 Test
Specimen Mold Coupon MoIf

1 7.75 150 77 77 10.3 65 75 75
8.75 145 76 76 9.4 75 76 90
8.9 90 78 78 10.3 80 82 82
10.0 95 78 79 10.5 70 82 94
9.1 105 77 78 9.7 87 83 95
9.2 100 77 77 9.8 77 82 96
8.6 80 79 9.8 75 76 98
8.8 85 79 10.3 70 78 98
8 97 77 79 9.5 72.5 80 98
8.3 97 78 79 8.9 85 80 97
7.8 83 77 10.1 85 80 97
7.6 90 78 9.9 90 80 98
8 93 77 10.1 102.5 82
8.1 95 78 10.5 85 83 98
8.75 95 77 9 75 83 95
8.5 85 78 9.2 95 83 97
7.5 82 78 9.2 80 80 98
8.5 85 79 9.6 90 80
8.2 107 77 8.9 95 86 96
8.4 95 79 80 9.6 95 85 98
9.0 105 77 78 9.7 80 82 97
8.2 115 77 80 9.5 65 75 96
7.4 115 77 80 8.7 67.5 75
8 115 /8 80 9.4 75 75 97

2 7.5 145 77 77 7.2 62.5 75 87
5.8 160 79 78 9.3 51.5 60 93
5.5 135 80 80 10.7 75 75 96
6.5 122 78 78 10.1 60 70 97
6.75 127 78 80 9.4 50 65 90

3 4.5 170 75 83 5.7 20 20 75
4 6.75 195 80 8.3 45 60
5 6.2 205 80 8.6 87.5 75 96
6 5.75 155 80 5.5 Broken before test 90
7 9 187 58 4.8 Broken 20 70
8 12 100 48 5.2 20 30 52
9 11.1 155 60 2.9 Broken In fring 0
W0 10.2 125 60 'i5-2,.. ,1 5 - 85
I1 10.2 90 70 5.9 80
12 9.4 180 70 3.2 Broken 0 20
13 W0.3 120 76 6.2 Broken In fI0qg 75
14 IV 270 76 4.8 Broke,- in Il-1q A-"1
15 9 267 76 4.4 Broken In setup of test 40

16 5.75 270 82 6-7 55 60 93
17 7.6 103 80 8P! 10.6 46 60

6 110 78 80 9.7 50 62 98
6.3 125 81 80 :0.3 47-1 98
6.3 127 79 0o 9.7 456 68 97
7. 0 97 79 80i 11 46 .13 97

6.4 IH7 79 76 4.5 '] 96
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TABLES

TABLE J5

PROPERTIES Of RAMMED GRAPHITE MOLD MIXTURES

MOISTURE GREEN FIRED
MIXTURE CONTENT, GREEN GREEN COMPRESSION TENSILE FIRED SCRATCHNO. PER CENT PERMEABILITY HARDNESS STRENGTH STRENGTH, HARDNESS

PSI
2 x 2Test

________________Sped me. Mold Coupon____ M j old

17 7.2 122 78 76 8.0 43 58 95

cont. 7.5 127 79 82 8.6 44 70
6.75 150 77 76 7.5 W. 5 55 97

6.75 140 76 80 7.2 47.5 65
8 152 76 78 6.7 50 70 97
7.0 125 77 80 7.1 62.5 70 95
7.4 130 77 80 7.4 62.5 70 95
7.3 230 80 7.2 60 65
7.3 320 80 7.1 50 60
6.75 270 77 5.3
6.75 290 77 5.3 45 55
6.75 280 78 5.8 40 50
7.1 330 /8 "5.9 30 55
7.0 310 79 6.3
6.85 330 79 6.9 40 65
7.5 300 78 6.5 35 60
6.85 270 79 7.5 52.5 60
6.5 220 79 6.5 60 70
7.9 210 80 6.5 60 70
7.6 270 78 7.3 55 70
7.5 230 79 6.8 60 70
7.75 200 79 7.0 70 75
7.75 290 80 7.3 65 70
7.75 260 79 6.2 52.5 70
8.0 290 79 5.1 40 55
7.9 270 80 6.9 55 65
7.7 250 79 7.7 65 70
8.2 250 79 7.0 60 65
8. 0 240 80 5.7 50 65

8.1 230 79 7.3 60 70
8.0 230 80 7.0 52.5 65
8.5 250 78 6.7 Brake 30
8.8 170 80 7.6 27.5 60
8.0 180 79 6.8 35 60
8.3 180 78 6.9 25 55
9.0 240 79 6.3 :10 60
8.5 240 77 4.V
7.8 220 79 6.3 30 3U
7,75 250 79 7.1 21 65
8.0 20,, 79 6.9 37.5 70
a.2 260 78 5.8 22.5 60
8.5 240 78 7.1 35 70
7.4 260 79 6.0
7.2 250 75 5.5
8.6 2"0 76 4.3

7.5 210 79 6.3
8-3 260 78 5.3
7.6 230 79 6.7
8.0 210 79 6.7
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TABLES

TABLE J5

PROPERTIES OF RAMMED GRAPHITE MOLD MIXTURES

MOISURE REENFIRED

MIXTURE MOISTURE GREEN GREEN GREEN TENSILE FiRED SCRATCH
NO. CONTENT, PERMEABILITY HARDNESS COMPRESSION STRENGTH, HARDNESS

ER CENT RENGTHPSI

2.x2 ITest
Specimen Mold Coupon Mold

17 8.0 250 78 5.0
cont. 8.0 220 77 4.5

8.0 230 78 4.6
7.2 260 78 4.0
7.5 230 78 5.5
8.0 270 78 6.1
7.75 220 78 6.4
7.0 240 79 6.8
6.2 95 79 9.7 85 80
7.5 105 81 9.3 60 70
7.5 95 80 9.4 67.5 75
6.9 125 80 9.1 80 77
7.5 117 79 •8.9 75 75
7.8 120 80 8.1 67.5 75
7.8 110 80 9.9 77.5 80
7.7 120 80 9.7 75 77
7.75 113 80 9.8 77.5 80
8.0 120 79 8.3 60 70
7.9 123 79 R.I 82.5 80
7.75 127 80 9.9 90 75
7.9 130 80 9.8 70 75
7.5 115 78 6.8 65 75
7.9 155 80 9.2 70 77
7.2 165 80 9.1 50 65
7.5 162 80 9.2 55 70
7.5 177 79 7.6 70 75
8.3 127 79 9.2 77.5 80
8.4 152 80 9.1 45 70
8.1 145 79 9.8 60 75
8.1 190 80 9.6 70 75
8.0 245 79 8.9 72.5 75
8.2 245 80 8.4 60 70
8.4 195 80 9.0 67.5 75
7.4 185 80 9.1 50 65
7.8 225 79 8.0 62.5 70
7.2 200 80 8.5 67 72
7.75 215 80 7.7 52.5 70
6.25 192 80 8.6 80 75
7.0 220 80 8.1 75 77
7.2 147 77 80 8.3 77.5 75 92
6.75 159 79 80 9.3 70 75
6.9 123 79 80 9.0 70 75
8.6 115 74 80 7.5 64 85 97

18 6.6 105 78 79 6.9 26 35 92
19 7.7 122 75 76 6.' V/.5 40 92

6.4 i32 75 7' 6.2 27.5 45 93
20 7.2 Ii7 72 72 5.6 40 55 95

9.5 105 70 72 4.4 46 70 95
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TABLES

TABtr J5

PROPFRTIES OF RAMMED (,RAPIIITI MOLD MIXTURES

MOISTURE COMCREESN TIREDSCAC
MIXTURE CONTENT, GREEN GREEN CREIFIRED SCRATCH

NO. PER CENT PERMEABILITY HARDNESS STRENGTH STRENGTH HARDNESS

2 x2 Test]
Specimen Moldi Coupon Mold

21 9.3 105 72 72 5.0 40 60 95
8.1 107 73 72 4.9 35 55 95
8.5 90 72 78 48 52.5 70 96
9 80 72 72 5.2 61 75 95
9.4 82 71 72 5.5 5O 72 95
8 8 90 70 4.3 46 70
9.2 75 57 78 5.8 137.5 90 95
9.5 90 72 78 4.8 167.5 90 95
8 77 74 76 6.7 116.5 35 94
9 92 73 76 5.6 75 80

22 6.1 440 79 80 8.8 52.5 7, 95
23 7.2 100 75 73 .5.2 J5 55 87
24 8.2 107 72 77 4.3 20 25 94

8.6 95 74 76 3.8 22.5 30 92

25 8.2 100 73 77 4.4 17.5 20 78
8.5 110 70 76 2.7 30 50 SO

26 9.5 110 73 78 4.1 12.5 10 72
9 75 74 72 4.9 60 70 91
9.5 87 74 76 4.7 21 30 92

27 7.75 105 75 80 5.7 20 30 85
7.3 87 75 78 5.1 27.5 40 80

28 8.2 92 74 78 4.0 20 25 94
8.4 73 76 81 6.0 31.0 55 87
8.2 77 74 81 6.3 32.5 55 87
7.5 73 75 78 5.5 32.5 60 93

29 9.2 73 74 78 5.2 60 75 94
8.75 85 73 78 5.3 52.5 70 94

30 8.0 150 80 80 10.6 41.5 65
7.8 200 78 78 10.5 42.5 70
7.5 140 77 80 10.8 57.5 80 93
7.5 92 78 80 8.7 66.5 80 95
6.5 88 80 80 9.1 45 70
7.4 62 78 80 9.2 60 80

30 7.8 125 80 10.0 55 65
7.2 130 80 9.8 45 60
9,2 97 80 9.0 35 60
.. 9Go.../0 i0.3 0( uu
9.3 127 80 9.7 40 65
9.25 165 79 9.3 45 75
7.2 330 79 6.7
7.3 410 80 7.2
7.75 140 78 6.2
9.4 80 80 7.9

31 9.4 75 75 80 7.1 25 55
8.2 75 75 80 8.1 35 75 94
9.7 6U 75 60 80.4 37-5 75
9.75 77 75 8.5
9.5 72 76 8.6
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TABLE J5

PROPERTIES OF RAMMED GRAPHITE MOLD iviXTURES

MOISTURE GREEN FIRED
MIXTURE CONTENT P GREEN GREEN COMPRESSION TENSILE FIRED SCRATCH

NO. PERCENT PERMEABILITY HARDNESS STRFNGTH STRENGTH, HARDNESS

2x2PSI --
Spe~mn MldCoupon mold

Sp,,ial.-+ .,n I.°° ''m

31 9.5 72 76 8.6
cont. 9.9 75 76 8.1
32 9.4 AB 76 78 8.1 38.5 75 97
33 8.7 100 77 78 9.0 35 80 94
34 9.8 75 75 80 9.0 42.5 80 95
35 9.2 77 75 80 8.4 41.5 78 96
36 8.9 93 75 80 8.6 46 75 95
37 10.0 95 75 9.2 40 75 96
38 10.7 78 74 80 8.7 92
39 14.5 17 70 6.5 297 93
411 10.0 90 72 5.5 70 77

10 93 76 6.8 58.75 65
41 10.3 46 74 5.8 112.5 85

42 7.8 107 78 9.9 50 72
8.4 97 77 10.4 65 78
6.9 W1 /U 9.2 22.5 40

43 11.3 38 74 8.5 35 65
44 8.6 31 79 11.1 150 90
45 8.1 45 79 10.3 152 90
46 8.0 95 78 9.0 91 80
47 12.0 75 75 7.5 135 90
48 6.5 70 80 8.3 102.5 80
49 7.5 95 80 8.7 166 87

8.75 85 80 9.3 145 87
7.5 110 79 9.2 87.5 78
8.25 110 79 9.2 102.5 85
8.20 I00 79 8.8 100 85
8.2 110 80 8.9 100 85
7.9 125 78 7.2 95 80
7.9 120 78 8.6 92.5 82
8.25 120 78 8.0 100 82
7.9 110 79 83.5 :07.5 82
8.1 130 81 8,2 312., 84

8.3 130 80 8.7 110 80
8.1 93 78 9.4 140 85
8.5 93 80 9.6 1.1&.5 0.5
7.0 73 80 10.9 169 87

77 36 I u.2 1H5 80
7.5 92 80 9.0 166 87
8.75 85 79 9.3 145 87
7.5 110 79 9.2
8,.25 ; 79 9.1
8.2 100 79 8.7
8 2 105 79 8.7
7.9 122 78 7.3
7.9 115 79 U.0
8.25 120 78 6.7
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TABLE J5

PROPEiTiES OF RAMMED GRAPHITE MOLD MIXTURES

MOISTURE GREEN FIRED
MIXTURE CONTENT, GREEN GREEN COMPRESSION TENSILE FIRED SCRAICHNO. PER CENT PERMEABILITY HARDNESS STRENGTH STRENGTH, HARDNESS

t Spelm-n.Mold..1 C -,,•., Mold
49 7.9 105 79 8.6
cont. 8.1 125 79 8.4

8.1 125 80 8.8
50 8.3 ̂.n 80 9.4 60 75
51 11.4 115 75 4.8 72.5 75
52 7.8 77 75 6.7 80 80
53 6.2 660 76 5.6 35 60
54 8.7 142 76 6.1 50 65
55 7.4 143 76 6.1 42.5 55
56 9.2 102 75 6.2 40 70
57 11.5 160 73 6.7 45 65
58 12.7 85 71 4.9 60 80
59 12.75 83 70 3.7 95 85
60 14.5 27 74 7. 1 85 87
61 10.7 270 76 9.5 105 85
62 7.75 390 78 7.6 35 35
63 8.2 390 78 8.6 42.5 70
64 5.4 800 70 4.3
67 7.6 170 78 7.4
68 7.8 80 78 6.3 72.5 80
69 8.6 60 73 4.3 54.0 88
70 8.0 78 75 4.9 42.0 78
71 2.36 50 66 3.0
72 3.34 50 65 2.6 120.0 88
73 2.10 50 65 2.5 95.0 88
74 31 69 3.4 218.0 96
75 70 2.9 200.0 96
76 66 2.5 94.0 83
77 76 5.2 77.0 86
79 75 4.7 56.5 75
80 76 4.7 81.0 83
81 79 4.8 61.0 79
82 77 4.5
83 11.8 32 73 6.1 33.0 42
84 12.8 19 75 7.5 25.5 41
85 13.6 18 78 8.1 33.8 54
86 12.0 37 74 5.4 57.5 76
87 i3.2 36 71 5.2 16.5 74

88 11.4 23 75 6.4 47.7 73
89 9.5 39 69 5.9 49.8 74
90 8.8 48 72 5.2 34.0 56
91 8.0 j2 70 5.4 36.7 43
92 15.4 7.5 79 12.3 60 92
93 i5.2 6 5 80 12.7
94 16.7 1 80 12.2 34 84
95 13.3 21 75 7.7
9A 19 1 49 655 6.3

?7 12 0 6.8
98 .10.8
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TABLE J5

PROPERTIES OF RAMMED GRAPHITE MOLD MIXTURES

MOISTURE I GREEN FIRED
MIXTURE CONTENT, GREEN GREEN COMPRESSION TENSILE FIRED SCRAiCH

NO. PERCENT PERMEABILITY ARDNESS STRENGTH STRENGTH5  HARDNESS
_ PSI. _P. .

Ispe "... I" w° I Coupon miMod

99 11.9 71 65 6.5

100 11.8 30 67 6.4
,101 11.8 81 11.1 49.4 80

102 14.8 6 81 12.9 55.0 84
103 14.8 6 80 12.7 82,5 89
104 A1.0 6.5 70 10.2 51.0 88
105 12.8 7 78 10.2 67.5 85
106 13.4 6.5 77 10.0 72.0 81
107 11.8 35 72 5.7 55.0 64
108 12.2 36 77 6.1 55.0 59
109 11.0 40 75 5.4 47.5 66
110 10.6 5 84 15.0 66
I1OA 15.6 9 77 *11.2 35.0 83
1108 14.2 13 77 10..5 26.0 74
111 13.8 6 82 15.9 4:5.i 77
112 13.6 6 83 16.0 43.0 80
113 12.0 40 74 5.3 44.0 71
114 13.0 41 75 5.9 40.0 70
115 12.0 46 72 4.9 31.2 40
116 13.6 40 69 4.8 77.5 85
117 12.6 48 68 4.4 62.5 88
118 11.4 59 70 5.0 48.5 74
119 9.2 51 69 3.4 32.5 53
120 10.3 52 68 3.6
121 9.8 58 70 3.4
122 17.6 5.5 80 13.7 88
123 W9 a 5.5 80 12.6 82.5 92
124 21.8 5 80 12..5 93
125 16.8 7 75 9.0 41.0 86
126 13.8 6 75 9.8 69.0 89
127 15.6 6.5 75 9.7 122.0 97
128 13.4 31 70 4.9 58.5 77
129 10.2 50 68 3.0 42.0 55
130 10.8 54 73 4.4 39.5 52
131 9.2 47 72 5.4 48.5 72
132 9.6 48, 70 5 0 56.0 80
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TABLE J6

SHRINKAGE OF RAMMED GRAPHITE MOLDS

kIX tIO._ SHRI14iKG. IN/ MIX NO.l S ___ 10. SHP01.. .IrU.,G, I(/FT

2 0.128 17 0.0110 19 0.207
0.01185

4 0.198 0.0122 Ave. 0.190
M;0120

0.O045 20 0,173
5. 198 0.0145 0.13

0.00805

16 0.188 0.0145 Ave. 0.152

17 0.125 Ave. 0.0126 21 0.138
0.125 0.173

0.138 30 0.0136 0,160
0.1)6 0 12 0.159

0.136 Ave. 0.OlW, 0.0834

0.133 40 0.00745 0 o14.o10o 0o14356 •
Ave. 0.133 Ave. 0.00109 Ave. 0.131

22 0.188 41 0.00825 23 0.114

30 0.141' 43 0.00885 24 0.132
0. 0.151

Ave. 0. 141 IA 0.0151 Ave. 0,141

32 0.151 i6 0.01385 25 0.104
47 010153 _p o C_,!L

33 0.255 Ave, 0.0694
48 0.0142

6 0.139 26 0.076
49 0.01535 0.045

31 0.o 38 0.01450 o.104

0.104 0.01450 0.ve. 0.075

0.0926 o01450
0.09 0.01450
a oqq ,Ave. 0.01453 o.07*5

Avo. 0.101 51 0.01025 Ave, 0.0755

34 0.0755 54 0.0152 2d 0.1385
0.136

35 0.104 55 0.0•41 oR.1j51

36 0.1035 56 0,010) Ave. 0. 149

37 0.0755 57 0.0107 29 0,1L6

58 o.oi'e
33 0. 138
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TABLE J7

EXPERIMENTAL SHELL GRAPHITE MOLD MIXTURES

Phenol
Formal- Mull

Mix dehyde Pitch Graphite Time,
No. % % Type % Solven!t Minujtes
I IzB 5 88 4

1 12 Sweco 1140 88 5

3 20 855 80 5

4 1 8 855 80 5

56 U 955 -6 M/ Pt. 4*

6 It 8 8B85 80 /2 Pt. 4*

7 10 .(Borden) 10 Carbon Sand '80 4

8 12 (7504) 10 Calcined Coke 78 4

9 10 (7504) 10 Calcined Coke 78 4

1Hulled dry 4 minutes *nd then ,oiu.•d unt• l alcohol solVent avaporatod.
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TABLE J8

EXPERIMENTAL INVESTMENT MOLD MIXTURES

Nix N6..t raebito 0-r1s AIto6 aI...I "a White Oboe Ccaeent Pitch Water C2i.m......

A"A he (trade 39

2 5 Farts j Part-l 11 Parts iindiue shrl-k.9e
20 hr. .at Lie

2 1 Parts 2 (arts 2 iMe idlum llhr|•kw)

8 i.r. let time

3 7 Parts P Parts Pats Nigh iHihhrinkagQ

strong. 10 hr. set
timq.

4 1 7 '.,tis j PFats I Part 10 hir. set thso
hard strength

5 Parts 2 Pa.ts 2 Parts 16 hr. sot thile.
turd - no s+hrlinkmml

6 70 G0 20 ON a ON to0 4 25 204 hold cavity pitted

7 70 on 20, UPS 20 411 80 G 0o04 Ii"ld cdvity bodly
pit.ted - p--~r

condI t Iw-

11 70 C1 15 AN o am4 t AAN 311 C Scabtlbirg. partial
cui lapse of vold
w4lls

t 100o G05 654 IC GON So 0m Very poue s'$-city
(stich) 4 UN cot lapsed.

t0 0)SO 5 tOO .0Hl 140 G" W tat4 125 GM5 AMr -ntrapped at
..vity surf..c.
thick slurry.

t (It-l) 30 G05 toO 04 0 I154 16 0"4 20 G4 50 0MO first cOt hiukieci

tFirst Coit) - id puilod*e.way froil

IIA 350 05 50 G10 4 aI 50 G"4 1,0 Gia &co.md coat. air

(ISoand i;Cot) entappod In second
Colt.

it 350 (it4 5054 1.t 0 GK 50 Cim 120 0am Te.- stiff to poor

I 00 G0m01054 il 100 a4 50 am 270 Gh ik,lds good. 5,am,
air .etrap..rt

14A (1-1) 5065 3005 itO GolotN 12051 &50Gm.

Iflrilt cowtt
lifo (F-l| ILO CC .rtr..e.isyi tho+jlji,..ko. !6 CC d-.•ittoo,,d othyl .slA-ol,

21, CC J'Y. hydrh.licric .- 1it. (plus 12 CC of wolef to control

*atteInd tt,.e)

Add•d to:
UMt Go4 -1120 Cr..g., 110 ON -1211 &-.1, Nmvwd. bood, 12(5 Gh5
2t1U c•sh st.11c. fiuad' I G54 -ec.jnostUf -,id..

is (Ht-I) Kerr cryet.. III to ind, 04t.'

16 (GdS) zoo GoN IO 1101 50 Gil 1#0 Got 50 94I 270 Ghi oSet .•.l
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TABLE J10

FEEDING DISTANCES IN UN-TAPERED MACHINED GRAPHITE MOLDS

HEAT PLATE UNDER PLATE EDGE SOUND TOTAL
NO. TWICK. DIA- RISER RISER SHRINK SOUND BEYOND SOUND Total Sound

NESS IIETEIR DIA. SHRINX RISER ihickness

P-7 I In. 6 Ia. I In. No Obs Yes 5/81• 7/16 1-1/16 1.0625
7/8 No Obs Yes 0 13/16 13/16 0.929
3/4 N0 Obs Yes 1/4 5/8 7/8 1.36
5/8 No Obs Yes 3/8 9/16 15/16 1.50

P-3 I -in. 6 In. 1.5 In Yes Yes 5/8 3/8 1 In. 1.0
7/8 Yes Yes 9/16 5/8 1-3/16 1.36
3/14 No Yes 5/8 5/8 1-1/4 1.67
5/8 No Yes 3/8 //16 13316 3.30
1/2 No Yes 3/16 3/8 9/16 3.12

rF-O I in. 6 In. 2 In. No Yes 3/4 1/14 1 In. 3.0
7/8 No Yes 11/16 131/16 1-1/2 3.71
3/1 No Yes 9/16 11/16 1-1/4 1.67
5/8 no Yes 5/16 9/16 7/8 1.40
1/2 No Yes 1/2 11/16 3-3/16 2.37

P-11 I In. 6 In. 2.5 14 No Yes 9/16 3/2 1-1/36 1.0625
7I8 No Yes 9/16 1/2 3-3/36 3.21
14 No Yes 1/4 1/2 3/14 0.75
5/6 No Yes 5/16 5/8 15/16 1.50
112 No Yes 1/4 5/16 9/16 i.12
3/8 3 In. No, Yes 3/8 3/8 3/14 2.0

P-13 1 In. 5 In, None Yes 3/16 5Al6 1/2 0.5
7/8 Yes 1-1/16 3/16 1-1/4 3.43
3A4 Y-. 1/2 7/16 15/16 3.25
518 Yes fit I/a 5 iA 3.0
i/2 Yes 1/2 5/16 13/16 1.62
3/8 Yes 5/16 3/8 11/16 3.83

P-14 1 In, $ In. I In. Yes Yes 3/2 1/2 1 1.0
7/8 Yes Yes I 5/16 1-5/16 1.5
3/14 Yes Yes 1/2 1/2 3 1.33
5/8 Yes Yes 9/16 W/2 1-1/16 1.70
1/2 Yes Yes 7/16 3/8 13/16 1.60

3/8 No Yes 3/8 7/16 13316 2.15

P-Is I In. 5 I.i. 1.5 yes Yes !1/16 7/8 3-9/16 1.56
7/id Yes Yes 5/8 5/16 15/16 1.06

3/14 Yes Yes 9/16 3/8 15/16 3.25
5/8 No Yes 3/2 5/8 1-1/4 1.81/2 No Yes 1/4 5/16 9/16 3.123/8 No Ycs 1/8 3/4 7/8 2.30

P-I6 in.•. 5 1p. I. Nn Vae 1/1 518 1-1/8 1.125
W/6 No Yes 9/1-6 1/2 1-31/6 1.2
3/1 No Yes 3/2 11/16 3-3/16 1.48
518 No Yes 1/2 5/8 3-1/8 1.80
1/2 No Y~s 3/8 5116 11/16 1.37
318 No Yes 3/16 )/16 3/8 1.00

P-17 1 In, 5 In. 1.51, No No 1-1/4 1.25
718 No No 1-1/4 1.43
3,t No No 1-1/4 1.66
5/8 No Yes 112 5/18 1-1/8 3.8
ii2 No Yes 11/31 7116 1-1/8 2.25
3/8 No Yes 1/4 |ia 3/, 2.00
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TABLE Ji1

FEEDING DISTANCES IN TAPERED MACHINED GRAPHITE MOLDS

H EAT PLATE TAPER UNDER PLATE E GE SOUND TOTAL T a
NO. t ICA- :IA. AISER RISER SHRINK SOUND BEYOND SOUND Total Sound

NESS ,IER DI SHRINa RISER Thlckness

P-14 1/8 In. 6 In. I In. 2 no yes 1/k 114 112 4.00
I A 6 1 2 no yes 1/4 Ii2 3/1 3.00
3/8 6 I 2 no yes 3/4 1/2 1-1/4 3.33
1/2 6 1.5 2 no yes 3/8 5/8 1 2.00
5/8 6 1.5 2 no yes 5/8 314 1-3/8 2.20
3A' 6 2 2 no yes 3/4 1/2 1-1/4 1.670
7/8 6 2 2 no yes 3/4 1/2 1-I1/4 1.440
I 6 2.5 a no yes 3/-: I. / 1-1/i 1.250

P-75 1/8 In. 6 In I In. I no yes I/4 I/4 1/2 4.00
114 6 1 2 no yes 114 1/2 3/4 3.00
3/8 6 1 a no yes Its I/S 3/4 2.00
1/2 6 1.5 2 no yes 1/2 1/4 314 1.50
5/8 6 1.5 2 no yes 1/2 1/2 I 1.60
3/4 6 a I no yes 3/8 1/4 5/8 .834
7/8 6 a 2 no y6s 5/8 I 1-5/8 1.86
1 6 2.5 2 no yes 3/4 1/2 I-I14 1.250

P-76 1/8 In. 6 In. I In. I no yes li' 1i' 1/2 4.00
1/i4 6 I a no yes 114 1/4 1/2 2.00
3/8 6 1 2 no yes 1/2 3/8 7/8 2.33
1/2 6 1.5 Z no yes 1/2 1/4 J/4 1.50
5/8 6 1.5 2 no yet 1l/ 1/2 I I..0
3/4 6 2 z no yes 1/2 0 I/l .666
7/8 6 2 2 no yes 3/4 1/4 I 1.14
I 6 2.5 1 no yes 1/2 1/4 3/4 .75

P-7f 1/8 In. 6 In. I In. 3 no yes 1/8 3/8 1/2 4.00
I/4 6 1 3 no yes 1/4 u/4 1/2 2,00
3/8 6 I 3 no yes 1/4 1/4 1/2 1.31
1l1 6 1,5 3 no yes 1/2 1,'h 31/ 1.50
5/8 6 1.5 3 no yes 1/2 1/2 I 1.60
3S4 6 2 3 no yes 3/8 0 3/0 .50
7/8 6 2 I no yes 3/4 112 I-I/4 1.43
I 6 1.5 3 no yes 3/8 1/2 lie .87

P-78 I/8 In. 6 In. I In. 3 no yes 1/8 I1/4 3/8 3.00
I/4 6 1 3 no. yes 1/4 3/4 I 4.00
3/8 6 1 3 no yes 1 /4 11'S 112 1.33
Its 6 1,5 3 ro yes 318 1/2 318 1.75

5/8 6 1.5 3 no yes 1/2 1/4 3/4 1.ao
3/4 6 2 3 no yes 12 3/4 1-I/4 1.67
7/8 6 2 3 no yes 5/8 I 1-5/8 1.86

6 6 2.5 3 no yes 5/8 1/2 1-1/8 1.125

P-79 1/8 In. 6 In, I In. 3 nQ yes 1/8 i/4 3/8 3.03
114 6 I 3 no yes 1/4 1/4 1/2 2.00
3/8 6 1 3 Jo y-s 1/4 1/4 1/2 1.33
1/2 6. 1.5 1 P9 yes 0 0 0 0.11
5/8 6 1.4 3 no yes 1/2 liz I 1.60
3/' 6 2 3 ,• y'• 5/1 1/2 1-1;8 1.50
21A A , • ..; .,.,, ... .... a~

I 6 2.5 , no r• 5/8 314 I1-3/8

P-8 1111 In, 6 In. I In, ' ,.. Y.. 1/4 14 ?.on
IA/ 6 I nP 9 i/2 3r5 7/d J.50

3, 4 * o ' " 34 23!
1/i 6 1.5 4 ,, y. /4 A'
518 6 I.5 4S Y..6o 5/8 1/.. i/I
3114 6 1 4
7/8 6 2 4 no C' I/2 -/2 3 319

`-84 i 1!8 :n. .t i I m . 4 W.

3I/ a I .... ' ,.
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TABLE JII (Continued)

HEAT PLATE TAPER UNDER PLATE EDGE SOUN0 TOTAL T •
NO. •HicTIC A-RIR RISER SHRINK SOUND BEYOND SOUND otal SoundNESS VEE IA, 5-ii. 1l[ _Tblckne•s*.

P-88 l/8 In. 6 In. I In. 4 no yes i/8 3/8 I/2 4.00A/4 6 1 4 .w yes 1/4 1/4 1/2 Z.00
3/8 6 1 4 no yes 3/4 3/8 7/8 2.33
1/2 6 3.5 4 no yes 1/2 1/4 3/s 1.25
5/8 6 1.5 4 no yes I/z 0 3/2 1.253/4 6 2 4 no yes 1/2 3/4 1-1/4 1.61
7/8 6 2 4 no yes 5/8 1/2 1-1/8 1.28
I 6 2.5 4 no yes 3/4 3/2 i-ii/ 1.25

P-95 1/8 In, 6 In, 1 In, yes yes 1/8 3/4 7/8 7.001/4 6 1 5 yes yes 1/4 114 1/2 2.00
318 6 1.5 5 no yes ./2 0 1/2 1.33
1/2 6 1.5 5 no yes / 2 1/2 I 2.00
5/8 & 1.5 5 no yes 3/8 7/8 1-1/4 2.00J/4 6 2 5 no yes 1/2 3/4 1-1/I 1.67
7/8 6 2 S no yes 5/8 1/4 1-1/8 1.28

8 6 2.5 5 no yes 3/4 3/4 1-I/2 1.50

P-101 1/8 In. 6 In, I In, 5 yes yes 1/8 3/4 7/8 7.00
114 6 1 5 yes yes M/4 1/4 3/2 2.00
318 P 1.5 5 no yes /Is 1/4 1/2 1.33
1/2 1 1.5 5 no yes i/Z 1/4 3/4 1.50
5/8 6 1.3 . no yes 3/4 1/2 3-3/4 2.00
3/1. 6 2 S no yes 3/8 3/4 1-1/8 1.50
7/8 6 2 5 no yes 3/4 1 3-3/4 2.00
i 6 2.5 5 no yes 3/4 1/4 1-1/4 1.25

P-IOS 1/8 tn. 6 In. 1 In. I yes yes 3/2 1/2 4.00
I/4 6 1 5 yes yes 1/4 1/4 1.00
3/8 6 1.5 5 no yes 1/2 0 1/2 1.33
1/2 6 1.5 5 no yes 1/4 1/4 13/2 .00
5/8 6 1.5 5 no yks 1/2 3/2 1 1.60
3/4 6 2 5 no yes 3/4 3/4 1-1/2 2.00
7/8 6 2 5 no yes 3/4 3/4 1-1/2 1.71
I 6 2 5 no yes 3/4 3/4 1-1/2 3.25

P-I117 /8 In. 6 In. I In. 6 W, yes 1/4 5/8 7/8 7.00
1/2 6 3 6 no yes 1/4 1/2 3/4 ).00
3/0 6 1.5 6 - y. 3/2 1/4 3/s 2.00
iU2 6 1.5 6 no yes 5/8 1/4 7/0 1.75
5/8 6 1.5 6 no yes 5/8 1/2 i-1/8 1.80
3/4 6 2 6 no yes 5/8 3/4 1-3/8 1.83
7/8 6 2 6 no yes 3/4 3/4 3-3/2 1.72
3 6 2.5 6 no yes 3/4 1/4 1 1.00

"P- Ze!... . . ... ... . ... !+ hn. .ac yZ3. .... :12.
I/4 6 1 6 no yos 1/4 3/Z 3/4 3.00
318 6 3.5 6 no yes 1/2 0 1/Z 3.331/2 6 1.5 6 no yes 3/2 1/4 3/4 1.50
5/1 6 1.5 6 no yes 3/2 go. ilZ .80
3/4 6 2 6 no yes lZ/- IN1 )IA 3.00
7/8 6 2 6 r e so i/z I :-I, 1.73
1 6 2.5 6 no yos 3/4

P-128 1/8 In. 6 in. I In, 6 ,1 yes 11/ I3Z 3/i 6.00
1/4 6 1 6 no yes 1/4 1/4 3/2 2.00
3/3 6 1.5 6 nA yes 3/1 31/ 5/41 1.661/2 6 3.5 6 no yes I/2 1/4 3/4. 3.50
5/8 6 1.5 6 no yes 3/2 3/2 .80
3/4 6 2 6 no ves i/Z 1/4 1/4 1Lnl
7/3 6 2 6 no yes 3/q 1/4 i-1/4 I .67

1 6 2.5 A. Rs yes 0



J40 TABLES D2-2786-8

TABLE l I (Continued)

PLATE Und., S.ond T.
•.-%et Th",II- OlIa- Rl'r Riser Plte [da., B,yond Total Totat S,•und
lO. neSS ineter Di.. I nper Sh Shrk bir~nk Sound Rtser Sound thickness

P143 1/8 In. 6 In. I In. 7 yes yes I/if 1/4 I/Z 4.00
1/4 6 1.5 7 no ys 1/4 1/4 112 2.00
318 6 1.5 7 nu yes I/a 0 I14 .66
1/2 6 2 7 -. yYs /IZ 5/8 1 I/a 2.25
5/8 6 2 7 no gas
3/4 6 1.5 7 no gas - --
7/8 6 Z.5 7 no y.a: 3/1 3/4 I 1/2 1.80
1 6 3 1 no la1 1 1/2 1.5b

PI53 t/0 In. 6 In. I In. 7 yea yes J/16 3/8 ý/16 4.51
114 6 .5 7 no yes I/4 A IA 112 2.00
310 6 ,5 7 .I. ye. 1/2 1/2 1 Z.b7
l/2 6 2 7 no yoe 1/4 11/ /iu .75
5/8 6 2 7 no '.as - - -
3i4 6 2.25 rz it.- 5/8 1/2 i 1/0 1.50
7/8 6 2.5 7 no gas - - - -
I 6 3 7 no gat - - -

PI 1I8 In, 6 In. I In. 7 nq yes f/l 1/4 1/2 4.00
114 6 1.25 7 no yoe 9.sa 1/4 1/4 1.00
3/8 6 1 7 yes yes 3/4 3/8 I V18 3.00
ina 6 2 7 no yes 314 1/2 I I/4 2.50
5/8 6 2 7 no yes 3/4 518 I 3/8 2.20
3/A 6 2.25 7 no yea 5/8 5/18 1 I/4 1.67
7/0 6 2.25 7 no gas - -
1 6 3 7 no no I- I/2 1_.0

P161 1/8 In. 6 In. I In. 8 no yes 1/0 3/0 1/2 4.00
1/4 6 1.5 a no Y,.. 1/4 1/1. 1/1 2.00
3/8 6 1.5 1 no yes 1/4 1/4 1/2 1.33
1/2 6 2 a no yes Sl8 3A1 I 3/8 2.75
5/0 6 2 8 no yes I 1/8 3/6 I 1/2 2.40
3/4 6 2.875 6 no yet 1/4 1/4 I 1.33
7/8 6 2.5 a no yes 5/8 3/4 1 3/8 1.65
I 6 3 ..a no . 1 1/2 1.50

P162 1/I In. i, • I 'ft. 8 no yes 3/16 IA 7/16 3.50
I/I 6 1.5 8 no y.a 1/4 J/J6 V/lb 1.75
3/I • 1.5 a n. yes 1/4 1/4 I/Z 1.33
1/2 6 2 a Wo P.,4 5/u 3/4 I 31I 2.75
V/8 6 2 8 no yes 3/8 1/2 IlM 1.-0
3/4 6 2.5 B no I - 13/4 2.33
IId 6 2.5 o a ... -, I 3/4 2.10
I 6 1 I no ao 1 1/2 1.50

P11.3 Ulf In- b Ir- I-. in. i i yes gsQ IIC 1/41 9.no

1/4 6 1,5 a1 no yea Ils 1/4 Ulf 1.00
318 6 1.5 8 na yes 3/A 112 1 1/I4 3.33
I/Z 6 2 8 no y. 34/4 3/16 15/16 I.d7
5/8 6 2 a uo yes I/ 3/I. I I/a 2.10
3/4 6 2.,15 11 -u liy• •/ 3/ 1.33
/i/ 6 2.5 u. nu Y.s J/I I.'10 I 1/4 1.50

I 6 3 2 a.3 - 11/2 .50

P177 I/I In. 6 In. 1.5 li. 9 ve, y I' Jib 1/4 /ljb 1.50
1/4 6 1.5 9 la ns 1/4 1/S J/t .,04
3/8 6 1.5 9 li d• 1/8 I I lI/ 3.-11
If: 6 2 5- lid ;e !A 21i 11 .15
5/8 2 9 e, tes I I,% I/a 1 1/2 2.,1(
/Is 6 2.25 9 1, yes ''I 3/ I I/, I I.8
1/i 9 ,- -4 I /4 1 ill. z 10

I 9 - :, - .
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TABLE JA1 (Continued)

PLATE Uimier auaind t.
"Neat 5ial#k- Ole- miser . Riser Plate Edge eyond Total t Sun

No. nsn .neter D9a, rTper Shraink Shrink 6tind Riser Sound Thickness

Pile 1/8 In. 6 In. 1.5 In. 9 yes yes 1/4 112 3/4 6.00
/la, 6 1.5 9 no yes 1i1a I/I 1/2 2.00

3/8 6 1.5 9 no yes 1l/l I/l 112 1.33
1/2 6 2 9 no yes 5/8 1/8 1 2.00
5/8 6 2 9 "o yes 7/8 3/8 1 1/4 2.00
3/la 6 2.25 9 no yes 7/8 112 1 3/8 1.83
V/8 6 2.5 9 no yes 3/4 3141 1 1/2 1.80
I 6 3 9 no no - IIll 1.50

r17t l d ian. 6 in. I In. 9 yes ,es 1/8 1/4 3/8 3.00
I/A 6 1.5 9 no yes 1/4 318 5/8 2.50
3/8 6 1.5 9 no you I// 1/4 3/la 2.00
1/2 6 2 9 no yes 3/4 1/2 il1/ 2.50
5/8 6 2 9 no yes 3/l 3/14 1 1/2 2.40
3/A 6 Z.25 9 n yes I I/a I/i I 3/1l 2.33
2/8 6 2.5 9 no no . 13/la 2.10

6 3 9 no no 11/2 I.50

Po Ila Iai. 6 in. i In.l0 yes yes 3/b i1/ 5/8 5.00
1/4 6 1.S 10 no yes 3/8 1i4 5/8 2.50318 6 1.5 10 yes yes 3/8 1/2 71/8 2.43
i1/ 6 2 10 no yes 31/4 3/l1 I 1/ 3.00
5/8 6 2 Ic no yes I 18 1 5/8 2.60
3/4 6 2.5 Ic aao yes 1 1/4 1 I/J 1.6
7/8 6 2.5 I0 no yes 51/4 /2 I I/l 1.50
I 16 1 0 no no 1 11/2 1.50

P212 1/8 In. 6 In. I In. 0 Y-e ya-s 3116 3/8 9116 4.50i/4 6 1.6 I0 so "a1, 1/2 1/Ia Ji/A J.00
318 6 1.5 It so ys 3 V; -1;A ;.3 zm1/2 6 1.5 10 An ens I 112 I 1/2 3.00
6/8 6 2 I0 Mn Yos 5/b 6/8 I IiA 2.0-03/4 6 2.5 Io no All - - 1 3/ia 2.j3
71/ 6 2.6 I0 fn ye'- f/2 51/ I I/li IAS.I
I 6 3 IQ , .- - . 11/1 1.6O

Pi 3 15 I/n,. 6 In. 1.5 In. S0 y.. vsas ;s I/ia 1/8 L.00
I/ia 6 1.5 10 - yes Ila3 3/8 3/ia 3.00
3/8 6 1.5 t0 o ea yes I/2 3/8 1/8 2.J)
112 6 2 I0 nsa yVa I 3A 1 3.3 05/1 6 2 IO no y"' /U1 I1t I 3/5 2.a0
3la4 6 2.5 $ I n yes 51/ 1 I 5/8 2.1)
1/8 6 2.5 t0 1o An - 3V- a alM I 1ia, I..3
1 6 1 to nO I.. - 1 112 1.50

P'69 Il a In. 6 In. I In. iI yes y.s Ila Mt 3/ia 6.00
I/A 6 1.5 If no yes 3/6 Ila 1/. 2.16
314 6 1.5 " s.~ s 12 1/2 I 2.66
112 6I s o s I 3/8 1 3/8 2 75
S/8 6 2.25 if no - I 71 3.00
31A 6 2.5 II no 'u% I i/i 3/11 I I/Z 1.00
7/U 6 2.5 II n v on I i/i I Ill 1.11
I 6 34 II no go

P373 I/8 In. 6 lIA. I n. II yes '-% 1/16 1/4 5/16 2.501/i4 6 1.5 II no yV. 3id i/4 54s 2.W03/0 6 1.5 11 ;-U I,;; I 1/ I I lab.0
1/2 6 2 II no rs I 11 i/I I1 3'- 2.74
w/o 6 2.15 It .,u V6 314 I I 3/ 2.10

LI~ S. 1. II pja -~ -
7/aS 6 2.21 II vos Uaas ald :/1 / A .a &7
I 6 3 If As. .o . I z 1.50

Pill I/1 In., A- ;3. In. 12 y.s ya. - - - .
I/I• 6 !.315 12 /.a / 1/,4 1 I 4, , .0
3/6 6 3+ 2+ .a• ys.5 I a J~l I/ J.01 S.
I/2 6 3.136.vsIJa J/0 I yqsI, 3.13W1t 6 2.6 j ,u ,... -1 1/, . 4.1,
'A• 6 2.5- 1) ,,. .If... 3.GG,[
7/1 6 I.A 12 ,,, ,12 J/l ).31
1 6 3 i .o , 121/3 1.5-)



J42 TABLES D2-2786-8

TABLE J12

FEEDING DISTANCES IN TAPERED RAMMED GRAPHITE MOLDS

' • RATE.... TA•ER- -UH-tk .PLATE Lb•t S•OUN T1AL" T ...

aO. TiHICK. DIA-' 2111R RIS1 SHRINK SOUND 11vYONO SOUND iotat Sound
NESS HTER, .VIA, SHRINK RISER Thwkness

P-90 1/8 In. 6 In, In. 0 yet yes 1/89 1/8 1/4 2.00

1/4 6 1 0 yes yet 1/4 1/8 3/8 1.50

3/8 6 1 0 yes yes t/t 1 0/ 1/2 1.13

0/2 6 0.5 0 Ies yes I/1 0 1/. ,50

5/S 6 1.5 0 yes yes V;2 its 7/8 1.40

3/4 6 2 0 yes yes 1/2 0 1-1/2 2.00

7/8 6 2 0 no yes 3/8 0/2 5/8 .71

1 6 2.5 0 yes no -- 4*/-)/

P.9 1/8 tit. 6 Itn. I In. 0 yes yes 1/16 1/8 3116 1.50

1/4 6 I a yes yes !14 111& If) 2.00

3/5 6 ! 0 yes yes 114 1/14 1i 1.33

1/1 6 1.5 0 yes yes 01/ 1/16 5/16 .621f

Vs5 6 1.5 0 yes yes 3/8 5/16 11/16 0.09

3/4 6 2 0 no yes 3/8 1/2 718 1.166

7/8 6 2 9 no yet 1/2 31. 1-.1/8 1.3)

1 6 2.5 0 yes 9a4

P.93 "/1 In. 6 1&. 1 In. 0 1oo yet 1/8 1/0 11 2.00

114 6 0 0 yes yes /11/ /4 1j2 2.00
3/$ 6 1 0 yet yes 0/8 0/4 111 1.33

I12 6 1.5 0 yes tes 1/4 1116 5!lA .624

5/6 6 1.5 0 yes yes 3/8 5/11 !!/I 1.09

314 6 2 0 yes yes 3/8 112 7/1 1.166

7/8 6 1 0 yet yes 3/4 9/16 I-S/l6 1.50

O 6 2,5 0 yes yest 1/2 1-1./ 1.50

P.94 I/8 In. 6 In. 0 I-4 I yet yes 3/16 1/8 5/16 2.50

0/8 6 1 1 yet yet I0I 0/4 1 /2 2.00

/8 6 1 1 yes yes 114 0/2 3/I4 .00
1/2 6 1.5 0 yes yes 3/8 114 518 1.25

5SI 6 1.5 1 yes yes 1/2 5/16 13/16 1.30

311 6 2 1 yes yes 5/8 3/8 1-3/8 1.8h
718 6 0 yet yes I'8 31/ 0-5/8 1.86

6 2.5 1 no no 1-0/2 1.50

P-.9 0/8 In. 6 In. I In. I yes no 3/16 1/4 7/16 3.50
/8; 6 0 0 yes yes 1/1 1/4 1/2 2.00

318 6 1 yes yet 3/8 iti 5/8 1.67

1/2 6 t.s I * yet ye /2 3/4 / -10 4 2,50

5W8 6 1.5 1 yes V*A 5/8 3/4 1-318 2.16.
3/8 6 2 0 no yes 1/2 5/6 !-1/8 1.50

7/8 6 2 1 yes yes 3/4 31/ 1-1/2 1.50

1 6 2.5 1 no no

P?-t) 1/8 If%, 6 tn. I In, I no yes 3/16 1/8 5/16 1.50

1/4 6 1 I no yes I/4 !1/ 1/2 2.00"

3/8 6 1 I yes yes 3/8 1/2 kif 2.33
! 12 K 1.5 1 no yes 1/1 /8 7/8 t.75
5/8 6 1.5 I yes yes 1/2 1/2 0 1.60

3/8 6 2 1 no yet 1/2 1/2 I 0.33

lid A......"..... .. , . .... . '.'!

I 6 2.5 i no no

P.10 • 018 In. 6 In. 0 In. 2 yes ves 3/16 1!8 5/16 2.50

1/14 6 I 2 yeS yV. 4 i. il. 1/2 2.00

3/8 6 0 2 yes r- lt I1/4 !12 1.13
1/2 6 1.5 2 yMq yes 3/8 1/4 518 1 ?

5/6 - . 12 I 1.

3/4 6 2 n, "ut 3/'. 3/4 1-lZ 2.00
7/8 6 2 2 yes yrs 3 /14 I I-it 2.00

0 6 2.5 2 t

P-111 0/8 '.. 6 In, I I.. I , ;', I.nf

0/4 o • 2 yc. . Il,. 1/2 2.00

3/8 6 0 7 ~ ;"4'*i
1  

i/2 0.13
1/t £ 1.5 2 y1.t ,. , , 16 i/16 1-17
5/6 6 1.5 V .. ?1r'/ 1/" 1.0

3/i. f y M0 1/-3/p 2-0f

6 2.5 2 -. .



D2-2786-8 
TABLES 

J43

TABLE J12 (Continued)

tht PAETAPER UNDjoER -f;-LAT EC E 6 G jidL. 0 UA u ft
RISO- SHRINK I SOUND 83703 SOUND t Snd

P-l|2 1/8 In. 6 In. In. 
3/36 1/4 7/16 3.50

313 6 1 2 yes yes 1/4 1/4 1/a 2.00
3/a 6 t yes yes |/4 11/41 12 3.S0
1/ 2 6 1.5 2 no y 1e 1 . 5S/a .31/' 

3i'8 7/6 1.7Ste 6 1.5 yes yes 5/8 114 7/8 3.40
1 6 1 no Y es ./4 1-3/8 1.81

no
1 /8 In, 6 In.1 In , 3 no yes 1/0 1/8 1/ .3d'. 6 3.5S 3 o / 1, .20
3/8 6 ,Yes 

I/4 IA/ 1II 2:00
3/I 6 3.5 1 no yes 3/ I/4 5/8 1.67
518 6 2 3 no Yes 1/2 11A 3/4 1.105/8 6 2.5 3 no yes 1/2 112 .0
7/8 6 2.5 3 no yes 1/2 3.8 7/8 1.367

2., 3 no yes 3/4 3/4 [-I 1 .713 63 no nu
P-lMI 1/8 In, 6 In. 1.5 in. 3 no yes 1/8 1/8 1/4 Z.00

1/4 6 1.5 1 no yos 3/8 112 7/I 3.50
318 6 1.$ $ no yes /z 1 /2 3 2.67
1]2 6 2 3 no yes /a 1/2 ?1/1 1.75
518 6 9 3 no yes 5/8 iii 3

-i/ 1.85
3/4 6 2.5 3 no Yes 3/14 3/4 1-1Il 2.00
7/6 6 2.5 3 no ye /4 314 3-1/2 3.711 6 3 3 no no

P-111 Il/ In. 6 In. 1.3 In. $ no yes 3/8 1/4 318 3.00
1/4 f 1.5 3 na yes 3/8 W2 7,' 2.86
3/8 6 I.5 no I3/2 6 * ) no y*s |y 1 |/2 / I 2.6
1 / 2 3 no yes 5/2 3/ • - 2,00
$/8 6 2 . no y1 3/Y l2 I -/ 1 1.603/A 2.5 3 no yes 5/8 3/4 3-16 ,
7/ 6 2.5 j 3 no 6ye 3/4 1/2 3IA4 1.43
1 6 3,5 j no 94s

noP-123 1/8 In. 6 In. 1.5 In. 4 no yes 1/4 1/4 1/2 4.oo1/4 6 1.5 4 no Yes 3/6 11." 7i 2.86
V/i I a 

yes /2 /2 13 2.66
51/ 6 1 n no yes 5/8 3/2 1-1/8 2.50
3/4 6 2.5 4 o yen 1/2 1/4 3/ f t,2o3I4 6 2,5 4 M v:: 5/8 1/2 3-1/6 1.50no 

6 2.$ n yes 1/2 7/8 1-3/8 1.57

J.5 4 no 3-3/2 1-3/2 1.50P-124 f/8 In. 6 to, 1.5 In. 4 o 5 1/4 WO 5/6 c.0n3/8 6 1.5 1 no yes 3/8 1/2 718 2.86
318 6 1.5 

ye s 3/ 1 5/ 1.66
518 6 2 no e 14 Ila 3/4 1.50
5/8 6 2.5 4 no yes 5/8 3/4 1-3/a 2.20
7/8 6 2 .5 4 no yes 3/2 1/4 3/4 3.00n/8 no 3.53/A& 3-3' 2.00' 3.5 4 no -P-13 5 1/8 in. 6 Ir 1.5 In. h no yes 11 8 3 811/4 6 3.5 -no y 46 3/8 S/z 2.ýO3/ 6 . no V1 114 3/8 )A/. 2.001/2 6 2 nn yes I/2 1/'2 I, 2.00
5/1) 6 2 '. Y0 1'/2 3/A /4 2.00

3/4 6 Z.5 4 no yes 3/8 112 -3/6 2.007/8 6 2.5 4 no 
I3-1/l 3.50S 6 i 4 no o



J44 TABLES D2-2786-8s

TABLE J12 (Continued)

HEAT 'PLATE TAPER UNDER PLATE 'LOGE SOUND TOTAL T.
No, lIIICK- DIR- RISER RISER 5'I'UNK SOUND BEYOND SOUiND Tet Snund

mEs MIETER D16, SHRINK RISER ThIcknnss

P-126 I/8 In. 6 In. 1.5 In. 5 no yes 1/4a 1i's lz ko.0
I/I. 6 1.5 5 no yes 318 1/54 7/8 3.50
310 6 1.5 5 yes yes 1/2 1/2 I 2.571/2 6 2 5 no yes 3/4 5/8 1-3/8 2.755/8 0 2 5 no Yes 3/4 1 1-3/4 2.803/4 6 2.5 5 no yes )/4 3/4 1-1/2 1.71
7/8 6 2.5 5 n

1 6 3 5 no

P-127 1/8 In. 6 In. 1.5 In, 5 so yes 1/Ia 1/. 1/2 54.001/4 6 1..; 5 no Yes 3/8 1/2 7/8 3.5.0
318 6 1.5 5 no yes 1/2 7/8 1-3/8 3.671/2 6 2 5 no yes 5/8 3/4 1-3/8 2.75
5/8 6 2 5 no Yes 3/4 3/1. 1.1/2 2.40
3A4 6 2.5 5 no yes 3IA 3/h I-I/ 2.00
7/8 6 2.5 S o n
1 6 3 5 no no

P-133 I/8 In, 6 In. 1.5 In, 5 a yes 1/8 1/Ia 3/8 3.001/I. 6 1.5 5 -. Yes 3/8 1/12 5/8 2.50
3/8 6 1.5, S no yes 1/2 1/2 I 2.571/2 -S 2 5 no yes 5/13 1/2 1-I/8 2.50
5/8 4 2 5 no yes V4' 1/2 1-I/Ia 2.00
31/4 ., 2.5 5 no YeS 1/4 3/54 I-1/2 2.00
7/I11 I 2.5 5 no 9AS
I1 I 3 5 no 9.6

P 134 1/8 In. I6 1"., 1.5 In. 6 y~ I1f(B IfZ 5/113 5.001 pi 6 I.$ 6 no yes 3/8 3/8 3/4. 3.00
3/83 6 1.5 6 no yes 1/2 1/2 1 2.671/2 6 2 6 qo yes 1/2 3/4 1-1/4 2.50
6/H 6 2 1. n. Ves r/83 ;/2 1-1/83 1.1301 -4j no g.
7/13 & 2,5) 6 no 94
I 6 3 G nn 9.

P135 1/dl 1, 6 In. 1.5 6 no Y'. , 9" / 3/d3 1' 1 00
I/ifs 6 1.5 6 nCo ya. 3'Ul 1/2 71/4il 5
3/18 6 1.5 6 Y s Ys 112 5.It . 1/0. 3.jI

1 /2 6 2.0 b u Y- 112 5/0 :1b1 2.a5
5/d3 1 2 6 1,,, Y~ J/54 ji4 : /1 2 41.3/4 5' 2.5 6 no Y., 3it 3/54 /I 200
7/83 6 2.5 6 ..a V~ l/2 3/4s 1 1/4 141
I 6 3 6 -nq.

P16j /U~b In. 6 In.. 1.5 In. 6 -,, J- q.. 1/13 J00
I/14 6 1.5 6 n., V- /l 3/0 3/d 3.00

/l 1. 1,5 & n y..i I f 54b 1 /d3 3.j31
liz 6 2 6 no p,,, 1/54 5/a 2/3
5/13 2 6 , Y. I l/Z I V/I 2 35
3/4 6 2.5 L, no Y. 5/d 51 1 I/. *

1 0 3 .4 no 94 -

P160 -to b In I. In,, n" , u
1/4 6 1.5 7- 1 / Ij ~

3/d 6 1.5 7 Y~ -~ 3/14 )'1., I 5
Il 2 7 W, Vo J~JI4 1. 2 7 ,,, *. 132

& I I

3/ £ 1.5 ,.. 4

7/3 .



D2-2786-8 TABLES J45

TABLE J12 (Continued)

PLATE Under Sun..d T.
Reat thick. Ola- Risar Riser Plate Edq. Beyond totl.. l S•s14_
No. ness meter 0 l&. Tsper Shrink Rirhik $;_ n3 R lser Sound Il•lL..ss

Pill 1/8 In. 6 In. 1.5 In. 7 no yes 3/11 3/4 I i/8 9.00
1/4 6 1i5 1 no y-s 5/l1 1l/ 1 1/8 4.50
3/8 6 1.5 7 yes yes :/? 7/8 i 1/8 2.75
1/2 6 1 7 no yes 1/2 3/8 7I8 I.75
5/8 6 2 1 yes gas
3/4 6 2.5 7 no ga1 s
7/8 6 Z.5 1 no gas . "
1 6 3 1 no no- I It/2 1.50

P172 i/8 In. 6 In. 1.5 In. 8 wo y.. 3/8 3/4 I 1/8 9.00
1/4 6 1.5 8 no ye 31/8 I 1 3/8 5.54
3/i1 6 i.5 8 yes yes 9.s I 2.G7
1/2 6 2 8 no g.s - -

5/8 6 2 8 yVs q.. -
3/4 6 2.5 8 no 9,1 -
7/8 6 2.5 8 .0 9.1 -
I 6 3 8 no g9. -

Pi11 li In. 6 In. 1.5 in. 8 yes yos 3/l 5/8 I 8.00
Iti 6 1., 8 no yes 1i2 3/. 1 I/4 5.00
3/a 6 1.5 8 yes yes lId 5/8 1 2:67
i/2 6 2 8 no gas - - -
5/8 6 2 8 yes yes 112 5/8 i 1/i 1.110
1/4 b 2.5 a no 9-s -
7/8 6 2 8 no es -
1 6 3 8 no g-

PiA 1/8 In. 6 In. I.51n. 8 no yes i/2 1/2 I 8.00
1/4 6 1.5 8 no yes 1/2 1/2 I 4.00
3/8 6 1.5 8 yes y.-. 518 7/8 I it, 3.30
1/2 6 a 8 no qds -
5/i 6 2 8 yes gl .&
3/4 6 2.5 8 no gas
7/id 6 2.5 8 no 9-,

I 6 3 8 no g9-

P175 li/ 6 1.5 9 no yes 94Si I1/4 6 1.5 9 nO yes 3/4 1 1/4 2 8.00
1/8 b 1.5 9 yes yes 1/2 I I I/2 4.00
3l/ 6 2 9 no ga9 - - -
5/l 6 2 9 yes - 3.2o
3/4 6 2.5 9 no 9- -
1/8 6 2.5 9 yes g..%

P184% Ilid In. 6 In. 1.5 in. 9 no Yý4 9.s 5/l 5/8 50
1I/ 6 1.5 9 no yes I/ 71/8 1 4.00
J/n 6 1.5 9 ysl 71 1/li8 3/1 1/4 1.8!.
lId 6 2 9 n-, y's i/1 Y/8 I 31/8 175
Sid 1 9 r-ye yV i! Uis I 318 72 2
W, G 2, "I ,,- .o - - ! 3A 2.34
7J8 6 2.5 9 ',- i,/I . 2.11-1
I 6 3 9 no g9,k

PiUS I/tI In. 6 Ir. 1.5 in. 9 no yce 5 1/8 I I/1 0U.0O
1/4 6 1.5 9 yes y.s I/ 71/8 I Ila 4.50

112 6 'J .. l 1/4 5/6 7/l I 17
Sid s 2 9 yes .. I 3. 21Ji

IAn 6 2.S 9J-iltS- -

!. 3 9 . 4,s -
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J46 TABLES D2-2786-8

TABLE J12 (Continued)

PILATE Under 5,oJnd
Host Thick- boI- Risr niser Plate F..Jn BcyosI tl Total "ora Sm..d

,.•, ness entos" Oe . T.aper ShrinkShrink So.,Id Aiser 'Sound t- ck-'sN

PIgS 118 In. 6 In. |.5 in.iO no gnS
|/i. 6 i1.5 10 yes gs . -318 6 1.5 I0 yes gas

iI 6 2 i0 no gas
518 6 2 I0 y's 9 %
3/4 6 2.5 I0 no 9. v,
718 6 2.5 10 yes -pa
I 6 3 10 no )ias

P196 1/8 In. 6 In. i..S n.l0 s. yen 1/4 1 i/4 I 1/2 10.00
I/A 6 15 10 yes yes 2/8 1 i 3/8 5.50
if8 6 1.5 i0 ye9 ys 112 5/4 I 1/4 3.33

1/2 6 2 I0 no ya 3/i I 1/6 2.15
5/1 6 2 10 h•, & ~ -
3/4 6 2.5 I0 -no no - I 3/, 2.33
718 6 2.5 I0 no gas - -
1 6 3 10 no no 1 1i/ 1.50

PZO0 i/i In. ; In 1.. Ln. iO C. yes 111 3/4 i I/A 10.00
1/4 6 1.5 10 yes yes I1/ I 1/4 6.C?
3/8 6 1.5 10 yes yes I/f I 1/2 a 5.34
I/Z 6 2s 1 no gas I 5/8 1 5/1 3.25
5/8 6 2 10 yes nu - . 2 3.20
3/4 6 2.5 t0 no - g, I 1IA I 1/4 1.67
7id 6 2.5 O no 0 -w I 1/2 1,2
3 6 3 I0 no n1 - I/2 1,50

P275- 1/8 In. 6 In. 1.5 In. 1i no yes 1/16 3/4I 13/16 6.50
3 1/4 6 2 ii no ye- ./8 I /2 /8 l 1 .50

1/8 6 2 1i no no 2 5.34
t/2 6 a Ii no gas

P275- 1/8 in. 6 In. 1.5 in. II no yes 1l4 1/2 J/4 6.1)0
a 1/4 6 2 I1 no yes 3/8 1 1143 1 5/ 6.50

3/U 6 2 11 no no - . 5.31n
1/2 6 2 1! ,-.. f ,- z 4.O.

P278 1/8 In. 6 In. 3.5 in, 1i yes yenis /U 7/1 1 I 8.0o
1/4 6 2 i1 rn yom I/4l 3/4 1 4.0o
J13 6 2 il no yes 3/1 1/

4
, 1 2.66

tlI 6 2 !I yvo gas - -

P279 118 Ins. 6 in. 3.5 In. 12 no ye, 1/2 U/4 3/4n 6.100
1/4 6 2 i -m. ,Y-s .'8 I 1/4 1 5IB 6.,0
31hI 6 2 12 s,, gms

312 6 2. I Z to nu - - - 3.

P3;. I/F In. 6 i1. 1.5 In. I? no ye. l/6 I 114 I V1/ II.)ou
| 1 4 6 2 I Z n o y v s I / U/ 1 / .1 i 3 / 6I 1. 10

3/8 6 a 32 no n 5.311
1/2 6 2 5 12 .•. w ,. M.- -

PltU 11l In. 6 1. j.• ins. IA t," y 1/., i I 1/4 Io Un

3/i, 6 2 ! ,- ., 5 A
|i Z 6 2 5 Il n,. ".. Jum ! lil I 1 1 1 3 . ,



D2-2786--8 TABLES J47

TABLE J13

FEEDING DISTANCE IN HEATED MACHINED GRAPHITE MOLDS

w3'.t Ti,3k 03G- l3311jr Ml.. plate £s3.cj btoyctnd T.,ta? 1at..3 !ond

3'4w) / I 0Al ye- 3llb 3/16 1/8 !.or)
1/1, 6u l ~ 3 oYes 1/8 0 33 .3

/4 , 4 0 1w yes. 1/11 0 3/I 0.66
3/2 6 1 Yes no y. /4 0) 1/ 0.50
5/31 4. e1 0 n . t/2 i1ts 5/11 1,00
3/1, 61 ;1 0 "o 3~ /2 1/ A JAl 3.00
7/83 6 Z. 0 no Ye. 2 1/34 314' 33.36

16 3 a 1". y-.- lm1 1/2 1 5/83 1.1)5

A102 In3 6 a no)1 ye% 3/1 0 /16 0.50
1/4 6 :1$ a yIn lit. 1 ~.00
084 C. 3$ 0 1W.) 3/8 4) 3/03 1.300
1/2 6 r4 yeso 112 Vo4 '.8 .75
5As C n. Ve /2 1) /2 U.d
314i 6 2 0 SKI Yes. 3z 1/1 311f 3.00
1// (1 0 no) r~ v 3)2 1/0 5/3 0.71
3 6 a no Yes jil 3/t 3/1 1.03

V4110 3/33 6 34 0 111. Y.-- 3/AS 0 I/is ).on0
1/4 6 r-0ot yes 3/1, UI 1111 3.00
Vok 6 it W0 no 1/8 1/4~ f/E 3.611
3/z 6 2 0) Wu Yn." 1/2 1 12 3.00
'i/li 6 2 )10) V!4' 3/2 0 3/G.13
314 6 2 0 no yo: 5h; 1/11 1/ .36

Ia 6 7" 110o v(1 3/2 1/hi SAS3 0.71
16 1 0te yet. 3/14 fil 1 3.00

1'4 1L 3/13 £i 33 tYe'.% 18 I/if, 3/36 b 1.5
3/3 6 3m, Yes. 1/1, 0i 3/.0t)

Jill 6 3 n. YE. 3/a 4 3111 3.00

I3Z. 1, ; 1 110I yt16 3F W/ I ). oft
w 6 W. V'-* W.~ 1/ /1 5133 3.04

fill £ 3 oYi-% 112 11 32 0. 1U.

1 6 1 3 ii, yWit I/3 3/if 113 0. Ilt

1/1, G 1~4a. ~ / /11 tfit I.4k

1/3368LI "1* 3/1 /is 1/1, 1.334

4 II nly.- I., iij Sfill

j /it Y'- 3f P II /it' jilt 4) 3/4

3/433~ 3tint y.- 3/I 3/a4 /4 0.413

I/t 6 1'.1 I, 4/a3 II fit 041 .

1/31 I ~ V,3at.y .. 3i 1/1, /A,,
3/ 6. .. I I. lit I '



J48 TABLES D2-2786-8

TABLE J13 (Continued)

PLATE llbdir Suund 1"
liea t Thick- Dla- Riser It I set. ,!ýt. Fd-,I I33-y 11im1 It't.l lTt.l , I.i. d

No. _ness met or Didh , tp ...r SI! lk _Si ,,Ik S I A Si ...3 _I r %..,,n,I tii, I.,,,,,.

P477 1/8 6 Io s ,u I;I 3/1 31LI 1.O0I ~~1 UI lI i y,!ý. lift #!.ll
1/4 6 3 n:U y,, I Ii 1/t I. (,13
11/33 & 3 1-Cj/it I3/ 3*
1/2 6 2 3 1u yt!5 I/Z I /4i I.
5/3t 6 2 y yes. P2 / (. 1/2 u. 1(10
311. y,,. 112 ll% I /.11
7/1 6 21 1 no y,-s/ 112 i.

I6 3 i flu y.:•, I z I / I 1 I(30

P487 I /b 6 1 3 .) y,.l. 3/3 U ./l 1 JW
I/it 1-Ij 3 yeb p.', ly4 ]/1 1/li 3 '-3J
J/8 6 , 3 yti,. s I It 3/11 VIu I
1/2 6 13 ni r, yI. I/I I A/J 1/8 I

U 6 2 j n y1. 1/2 IA/I V1/ I.110
3/4 63 , ts 12 11/
7/3, 6 ::.. p,.' 3/i //3 3.' ,.3/ "J•I0 e J1 i/l I I 3.34l

3 6 3 3 1y- ',/! %/2 1 i/l.

I1490 I/8 6 I 3 fill yes I/3 0 I/l 1./333
i ill 6 11 3 Yet. Yes I/1A I lit Ilk
3M1 6 11 3 y.% y.', 3/t I/11 l/2 3. j1

/2 6 3 1,- Yt, 112 3 1/1 1.11o
5/3l 6 2 3 yeb yes 3/2 0 Ilk (.
3/1, 6 3 ,,u y.,s 1/2 312 I 11
711 6 j no y-'+ 3/2 lIt. 1/33 (.i1

1 6 3 3 y- 3 I/ I I/? I

P5112 f/81 b 3/y I/ti 1/3 3. 1/n.

3/8 6 1 5I y:s 3I/l JAI/ 
3

/d I .3.l.
I/i 6 2 5 i.t) Ye/ Il/ /4/1 I.1,o
5d111 G , 5 y,.- 1/1 I/11 5/11 I.ui
3/A 6 2 5 31" )10 3/33 3/1, 3/t| 0.1',1
71 8 2 5 yt y." '/ It I I . li

I J;• +•y . U Zl ; i Jil I . wI,

WWII 1//3A../I/t , 5 i t, y ,: I/4 IJi / 11 I ,'3it

1/ 3. I • 5 y.-+ y.. I// 3/2 I3. +V/U 5 I'l Y , ','. % lit fli I / I L/,

J6 l2 5 IA J11 3/3 VII IIi
1//U 3 2 / 5 y,-. p ... 1/4.' I/' I I . -'3

go 6 4JI A .. 3~ /j 33'

Ii.I I I J



D2-2786-8 TABLES J49

TABLE J13 (Continued)

PLAT. Jnder Sound T a
met Thick- bi - Riser Riser Plate Edge Beyond Total Total Sound

No, ness nt*r .olg, Taper Shrink Shrink Sound Riser Sound Th.knes.

P506 1/8 6 1j 7 yes yes !/4 0 1l4 2.00
14 6 1 7 no yes 11 1/2 3/4 3.00
3/8 6 1 7 no ye 1/2 3/4 1 1/4 3.00
11/ 6 7 no yes 1/2 114 3A4 1.50
5/8 6 7 no yes ! I/2 11 /2 2.40
3/4 6 7 no yes 3/4 1/4 I 1.33
718 6 3 7 no yes 5/8 1/3 11/8 1.28
I 6 3 7 no no - -- 1 1/2 1.50

P507 118 6 1 7 no yes 1/4 3/4 1/2 4.00
114 6 1 7 no yes 1/4 114 1/2 z.O0
318 6 It 7 no yes 1/2 3/4 11/4 3.00
1/2 6 2 7 no yes 1/2 1!4 3/4 1.50
5/8 6 2 7 no yes 3/4 1/2 1 114 2.00
3A1 6 2 7 no ye I 1/2 1 1/2 2.00
7/8 6 21 7 no yes I 1/2 1 1/2 1.73
1 6 3 7 no 1- 1/2 1.50

P,8 1/8 6 1 7 no yes -1/8 0 1/8 1.00
114 6 1 7 no yes 1/4 1/8 3/8 1.50
3/8 6 it 7 yes yes 3/8 1/4 5/8 1.67
1/2 6 2 7 no yes 1/2 3/4 I )/4 2.50
5/8 6 2 7 no Fes 1/2 1 11/2 2.40
31A 6 2& 7 no yes 3/4 3/8 1 1/8 1.50
7/8 6 4 7 no as 7/8 1/2 1 3/8 1.64

1 6 3 ? no no - - 1 1/2 1.50



J50 TABLES D2-2786-8

TABLE J14

FEEDING DISTANCE IN HEATED RAMMED GRAPHITE HOLDS

PLATE Undcr Sound To
Heat Thick- Dla- Riser Taper Riser Plate Edge Beyond Total Total Sound
Not nes Meter Dia. Shrink Shrink Sound Riser Sound Thickness

(didn't
P383 1/8 6 1 0 no yes fill) 0 0 0

1/4 6 1 0 yes yes 1i8 3/16 5/16 1.250
3/8 6 1 0 yes yes 1/4 3/16 7/16 1.165
1/2 6 1I 0 no yes 1/8 1/4 3/8 .750
5/8 6 I 0 yes yes V/6 3/4 1 1/8 1.80
3/4 6 2 0 no yes I/2 1/2 1 1.33
7/8 6 2 0 no yes 5/8 1 1/8 1 3/4 2.00
1 6 21 0 no yes 5/8 314 1 3/8 1.375

P384 1/8 6 1 0 yes yes 1/16 1/8 3/16 1.50
1/4 6 I 0 yes yes 1/8 3/8 3/2 2.00
3/8 6 1 0 yes yes 1/4 1/4 1/2 1.33
1/2 6 11 0 yes yes 1/8 gas 5/8 3/4 1.50
5/8 6 1 0 yes yes 3/8 5/8 I 1.60
3/4 6 2 0 no yes 1/2 1/2 1 1.33

v/, 6 • 0 yez yas 1/2 7/8 1 3/8 1.57
6 21 0 no no 1 3/4 1.750

P385 i/8 6 1 0 yes yes 1/32 0 1/32 .276
1/4 6 I 0 yes yes 1/8 1/4 3/8 1.50
3/8 6 1 0 yes yes 1/4 1/4 1 2.67
1/2 6 71 0 no yes 1/4 1/4 1 2.00
5/8 6 If 0 yes yes 3/8 1/2 7/8 I.L4
3/4 6 0 no yes 1/2 3/4 1 1/4 1.67
7/8 6 2 0 yes yes 1/2 1 1/8 I 5/8 1.86
1 6 21 0 no no 1 3/4 1.75

P386 3/8 6 1 3 yes yes 0 g 0 0 0
1/4 6 1 1 yes yes 1/16 g 1/4 t/16 3.25
3/8 6 1 3 yes yes 1/4 9 3/8 5/8 1.66
1/2 6 1I I yes yes 3/8 9 i/2 7/8 3.75
5/8 6 11 i yes yes 3/8 1/2 7/8 1.40• "• • .. " y''. *.- jiu * i,. 1.iU

7/8 6 2 I no yes 1/2 1 I 1/2 1.71
3 6 3 1 no 0o 1 1/2 1.50

P3b7 1/8 6 I 3 yes yes 0 gas I1/8 1/8 3.00
U/4 6 i i yes yes 1/8 g i/0 1/4 1.00

•, .. I yes Y-s 1/4 1/4 1 2.67
3/2 6 I1 I yc yes 1/4 I/Z 3/4 1.50
5/8 6 I, yes yes 1/4 !4 I 160
3/4 6 2 I no yes S/8 1/1 1 !/8 1.50
7/8 6 2 I yes no a 3A4 ! 12, 2.00

I~~ ii/' 1t jL .75
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TABLE J14 (Continued)

FEEDING DISTANCE IN HEATED RAfflED GRAPHITE HOLDS

PLATE Under Sound T *

Heat Thick- Dia- Riser Riser Plate Edge Beyond Total Total Sound
No. ness Meter Dia. Taper Shrink Shrink Sound Riser Sound Thickness

P388 1/8 6 1 1 yes yes 0 0 0 0
114 6 1 I yes yes 1/8 g 1/2 5/8 1.50
3/8 6 1 1 yes yes 1/4 1/4 3 2.67
1/2 6 If I yes yes 1/4 1/2 3/4 1.50
5/8 6 1 1 yes yes 1/2 1/2 1 1.60
3/4 3 2 1 no yes 1/2 1/2 1 1.33
7/8 6 1 1 yes yes W/2 3/4 1 1/4 1.43
1 6 2- 1 no no gas 1 3/4 1.750

P389 1/8 6 1$ 3 no yes gas 1/4 1/4 2.00
1/4 6 1 3 no yes gas 1/8 1/8 .50
3/8 6 Ij 3 no yes 1/4 9 1/4 1 2.67
1/2 6 2 3 no yes 3/8 g 3/4 11 /8 2.25
5/8 6 2 3 no yes 3/8 O 1/2 7/8 !.40
3/4 6 2½ 3 no no gas 1 3/4 2.34
7/8 6 21 3 no no gas 1 3/4 2.00
1 6 3 3 no no If /2 1.50

P390 1/8 6 1½ 3 no yes gas 1/4 1/4 2.00
1/4 6 3 3 no yes I/4 9 1/4 1/4 1.00
3/8 6 1 3 no yes 1/8 9 1/8 1/4 1.667
1/2 6 2 3 no yes 3/8 1/2 7/8 1.750
5/8 6 2 3 no yes 1/2 1/2 1 1.60
3/4 6 24 3 no yes 5/8 1 1 5/8 2.17
7/8 6 21 3 no no gas 1 3/4 2.00
1 6 3 3 no no gas 13/2 1.50

P391 1/8 6 11 3 no yes gas gas 0
1/4 6 1 3 no yes 1/4 / 148 31/8 1.5
3/8 9 3 3 no yes 1/4 1/4 3/2 1.33
1/2 6 2 3 no yes 1/14 /2 3/4 1.50
5/8 6 2 3 no yes 1/2 3/4 3 I/4 2.00
3/4 6 2t 3 no yes 1/2 1 1 1/2 2.0e
7/8 6 21. 3 no no 9as 1 3/4 2.00
1 6 3 3 no no gas 1 1/2 1.50

P392 1/8 6 11 5 no yes 1/2 g 1/2 I 8.00
1/4 6 1 5 no yes 1/4 g 114 1/2 2.00
3/8 6 1 5 no yes 3/2 5/8 1 !In 3.0u
1/2 6 2 5 no yes 1/2 3/4 1 1/4 2.50
5/8 6 2 5 no yes 1/2 l/Z 1 1.60
3/4 6 21 5 no 0, gas 31/4 2.80
718 6 41 5 no fo gas 1 3/4 2. i+
I 6 3 5 no no gas 1 1/2 1.$0
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TABLE J14 (Continued)

FEEDING DISTANCE IN HEATED RAIMED GRAPHITE HOLDS

?LATE Under Sound T=
Heat Thick- Dia- Riser Riser Plate Edge Beyond Total Total Sound

No. ness Meter Dia, Taper Shrink Shrink,- und Riser Sound Thickness

P393 I/U 6 1$ 5 no yes o 9 ' U.o
1/4 6 1j 5 no yes . 114 g 3/8 518 2.50
3/6 6 1i 5 yes yes I/4 9 1/4 1/2 1.33
1/2 6 2 5 no yes 3/8 3/4 1 1/8 2.25
5/8 6 2 5 no yes 1/2 3/4 1 1/4 2.00
3/4 6 24 5 no yes 1/2 1 I 1/2 2.00
718 6 24 5 no no 13/4 2.00
1 6 3 5 no no 1 1/2 1.50

P394 1, 6 1 5 no yes qas 1/2 1/2 4.00
1/4 6 i 5 no yes 1/4 9 1/2 3/14 3.00
3/8 6 5 yes yes 1/4 1/4 9 1/2 1.37
1/2 6 2 5 no yes 112 g 3/4 1 1/4 2.50
5/8 6 2 5 no yes 7/8 3/4 i 5/8 2.60
3/4 6 2 5 no no 13/4 2.34
7/8 6 2 5 no no 1 34 2.00
1 6 3 5 no no 1 1/2 1.50

P395 1/8 6 11 7 no yes g9s 0 0
1/4 6r I ' ,, 1/8 1 3/4 i Y6 7.5
3/8 6 1 7 no yes 1/4 3/4 I 2.67
1/2 6 2 7 no gas 3/16 1/4 7/16 .875
5/8 6 2 7 yes gas 1/8 3/4 7/8 1.40
3/4 6 7 no gas 4 2.67
7/8 6 4 7 no no 1 3/4 2.00
1 6 3 7 no no 1 1/2 1.50

P396 1/8 6 I- 7 no yes 1/16 3/8 7/16 3.50
U14 6 i• no yes G 1/2 1/2 2.00
3/8 6 7 yes yes l18 1/2 5/8 1.67
i/Z 6 2 7 no yes 1/2 1/4 3/4 1.50
5/8 6 2 i no qcis
3/4 6 24 7 Io O s
118 6 2 A 7 ~ni cla-j
1 6 3 7 no ;,1s

P39/ I/8 6 I 7 aa yes 0 1/4 1/4 2.00
!/4 6 1'a 7 fi , -i e,. 3/ 1(& 3.A
3Y8 6 14 7 YIs yes 1/2 3/4 I /34
1/2 L 2 7 no 9qi3
-,j4. 6 2 6 n , 2

718 6 7 ::, , 3/4 2.o0
S£ 3 7 ,o no i!,
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TABLE J15

FEEDING DISTANCE IN CENTRIFUGED DISCS

SOUND T
HEAT PLATE RISER EDGE BEYOND TOTAL Total Sound RPN/G'S
NO. THICKNESS DIAMETER SIZE SOUND RISER SOUND Thickness

P-80 1/2 6 1 3/16 1/4 7/16 0.875 900/200
1/2 6 1 1/4 1/4 1/2 1.000
112 6 1 3/16 114 7/16 0.875
1/2 6 1 3/16 1/8 5/16 0.630

P-81 112 6 1 1/4 5/8 718 1.750 900/200
1/2 6 1 3/16 1/4 7/16 0.875
1/2 6 I 3/16 5/16 1/2 1.0-0

1/2 6 1 3/16 1/4 7/16 0.875

P-83 1/2 6 1 1/4 518 718 1.750 900/200
1/2 6 1 3/16 1/4 7/16 0.875
112 6 1 3/16 1/4 7/16 0.875
1/2 6 1 3/16 5/8 13/16 1.625

P-85 1/2 6 11 Gas 5/8 5/8 1.250 900/200
1/2 6 1 0 1/4 1/4 0.500
1/2 6 Gj s 5/16 5/16 0,630
1/2 6 Gas 1/2 1/2 1.000

P-86 1/2 6 1 1/4 1/4 1/2 1.000 900/200
1/2 6 1I 3/16 1/4 7/16 0.875
1/2 6If 3/16 1/4 7/16 0.875
1/2 6 - 1/4 1/4 1/2 1.000

P-99 1/2 6 1k 3/16 1/4 7/16 0.875 1300/325
1/2 6 1 1/4 1/4 1/2 1.000
1/2 6 1 1/4 1/4 1/2 1.000
1/2 6 1/4 1/4 1/2 1.000
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TABLE JA6

RESULTS OF TENSION FATIGUE TESTS TO ESTABLISH CHEMICAL REMOVAL REQUIREMENTS

SPECIMEN MAXIMUM CYCLES 10
CONDITION STRESS, PSI FAILURE

A Cost and 75,000 101,000
Abrasive Blast 75,000 82,000
Cleaned 75,000 92,000

75,000 151,000
65,000 1,65,000
60,000 1 546 000
60,00 1U.,-O
60,000 129, 00

.005' Per 75,000 61, t.xC
Surface 75,0O0 114,iaiO
Chemically 75,000 33, o0
Removed 75,000 88,000

65,000 66,000
65,000 177,000
65,0W (w'i,
55,000 0200

.010* Per 75,000 83,000
Surface 75,000 74,000
Chemically 75,000 127,000
Removed 75,000 213,000

65,000 170,000
65,000 182,000
65,000 95,000
65,000 11072~~

.0150 Per 85,000 724,000
Su, idc, 85,000 25 n
Chemically 75,000 297,000
Removed 2z, . .. , C,

75,000 144, 00
75,000 IL.o3I OW
65,000 1, 252k 000
65,000 1,561,000

Underlined values were not failures.

R = hIn.m:m. m Stes..
M/J•,imun Shess
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TABLE J17

MECHAIICAL PRCPERTIES OF AS-CAST TI-6AI-4V

Ultimate Yield Notch
Tensile Strength Elongation Reduction Tensile BrIneiH

Heat Strength KS! In 4D In Area Strength Hardness
Number KSI (.27) Per Cent Per Cent KS! Number

P2-7 119.8 108* 4 9.2
-7 152.3 127.1 12 22.6

P4-8 156.1 not obtained 11 22.6
-8 140.1 110* 10.5 15.5

P6-5A 216.85
-58 210.4
-5C 216.85
-6 141.6 124.7 12 24

P7.4 144.85 128.4 9 18
144.5 128.2 13 21
143.7 130.9 9.5 12
144.85 128.4 9 18
144.5 128.2 II .21
143.7 130.9 9.5 12

P7-2G 213.55
-2H 215.15
-21 215.2

P9-2 145.9 131.35 9 12
145.55 131.4 9.5 19
344.9 132.5 9.5 18

PIU-2 150.6 131 I0 20
PII-2 144.5 120.5 8.5 17
P12-1 148.65 136.15 6.5 10**
P13-1 144.5 133.65 10 18
PI4I 148.15 136.05 10 15
P15-1 138.25 127.15 10 25
P16-1 143.9 131.65 8 18
PI7- 141.6 126.7 5 6
rIa-Z 149 130.6 8 13
P19-5 130.9 112.6 10 27 (Off analysis)
P20-1 143.0 120 12 21
P23-1 144.8 132.3 9 18
P27-20 147 135.5 9 15
P29-2 149 Poor Curve 9 I0
P30-2 150.5 137.25 9 15
P31-6 147.2 130.1 7 20
P32-2 149.9 133.2 5 7
P34-2 15i,4r 118422L 9.5 18
P35-2 144.5 127.35 13 23
P36-2 150.2 133.3 5 13
P37-2 151 133.3 d i5
P40-3 153.1 142 8.5 16
P4I-2 152.9 145.7 a 17
P42-2 146.1 132.8 13 20

*Flaw at fracture
.'.lBruke out of gage length
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TABLE J17 (Continuod)

MECIIAIIICAL PAUP.AT t ES OF AS-CAST TI-6A1-4LV

U I t iite Yield Notch
Tells I le Strength Elonigat iun Reductiun Tensile Brinell

Heat Streii9th KSI in I,D In Area Strength Hardness
Number K1 .Per ACent ..... Pýer Cent KS I Number

P1,3-2 151.1 140.9 6.5 13
P45-2 14,5.1 130.8 II 22

P47-2 1511.7 143.5 12 zo
P418-2 154.3 141.1 12.5 I1
I"50- 2 150 134.95 12 )a3
P51-2 152.8 137.15 12.5 18.5 334
P53-z 152.6 139.1 15 324
P54-2 152.9 143.2 9.5 14 324
P56-2 1115.5 129.4 12 25 321
P57-3 11,4 128.8 it) 19 321
P63-2 149.2 I35.Js i1 .16 321
P/0-2 148.9 135.7 15 23 337
P1•-2 151.9 13i.3 8 12
P73-3 156.4 143.2 12 18
P16-2 138.4 2if4 U 20.4 317
P7b-2 156.1f 138 1 16 3143
P100-2 154.a Ij/.6 7 17 348
PIOi-i 131.2 121 9 15.1 34-
P102-2 14/2.B 125.Z 9 22 345
P104-2 1.6.8i 130 9 22 348
P108-3 I144, 12/.6 / 19.4 337
PItI -j 144 I2.2 9 26.5 3l7
PI19-Z 146.4 12U.4 8 19.1, 344
P129-2 I51.6 135 8 24.1 334
P131-2 1P.2.8 124.' 9 1l.9 317
PI32-e I ,1d 143 7 t11I 338
P137-2 1!1# 125 6 15.1 314
p142-2 156.8 135 8 17.6 344
p I55r-2 I I. 126 3 10 308
P 156-2 I'IZ.4 118 8 14.z 32A
P157-2 1I49.2 132 1 3.4, 317
P158-1 141.6 12/4 ii 1 317
P159-2 145.6 I28 9 15.I 311

rl6-z 1i34i.4 Id I 9.1 302
P194-I PIZ 24 7 ;1.5 305
P197-1 132 IIt; I 13.1 2115
P198-I 142 IzI, f I...
PI9DJ-z !1 IV04 o 15.1 311
Pi,1-2 14o 120 1 11 1
-lub-i 131J.4 1 121 it .I Z99

P210-1 I118 131 9 I4.5 311
P211-I I llz 12di 9 15.1 305
P21 ;l-I IP,5.2 12/ 110 2 ) 6
Pi6 / la.7 31li. J
V-140- I I It129 2: It _ 5 31'.-!
P1/'I -I IlJ6 I118 4 Ia.h •,
IPzjiI-I i c, I lb, i t. •, I# -3
PI.--0 iI ot, l •

- "ilj t i I..i
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TABLE J17 (Continued)

MECHAN ICAL PRO; LtT I ES OF AS-CAST T I-6A I-4V

Ultimate Yield Notch
Tensile Strength Elongation Reduction Tensile BrinellHeat Strength KSI In 4D In Area Strength HardnessNumber KSI (12Z) Per Cent Per Cent KSI Number

P240-I 148 130 8 12.9 308
P241-I 1142.2 125 8 13.5 299
P242-I 139.2 122 8 12.9 296P243-i 139.2 112 5 14.5 311P244-2 141.2 124 5 13.4 311.6P246-I 139.6 121 8 15 311.3P247-1 145.2 128 8 14.5 305
P248-1 144 126 8 14.5 308P250-1 140 122 1 1.5 293,6
P260-I 146 127 6 8 296P261-1 146 129 8 13.5 317.6
P264- 1 146 130 6 4.9 321P265-1 143.2 126 4 9.7 311P2z- I 144 126 10 15 316P284-1 144 126 7 18.1 308P286-i 138.4 121 7 12.7 308P290-I 149.6 132 9 19.4 317.6
P291-1 138 120 9 17.5 311.3P304-I 146.2 131 7 13.5 321P305-I 148 131 7 10 324.3P306-I 146 1201 7 10 308
P307-1 146.8 130 8 15.9 305P308-I 146.8 130 6 11.5 317.6P309-I 152 134 7 1.3.5 317.6P312-2 1M6.8 132 8 14.2 321
P314-1 146.4 130 8 12.9 336P322-I 1M6 129 9 I5.1 331P323-I 144.8 128 9 13.4 321P324-! 152 135 7 12.7 3 4P338-I 142 124 9 12.7 311
P329-1 142 124 7 U. 1 31!P330-2 14b 132 9 14.5 321P333-1 140.4 122 9 15.9 302
P336-1 1144 137 8 15.1 326P340-I .14_.2 130 7 12.7 327.2P343-1 150 135 7 16.7 324.3P345-3 143.o1 128 6 8.9 317.6P346-2 140.2 M2 7 15.1 311P360-I 149.6 132 1 10.5 317.2P364-1 146.8 131 7 13,5 305

; 50 i34 1 12.2 311
P366-I 149.6 121 b I5.i 311
P3I7-1 150 134 6 1o.6 311P36i- I 153.6 136 6 10.6 327.6P363-1 148.4 033 7 12.9 317.6P370-1 150.8 134 7 12-7 314.3P3,1 14"6.1 131 7 1.9 331P373 151.2 132 7 12.2 324.3
P374 150J! 135 5 10.6 317.6
P3... ' ".1 334,.4
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TABLE J17 (Continued)

MnECHiANICAL PROPER.TIES OF AS-CAST Ti-6A1-4V

Ultimate Yield Notch
TensIle Strength Elongation ReductIon Tensile Brinell

Heat Strength KSI In 4D In Area Strength Hardnesq
Number KSI (.21) Per Cent Per Cent KSI Number

P380-1 154 137 7 8.6 331
P381-1 151.6 134 7 to 331
P382-1 152 135 7 14.5 331
P398-I 150.4 134 7 11.5 321
P399-1 140.4 123 7 12.9 302
P401-I 150 130 6 12.9 311
P403-1 150 133 5 10.5 321
P404-i 148 132 6 14.5 311.3
P405-I 154.8 137 8 12.2 327.6
P408-I 150 134 7- 13.5 327.6
P411-1 147.2 129 4 10.5 324.4
P412-1 150 132 6 15.1 331
P413-i 139.6 120 8 16.7 314.3
P414 1 150 132 8 16.7 317.6
P41U-i 146.8 128 8 16.7 321
P1119 I 153.6 135 6 13.5 337.6
P4zo I 142 122 8 21.7 321
P421-1 141.6 122 8 14.2 3ii
P422-1 152 133 9 18.1 324 3
P423-! 146 130 9 17.5 308
P511-1 146 131 8 12.9 311
P512-1 152 134 7 13.5 324.3
P524 153.2 137 7 13.5 331
P525 MA4.4 128 8 18.1 ---
P5z6 153.6 135 7 13.5 331
P528 147.2 131 7 i1.5 311.3
P529 149.2 132 8 15.1 324.3
P530 147.2 130 8 11.2 324
P531 148.2 130 7 12.2 317.6
P532 147.2 129 9 19.4 327.3
P534 150 132 7 181.9 331
P.535 146.4 128 7 17.5 331
P536 152 132 8 10.6
P538 152.8 133 9 15.1 -
P539 150 132 7 18.1 371
P540 147.2 130 6 11.5 314.4
P541-1 148.4 132 8 13.4 321
P5142-1 ,146.8 130 7 18.1 305
P543-i 150 133 6 127 321.3
P546-I 143.6 126 5 12.2 306.5
P548-I 150 1341 7 13.4 316
P549 165.2 145 8 i'A l
P551 1t45.6 128 14.5 316
P552 146.2 130 8 15.9 331
P554 146.2 129 8 14.5 316
P555 148 129 10 LI.) 302
PW57 1Ilk.J 131 )1 21,7 302
Pr,51-I 14l 129 8 17,5 292
PY,9 I19.2 131 9 17.8 363
P56Z 155.2 136 9 1/.5 311
PIS'. 134. 13 331r~t~ ,,-.u • j i:i',.331
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TABLE J17 (Continued)

MECHANICAL PROPERTIES OF AS-CAST TI-6AI-4V

Ultimate Yield Notch
Tensile Strength Elongation Reduction Tensile Brinell

Heat Strength KSI In 40 In Area Strength Hardness
Number KSI (.27) Per Cent Iur Cent KSI Number

P564 144.8 130 9 16.4
P566-1 152.4 136 6 10.5
P568-1 143.6 128 8 17.0
P575-1 150 134 7 15.9
P570 143.2 126 7 14.4
P571 146.8 129 6 1•.9
P572 143.6 126 8 14.2
P573 146.4 ijo 6 16.4
P574 145.2 130 5 12.2
P516 147.2 131 7 11.2
P577-1 142.8 122 13 27 302
P5•8 1 t.... 128 9 19.4 311
P580-1 146.4 128 I1 21 311
P581-1 144 124 10 20.4 302
P582-1 135.6 lid 10 18.1
P584-1 146.8 124 10 19.7 302
P585-1 158 13d 9 19.7 331
P5b6-I 146 12U 8 15.8 302
P586-I 148.8 130 9 10 302
P5.6-IA 146.4 121b 9 18.1 302
P586-2A 146.8 128 9 20.5 293
P5b7-] 158.8 137 7 13.5 321
P518-I 152 132 9 16.7 311
P589-I 152.4 129 9 15.9
P590-1 160 138 10 21
P591-1 154.8 134 8 15.1
P592-1 16dA8 146 5 10.5
P593-1 154.8 134 11 20.U
P595-. 1.4 136 8 15.9
P598-1 162.4 14o 8 15.1
P599-I i56 136 10 15.9
P604-1 I5o 130 8 16.7 311
P608-3 151.2 132 9 13.5 331
P609-1 152.8 136 9 18.1
P610-1 144.8 123 9 18.1
P61t-I 150.4 130 9 21
P612-1 10.8 13/ If 24.8
P613-1 149.2 128 9 17.r
P614-1 151.2 128 9 18.3
P617-1 148.8 130 If 24 6
r6ib-i isi" 141 Ii 23.7
P619-I 142.2 120 II 24.6
P610-1 141.8 129 It 23.7
P621-3 151.2 129 io 20.6
P622-3 ih7.2 123 13 26.1
P623-3 147.8 )5 II 21.7
1',6 1:- i33 17.5P625-3 150 129 12 27.2
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TABLE J19

MECHANICAL PROPERTIES OF HEAT TREATED CAST Ti-6A-W4

Yiedeg Ultlffte
't nt Tens ile L),ngoj ton Reduction Notch Brinell

r,.sl K51 OU1 144nth I 40 )a Area Tgnsile Ha.rdness"flu Hea.t Iet*asj.e"t ____.L4 _KSl' Ce ent. Per Cent KS I Number-

I) As C.'s k 145.1 12. it 19.0
' 1900f- i/1l1IR-WQ3

+I150-I/111-+Iu0-~~sA 1013.1 156.7j 3 5.0

Fla 190 F- 1/2014-4A
i-1750IF- ltiftd-WAI 174,1 t6&.6 2 5.0

I Sl-Ii1%W .. . 173.2 161.1 Jf Lo
As Cast 156.ti 140.6 1 19.6

Pit &s c.t.t 1
.*j 127,2 1, 14,*

+l0lZXW~lGti1KA (64.6 151 .4 4 9.0
1)-12IR+o~F.44A~ 162.7 150.6 *4 6.o

P41 AtIR 811Ks )79.1 174.) 0 o.61 611 414 176.93 17S.9 0 0.9
o As, Cast 15.1.59 14.5.) 8 17.0

l65oF-2l1Rsi4+l9U0p-Z14tik-AC M1.3 171.3 1 It.4"111 ' 81111 11*1.9 173.6 I 3.7
I'44 As Cast it.1 I W.11 13 2.0

(750r-,eIlK-lAJttI00uf.z11K-AC 171.5 161.7 3 7.61.161111 UN14 112.0 161.9 36.
165of1,ll '" " 1681.3 151 al

11161,11t .14HR1 166.4 1593.5 2 4.2
1500F-21184-CF Cm, I to l004j1-AC 144.!5 135.8 1 13.6

P41 ''t" . 15.1. 15i.j 7 1.1. 6o0t1-ZV1%_Wq goof- zils-Ac 114.0 163.4 3 3.6
P63 Wit" -1 1/1 0 1.0

411914 118.5 -- 0 1.4
P43 As Cast 1531 141 .6.

I
6
0FiI~-AJ1~o.1,1..C 168 - 2 4.0

P51 As Cast M4 1.8. 0 19.0
24144 iqQlQ~f,.u- s 149.4 4 51.1

P11 As 4~t j!,.t 133.3 8 12

P42 l5o0P-1`i2sK1qf Iluut.ZuIM .. 1.3.6 1;0j. 1 3 5.5
P40 lUF-.2114-wiAI !04*1-bwt1-AC 114./ U162.0 3 6.7

1. .1 000f-iiI1l its1.). 12.5 3 3.9..5 .I1,5ow.%9 ll'.9.4 5 b.0P/i Itoof-ifin !4S, 6/js 5 93.5
41. 4R 164,5 161.2 3 2.0

*4? A" C.U t1#4 154.7 11 20 1313
tft111..44-4111-At; 150 1tsi. U 6.0 13.5 Z06.8 331

1'5. 01101 U 11ah "i~l 14i4 161. l 1i 6 12.9 341
I I11 Vitt -~. 111 20-lQ
, 1 ow, f -4**4.6 140 )46Mj f .3 3ItI4o As .. 142 ) 1,4.J 12.5. It 3

s I Du1 81444--Ac I1,0 15.0 1 lf.J. 417.6 31~I-i...plnjr~n 1 11 o 3 ;.6 2331.2 341

(jk! - 411d i- l. IL.4.to it 44*1 216.0o 35,2



J62 TABLES D2-2786-8

TABLE .J19 (Continued)

MECHANICAL PROPERTIES OF HEAT TREATED CAST Ti-6AI-4V

Yield U It~-t
Strength Tuns I Ie Elongation Reduction No~tch Brinell

fl~at KsI9 Streiogth I n 40 In Area Tenslie Hardness
Ho. Hej-lt -T-redtmen~t Z !KSI Pc r Cen t fler Lent KSI hunber -

45 As Cast 131 145 1] Z2.0
II 00CF-Mif-AC 137 152 9 25.9 223

1550 F-ZH11-14
+1000iF-4HKI-AC 143 156 6 17.2 220

*IOOOF-4HR1-AC 145 1513 6 11.5 226
47 As Cdst 144 155 12 20

I tOOF-ullIt-AC 150 158 6 13.5 207
1550 F-211R-WQ

+10IG'.-4111t-AC 150 163 6 1.
lI 00F-8HR1-AC+I55GF-lHIIWQ
+IO0OF-4HR-AC 148 149 I 6.3

48 As Cast 142 154 12 ]a
I 1OOF-lifilt--AC 140 154 9 16.4 218

1550'- 2H11-wq
t11000F-J$J9t-AC 151 160 3 7.6 233

+IOOOF-Ju11f-AC 152 165 4 10.6 227
50 As Cast 135 150 12 18.0

4, IIDOF-SHK~-AC 132 147 7 18.9 216.8
ISSOF-21-12ti

+100OF-4HR-AC 137 152 5 12.6 218.0
1. IIO0F-dHIR-AC+I550F-7IIR-WQ

tI000r-J*HK-AC 140 155 5 9.2 211.6
70 As Cast 136 149 I5 23

II00F-811R.AC 138 i53 10 24.6 228
1550F-ZHR-WQ

+I000f.-4H11-AC 154 16ts 4 iu.5 123
;I0IOF-8Hft-AC+I550F..2HR-WQ
+I00017-4H1,1-AC 158 172 3 8.6 22a

50 As Cast 135 150 12 Is 324
11110F-8a111--AC 132 146.8s 7 111.9 216.8 311

I5S0F-2HR-IA2+I000F-4HR-AC 218.0 341
I I0OF-8IIR-AC+I550V-2t1K-WQ
+I000F-4HR-AC 217.6 341

70 As Cast 136 i4o.. .? 23 337
1018~Al 138 15. 0 14.6 228 321

1550F-ZRiR-IEQ+I000F-.4HR-AC 154 168 4 .5 321.6 341
I I00F-lIHR-AC+I550F-21IR-lWQ
iIOOOF-41,11-AC 15d 17Z 3 11.6 228 352

115 As Caft 132 143 8 13.2 211
1150F-211,t-At 1316 ! 42 9 1 L.6 212

191, Ar Cast 125 134 6 11.8 203
115OF-4link-AC 12) W3 9 20,3 205

191. As Cast 126 .136 6 13.8 201
i100i'-MR-IiAc 127 1137 U 14.! 195

201 As Cda.r 124 135 7 ln.2 203
I .107 10 196

lot. A,. ---. t Il Ii. 7 3 201

llO 41. i~.i i
I'" As -js... 5 Is/I 204 -

I f~ . - --. -
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TABLE J19 (Continued)

MECHANICAL PROPERTIES OF HEAT TREATED CAST TI-6AI-4V

Yildd U I t i.,,.•L
5 truiq th h1 1%ti I I a I, hmig.t Ion XvRudu t Ion Nvt-ih 8r I a I

Hl.at KSI StrI.q Lt. In Ihfu In Arua T-5a i Io ldt dgata
U. , . _ T! • a a_ a ,,i~ 1 - - - - - K S. ! P e r C e n t P e r C e n t K S. • . ni e r

Stl A. C.aý t I3J4 144 7 9.11 1
"I I151-41.II-AC ItJu 1.5 8 12.1 217

309 A, L.aýt j4 45 6 6.5 205
" I 150F-l10J-AC l35 1145 8 12.1 114

P211-I AU Lt$t I111 1211 9 15.1 305
" 155Of-2119-1t1 IOUUIt -1.ilIt At. 16 14.6.8 6 11.2 321"tIlO01-,Ill 3 " b 1W1.t. 5 10.5 321

" 100-All ,.1K, 131 144.0 7 9.7 321
"10001-411k AL 135 116.0 7 12.9 321

rzit5 1600v--2u-I ti-.o111 --211il-AC 119 13B.2 7 17.5 302
" ..,i 119 13t1.1 6 14.5 302

" IIIXJof-Al: " 117 132.Z 5 10.5 321

41 I. " 116 33-2 7 14.2 t11"IIIK" 100M - IIRK lidO ii.u 5 10.S' 302"I IWilt" 119 135.6 3 8.- I 302

"II0(F-AII I It' !30-.0 1 13.5 3i
.1, 11 , I It 231.6 6 10.5 293

35c) 1550F- I1-WQ- IOUI0F-AlII-AC 03. 144.u 4 11.2 321
I- '- " th 13S 1';'ais 3 5.2 331
but-... II l- 5l1 14.-2 4 10.0 311

WN.l 132 lilt .6 5 11.1 321
45 At C,%t 131 1: 5.1 11.0 22.0 334.

"I I U P-bIlkt-A IAt 1sl.6 9.1 25.9 222.8 293

I 450 41"- Utl t 4i Iti(]I- li. a, 220.0 331

f I 01- -1if.1-AC 226.1. 341-
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TA!.AI J]3

MECHANICAL PROPERTIES OF AS CAST EXPERIMENTAL ALLOYS
' 1o,.. Y.Ie Ult a, Eln . o . •,du.io,, ,.L.;., I 3r,'e, I0•° . .. !.]

Alloy Aa"tay et r•1 ].o 4-, E •, I ,1 C-°bon, Oxygen, "
14. T.e S S erCn P~Cn SI Nme'Per Cent Per Cent Pe CNt

5 11 &AI-4V P51-2 137.15 152.8 i05 W.5 .084 .iS] .028
5 TI 6A1-4V P54-2 143.2 152.9 9.5 14 0 .31W0 .200 .031
5 TI 6A1-4V F7j-3 143.2 156.4 12.0 18.U .094 .19 .036
6 Tl5AI-V2Sn P26-28 127.15 136.7 9.0 16.0 .0697 230 .014

129.0 M,6.7 11.0 20.0

128.2 137.4 11.0 20,0

A 205.65
B 206.5
C 207.3

6 TESAI-2 l/2Sn P33-2A .070 .256 .015
A 132.1 139.5 11.0 22.0
B 132.25 139.6 11.5 22.0
C 133.0 139.8 1.0 22.0

6 TI5AIV 1/2Sn P33-2B
A 203.3

B 196.45
C 204.2

9 TI1 6Ai-4V P47-2 143.5 154.7 12.0 20.0 .087 .240 .027
9 TI 6AI-4V P50-2 134.95 |50.0 3!2.0 18.0 .054 .158 .022
10 TI 13V-llCr P62-2A 120.5 122.4 16.0 27.0 .028 .146 .027

B 120.75 123.8 '6.0 25.0
C 121.0 123.9 16.0 26.0

10 TIl13V-1 l t P62-3A 174.9
B 182.9
C 192.1

10 TlI3V-1 lCr P66-2A 124.6 125.5 9.5 16.0 .023 .19 .028
B 124.5 123.5 6.5 13.0
C 124.6 12.l1 6.0 9.0

10 TII3V-IlCr P66-3 174.7
180.7
178.5

11 T113V-IlCr- P55- IA 125.9 126.75 13.5 23.0 .028 .153 .022

I/2AI B 125.25 126.5 18.5 24.0

C 125.25 126.1 15.0 23.0
11 T113V-IlCr- P55-2A 187.3

1 I/2A] B 184.8

174.7
If 1113V-IICt- P61-1A 126.4 127.8 10.5 17.0 ,032 .1575 027

1 I/2AI 1 1328.4 129.6 12.5 21.0

C 127.7 131.0 12.0 18.0
11 TII3V-IlCr- P61-2A 163.1

1 I/2AN B 175.5
C 179,0

1S T113V-llCr- 435 120 130.8 7.0 11.5 179.2 277 .0;l .12 .021
I I/2AI 119 129.6 7 0 9.7

12 TII3V-IICr- P39 7A 123.9 124.5 11.5 22.0 .020 .1438 .017
B 121.95 124.7 9.5 22.0
C 121. Ou 128.4 30.0 23.0
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TABLE J20 (Continued)

MECHANICAL PROPERTIES OF AS CAST EXPERIMENTAL ALLOYS

Y ia yelo ld U 1 11: m a t e. .E o . R e v t W f o c h B r i n e ll

[ T~~~Alyp $ength, In40 i'Re@ Tensile, fladneasNtroe
_ SI KSlI 7[ e Pe I KSI PC c..,

12 T113V-IlCr- P38-2 191.1
2 t/2AI 176.8

180.65

12 P44-2A 128.55 130.7 10.5 20.0 .030 .143 .020
B 129.45 133.1 8.5 18.0
C 129.8 131.4 3.5 9.0

12 P44-3A 165.6
1 170.2
C 162.25

13 T]13V-1ICr- P46-2A 131.4 133.1 9.0 21.0 .019 .143 .018
4A1 B 134.65 136.15 9.0 21.0

C 133.6 135.8 8.5 18.0
13 P46-3A 177.6

9 178.1
C 169.3

13 P52-IA 133.3 133.1 9.0 21.0 .024 .153 .018
8 135.2 136.15 9.0 21.0
C 134.3 135.8 8.5 18.0

13 P52-2A 185.7
B 174.3
C 173.7

14 8V-5se P139-2A None 182.4 J 0 102.8 438 .022 .101
I None 180.0 0 0 104.0
C Now. 186.0 0 0 126.0

15 8V-5Fe-IAI P140-2A 169.0 174.0 4 11.9 203.0 363 .030 .096 .014
a 169.0 £74.0 4 10.0 206.8
C 162.0 171.6 5 16.4 170.0

15 8V-5Fe-IAI 358 15 178.8 2 4.0 178.4 155.2 .028 .11 .015
150 180.0 2 5.3
150 180.0 2 5.0 178.0

140 167 174.0 4 13.0 193.0 .030 .096 ,014
521 -- 181.0 2.0 4.9 .017 .096 .011

)6 5 1/2A1-31!2V P6-2A 125.4 142.0 10.5 15.0 210.0 311 .019 .10 .010
0. 4

5Fe-2sn- 8 126.7 142.4 10.0 16.0 206.8
0.25Cu C 125.9 142.0 10.0 15.0

P65-3A 217.5
6 216.0
C 215.i

17 P151-2A 96.0 106.0 12 31.9 172.8 262 .024 .11 .0061
B 96.0 106.2 10 36.5 173.2
C 98.0 108.2 I1 29.2 172.0

19 TI7AI-3Mo P64-2 112.3 128.4 8.0 18.0 .020 .131 .0083
118.0 130.7 5.0 12.0
183.05 128.4 7.0 16.0

19 P64-3 190.7
189.7
186.95

IV P68-2 317.0 132.55 5.0 15.0 .024 .10 .010
115.8 129.95 3.0 7.0
112.1 127.3 7.0 15.0
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TABLE J20 (Continued)

MECHANICAL PROPERTIES OF AS CAST EXPERIMENTAL ALLOYS
Vold Ut E .. i... NotchA , I Y -l u,,,Ioi Iu ••l,,o

Aly Ay S s,.,,l., I- 40, I .,.. TAloll°. u•, arI n. O-y940, NIan.
[S3. Type " M. I KSI" P-, (-.t Per CM I ." Pot "r

20 P' -0 2A 02.G 336.0 iu W 3.1 hvu.) 277 .036 .:3 .018

B 12H1.2 137.2 10 24.6 204.2
C 128.0 136.0 11 21.2 190.0

21 Pi52-tA 104.0 124.2 9 26.3 196.U 271 .036 .11 .0376
B 105.0 126.0 9 18.1 194.0
C 106.7 127.6 10 25.2 190.0

24 7A3-4Mo PI48-2A 112.0 132.0 5 15.1 194,0 305 .022 .072 .0046
B 112.0 130.0 5 12.2 193.2
C 330.0 128.0 7 12.9 195.6

25 P165-IA 90.0 114.0 I0 18.9 172.0 250 .029 .089 .0069
b 91.0 114.0 II 23.9 173.6

C V0.0 114.0 12 25.2 176.0
26 PI66-1A 107.0 121.0 9 25.2 190.0 287.6 .022 .11 .0067

a 107.0 119.6 9 26.5 186.0
C 106.6 120.8 10 26.5 190.8

27 4AI-'_Mo-1V P147-2A 91.0 110.0 15 37.0 172.0 254 .032 .086 .0066

8 92.0 110.2 15 36.0 173.2
C 94.0 111.6 9 26.5 172.4

28 PIS0-IA 134.0 340.8 1 5.3 220.8 321 .0035 .10 .012
B 128.0 144.0 4 4.5 206.8

C 130.0 149.6 5 4.5 212.8
29 6 I/2AI- P149-2A 136.0 154.8 8 14.0 216.4 331 .073 .020 .018

3 I/2•M-.V 8 132.0 152.0 12 21.5 224.0
C 135.0 154.2 10 20.4 214.4

359 1312 150.0 9 16.7 219.2 321 .062 .19 .018
330 148.8 6 10.6

30 PI39-IA 88.0 96.0 4 17.8 W60.0 223 .044 .073 .0053
, 91.0 98.0 11 45.5 157.2

C 90.0 97.2 10 37-7 158.0
31 P190-1A 90.0 96.4 10 40.? 168.0 241 .024 .08 .0038

B 92.0 96.4 13 34.4 166.0
C 90.0 98.0 12 42.0 172.0

32 P! 46-2A, 115.0 128.8 3 9.2 122.8 293 .032 .081 .018
B 115.0 134.0 5 "3.5 167.2
C 335.0 136.2 6 38.6 31/.6

33 PI81-IA 149.0 165.2 1 0.6 170.i 345 .027 .,135 .0041

a 145.0 158.2 1 0.6 168,0
C 146.0 161.2 1 3.6 1720

... :- .. ... .... . l,,.a .Uzo .084 .0051
B 329.0 !48 n 2 3.8 173.2
C 134.0 141.2 2 1.6 180.4

35 P205-4A N!•o 106.2 1 0 125.6 331 .033 .084 .0085

8 Nor., 108.2 1 0 154.8
C None 118.0 1 0 122.0

36 r104-2A Too ductlte 82.8 18 34.3 122.0 m90 .0,% .085 .0083
8 to Jaw c-,ve 83.2 38 33.7 124.0
C 83.2 I7 35.8 122.0



D2-228.-b TAB LES J4;7

TABLE J20 (Continued)

MECHANICAL PROPERTIES OF AS CAST EXPERIMENTAL ALLOYS

Alloy Alloy HVot Yield Ultimate Elong. Reduction NoMh brinell Carbon, Oxygen, Nitroge,.
No. Type IN. Stiengtli, Slingth, In 4D, In Agre, Tenmile, Hmd,-,-. Per ".ent Pe* Cent PererCIKsI KSI Per Cent P.. Cert! KS1 Numberi

37 P203 2A None 136.8 1 1.6 122.8 3V5 .029 .10s .0070

8 None I.)1 2 I .7 100.8
C None 138.0 0 2.4 116.4

38 P193-lA Too ductile 96.4 12 27.2 148.0
8 92.0 1$ 27.2 1480
C 95.6 10 19.7 140.0

39 5Mo-6V-2NI P164-IA 138.0 154.0 5 13.5 204.8 314.3 .021 .A95 .011
8 137.0 152.0 4 11.0 204.0
C 140.0 156.2 4 10.6 204.8

409 1 40 1556.0 8 Its 217.6 314 .027 .108 .0092
140 156.0 7 14.5

40 P233-1A 146.0 160.0 7 13.4 226.0 331 .026 .064 .0095
B 146.0 160.0 7 10.5 232.0
C 145.0 159.2 5 10.6 228.0

41 2Cu P202-2A 62.0 79.6 25 38.3 112.0 176 .038 .10 .032
5 62.0 80.0 24 36.5 114.0
C 61.0 79.6 25 39.3 114.0

M202 62.0 80.0 25 38.0 114.0
P523 85.0 106.0 15 25.9 156.0
P523 88.0 104.0 16 22.4 235 .033 .20 .035
P523 89.0 106.0 15 24.6 248
P523 88.0 106.0 15 23.9 241
P579 100.0 117.0 14 18.9 173.0 255 .045 .27 .047
P579 100.0 118.0 13 19.7 174 255
P579 100.0 117 13 18.1 262
P579 102.0 !18.0 13 17.5 262
P579 98.0 115.0 6.0 9.2 269
P579 102.0 118.0 13 22.4 248

42 P223-1A 111.0 123.6 8 15.8 182.4 283 .025 .08 .0041
8 110.0 122.2 9 18.9 182.8
C 111.0 122.4 9 15.8 182.8

43 P267-1A 103.0 123.8 9 21.2 272 .024 .066 .0072
B 103.0 122.8 10 21.7
C i02.0 122.2 12 34.4

44 3AI-2 1/2V P144-IA 94.0 106.8 11 28.5 168.4 253 .028 .12 .019
a 94.0 108.0 Ii 29.8
C 94.0 108.0 12 29.9

45 P222-1A 112.0 124.4 12 30.5 194.4 288 .ulY .091 .004w
B 113.0 125.6 14 27.2 192.0
C 114.0 126.4 16 2?s 9 196.8

46 PIts2-2A W.0 92.0 14 2Z.2 121/.2 201 *02I .12 .012
B 68.0 90.4 13 24.0 132.0
C 6.1-0 91.6 13 23.0 133.2

47 t226-1A 122.0 136.8 II 27.9 206.0 290 .030 .079 .012
8 122.0 136.8 12 24.6 206.0
C 121.0 136.0 13 27.9 2W0.6

48 P1`13-2A 137.0 156.0 4 '.9 186.4 .018 .l& .013

B 136.0 154.0 4 6.1 180.0
C 136.0 154.4 3 6.3 178.0
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TABLE J20 (Continued)

MECHANICAL PROPERTIES OF AS CAST EXPERIMENTAL ALLOYS

Alky Allo Ueo I 52Y,ld Ults~a. Elnj. Ilh Biel11.
No. r,. No. KSI K. Cent P.-oC, ISl l, -Cant ,

49 fZJ4-iA 111.0 132.0 10 32.5 206.0 296 .019 .073 .024B 115.0 136.0 8 21.0 204.0
C 111.0 131.0 9 29.0 204.450 P230-IA 122.0 142.0 4 5.3 196.2 305 .012 .19 .0054
B 123.0 143.2 II 18.9 186.0
C 123.0 144.0 10 18.1 190051 P236-1A Norm 102.8 0 0 90.0 331 .022 .15 .0054
I None 100.0 0 0 76.0
C None 106.4 0 0 88.052 N-t co, ribls loo btttle53 6AI-4V- P267-IA 114.0 133.6 8 17.5 44.8 280 036 .12 .W/8

0 ISs B 112.0 132.0 !0 21.0 49.2
C 112.0 131.6 12 33 0 54.4: A4--4v! i :,- FZ-A ,o, ; . ,6. tv 0 U C-2.0 kae .028 .00770.5s B None 80.0 0 0 63.2
C None 90.4 0 0 78.055 6AI-4v- P297-IA 104.0 124.0 9 25.7 277 .025 .078 .00670.5 W B 106.0 126.0 10 25.2
C 104.0 124-0 12 41.4313 200 243 .031 .12 .015

197.6
203.256 6AI-4V- 348 104.0 124.0 II 38.9 192.0 282.3 .024 .19 .0090

0.5To 108..0 128 0 I1 24.9 190.0
106.0 124.0 II 33.6 196-057 3AI-7Mo- P298-lA 114.0 134.0 6 10.6 192.0 285 .016 .106 .0047

0.258B B 113.0 134.0 8 12.2 189.6
C 112.0 133.2 7 10.6 192.059 4AJ-4Sn- P299-IA 112.0 123.6 !0 23 262 .017 .10 .0045

8B 108.0 120.0 10 23.7
C 110.0 124.u 10 24.4

331 202.0 293 .034 .11 .020
204 8
205.660 4AI-4S.-8Z,- P3

0 0
-1A 132.0 151.6 9 . 21.5 223.2 3:I .014 .14 - .0054

tF*-IC,-IV B 132.0 152,0 10 22.4 2111.8
C 136.0 14.0 10 19.7 223.2P489 151.0 170.0 7 10.5 .048 .29 .063

P489 156.0 177.0 4 7 0 352
P'489 156.0 !56.0 0 0 161.0 352
>489 156.0 177.0 4 5.3 35261 7AI 2M.-3(',- '301-1A 156.0 168.2 1 1.6 12-0.0 371 .0M4 .12 .06435n-2Lr- a 156.0 172.8 2 4.0 123.2

0 06N C 154.0 164 0 I 0.7 IN -.262 7AI-2Mo-3C,- 349 151.0 161.2 160.8 359.6 .0030 .1; .0082
3Sn-2Z, 15.4.0 174.0 3 7.0 156.2

153.0 172.0 1 3.3 .86.863 7A1-2m.- 3q) 155.0 172.0 1 3.3 !28.0 363 .02 .ii .UU/30. 5W-0.5T.- 155.0 162.4 1 1.6 :26.0
3Cr-35n-21r 156.0 110.8 I 4 n I's



D2-2786-8 TABLES J69

TABLE J20 (Continued)

MECHANICAL PROPERTIES OF AS CAST EXPERIMENTAL ALLOYS
_, I i. U~~N, o C' L1o, 1i7 6 !Nit, a - . l o~,

IAlloyj Alloy H.o ;ir~, Utroe£nt. )e.tin~1:l rnI~c.. l~gn
KSI KSI Petm PCn Cent XsI N PCebe r

64 4Al-4S-.-8Zt- P302-A 124.0 141.2 II 22.4 213.2 290 .010 12 .068
0.07N 1 126.0 142.0 10 2i.5 214.0

C 125.0 142.8 10 23.0 214.4
65 4IA-2Mo-2Cr- 351 183.2 1 0 150.8 405.2 .018 .15 .0099

2V-2Ve-45n- 137.6 I 0 131.6
8Zz 190.8 0 0 130.0

66 2A1-SFe-2Sn- 352 1,31 140-0 2 3.0 1.54.8 285.1 .023 .18 .015
8V-5Zr 131 140.0 22 0.7 116.0

130 130.0 2 1.& 118.0
68 2AI -BV-5f 354 140 154.4 7 11.9 183.6 311 .026 .11 .014

142 153.2 4 8.6 1M.AI
143 153.6 4 10.6 148.0

69 6AI-4V- 434 129 147.6 9 15.1 204 317 .038 .12 .0063
ICt-IMo 434 126 144.8 7 18.6

434 128 145.0 8 17.0 204
N.tne-A 130 152.0 7 15.1 321

B 130 152.0 6 9.2
71 6AI-4V- 355 113 128.0 7 11.5 196.0 277 .048 .06 .028

0.048C-0.06 111 127.2 6 12.2 190.4
Ox-0.028N 1i4 128.0 6 12.9 190.8

72 6AI-4V- 357 114 130.8 6 15.1 200.0 287.6 .028 .05 .045
0.028C-0.050 115 133.2 1 15.1 196.8
Ox-0.045N 115 132.0 7 15.1 198.0

73 6A1-4V- 356 122 136.8 8 15.1 200.4 290.3 .025 .06 .079
0.025C-0.06 124 142.8 6 11.2 212.0
Ox-0.079N 121 131J.8 8 16.4 206.0

80 0.04C-0.18 A4t 64 82.8 15 25.9 .040 .18 .018
O,-0.018N 64 80.2 !5 23.0

63 81.8 13 34.4
84 .036C-0.28 431 48 90.8 13 21.7 .036 .20 .018

O--0.018N
84 .053C-.26 432 76 96.0 13 28.5 213.0 213 .053 .26 .021

O-.021N
90 .03 02, 15AI, lot I-.el, - t,., bit.I

lV
96 513 54 71.0 20 40.0 108 .025 .099 .016
97 514 69 84.0 20 38.7 122 .037 .077 .073
98 570 IlI 127.0 3 0.7 119 .053 .57 .016
99 519 117 !2i.0 i 1.6 90 .036 .63 .066
100 518 59 83,0 16 27.0 128 .188 .13 .013
101 517 71 V4.0 II 16.7 118 .190 .14 .059
107 %16 8500 0-8 86 let W7 .013
103 515 93.0 1 2.1 68 .185 .61 .076
104 P142 135 !5-.0 8 17.6 .100 . lV6 .035
105 4AI-4$ t-GZP- P596 154 171.0 4 5.3 216 352 .010 .12 .038

I-SFe-I.SCu P596 I54 U1.0 3 9.7 352
I.SV P596 154 1700 4 5.3 352

106 4AI-4Sn-8z,- P597 132 14b,0 10 22.4 219 321 .060 .11 .038
.r.-t..Cs P597 132 149.0 -! 16.7 321
5V

PIlf) CIA 1 CC A • I I0. 1

P511 131 146.0 8 12.9 .*1M .151 .011
P526 13, 153,0 7 13.5 .0S5 .21 .025
P531 130 146.0 1 19.4 .050 .21 .020
P536 132 152,0 a 10.6 .050 .22 .024
P541 132 1418.0 8 13.4 .057 .23 .031
P.140 l.,4 1,A) o 7 13 4 067 .22 .055
P554 129 146.0 8 14.5 .048 .23 .028
P55, IJl 14V.0 9 17.8 .026 .21 .052



J70 TABLES D2-27&6-8

TABLE J20 (Continued)

MECHANICAL PROPERTIES OF AS CAST EXPERIMENTAL ALLOYS

Alloy Allo" ¥'ld Ulti,,te tionG. Aedlclion[Notch . ... .t'

$trenFtl , Shengrk, In i°°, Ox Ar H ... Nltr..en,NO ..Typ Ksottt In 4D, eo?,
N KSI Per C ct I

107 IOCr-.1AI 606 140.0 0 0
16d.0 I 1.6
172.0 1 3.3

108 07r-4AI- 607 130 152.4 11 21.0 201 .0'7 .030 .035
4Sn-2V 130 152.8 11 20.5

110 loZr-4Ai- 626 118 135.2 11 27.9 201 .016 .11 .014
4w. 2.1 118 1 34.2 11 24.6

III 8Zr-4AI- 627 li 140.0 12 22.4 198 .016 .12 .014
6Sn-2V 118 141.0 t0 22.4

112 87r-6AI- 628 120 145,0 12 21.4 .021 .12 .013
4Sn-2V 120 144.0 II 23.2



D2--2786--8 TABLES 371

TABLE J21

MECHANICAL PROPERTIES OF HEAT TREATED EXPERIMENTAL ALLOYS

AIh,-y AIlluy Ilh'at In. AlI nIl l i l lAI., rl-ll" I h- llialdl..
l. _ I.y p .:" 3..I,. tli..ll 1 .lti, l (11 .' :3II1..'1j Ij, I'*'l I*1= I3.r L'-Int K'3 _ Ikul.h3,,r .

6 *A-',^1- /S, l.",--'ll A..-( i* t I 3 1. I'o 11l,. / 'J.o I(+..i

Ithi-4. .. 1 .J.t

I'll- /1 A,.-L .. , -6

Vl. 1331.3.-

I .1 I 3'I.. 11.01 J1.i1

A Zoj.3

-l lll. I
l'J3 i,,3101 t•ll, '14.l i313ll1 -. 11l11 AL 333.1. I Ii. 31.0 !5.j

I........................ .. .'. I I 1.., I..l I.
313 330-I IL.r

J1I ., I il.'J 31.3. ?l.

"I,,1.U i I -/..3 33.5
I ... I ',._ L . I V/. 5l G',. C J t.o
*.... .Illi.i21113ii .AL I 33. 2 ].5 0S.0 I0.7S... .. I (ll - . 1L',.J (,.0 1.1I

".l" l.3lk- I" 3 .1 1 15.0 5.0 .,. I
.I .u " I, 1.ll ' 333. 30 33 u .0

"91"-5 - 1413-l -AC 141I. 9 151 . J5 3 11.1
Ilk. 1 JOUI- IIIR VI4 1)3l.1, 133.0 33 9 4 .

. .. W51 •I- IIIl; -A. I~la..g I P2.0 (1i.O d. I
I315o f .- 12,.I 31P .7 11.0 fl.I
"41J 51 - +llll1 -AiCl I Vl.'0 147l. b fl. 0 4.9

I3a .y- I I1 66 1k I/jot- 211i3-W.O I OU,03-'#13-AC 126.1 335.3 1.0 6. "
-OAI 915F- 1f6;IH-AL 150.3 i",'! . 3. 3.33.... .. IU050 13"I .0 5.0 1.-

l3v- 1 lier
•A1 1`51-IA A...L-t 125.9 14,.J5 13.5 23.0

it A, CjSI -.6•. P. 1 2(j. 5 16.5 Al.o

C As, i.. 1 25.2.z .2(6.i 15.0 23.0
-1A A.% L.,,st Id7.3
II A• L. SI. 1t14. 3
I. i'S L.1t 171.7

1'63-IA AS L..,-.t 126f.It 127.0 :1o7 3.0

C A, C-.", t Ill.I I .U 32.0 IC3.0
lb I-iA A s CEsl 163.3

B1 AS L..1% t 17S.5
3. ,,.. ,..,si 379i.0

I1 I /L'Ut ZliIl-Wtkl I d'.. &I I 1:,'j; I #.o u +
3'3.I............... lil-Ai. 333.f. 1 35. 5.1) 11.0

' ,1,53I " IJo33 , I 33,; 1 30.0 Ix.0

l . .. ... l'1,Il 3.I3.. iS 333i ', 33.0 0l.¶
,l " #.I3-tl.il • i.-j - I31 10 11.0 li.l

.. .. l I I , If . 3 3.. 13j0.
3,1./ l/'.t -. jl31h '3 1). i 111l. I I *.: I;.9

t'tI 'I '.l I, h. ' I~ .' It. I. , I+t+.

jl15 3 % ",, II I..'. I I.iI1 i I 4.1j . i I• l .

I~ lli o . ., t T + -- hi - r ' f 41 .1. I- :,It

3al.l"3 .. .. 3l I 3, , 'ii 1•.' I

"- . C ;.-ii ' ,- .l I Al



J72 TABLES D2--2?86-3

TABLE J21 (Continued)

MECHANICAL PROPERTIES Q: HEAT TREATED EXPERIMENTAL ALLOYS

YI, ld I.l tlgate
St t,•,1111 lei'- I I 1 F lo... t Ion fItduct Ion Notch Br Intl I

AIIly Al :. { 11-!'t K I t r,.11th in .4D In Area l Ins lie II.-rd,.es
N . _ yl e___ . ... llte, T_,ev nt,,nt .. .... ( i;:_Ittf,,,t) K1 Ptr Cent_. . Per Cent .KS1 lluber.

II 13V-IlCr P55 '14C0r-211IR-W1i925F-lI8tl-AC 160 170 3 5.1
IAi *5 ' " 125 1I1 1; 20.5"I Il OF- 4 1;!-11 AC In lbo 4 I4.o"111 177 30.3"I" It I1(. 17 36.1

PKI " "s9ivs-. 1111-Al 1I5 136 S 11.0" 1 1050 " ' 130 13, 10 12.0
P55 It"II 92'i-2ill4-AC 119 112 II 18.9

" "Ioboa ." ]5 IZ6 6 13.3
P61 ". 32', '1IBR- 14

1
) 15d6 4 8.2"" -.1050 " It.I It]6 6 10.3

P55 " 9"2" 925- 1110 1 t If 12.9
"" 13UN 141 9 13.$

P61 W5" 92. 1611 " 180 194 5 b.0
" ''10so 16 ' h;e 147 6 4.s"" . ij IJ3 12 23.4

P55 As Cast 125 IZ5 14 20.9"I IOOF- 21-4- *925r-2f i ilt-AC 159 171F 6- 9.2
I600F-21liR-tI#, ' . I5) I74 6 10.6
170OF " 'UtOlF-flll- 11:3 I 0 U 12.9

"q 1600 "". .." 113 158 8 12.7
P6! 1600 9 " 50f- ' ' h I t,6 5. 6.7" " I.. lot' 153 170 1 6.1
P55 . . .. ZI 13 10 Io 5 7.6"St " " 900F- 811H I.'1 ;541  10 15.1"SI " " .. Ill6. 152 169 1 10.0

" 24101 151 175 1 6.3
4j5 As Cast 120 130.41 7.0 11.5 179.2 277"As Cast 119 129.6 7.0 9.7"I550or-.21 R..tl+950Fr- UIR-AC 152 163 5 7.6

"W1(itt" 1L' 175 I, 6.3"f " " " ' 241111 159 4 4 5.2
"900 PIR " V.9 I)2 3 5.3

"16H1 " 159 171 5 7.6
A .. .... ... 18 4 6.)"150OF .. .50F-ukR i4'. io6 5 5.3

4I35 15OOF- 2HR-Z4-)950F- 16HR-AC 156 174 4 6.3
""4.. 11- 15d 17/, 4 5.3"90OF- biIK " 151 165 5 6.1"". ... .. 16"R " 165 Ida 3 6.3

4.. 11... 1'HR It 1133 4 5.2
1600F- 211 r-WQ4•I÷50F- ZjI1R-AC

S5 IOOF- .2tfl-W& 1I050F- Witt- AC 133 14,6.o 7 13.5 311"0 0 I H9F-1211R-AC 159 174.4 5.5 9.2 341
f 160oF " " IO50-/ liP.- ' ist 541.1U 7.. 11.9 302"925F-121114 1.7 1714. i In i 41.t

"1700F ' 1000F- ORll1 " "3 159.,t 1.9 341
160OF 143 1IW.O d 12.7 311

12 l3V-IICr P38 As LaSt iz5oi1W 125.972 ii 19.1
2jAI 14UJ0F-2H0-Wu-t32lF-4i81lk-AC 112.3/1 174.433 I 0.0

1700' .. 925rF-4dItg-AC 100.92.2 194.4,5 2 2.7
IAIIOt Ill.31It, 12 25.0""Zi$-4fl'11K-AC 0,. r.5 I I -031 z 2.6-)

"-7A As Last II1.9j IZ'i. 5 11.5 22.0
Bt As Last 11.35 9.n. 95 L2.u
"C As Last Ik1. b 10.0 23.0

"-U As L.st• 191.1"/AS CaSt 16.i

Pl'4-2A --, ri : A - 1,'1Cti 10.5 Ill .C

- A ;• C t o

P44- JA As (3 C-1t'I
8 A, Cast /1,.

L As L.- t



u:. -,,S T.., 1 J'3

.b. I: ' (Cy.. j:d)

MECHANICAL FROPERTIES OF HEAT TREATED EXPERIMAENITAL ALLOYS
Y6.314 Ulimtssve

1r nqh len'. Ie I - hllnq'I( l-n Reduct [on Kotch BrInelI

Alloy AiI,,y lira,, h,.1) St Ienqli In 'ill In Arei Tons ile Hardness
_No. Tl.3•l No.._ Ilcat Ir. ,l..rnl _ ( /(0. .ff•-Bl) KS I __ Per Cent Per Cent -- KS1 ... Number

P3,1 1700F-11'-'t 133.) 7 33.7 Is8 25.6
I'3.-J I UK.-WAC I3 5.t 13,.9 4 6.2
""losI .. 3/.M 139.6 6 9.2

I , I-'3IIR " III. 111/.6 7 30.6
"13s.6 l39 .a 10.7

""'"51.- IUII3-AC I/. I 109:0 4.6
""IosOf " " 143.14 MI8.9 4 6.5

"P38 125.1 126.7 32 29.6
,w Z SiF + H _A C I'l .1I 1#11. l 4! 2 .8"305301- 3 .. I12.2 I5u.2 9 14.0
. '/F-dIRt-AC 165,.5 176.5 6 9.5

"105o0f-l'ft- " 40o.G 1.!,.. ? 1 3. .1

ij 13V-IICr P46-IA As Ca t I31.4 MI3.T 9.0 23.0
-4Ai I1 As Last 133'.05 3 36.15 9.1 21.0

C As Cast I J3.1. 135.1 8.5 115.0
-3A As Cast 377.6

B As C..t. 178. 1

C As Cast 169.3
P51-A As Caist 313.3 133.I 9.0 21.0

B As Cast 135.2 136.15 9.0 21.0
C As Cast IJ,.; 135.d 11.5 18.0

-2A As C.It 185.7

9 !A. 314.3
C AN Ca,.t 173.7

p1i6 As Cast 0?7.3 134.3 9 11.3
, 14bOOF-291WQt..925rF-/4IIR-AC 182.b 0 0.2"1 1 " .. 13l.2 133.7 7 14.7

"137tj•CFF- A1IK-33 205.8 206.6 0 2.0

11.21)98 133-95S( 15 33.3
P52 136.1 133.3 I3 26.6

"4125F.-1lIR-AC I)iO.B8 162.8 4 6.2
"1050F " " !06.6 1 its.a 7 I3.2
925r-Wf-4 - I" 157.0 163.6 3 3.9

.05osF " 3bO.11 170.6 4 6.5
"9/15F- Ib6l1t-" 192,6 198.7 2 1.tt

.. 105. . 175.5 179.5 3 2.0
P46 0.2.5 133.8 13 32.3

"9.!SF-21R-AC 333.7 3.6,8 3 2.7
105OF " 1 146.6 id8. 4 5 B.6
925F-lNR-AC It'9.0 o 16.3 3 4.1

"105uv 3. 1 163.6 111.7 3 2.9"925F-..49[R AC 191.1 0 1.2

(Pi39-3)
:t, By-5fe P,33-ZA As Cast None 132.'4 0 0 102.8 408

B As Cast Non. '80.0 0 0 304.0
C As Cast None W16.0 0 0 IZ6.0

p339 I3j:3F-,01-WQ1tIOJF-III31-.AC 165.6 166.6 1 3.5
21 .1 161.1 163.0 1 3.4
. .. R-AC Not. ,laln 155.3 2 4.4

"13230"F" 3ItR ... l6.1 5 6.6
.23 3R ... 1 4 4 .9 4 5 .7
4..1• I141.1 If 6.3
"8133I1340.2 3 9.4

its Last 32.11 0 0

15 b;;-5Fe P10-2s A A," Cast 1t-9.0 174.0 It 11.9 203,0 363
IAl 0 As Cast 369.0 176.0 4 30.0 206.8

C As Cast 1I6L.0 3)3.6 5 16.'4 370.0

FJ58 As Cast 150 173.6 2 4.o 17i3.4 355.2

A, CasZ I',, Ilu,3 2 5-43
A, '.. -t .' i160. 5 5.U 31 t.0o"p~f lAs •..*3 it• 'i iflb Z. 33.ti '53.0

i , L.'" 53Ax 31131.0 2.0 4.9
-j'.4 ,-,i -ii, , I., .. I 133

10! z . 2.2

3.-. . .4-I , I -il l i.., i3 5.3I•I' t 0 i."' ,, 1", .4 11,
I ! • I: ; 11 I ; 17 ". ,-UIil
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TABLE J21 (Continued)

MECHANICAL PROPERTIES OF HEAT TREATED EXPERIMENTAL ALLOYS

Yflelo Ultimat•
Strength NTensIle ElongatlIon Reduction Notch Brinell

Alloy A'loy Heat M. btrelnjth Iin 44; In Area Tepsile iardness
No. _.Tp _ N. hle,_t retpoeLnt . . . .tOffset) KSI Per Cetn Per Cent KSI Numher(e_. .o-Tj- -- -. . . .

15 P358 iOOOF-48111l1-AC 160 I(6 3 9.5 192 331
p|140 4(0of-- 63I33 --- Lot 0 0 3d8
P1543 :111R --- 192 3 7.2 363"4"33il1 " 3 1 3 31 2 *3.4 112 341P140 80IIF- '1SR --- 191 2 0 iOl
P358 1:3I. --- 195 I 0. 3S8

S,, tiR , --- q4 1 0 118 375
P1140 0Oor- 33113I 1118 0 0 41',
P358 " 241t --- 3ZI 0.5 2.1 hoI" i +tgll'. "12-. 0 0 85 415
P.!40 600F- 8HR

P358 4833HR1 --- 331 0.5 1.6 388

16 5.5AI P65 As Cst 126 141.1 10 15.3
5.5V-ZSn " 115OF-3611lI-AG 12).) 138.9 9 I6.2
.5Fe-.25Cu P69 As Cast IZ5.2 33o.1, 9 36.,t

""IOOF- z1IR-AC 130.6 3Il3.C. 9 19.6
431I3 119.1, 3 10.6 6 13.1
'3"3i3 129 l3O.O , 5 13.2
"1631R 130.83 1i40.38 9 31.0

335(jr- 1131 34j.5 136.6 U 14.1"" "' I*33 "1ii 3 39.3 33 17.8
"8111 " I18.9 3 140.7 8 14*.33"Io owl- -.lilt 1,9.1 I'll.$ 7 8.8
41lk " 129.9 I11,.9 9 lI.U"S " 3l3l " IJU.5 3M2.3 6 32.7

P65-2A As Cast 325.4 142.0 10 5 15.0 210.0 313
8 As Cest IZ6./ l1i2.4 30.0 ic,0 206.8
C As Cdst 1)5.9 342.0 30.0 15 O

P65-3A As Cast 237.5
8 As Cast 216.0
C AS Cast 235.1

P65 As Cast 126.0 142.ij to 15.3
"l650F-21iR- 1ýA2ooo0 -6HR- Ac 1,.0 383.2 0 0.6

"" " 161iII 3)3.1 0 0.1I... I IU f-l 16 1 ,2 ; z. 0 0 1 .0

163 .l W50.3 168.9 2 5.0"3633R Io0003-611R 314.- 113.3 0 0.5

1.. .. IR 164.6 175.7 1 2.33"1I00F-611R 3161.1 368..2 3 3.6"61IR '" I56- 165.U I 4. a
P69 As Cast 125.2 140.4 9 16.2

#0 7!A-.a--u P641-2 As Cost 112.i 31)3.4 730 8.,0
As Cast I10.0 130.9 5 12.0
As Ca% t 113.05 12li. 1 16.0

P64-3 As Last
As Cast 190.7

P16 - 2 As Cast 111.0 IJ,. 5 IJ.O
As Last I 'I. b 12,-..5 10.
As Cas t 1lZ.l :113 2 I3,.O

'6b As C.s t ill. ;IV.l I 35.0"V.009F 233P. AtL Igor- 19017- 11 1-v. 3 174t.9 3 5.0

Ito.U I z V

S.. .. '" g'~~~~Lu 1 {/-I-l -~. ZJ j :}::+2J•
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TABLE J21 (Conitiniued)

MECHANICAL PROPERTIES OF HEAT TREATED EXPERIMENTAL ALLOYS
Yield Ultimate

Strength Tenslle Elongsation Reduction Notch BrInillAlloy Alloy meat KSI Strenqth In 40 In Area Tensile HardnessNo. -ype _ oc Heat Treatment AO. Z Of'_sot- KS1 Pet Cen! Per Cent KSI Number
19 P68 As Cast 115.0 129.9 5 12.0"1700F-ZHR-WQ.I000F-IHR-Ac 30.6 1242.0 ] 1.6

2H k 133.0 14n.4 3 2.7"411K 13b.4 14t8.0 2 10.7"1"" HR 132.9 M48.6 2 1.8
I, I0F-IRit 131.9 l142.1 2 0.6"1... Z2 3u.6 1'.6.6 2 0.8P64 1. 4"" R " 31. 0 138.6 2 2.I"1600F IOOOf-j;2R 1 225.5 237.3 3 8.1
.IIOOF-lHR 1 17.1 138.1 3 6.9

(150-3)20 I0V-I3Cr P`50-2A As Ca3t IM2.0 236.0 20 25.7 190.0 2775At If As LasSt I2U.2 131.2 I 211.6 204.2
C As Cast 128.0 136.0 11 27.2 190.0P5I0 As Cast I2d 136 10 25.0 193"Io0F-IR-wU+,÷IO00F-r2n.-AC 151 163 .3 7.0WIN " 79 Id2 I .1l

,"" R --- 213 0.5 0.7"I050F-AIR 161 167 I 0.0
4"1ft --- 158 I 1.5
2122k --- 1)3 1 0.0Vsj 7AW-.Mo PI2lW-2A As Cast 112.0 132.0 5 1J.1 1941.0 305

B hs cast 217.0 230.0 5 22.2 193.2
C As Cast 110.0 2zu.0 7 12.9 195.6P148 As Cast 111.3 230.0 6 13.4"160OF- 2HR-,oo.u1000F-dlJR-AC 1221.2 145.8 1 1.?""" "IIOOF-2Hk 19.0 14o.2 2 6.7""2 29H " In.0 142.5 3 2.426 8AI-I2o P166-IA As Cast 107.0 2Z2.0 9 25.2 i90:0 287.6IV B As Cast 107.0 119.6 9 26.5 I26.0

C As Cast 106.6 120.8 10 26.5 190.8
266 160 CF-In•-•L+ItIOF- IiK-AC 20) 122.0 4 4.9 285,.1 ' 103 119.6 9 24.1 225"".1, 201 216.4 8 25.9 293"9OOF- 2t 2I04 I 22.2 7 21.7 285

106J] 129.6 10 22.4 293

(PI2'l-3)27 4A2-3Ko P147.-ZA As Cast 91.0 210.0 Is 37.0 172.0 254IV B As C.st 92.0 210.2 15 36.0 113.2C As Cast 94.o 2;2.6 9 26.5 172.4PIi S , ast 92.3 110.6 13 33.2""550F-.iHe -Wq,1000F-IdI-hAC 2107.5 123. 6, 3 2.4"0"3.004-n ' ]3.t 228.6 4 U.5S.. . . W"intls 101.C, 116,., 6 11.3 (PI49-3:
29 6jAI-3jHo P249-2A As Cast 236.0 154.tu b 4..0 2A6.4 331

IV B As Cast 132.0 152.o 12 ZI.5 224.0C As C..st 135.0 154.2 10 20.4 214.4359 As Cast 12 I"0.0 9 26.1 2!9.2 321As Cast 111 I10. 6 20.6
P21149 As Cast 134 ,, ;S 7 In I.o""600.IF- 2.lit- W I0( I 000f IIAC I1.1 2, 1 .2.

I .. .. - ,0 2,3.5 I 3.0
. .t10.0 25.5 3 .2
811K 

2..P 149 As Cast 4'. 15., 1 io.1 12600F- 2.k-40, 1200102 - 2liR-AC e,, I .I

. .. /!i~t- 2'.I;' 27, 3.0,
. 1 ..s lIt 16 2 3. 2
8"Ik - f(.(4 0.22t 50Fr 2 " " 5II 7"alk I,' 1,.,• 2

22.. . 0i02•- 214 ' I;,. t it; 3 1,0
It tllf II, l 11, l2 4.0

,." 22' 2) 3 6.•1

.. X " I I , I - ]..A



J76 TABLES D2-2786-8

TABLE J21 (Continued)

MECHANICAL PROPERTIES OF HEAT TREATED EXPERIMENTAL ALLOYS
Yield Ultimate

St rength Tensile E Iongat Ion Reduction Notch Brinell
Alloy Alloy Heat K5l Strength in 4D In Area Tensile Hardness
No. Type No. Heat Treatment AO.2.Offse)_ ESI Per Cent Per Cent KS I Number

2- P359 As Cast Ill .O 7,5 14.o 219
153Or- 21IR-WQ* 1001`F- 81IR-VC 149 165 5 11.5 2!7

l1iooF-41lR " 144 158 3 6.7 226
""105F-1IRk 150 163 4 8.1 222

" 1450 " IO00F-8HR 8 163 4 io.6 214
IIOOF-4IlR " 144 153 3 7.0 224
1050F-6HfR 146 lbo 5 6.7 221

P149 1550F-2HR-WQe i000F- 4i:R-AC 158 163.6 2 4.9 363
-silk 159 16IJ.0 2 4.0 352

o 1 IOOF-2HRI 155 1)0.0 3 7.0 352
4,, HR " 152 162.4 4 7.4 352

"150,01' IOOOFoI.HR 134 165.0 2 4.9 352
" 111 " 136 170.0 3 6.3 352"I I.OF-21IR 132 166.o 3 8.6 341

" " " "HR 132 166,0 5 11.5 )52

32 ISV P146-2A As Cast 115.0 128.8 3 9.2 I22.8 29)
B As Cast 1I1.0 134.0 5 11.5 167.2
C As Cast 115.0 135.2 6 18.6 177.6

P1li6 13502F-12HR-WQ+900F-2HR-AC 141.8 144.0 4 1.8""64 .... .I0R 164.o 166.5 3 3.8
P ,46 i , UIR 135.3 !36-7 2 3.3

4i 2Cu P523 As CaSt 85 106 15 25.9 !t.
IlOOF-uIR-At

""" 90OF.-7HK" 88 106 15 23.9 z41

"z4 811 104 16 ?2.4 235
"4a 8i9 106 I z4.6 2418

"80OF- 811R " I 11') 12 20.4 299
"2•4HR a U 104 15 24.4 241"w""4 m IU5 16 27.2 241"/OOF- 8llif 86 104 16 25.9 235"/41IR 86 104 17 26.5 223
441111 88 105 16 33.5 223"60OF-241I1R
4bHfi"P202 1475F- ZHR-WF.I200- tllR-AC 55 8z.8 21 41.4 170

"". 1. "1"i 51 80 13 38.1 183""F-9 As Cast too III ILi '1-.9 173 25t.
" "" 100 118 13 '9.1 174 255""0"IO00F-HHR-AL 10u0 i? 13 'o.1 262""OOF- 8WR--" I[W lo 11 1/.5 Z

"600F- I1HR " 9d 115 6 9.2 269
" ollA " 1 I la 13 2z.,# 248

42 6AI-2Cu P.'23-IA As Ca5t ii. 123.6 A. !5.8 182.4 283"", : .e; C... z1., 12-.2 9 Il.J. 9 182.u
"C As Cast !.- -.- ;•,.o i151.4"P223 147 F- 2I1k1-Q41 I ZOb F - 11n- AC ;08 lId.o 10 23.2 262S. ,.. .. Uilm 106 116.6 10 23.2 tFI82-j) t69

44 3AI-ZV P144-IA As Cast j4.-o 106.I O1. 28.5 168.1I 253
B As Cast q440s Iit'iii 11 7'4.p
C As Cast 9.'.0 108.0 12 29.')

1450T- 2IIk-AU0F.2 - tIIW1 AL 101.6 113- 91 13.2
I" I 1"', _ 113.9 5 V-.3

S " "di111 " ft' I 11L.5 _q 21!.-2

135OF 211R ' 101.11 0l11.0 12 :in I"5" R '" 10.0 106.6 10 21.1
:"~ " va !J. 2 :•, 11 30. ý

""0" •.l 1. 21.2

;.5 Vjýt-7, ,'-IA A' LaSt 112 !>ii.'I. (-.'. "od

IF a A; C.' I.'3 i: 14.

.- ) I f'I e. l I 5- I I Ih. I r, . 1 I 1.

1441'. , .'. I,' ,.4 ', 14j .0.:
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TABLE J21 (Continued)

MECHANICAL PROPERTIES OF HEAT TREATED EXPERIMENTAL ALLOYS

Yield Ult Imatn
SI ranqth Tensil e Elongation Reduction Notch Brinell

Alloy Alloy fihat KSI Strength In 41) In Area Tensile Hardness
No. -Tye No. Ieat ITrAeatm, . . (.Z. +Offset) KýSI Per Cent Per Ce;at KS1 Number

1It 3JP-..B.e P1ld2-2A As Cast 9u 1P.0 14 25.2 127.2 201
"II As Cast 60 90.4 13 26 132
"C As Cast 68 91.6 13 23 133.2"P132 I550F-1Ht-lA 16 126.u 4.5 9.2 293"" 90OF- 1IHR-AC 78 1%6.0 3 8.6 Z71

1t 55 21M 11 77 101! 4.5 10 2418

IItR 112 115.6 7 11.9 218
t,,IR " 60 113.2 7 11.9 241."800F-1,11i" al 171 1.5 4. 285
211. 71 121.8 3 6.3 293

,.ilR 16 123.6 6 7.6 293
" ltR " 16 123.2 4. 7.14 285

(P234-2)
49 6AI-6V P2i4-IA As Cast 111.0 132.0 10 32.5 206.0 296

-2Sn 0 As Cast 115.0 136.0 8 21.0 204.0
C As Cast 111.0 131.0 9 29.0 204.1

P2314 1600 F-211HR-W-IOOOF-2HR-AC --- 163.6 2 3.8 363
, 4HlR ' 0 163.6 2 3.8 352

, i IIOuF-21111 146 158.8 2 7.0 352
, 4,lI " I ,0 I6•0.0 I 1.6 35:

"" " 100F-21i 14.2 159.2 2 4.9 352"41R " l;5 157.Z 1 0.3 352"I 10 -I211 it o141 155.2 2 7.0 341
I .UR 10 . 154.2 3 7.6 311

3O I3Sn-2A! P210-IA A5 Cast 122.0 142.0 4 5.3 196.2 305
-O0Zr B As Cast 123.0 14i:2 11 18.9 186.0

U As Gast 123.0 14.•.0 10 18.1 190.0
P230 1f75F-Jdift-AC 126 141.6 7 11.9 293"16HR I Vs 143.6 4 7.6 311

55 6AI-4V P291-IA As Cast 104.0 124.0 9 25.7 277
0.5w 9 As Cast 106.0 126.0 10 25.2

C As Ca.;t 1'04.0 I1Z4.0 12 41.14

313 200 243
197.6
203.2

55 313 1606F- 21R-W 1-000F- bift-AC 121 139.6 5 il.5 3Zl" 41a8 1 •20 139.6 8 15.1 311
, , I I 00F-21R " 23 136.7 6 13.5 286" 4 4HR 119 '34.0 8 16.7 293

"1000F-2R " IlZI 138.0 7 13.5 302"411R " lzu 1318.18 7 12.9 302" 110OF-2HR " 116 132.8 8 i2.7 293
"dIIIR I I1s 133.6 9 17.5 311

!)6 6AI-4V
-0.5Ta 3148 As Last '04 124 II 38.9 192 282,3"A- Lai•t ' O! I28 II 24.9 190

A, Cast In4 I21 ?) It11, -,

"16.0OF-AIR--O 90Tf-2llls-AC 117 I1,o.4 6 nn __._ 9!2!". Itl-AC 111 1i.0. 4 12.2 SIU 321" " UUUf-;ll " i14 1311.2 9 25.2 311
S.119 136.8 9 25.0 321

IIOOF-2IiR 111 134.0 11.5 302"43 " .I.0 W3.0 -..- 302"1111 ' IOOCF-nse' i.u 136.u 1 i4.i"- - ltOi ' t i 4A . 1 2 . 15

"IIUJI -Lif 1 Iila 134.Z 6 7.6 302

"4"tit I11 131.2 7 14,2 311
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TAULE J, I (Con1iuud)

MECHANICAL Fh.OPCRI" ES OF HEAT TREATED EXPERIMENTAL ALLOYS

St. II.,lh -Mis it' E Iunmiat tut" Bt.dlict Ion No, tcIh Br Iwel I

All•y AlIcy Iltat K1I Slts-'tlh 1. 41D In Area ftesile Hlaruturs
flu. Try.lpe. li's. lh..it Pl -Ijlnl. l (i..." n -.. i) i Pr.r ru.sI r'-r Ct-nt KSI fl-moer

51 3-lill. P1911-IA As ;,st Ilit 134* 6 10.6 192 285
-0.i•1h- II As C.ud 113 IJ3t v 12.2 189.6

"C A3s -'us 1I? 131.2 7 10.6 192

"19 137of - 2H11-til I l1 !12 10 18.9 269
ft. i 14alt-t.lt--A. lt, 0 0 388

.... .. . J 4 tae.4- I!u, 0 0 375"lultil " ' 152 0 0 38w
B.ilk" I5 0 0 375

"8001 - [lll 156 0 0 388
It " "" " ll " I52.8 0 0 338

ur 0 ~ u 4 5 8 tt 0 0 388
" b2"II. .4 0 0 3188

60 tAI-4Sn-dZr P300 As LSt 133 152 10 21" -'Fe-iCr-iV "I1?5t-I.tttR-AC I)•, 152 11 '2.• PI

"Bhil I 3cM 116 3 11.9 311"16118" Mu hI 153 8 10.6 331
" Pw 100•t-UtIIt 151 u I 14 3 5.2

II 2111l " 160 176 4 4.3
...lttR 0 161 116 3 2.4 17Z

"A- C.., 151 170 7 10.5
" ' jOOF-8l1t "

" Mjtli " 15(, 171 4 7 352
"u u "uh ' 156 156 0 0 161 352"t•i " 156 17) 41 5.3 352

.. OOF- MIR u 155 172. 7 11.5
2... 11!m 147 Iii 2 2.zt

""48 111 0 It 5 7 .6

60 4A1-4i5n PIOO-IA As Ctst 1327.0 11.' 9 21.5 223.2 321
dir-lfe B As r.,,.t 132.0 152.u 10 22.4 218.8

IV-iCr C AS C,•s 136.0 154.0 ho 19.1 223.2
P4189 As C,--t 151.0 1,O.0 1 10.5
1tiO Iu4':' - Pltr-Vtt I0 fI ooO--Ilift- AC 157 i18.8 3 10.9 363"!fiil 151 176.8 4 10.0 363

41. t m 15l 1)3.6 3 5.3 3163
P300 As t.1.t 133 152 10 21.0 221
P4U9 As t, t 151 I/0 7 10.5 231
P300 11,0:'u1 'M l -I.IU-100 0F- IIt -AC - - I 1 2 2. 1

"211 156 1Io 2 3.3
""15OOF Nu" t 154 17? 2 5.3"1"5Of "Mu INK " 152 119 Ina

G0 P300 Itt50F -II-0ll- .0-P,2ttll-AC 153 17 4 10.9

Mu ' . . us 1if!111 " 1 174 3 5.3
" soa '.O . . vitf " l,11 l/t. 3 3.31

"Ht Pl IL If 0.) l~pt :1 " "1 13 ii- I 0.1 1Ibd

P300 1 500F- .:utt-JQ- IGOOOF- I lt-At. --- 1dO.8 2 2.4 375"21111 1!.6 1I0.0 z 3.3 3o3
u u11u1; ' aull , Ir I '5.t x 5.3 3)P

63 jAi-fllo- P`350 As L(ust 155 172 1 rn i

"'- u.w-t.J5t AS C.ast 155 162•1. I 1.6 !28

'C.~l /tRM(NI hut Is 1/0 1 4' 152

4"mS 170 2 4.2 36f;3
.20i0f - Mlt-AC lb!s I 1.6 35;

• •; : -. . ', t 1.4; 1'

. "A-...J. ; ). Al L.u, IMu I'.1 II 7213. 21 290

U As % ust 1,'M I'u? IP . 2:

; lit' ,tu/ -t -utt-fut f. 1 1j. 10 c id 1

.. .. - -"l~t - .' bu u,.' ..
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TABLE J21 (Corttinued)

MECHANICAL PROPERT IES OF HEAT TREATED EXPERIMENTAL ALLOYS
Yield Ultimate

Ally lly ea Ho Teairtf Strenotl, Ten~sile fIonusatlen Recluct. Notc)- arinaI1
Nlo.' AType 140t KSI Totr~s Strensgths In 4D) In Area leralle liazr~uess

No,'f OType K iSI Per Cent Per Cent K'S1 Number

69 6A1-4V 434 As Cast 129 147.6 9 15.1 204 317
i1t-Imo A& Cost 126 144.8 7 18,6

As Cost 128 145.0 a 17.0 204
Nnon-A As Cast 130 152.0 7 15.1 321

5 As Cost 12X0 152.0 6 9.2
434 1 550f-2f-R-V*~1Q+00F-4HR-AC 144 159.2 2 6.7 341

I5.50F-2HJR-VV41000F-8HR-AC 144 158.8 2 6.7 343
I550F-2HR-0W+I IOOF-2HP-AC 140 154.0 4 10.5 331
I550F-2HR--QW+.100F-41lR--AC 141 154.4 4 7.0 352
1500F-2HR-OW+1000F-4HR-AC 145 160.0 4 7.6 341
I 500F-2HR-WQt1I000F-8HR-AC 141 156.8 3 7.6 331
15QF-2HP-*WQ+lI001-2HR-AC 139 154.4 4 9.7 321

o 1500P-2i1R-'*2+? IGF-4H4R-AC 136 150.0 5 11.2 311
105 87-r-4A1- 596 As Cost 154 171 4 5.3 216 352

41;n-1.SPe- ' ISOOF-2HR-AC 159 17.1 3 6.5 363
1.5cf-1.5v, 1400F-2HR-AC 154 168 8 12.9 352

133f-2HR-Ac 154 168 4 6.7 352
IM 2i-c158 164 ? 1.6 352

l400F-2HR-AC+I000P-48HlR-AC 142 0 0
C 1400F-211R-AC. 900P-48H-R-AC 184 0.7

1400P-211.1-AC4 800F-48HR-AC 136 1 1.6 401
f40DF-2HR.ACf 'OOF-48HR-AC T01 0 Ci Al1
1 408P-2HR-AC, 60OF-48H1-.AC 170 4 8.6 352

106 Szr-4A)- 597 As Cast 132 148 10 20.0 321
4Sn-.,5Fe- * 15001-2H1-Vw)+l0U0F-2HR-AC 146 162 4 9.2 352

SC r 1400F-21-R..WQ+I000F-2HR-.AC 144 158 5 6.3 331
a I O0OF-2HR-AC 135 149 4 14.0 311

ff IOOOF-48HR-AC I3IV 151 5 8.6 321
ft 90OF-48HR-AC 138 152 8 18.9 341

800P-V1HR-AC t38 1-54 7 13.5 331
70OF-481r.~-A'. 136 152 a 17.5 311
600F-4811R-AC 133 1.40 10 18.9 293

At Ca-r 132 148 10 22.4 219 321
As Cast 132 149 11 16.7 321

5' 5XW-2I1R-wQ+I000-2tM- tAC 146 162 4 9.2 352
% 4V0D-2HR-VKý+I000-2HR-AC 144 158 5 6.3 331

107 10Cr 606 As Cost 1613 1 1.6 140
0 As Cast 172 1 3.3
o 14(JOF-2HR-WO 150 1 0.7 331

I sWF-2HR-W04800V-IHR-AC ?07 0 0 42P
1400f-2fi9-WQiitoOF-2HR-AC 176 0 a 429

* 1400f-211R-WVQ400F-4l IR--AC 173 0 0
!OR R7r-4Ai- 607 As Cost I.YJ 152 11 20.0 208 331

W"s2V90-48HR-AC 140 17 v p 147 331
- io -4;.' A-- v 58 10 18.9 331

700F-48HR-AC 138 159 9 19.1 33i
* 6001-4811R-AC 135 158 9 73.2 331

IOWOF-48HR1-AC 140 142 1 5.3 331
ISOO f-2tt-'004 1000-1 34k-AC 145 141 7.5 12.9 352
l50WF-2HKR.Qs1000-2I-a-AC 145 161 7 12,9 341

$ 15C0LF-2H11-WQ*)000-434-AC 144 w6 a 15.1 352
0 500F-2HR-VW-rl0O0-8HR-AC 347 164 a 17.0

3500F-2HR-WQ+ 900-IHR-AC 144 162 6 11.2 .352
1500F-21HR--WQ 9sW-2ffk-AC 146 162 6 12,9 352
3500f-2H-R-WQ4 :143k C 1464 161 9 15.1 352
1500F-2HR-WQ+ 900-8f-(R-AC 1"4 161 7 14.2 352
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TABLE J22

HEAT ANALYSES

Per Cent

It,.. 4I 44 44 4 Al to 1.. k I. Lu hi. 4ll t! ' . ii I'l. $414Wo

PI .40), .00e 1 .|Il .010. .1.. 5.02 1.*. i .40IM, .vU%'. A .n4 = 1,192 .11 .01', .01 ill
Pt .0441 .003 .11w .01V .21) 1.01 1.41 . 10/ . 011, .O11 .001, .us .01 .012 .ol', .01"' . os 124'

"PI .0%1 11/A .It% 494, . . '41i -. 1'.)9 .0n94 . U .(100 .4005 .00II oil .0114 .444 .0114 i.4o0 71
Pil .045 .00/4 .1Z' .01/ .ZI .1.41 .'I3, .001 .0" .0.011 .005. .01 .0 1 .002 .10 .10 .014, jil

4'. .4/7 .003 I . |4h o01u. ,4./ s.jn Co. I. j .0041 .40 .to'. .O05 .1141" .04; .0;1Ž .10 .0'. .4,4 3O'

Pt. .Udl vOoi .1515 Oo.o .4lu 6.411 Co.044 .001 .01'. .0115 .UO5 .400ud .O .002 .02 .01', .00a 44'.
.-14 .C'o. .2("I j'n ?,..4 (i .Aj c444 .01J" .004 .03 A. ! .0+ .or n4 .. Ilk

P8 N. Analy'ls
Py .031 .N416' .s/ss .W1l .220 6.01 4, ~o .202 Al.. .0Co5 .00'. .0044 .0I5 .002 .04 .0'm .04I!.

I-ii'0 .2 .0034 .24'.2 02 .3.; 4.442 4.9a. .440. .04 .00"- .00.' .0044 .-04 .001 .04 .00 .M'.C II.
PI,' .144. .00in .21 .41.24 .2V'! 3,.l4 oI. 1 .002 .0W .00'1 .UU!, .yo .i04 .002 .02 .014, .04 44i

1 .43 .0.1% .61w to' I l .145 4.4', .001 Uf U .04 .0445 .0(15 .0414, .0 1 .001 .04 .0l', .o.0. IL"•
Pill .054 .06 .19 .021 .2144 5a.- I. 4. .1.44 .il .,:. .010', .004 .03 .002 .02 .01 4 .Oo 4'll
('4'. 34/). 0133/• I. I .i 9.l ~ 14 ni t4. llZ 1 '494/il = .i'' '4! .OO'= .ool'le .134_ .*M_ ! . nl .• . oot+ . 4 '-

4 .0_4 .0028 .44440 49', .2l5 5. ".44 .to0 0 / .U4i .ltU0 .0u'. .Uuq .. ' . liol .01 .01 ki J.Zs4
P4I .048 .OoZS .05 .oi6 .400 b. It, *i.CS .02 .qn7 .-1)1,' .00', .04 4il 04I4 .. .41? .On3l In;

P44t .J4.2 .003Z .165 .OI .1441' 6.01 4.0% .vU42 .02 .005 .40' .000 .4l4 .002 .04 .03 .04 321
P 9 .0)0 .0031, .105b .020 .215 1..01 Z.!jI .I102 .0/ .00% J00'5 .01-i .07 .o11? .40 .02 . 00f, M'l6

P;0 .' .5Pei, *.345 .024 .4'Th ' 11 1.611 .002 .u0 .006. .005 .001 .02 002 .10 .015 .- 0g ill,

Pil .050 .0036 .106 .019 .4lo S.al J. 94 .002 .40 .005 .0,05 .04. .O04 .002 .40 .015 .04
P22 See pz2l - P22 hlist•un
PI .0,2 .oO43 .2,ft98 .022 .Z40 55'. U.UZ, .4O0 .0/ .015 .005 .002 .03 .'O2 .10 .03 .oo04 lob
P4A .0i0 .0024 .162 .020 .143, 3.6, ./ ..00Ž .11 .uO!, .U0'5 4. .005 .oo2 .02 .0OI ,0 311
4
,A-i-hn

P25 .01? .0o4 .24 .043 .I0 5. J. 194 .004 .0• .02' .00% .04 .03 .002 .10 .04 .00".

(1-w, .t. .i .0024 .23 .044 .110 4.!l3 .50 .004, .01 .005 .00 .008 .005 .002 .*0 .1,02 2.35 )CU,
(5AI-45n
P2? .054 .0027 .1>/5 lo,4 .2J3 5./0 3.tv .042 .02 .UOb6 .00', .Ool4 .Oj .002 .uj .002 .0I 318
r.n .O'1o .0023 .A4'. .4,2L .,il, .-;'! J.4.1 .002 .045 .005 .005 .04 .0 .002 .045 .045 .008
PN9 .0"* .UGIO .zt; .044 .1'l .. i 1.)-. i Ut4u1 .ll'. 0411% 4495 .4U10 .01U .002 .04 .015 .01 3144

P30 .043 .0026 . 2425 .021 .1110 6..414 3.92 .0005 .04 .04d .005 .0044 .01 .002 .02 .015 .-•08 334

p44l .051 .0021 .18 .023 .4ld0 ft.-1 .4)9 .0010'. .112 .00s .00', .008 .u2 .002 .04 .04', .015 318
(P32 .012 .003 .3'' .5zs .Z40 5.93 1.094 .000a, .04 .04 .005, .00 .-0 .001 .02s .014, .04 344
(5,1-LISn

P33 .010 .0031 .r,6 .015 .I15 '1'- .015 .001 .013 .005 .00'5 .004 .e05 .002 .40 .U05 2.j4 J1"4

P 44 . 130 .0026 .I9/5 .0-' .o0'o 5..'J11 3.00 .002 .04 .04 .005 .-004, .0? .0OI .0Ž5 .01' .014 341'
P 3S .05J .0022 .4IS' .021 .200 '.03 4.931 .007 .01', .005 .005 .015 .0'1, 002 .014'. .0' .0 , 349

P ', .00Z .0041 .122), .011 .2Il, (.OZ 1.8) .fluz .pi .04.9, .005 .004 .03 .043 w .40 .0Z .01 331
P37 . )9J' .0033 .4 42'5 .0.',a .3/0 5 /3 4.74. .002 .0i .J115 .00, .0u41 .0/ 04-/ .40 o04% .oil 134

(4L- I 1'-r- ZA!
(P"3 .620 .0GZ 4 .4+.138 .4I4 .-el , 2.1.41 4.9 .102 I4.O .440. .00%, .(0/ . .i1 .W'- .(01 002 277
1,19 .096 .uh, .144-3 .(.,9 .1/0 6.414 1.o_ .00" Vi 00- .0. W .011 .0( .Z n2 .4l .04!, .0ou

P440 .2 .. 142 .2s04Z.%1 .0,'/ 0 5.71k 11.1 J .o.olu? u .U0' Vol, .0/ .1l00 .Oo .015 .04 334

P4IC .0.2. GUJZ .Zb .0 i. 1 .4. .j'. ... i .L.:, .zhU ' 1 0i4'. .01, .0"'.! .40 .4' .01 31t,

I-ll3 ... o 1 . .0,6 .It 22' I0/ t. . 0 , . ". hue I ., . to., I .0105 . .l .(19 .001 .10 .014 u .01', 2444
Slit J.1,41 .0(, .4,3 ..229 .. ' '4 42 / .1-.4. 0.1. .• - .' ilo.4 '00i .h- . 0 I ll

J .. " . '3 .I1: .02. 1. . Vtj 4 ji 44. . .,w0! .4I0', . I0. .44/ .0)12 '1 114 044 '4P.

t..,., I

44. l=r I. I+ , . ." . . , .
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TABLE J22 (Continued)

HEAT ANALYSES

HIA) I

,In. C N l-. 01.....Ag V G. t, C. II. i I _ Pb _ S I _o Sn OHM1
31 tV-k Itr.r-'AI

('Ps •U24 .0003 .153 .Ol .21 4.0', 13.5 .01S 10.1 .oO5 .OO. .003 .015 .002 .02 .02 .002 291
E53 .0)5 .0025 .185 .O2d .34 6.01 3.53 .11(3 I .01'5 .00, no0, .2v .002 .1 .01 .01 11•4

Ps4 .080 .0029 - .031 .32 6.,C 3.92 324

(rP' .02u .001o'5 .1-3 1U22 .114 1.58 3.0 .0o17 0o.. .005 .005 .0no .02 .002 .015 .01 .00o 283
(ItV-I Itr-IIAI
P56 .048 .0026 .¢l •.C .. 3.90 321
P1. .0y1, .0024 .20 .021 .29 6.05 4i.o0 .00S .1 .005 .005 .01 .015 002 .1 .001 .012 3.l
P15 .081 .0032 .193 .012 .10 G..05 J.91 .002 .1 .005 .005 .01 .01 .002 .02 .01 .01
PS9 .027 .001/ .185 .017 .20 .01 .005 .9102 .015 .005 .o05 .002 .005 .002 .01 .002 .003

(Pf•l .o.2'1 011) -1.? -04. 2!1 01 nor. on0? -l on. fl . .002 .005 .002 .01 .002 .n0o
(C.P. 1I

(it.i .032 .00114 .158 .01 .20 1.65 Ij.S .002 I0.1 .005 .005 .002 .025 t002 .n3 .015 .002 200
(13v-IIC,-IIAI
(Pf;._ .028 .0045 .1146 .02' .20 12.9 .1102 10.! .005 .005 .002 .•04 002 .02 .002 .002 260
(ilv-llCf

1 16A!-4v
P,3 .010 .0025 .18 .(0o .24* 5.8Y 4.83 .o0? .1 .01 .00r .003 .01 .002 .08 .008 .015 321

P16; .020 .003d .111 .0(O3j .12 •.31 .005 .002 .01', .005 .005 .002 .005 .002 .02 $.33 .002 3U8

• 450e- 25h-. 25CU

P65 .019 .0023 .10 .010 .59 5.62 4 4f, .002 .n2 .2z .005 .002 .01 .002 ,n) .015 1,97 3!1

TI]v-lJCr
P66 .023 .0003 .19 .02b .20 .01. 12.9 .-1102 9.5 .00D .005 .002 .03 .002 .01 .002 .003 288

1"6AI.IUV
P67 .038 .OO36 .16 .Uoz .3z 6.08 3.93 .302 .1 .02 .005 .015 .02 .002 .015 .015 .02

TIIAI-3Ko
P068 .o24 .0033 .10 .010 .13 1.45 .1 .00Z .025 .005 .005 .002 .005 .uu2 .M3 3.07 .0O2 315

.l#5Fc-Z25n- .2 C-v

P69 .023 .0028 .12 .011 .59 5.59 S•.I .002 .02 .22 .005 .003 .01 0.12 .02 .015 1.99 324

T 16AI-Sv
P10 .060 .0034 .14 .03) .30 5,99 4.32 .00? -1 .005 .005 .015 .02 .002 .015 .015 .02 337

P71 .082 .0033 .19 .033 .32 *.9j8 4.13 .002 .1 .005 .005 .01 .e15 .002 .02 .015 .o2 331
072 .08b. .0013 .13 .Oj2 .28 6.14 41.0/ 102 .1 .005 .005 .01 .015 .002 .02 .015 .03
P73 .094 .0033 .19 .036 .11 5.97 4.27 .U12 ., .005 .005 .05 .015 W2 .02 .015 .Oj 3,)

l/ .0o/2 .oo26 .17 .031 .28 6.28; 4.19 .u.-I -1 .005 .00% .004 .01 .002 .05 .02 .02
P75 .054 .0029 .17 .021 .19 6.'4 3.95 .002 .1 .005 .005 .008 .02 .002 .025 OI .01

"M30. l I1 .. Z ,.i1 .Ooz .1 .iu.. .uUO . I .3OP .3 U2 .015 .. 2 . Oh
P71 .019 .0029 .17 .030 .21. 6.It 4.15 .002 .1 .01 .005 .00d3 .015 .00 .05 .Oz .03
P/8 .012 .0020 .16 .032 .21 C.17 2;.'V, .002 .1 .1 .035 .004 .0.6 41; .02 .o2 .0O
ONq a27A 0032 ill 03 a,- A.J. I.. 1? ."?I .! ii! . .. M .00--- ; 0 . 0 -.0
r63 .171 .0031 .4j .03. _25 6,35 4.1Z .002 . -. .' uuS 004o .05 -OW; OPW. ,'' 111

Psi .105 .012 -1 .;;J. .i'. 1. I 4.1/ .002 .1 .01 .0us .00,4 .01., .002 .02 02 .03
P82 .090 .0029 .19 .032 .1n 11.11 4.15 .002 I1 .01 .0015 .0061 .015 O002 .02 03 .0;

(PU3 .100 .01•Z4 .3 .03,: . u 6.r4 4..S. .001 .1 .01 .05 .005, .015 .002 .02 .02 .02
P00 .0`34 .W26 .24 .G3; .'.4 .G.O 3.3; .,Or2 .i .Ju." U0.5 .01 .01 .002 .015 .02 _02
Pas .094 .01036 .15 '(031 .b im t.0 OS 191I .0012 .1 .001 U00k '01 l0t .002 I .01N .03

Pbf, .092 .02OZ. .22 .03 .17 S.d 3.1, .O0j .1 .6o". .C05 01 .01 .002 .02 . G .02
P18 .10J . 0,;AI .2y .G,: .;j 6.05 1..16 .002 .- ' .0' .00D .c .01 .002 .02 .02 .03
POO .091 .002r. .21 .014 .21 7 .s .. c, . ." .: .0:.5 .005 .095 .615 .002 .02 .02 .91
'9 .-0/b ';033 .21 . (0 21 P '. .f, .- ' . . .. U .

rj 11 .7; - R .-. C. u.1 .. .0.0.. .0144 .01 .01 OW 5 05 0



J82 TABLES D2-2786-8

TABLE J22 (Continued)

HEAT ANALYSES

No. - .L . 0. _. . A FV __. Co C C r Cu _ II.. I Pb $3 Mo Sn SIIHN

P93 No A.ty.fi'"pgz .09, .0041 .24 .037 .27 6.19 3.96 .002 .3 .005 .005 .o0z .005 .002 .015 .004 .02

P93 .002 .0039 .26 .037 .24 6.18 3.112 .002 .1 .005 .005 .ooz .005 .002 .o15 .005 .02

P94 .011 .ooji .15 .021 .28 5.924 4.06 .002 .1 .01 .005 .003 .03 .002 .025 .0i5 .01

P95 .010 .0031 ..4 .017 .24 6 .2 4 j.13 .002 .04 .013 .005 .003 .04 .002 .02 .02 .01

P9t, .066 .0026 .16 .019 .26 6.24 3.99 .002 .03 .005 .005 .003 .03 .002 .015 .015 .015 331.

"9P9 .058 .0030 .14 .038 .25 6.06 3.92 .002 .03 .01 .005 .003 .02 .002 .015 ,015 .01

F98 .094 .0035 .Z6 .039 .27 6.07 4.03 .002 .1 .005 .005 .003 .015 .002 .035 M .035 355

P93 .088 .0017 .28 .037 .25 5.95 ,.80 .002 ; .04 .005 .004 .015 .002 .02 .015 .02

P!00 .093 .0A89 .26 .034 .Z3 5.94 4.01 .oo2 .1 .01 .005 .004 .02 ,002 .025 .015 .03 348

P103 .b41 .0036 .13 .019 .25 5.96 3.9) .002 .06 .01 .005 .003 .03 .002 .025 .015 .015
PIOp .094 .0036 .zo .022 .15 5.96 3.87 .002 .3 .0 .005 .003 .03 .002 .03 .035 .015 345
P103 .035 .003P .24 .015 .25 5.95 4.06 .002 .05 .OZ .005 .003 .o4 .002 .n13 .02 .01
P104 .072 .0031 .40 .028 .26 6.o0 3.9) .002 .1 .03 .00S .0 .03 .002 .02 .015 .02 348
P105, .086 .0033 .Z3 .03Z .io 5.90 3.33 .002 .1 .01 .005 .OW" .r2 JU02 .0i5 .02 .03

P106 .04.9 .0028 .16 .022 .15 5.9s 4.02 .002 .1 .03 .005 .003 Q) n02 .05 .Od .0; 311
P307 .092 .0030 .23 .031 .Z6 5.88 3.9) .002 .1 .01 .nO5 n3 .03 .002 .02 .04 .02 337
P1o0 .094 .0030 .Z2 .030 .Z1 5.69 J.8b5 .002 .1 .01 .005 .003 .W35 .002 .02 .015 .015 337
I'll, .108 .0033 .t9 .032 .Z1 5.97 3.93U .00 .1 .0 .005 .004 .03 .002 .002 .02 .03
P13O .04M1 .0031 .14 .016 .z4 6.oj 3.82 .00 .03 od.O .005 .004 .004 ,002 .02 .03 .01

3 13' .,i54 ".-0" .22 .0.8 .27 -.36 3.6 , .0=2 .05 .03 .4.1 .,'03 .02 .io? *,!5 .015 .015
P112 .070 .0034 .ZZ .0o6 .26 6.05 3.90 .002 .1 .03 .00 .00 .03 ,)o02 .2 .02 .035
P113 .080 .0037 .I1 .030 .26 5.99 3.95 .002 .1 .01 .005 .003 .03 0O02 .02 .02 .02

PIIli .080 .0028 .15 .026 .27 5.85 3.63 .002 ,1 .0 .005 .003 .02 t.o0 .03 .02 .015
Pl15 .042 .0026 .19 .05 .23 5.95 4.02 .002 .0W5 .015 .005 .002 .3l .002 .02 .015 .02 317

PI16 .060 .0031 .21 .028 .20 5.92 3.95 .002 ,015 .01 .005 .003 .02 .002 .025 .03 .03
P137 .096 .0029 .23 .033 .26 5.88 3.16 .002 .1 .01 .005 .003 .02 .002 .02 .005 .015
PII8 .098 .0038 .26 .032 .28 5.Q99 3.39 .002 .1 .OOS .005 .003 .04 .002 .I .015 .005
PI19 .Md2 .0012 .1l .0 .27 5.90 3.70 .002 .08 .01 .005, .002 .03 .002 .02 .02 .O8 OB33,
Pt2' .058 A0n26 .15 .022 .i1 S.94 4.03 .002 .1 .000 .005 .00 .04 .002 .1 .015 .015

P121 .100 .0036 .28 .035 .Z9 5.96 j.96 .002 . .00i: .UO 00ot .04 .002 .i .0-W .015
p1-43 .0-bm .oc0 .to .029 .26 6.02 3.59 .002 .05 .005 .005 .ooz .04 .002 .1 .015 .005
P124 .041; .0029 .18 .025 .13 6.05 4.04 .00o .02 .C00 .0W5 -,02 .03 .002 .1 .015 .015
P325 .076 .01J6 .21 .032 .ZU 5.91 s.S9 .002 .I .01 .005 .003 .04 .002 .1 .03 .015

P326 .078 .0036 .20 .038 -2'. 5.83 1.,14 .00' .03 ,059 .0,5 .on? .113 .002 .01 .02 .015
P327 .058 .0032 .22 .030 .21 5.94 3.89 .002 .I .04 .005 .003 .04 .002 .1 .03 .035
P128 .074 .0038 .28 .031 .25 5.q9 3.88 .002 .03 .3 .0I 5 .002 .03 .002 .03 .02 .015
": ;.j .,,- .7.•--3 3.92 .002 .03 .o4 .005 .003 .03 .005 .03 .oz .008 334
P131 .026 .0108 .15 .024 .23 6.3.3 3.90 .002 .015 .01 .00S .003 .015 .002 .02 .015 .002 317

P132 .059 .0028 .212 .032 .21 6.05 4.05 .002 .ol .01 .005 .003 .03 .fol2 .015 .02 . o3 333
P133 .0,44 .0029 .23 .036 .19 5.82 4.09 .002 .025 .01 .005 .OOZ .01 .002 .03 .OZ .01
P134 .016 .0034 .226 .034 .23 6.05 4.03 .002 .U0 .00o .005 .oz .Cl .002 .uV .03 .G-I

• !3.5 . OE .034 .3i .029 .18 6.00 3.8'. .002 .0o .o0C .01'. .00o [ !!5 M02 .02 .:2 .Q08 321
Pi36 NO Pour - Liectruda Broke

t'i ý• ' -nnfl . I+1l, Ali. 13 f It I q, n00, al ..n. L. o.0 .01 002 .02 .02 .002 331

P138Itl PoUr - FltTrdl, Br-ke
(Il1V-SFe
(P139 .02i .1)31 a1fI3 5.59 .01 31.u1 .1k01 .015 .ul .'.0 .033 .03 .002 .0i5 .002 .Uu0

(T I V-5Fe- hAl

IP0io .alo0 .0024 .,96 .Oicl 5.1, . h o.
1
: .002 .12 .6O0 ,005 .002 .03 .001 .015 .GO5 .0oz

'343 .042 .0024 .152 .02d .2q 5.8'. '.05 .'(10 .-1 3 '3 .Li¶ .iUOl .c3 .002 .08 .OC.; .0041
,0- O . .I( . - F, /• 4 .09 .d,2 _. .. + .1!.'.'. .1,0 .92 .002 .02 .02 .01 3'3

Pi..$ .0!6 .003 -15 0;9 .zj 5-9' J.9" :t11 .3 .4 1 .. ol. .0 .iJ'.1.3 02 .0 .01 .03 33'

ji. .1,3 .011l.otl .034 .la, .. ! I.". -u .Iu UbI U. .2. .0.0, +. .")] .3'3, .W0' .' SO W 3



D2.-2;d, 8 8 TABLES J83

TABLE 1422 (Cotf.....d)

HEAT ANALYSES

N.... L. It - 3 I' v Z!3 Pb .. 53 ._ SII In 833. I

(t 1l:A I - IR.;- IV 01)
(pI . .0G.2 1- . J3' .'.l3 '3 .092t o .1 .00s, .003 .002 .00S .002 .02 3.00 .002 248

(P1, 1 4 .022 0023 .012 .'.1d '.13(.3 _01 .002 .01'. .005 .005 .002 .005 .002 .02 I.3o .00?" 1i1

P353 .?3 .001 "1 nil I3". 6.12 1.35 *nOZ .01!- .008 .005 .002 .015 .002 .02 .04 .003 300
PI'51 .06?2 .0025 .28 .033 .39 ; .U5 11.11 .00? .02 .01 .005 .003 .015 .002 .02 .02 .008 309
PPI5 .021 .0032 .*6 .p11 . It, 6.05 4.09 .ocz .02 .008 .005 .003 .02 .002 .075 .04 .002 308
PI,1. .057 .0014 .31 .o046 .20 5. tU 4.09 .002 .025 .At' .005. .002 .01-. .002 .02 .04 .003 324
PIS/ .0h .0033 .22 .0315 .19 5.0do 3-91 .001 .Oh .008 .005 .002 .03 .002 .M3 .03 .004 3M7

Pl358 .0o63 .0028 .23 . 221 .It; ,.0o0 t,.o9 .002 .02 .02 .002 .003 .015 .005 .02 .02 .008 317
PI59 .050 .o36 .29 .00, .I7 ".oo 5. .- .0o2 .02 .0? .002 .1nO3 .P15 .0011 .02 .02 .0o0i 313
P30 .03O ..0oza .2 .020 .32 5.90 3I. o .002 .01 .005 .005 .002 .005 .002 .02 .03 .42
P161 .022 .0035 .16 -3ill) 1 (.,.o 1.9t, .002 .035 .02 .005 .003 .02 .002 .03 .02 .05 306
PI), .0Ou3 .0028 .21 .01ol0 .21 6.00 4.13 .oo2 .1 .008 .005 .003 .03 .002 .05 .01 .01 331

P161 .03, .oo0(. .14 .016 .13 5.95 3.99 .002 .015 .055 .055 .002 .005 .002 .1 .002 .015 306

P361 .015 .0O2"., .l3 .016, .3L 5.96 2.41" .002 .035 .005 .005 .003 .01 .00Z .0? .035 .83 297
PI8F8 .032 .Or)3'D .19 .o23 .114 0.05 14.011 .8O0 .035 .005 .005 .002 .01 .002 .02 .02 .03 313
P8369 .041 .00o' .19 .019 15 3.05 1409 .002 .015 .005 .005 .002 .01 .002 .0- .0! .003 316
PI3O No Pour - 31. l',de Brioke

Pill .050 .O0'Yi .39 .023 .i 5.95 4..oo . L12 .02 .005 .005 .002 .01 .002 ,02 .01 .05 331
P]12 .Obo .v"Jrl, .20 .029 .11 5.90 Ii.C .002 .L. .005 .005 .003 .015 .ooi.00 5 .015 .04 3i1
1113 .to4 .u04? .29 .Ujv .63 -..30 .. 06 .0C, .025 .015 .00! .002 .02 .002 .02 .03 .02 31l
PI314 .043 .0041 .19 .o,2 .3l 5.01 4.0o. .002 .02 .015 .005 .002 .015 .002 .02 .015 .015 331

P1)5 .061 .0049 13 .0AM .13 5.81 51.0) .00 .02 .0l .005 .00ot .03 .002 .02 .015 .008 326

PI# 1 . . luuie., .24 .030 .316 5.90 3.9.4 .30n ? 035 .r0. .005 .002 .005 .002 .015 .03 .015 331
PI11 .053 .0039 .25 .025 .AS 6.10 4.03 .o0z .015 .005 .005 .002 .009 .002 .02 .02 .04 331
Pil8 .074 .0041 .24 .oil. .17 5.95 1.011 .002 .02 .005 .005 .002 .03 .002 .015 .02 .04 321
P3 19 .070 .0033 .29 .028 .16 5.9s 3 53 .02 .02 .008 .005 .002 .015 .002 .02 .02 .04 336
P384 .049 .0039 .22 .021 .31 5.9/ 3.9h3 .002 .02 .005 .005 .002 .02 .002 .02 .03 .04 336

Plu5 .0I1I .00DO .79 *ol .11 6.05, 3.98 .002 .02 .005 .005 .002 .015 .002 .02 .03 .04 341
P186 .044 .0045 .24 .02t .I3 ".A8s 2.33 .002 .01 .005 .005 .002 .005 .002 .025 .01 .68
P18) .036 .0038 .A3 026 .15 5.9) 3.83 .002 .015 .005 .00" .n02 .015 .002 .02 .02 .08
P188 .030 .o041 .14 .019 .13 6.us 3.95 .002 .015 .005 .005 .004 .o0 .002 .02 .05 .02 293
1193 .033 .00'12 .29. .165.i I 3.34 .009 .03 .005 .005 .002 .015 .01 .oo4

P194 .020 .0046 .24 .018 .13 6.05 4.00 .002 .01 .005 .005 .002 .005 .002 .02 .01 .0U2

P195 .G63 .00M1 .30 .034 .16 5.15 3.83 .002 .015 .005 .005 .002 .03 .002 .02 .015 .03 336
PI'% .oz4 ,G059 .3) .031 .13 5.93 2.33 .002 .015 .005 .005 .002 .005 .002 .02 .005 .68 3i3
ri9i .033 .00511 .34 .-131 .13 5.9(3 3-30 GOOZ .0 .005 .005 .003 .005 .002 .015 .01 .3 285
PM98 .013 .0042 .15 .022 .13 6.00 3.U9 .002 .015 .005 .005 .003 .005 .002 .02 .02 .06 )21

.495 .0W9 .0oc'.e .5 023 13 '% 0 1.91 .002 .03 .015 .005 .003 .01 .002 .02 .02 .03
-2i.0 .035 nOo2 .i1 .03.1 .16 5.95 3.92 002 .02 .008 .005 .002 .0i5 .002 .02 .015 .05 336
P201 .0149 .0041 .13 .018 .13 6.0) 5.00 .00'2 .015 .008 .005 .o02 .015 .002 .02 .02 .02
P2 "6- . L? "k'nio I3 .01% .13 6.30 4.09 .00"4 .02 .01 .005 .002 .015 .002 ,3 .0. .006

!(33'_Q.- .005 35 3,. .14 30LGO3) U-.,0 ý .- 25 02 0 .03 . n

P0. .0Ud .)UU .i .u ' . i". .".,Z-. .99? n.3L nn" 30. .002 .005 .002 .02 .04 .(03 l3i
Pi"-. .014S .0032 .22 .0oie .15 M.10 J.65 .002 .02 .02 .005 .003 .04 .007 .02 .03 .05
P10u .061. .0027 .23 .01M .Q5q 5I 3 S. p 1. .. t0 .u15 .05U .005 .002 .035 .002 .02 .02 .08 l33
P233 .036 .0015 .i3 .023 .111 5.90 3.92 .00? .02 .05 .005 .00Z .013 .0,2 .03 .0- .035 305

Fill .1!,) .,), .;" .013 .35 ,.j0 1.t ... • .? . ,"' 1W. .-CU .013 .002 .02 .03 .38 331

P/ll .031 .001#.1 .J1 .024 .1 ' 5.32 3.•0 .002 .03, .00. .0O5 .003 0I .OUt .025 .011 .0-- 326
P/li .01', .0 34~ .0; I1 5.95 5•.fll ~ U .Oo .0," .- ol .0('5 .003 .3.2 .002 .025 .02 .02 333
P215 . 1.b. .00..0 . .. R" .i O031, o0; .00T. .59l ) .002 .015 .03 .02 3i3
PZ3, ' .1'i1 .lV .01', .23 5.00 d ;3 .0017 .'0) .03 .005 ,00) .01S .002 .".I5 .0? .5

..0.3 *3 .0I) .3t, 6.00 ;.01 .'2O0 .01' .00;, .005 .. J2 O .0' .007 .. 2 .0 . 29a6



J84 TABLES D2-2786-8

TABLE J22 (Continued)

HEAT ANALYSES

iuo. c --- 0 . . . . l __V . . co -.2 - P,-C. .... n _ It, Pb -. St Ito Sn WHN

P2.11 .0113 .0048 .22 .029 ,16 5.67 I-q. .002 .01-, .005 .005 .003 .uI5 .002 .05 .015 .06 3114
P2919 he Pour - C~nto.nmloated Scrap
P2U0 .032 .oosl .18 .020 .18 6.00 3.96 .002 .01 .02 .005 .002 .015 .002 .02 .02 .02 305
P221 .024, .o011 .14 .014 .14 5.82 4.08 .002 .01 .005 .005 .00t .02 .002 .03 .015 .005 299
P2Z4 .055 .U012 .18 .025 ,17 6.03 3.-JS .002 .015 .02 .005 .002 .005 .002 .02 .01 .03 308

'225 .048 .0030 .16 .032 *1. 6,00 3.90 .002 .02 .005 .00s .004 .015 .002 .02 .04 .08 311
PU'l? .048 .0036 .14 .024 .16 6.05 1j.09 .002 .0o .02 .005 .002 .0M5 .092 .075 .01 .05 317
P228 NIo Pour - ELhctrode Broke
P229 .042 .0033 .20 .026 .16 5.97 3.92 .002 .02 .005 .005 .002 .005 .002 .015 .008 .03 317
PZI .^40 .oo4j .15 .030 .15 6.00 3.96 .002 .015 .005 .005 .04 .015 .002 .02 .03 .05 306

P232 .030 .0037 .12 .021 .14 6.05 1.91 .002 .015 .005 .005 .004 .015 .002 .02 .06 .06 311
P235 .063 .0031 .15 .oz4 .18 % 90 3.90 .002 .01' 01% .005 .002 .01 .002 .02 .03 .08 316
P213 l4 Pour - Electrode Broke
P238 .052 .0037 .26 .026 .22 5.80 3.96 .0OZ .015 .005 .005 .0.22 .02 .002 .02 .02 .06 )24
P239 .035 .0035 .13 .019 .J6 6.10 4I.C(5 .002 .0Mr .005 .005 .002 .019 .002 .12 .02 .03 308

P240 .050 .0039 .21 .026 .16 5.90 3.34 .002 .015 .005 .005 .002 .01 .002 .02 .02 .03 308
P21I .041 .0049 .18 .Oz .14 6.02 4.09 .0,02 .02 .005 .055 .002 .ot5 .002 .015 .02 .006 299
P242 .027 .0041 .18 .o7i .14 6.03 4.00 .002 .015 .015 .005 .003 .01 .002 .02 .02 .05 296
P243 .019 .0037 .10 .013 .11 6.05 4.90 .002 .01 .005 .005 .002 .01 .002 .02 .015 .002 311
P144 .090 .0040 .14 .018 .16 6.05 4.07 .002 .01 .005 .005 .003 .03 .002 .025 .025 .015 29

P245 .02Z .0014 .073 .0059 .92 5.15 I.o0 .02 .oz .005 005 .ooz .03 .002 .02 .02 .008 269
P•A6 .022 .0031 .l5 .018 .15 5•95 4.11 .002 .01 .005 005 .0002 .01 .002 .08 .015 .015 311
P24• .040 .0031 .21 .022 .18 5.90 3.96 .002 .015 .02 .005 .002 .01 .012 .025 .02 .05 305
P248 .032 .0033 .19 .0D22 .15 6.02 2.98 .002 .015 .o05 -no .002 .01 .002 .0- .02 .03 308
P249 .032 ,0014 .068 .of64 .13 5.10 4.09 .002 .02 .02 .005 .002 .02 .002 .02 .005 .005 274

P250 .031 .0035 .18 .024 .15 5.95 j.94 .002 .015 .005 .005 .002 ,015 .002 .1 .02 .05 293
P251 .022 .oo4o .11 .016 .15 6.17 4•.13 .002 .01 .f .005 .002 .015 .002 .03 .02 .002 299
P252 .035 .0016 .07 .0072 .13 5.71 4.09 .002 .02 .05 .005 .002 .01 .002 015 .015 .004 277
P253 .040 .0038 .16 .027 .16 5.95 4.05 ." .0W Oz . 2 .00' .003, .01 .002 .02 .02 *0is 311
P254 .035 .0031 .14 .099 .14 5.95 3.90 .002 .01 .005 .005 .002 .01 .002 .015 .015 .!13

P55 .06 .0019 .07 .0073 .1z 5,82 4.09 .002 .02 .008 .005 .002 .01 .002 .02 .015 .004 277
PZ56 .033 .0051 .20 .021 .15 6.05 3.91 .002 .01 .005 .005 .002 .005 .002 .02 .008 .03 306
P257 .050 .0032 .19 .026 .18 5.92 3.97 .602 .095 .W.55 .C--G -=z .03.1 .2" .. T .02
P158 .024 .0012 .1i .016 .15 6.10 3.98 .002 .01 .005 .005 .003 .015 .002 .03 .02 .01
P255 .049 .0020 .087 .0092 .13 5.80 4.02 .002 .02 .005 .005 .002 .02 .002 .02 .02 .008 279

PZ60 .045 .0050 .16 .023 .19 -.95 4.00 .002 .01 .005 .005 .002 .015 .002 .02 .Oi .WI 296
P169 .040 .0031 .07 .028 .95 5.92 3.90 .002 .015 .02 .005 .003 .01 .002 .019 .02 .015 311
P262 .030 .0033 .15 .021 .16 5.95 4.07 .002 .015 .005 .005 .002 .015 .002 .025 .02 .01
P263 .o51 .0029 .17 .024 .17 5.8? 3.92 .002 .015 .005 .005 .002 .01 .002 .08 .01 .vi 308
Pr•t .us4 .003i .22 .OZ6 .18 6.0M -. 1/ .002 .1 .flI .005 .003 .01 .002 .015 .015 .015 326

P2f•5 .oJ3 .0033 .19 .C25 .16 6.03 b..00 .002 .015 .oEw .00o .002 .0018 .. 02 .02 .01 'oh 319
P266 .03i f:022 .15 .021 .14 6.1O o.01 .. 02 U) .005 .005 .002 .0-" .002 .02 .01 .015

!.0, .066 .0072 .12 5.52 4.08 .0c: . W- 05 .005 .003 .ol oo .015 .02 .003 271
P2m Ou 0611 .16 .07S . 16 6.03 4.00 .002 .005 .005 .002 .005 .002 .02 .01 .04 311
PF64 U42 .LIU26 .17 .0•, .:4 'O%] .002 .'" ft ._PL_, nn? (In., , ,:I 02 .02 .01S 127

,4lU , /I .'9135 6i .t; .z: ='.2" .!!! tt 1 .: .CI - - 3

P719 .027 .017 .015 .00o6 .12 5.95 4.,.7 .002 .04 .90,r .005 .002 .01 .002 .02 .015 .002 279
.27 . o. fll,) i.. ". ". ., ft. 1ut 002 _.-I .10% .00% f91'? .90 . 900? 0l9 .0i08 .02 344

P273 .0's? .0035 . o zo4 Ib 6.03 4.03 .002 .Ji, .005 .uU5 .002 .002 .002 .02 .01! .02 316
P274 .047 .C033 .20 ol .17 6.03 .. 09 .002 .0t1 .105 .005 .002 .oo .002 .015 .00o .015 331

P175 :f A i' r .Ooj .002 .01 .0uW2 .00, .1102 .01 .002 .02 .0. .03 311"P'If .0")7 01.21 .20 W0s .1,. 5.91 3.9/ 0u .a1% .00" .0 O .02 .Al. .09i) .3! .05.5 .03 e6
P/i7 6.44 .00 2t .2.. juo.. .c 5.;z -p. w .10 >P . o 0? .1 0 0 0
P//p .0'.- .0635 .t0 .02 to 5 3%, i II ".01 C.01 005 .005 0.t.? .02 .0(11: ; U? 02 .02Z 3j(.
P7 .03) 03! (If J .9let 06 .9I,. % 9'1 '4 L .;1A0 .5 IV, .00U5 .00 .0MIS .0112 ".0 09I5'o.3 311



D2-27r.5-8 TABLES ii

TABLE J22 (CosthfrueJ)

HEAT ANALYSES

NIo. . ui ..... I.. At v Co I., LU ijj _14'. Nli [b SI to Sn P-!-.

P2 0 .031 .0022 096 .010 .12 '.. eA) 4.03 .002 .02 .0115 .005 .002 .02 .002 .02 .; .ooIA 2d2
Pl8I .04. .0045 .t| .'6 1/ (..Oo '.00 .fl02 .01? , .*01 .00o .110? .0081 .on? .0f; .02 .03 3tt,
P182 .048 .0025 .20 .012 .12 5.U/ 4.09 .002 .0ols 00'. .005 .00? .018 .oot .02 .Oot .002 282
P1tt8 .0842 .oo24 .20 .0fM .t6 5,.9) 8 .03 .0112 .01 .005. US Oui .O"5 .,-2 .02 .00i .015 lit,
Pi284 .044 .0038 .1) .023 .1t 5.95 3.98 .002 .oJ .00'. .O05 .00o .t .002 .t 0 .00' 10o1

P285A .03' .0036 .12 .01h .ts 6.03 4.09 .002 .01 .008 .005 .002 .0OB .002 .OtS 015 .004 296
P 2358 .013 .001I .11 .Ots .16 6.0o3 .14 .002 .Ot1, .005 .005 .00, .ot .002 .08 .005 .005 299
P'286 .01 .0029 .1 .023 .t4 6.05 4.O .002 .05 .005 .005 .002 .005 .002 .02 .015 .015 308
P2l8 .050 .0036 .20 .027 .16 5.70 3.5/ .002 .025 .1305 .O'. .002 .00s .00D .015 .005 .015 32!
P4819 .043 .OO1k .11 .0053 .14 S.80 h.o5 .002 .015 .005 .0o5 .002 .008 .002 .02 .008 .02 217

P2I0 .060 .0056 .20 .030 .16 S.1 P 3.92 .002 .015 .005 .005 .003 .0'" .002 .02 .01 .06 31?
P291 .033 .0032 .19 .01? .15 ', 85 4.o0 .002 .015 .005 .005 .002 .0)5 .002 .02 .015 .02 3W1
P292 .0'1. .00412 .10 .011, .16 5.9's 3.9m .002 .0o5 .005 .005 .002 .008 .002 .0? .008 .015 321
P293 .0 48 .0030 .21 .025 .is 5.117 ".03 .002 .02 .rnt5 .005 .002 .008 .002 .015 .005 .003 316
P294 .04.1 .01036 .19 .024i .1" 6.00 1.91 .1102 .01S .00% .005 .002 .008 .002 .015 .005 .02 321

P296 .05S .OOJ6 .22 .026 .i1 5.90 4.0o .002 .02 .005 .A05 .002 .005 .002 .015 .02 .015
P303 .05) 01119q .082 .0S .f1, 5.77 4.10 .002 .02 .005 .005 .002 .OU .0021 .O15 .01 .003 27q
V'0so .o49 .0016 .23 .01, .11 5.10 "l.03 .002 .01r .005 .005 .00? .Ot, 002 .02 .01 .0!5 321
P305 .0o0 .no11 .22 .019 .At 5.15 3.82 .002 .02 005 .00', .002 .005 .001 .03 .01 .OZ 324.
rJ6 .A41 .G0019 .21 .025 .l 5.6 O .4. 2 054 .00W .005 ,001 .01% .00? .03 .01 .015 308

P30,) .0- .0045 .22 .oZ6 .16 5.11 4.00 .002 .02 .AUS .N'S .010 .005 .00' .025 .015 .08 305
P308 .04. .0018 .19 .oz6 .16 5.80 5.07 .002 .02 .005 .00., .002 .oot) .002 .02 .015 .03 317
P3099 .63j .1o033 .22 .02; .16 5.97 5.02 .002 .015 .005 .005 .003 .008 .002 .01`6 .015 .03 317
P310 .052 .0046 .20 .ozl .11 6.04 3.55 .0Al .0!5 .005 .005 .003 o01 .002 .02 .O15 .05 316
r3ii .041 .003 .19 .OZ .16 5.30 5.2O .Vu2 .0I5 .005 . 005 .003 ,01 .002 .0 .015 .02 321

P1I2 .04! .004, .18 .027 .16 5.85 4.03 .002 .015 .008 .005 .002 .008 .002 .015 .01 .015 321
P3I1 .053 .0026 .21 ,o26 .11 5.80 4.07 .002 .03 .005 .005 .003 ,Ol .002 .02 .02 .03 336
P315 .046 .0032 ,Z2 .OA .18 5.91 ).98 .002 .02 .01 .005 .002 .008 .00o .02 O01 01M 321.
P$16 .050 .3029 .16 .015 .19 5.92 0.01, .002 .015 .005 .005 .003 .008 .002 .015 .01 .02 314
P31? .044 .0031 .20 .026 .17 5.70 4.11 .002 .05 .005 .005 .002 .008 .002 .02 .02 .03 336

P318 .051 .0048 .14 .027 .18 6.10 5.JO .00Z .015 .005 .005 .002 .005 .002 .015 .015 .03 316
P319 .058 .0052 .19 .025 .17 5.95 4.07 .G02 .ois .005 .005 .002 .005 .02 .015 .015 .04 316
Pi20 .049 .0040 .19 .030 _1%, 5.81 3.q9 .002 .015 .005 .005 .003 .005 .O0z .015 .015 .0o 321
Pj.2 .052 .0035 .21 .026 .16 5.90 4..0 .002 .015 .005 .005 .002 .005 .,OZ .02 .01 .02 311
P322 .053 .0044 .20 .028 .16 5.92 4.00 .002 .01 .005 .005 .003 .008 .002 .OZ .015 .03 331

P323 .031.0041 .20 .02! .15S.91 4._09 .002 .411 115 o005 .003 .008 .002 .o1S .015 0IS 311
P324 .051 .0043 .21 .027 .16 5.85 3.98 .002 .02 .005 .005 .002 .01 .002 .02 .015 .04 326
P32% .01• .0057 .21 .025 .17 5.90 4.03 .002 .02 .005 .005 .002 .01 .002 .08 .004 .004 326
P3.6 .0.8 .,i. j .21 .026 .16f 5.92 3.98 .002 .02 .005 .005 .002 .01 .002 .08 .00) .004 316
P32) .01 .0037 .18 .023 .16 6.02 4.o5 .02 .015 .005 .005 .003 .005 .002 .02 .008 .03 321

P328 .027 .0034 .15 .0'6 .16 "5.O, 4.11 .G02 .015 1105 s 005 .002 .000 .OW .uO l .01 .W4'. 311
P329 .027 .0033 .A5 .01) .1l| 6.05 4.o2 .00Z .015 .02 .005 .002 .01 o02 .02 .i1 .02 311
P330 .0-9 .,.tso ..- .- % .h.5 . 5.00 .002 .03t .908 .005 .002 008 .002 .02 .0'5 .05 3121
P332 .031 .001 .0(05 .0"'; .1 / 4.m . - .1,' I .b, .00w; .•,00 .002 .0 r,2 .00 .02G .004 .002 272
P 111 nf 0'• 141 .01; .16 6.08 .0.o. .002 ,015 .015 .005 .O03 .005 .0u0 .015 .0 .0i1 302

P j i .00w ' .0 .1.83 I0'1 .Ji 5.d0 5.0j .002 .025 .005 .005 .002 .015 .002 .08 .oo4 .o02 290
P335 .053 .0033 .22 .027 .I6 5.92 u'.05 .Dn2 .04 .005 .005 .002 .008 .OOZ .02 .01 .02 326
P336 .0WI .0032 t'1 *.-" . • 5.701 3.U.8l .00i .02 .005 O .00 2 .022 .005 .OOZ .0 .01 .02 311
P11l o.5 .Ot1.) .20 .025 .It, C.05 0.Us .Ot,? .0o: .(3 .005 .GG2 .005 .002 .015 .01 .02
P3•4 044 *0011' .19 .021 It. 41 1. '4.02 .001U .01 .l1u0 .uu .Ouuz .00 .001 .0Z .Oi .Oz ji3l

Pj36 v,. _-fpl, JI `1712 It 40 1810 [in 0) .01 nili' " 0'. .OU2 ,0WIN .Ooz .01 .015 .03 327
P3•3 .t1,4 IA7.3. .3; .010 .11 l..; 0%.0' .1101 nI. ,.c1' .011% .00! 00% .01,? ._;2z . a•'325;
P3J44. .C5 0of)". .20 .n30 .l' '..jO . O0 .11h1 .1." 0910 .0, an-? .X011 0.1 .OZ .01 .02 3:'
P 545 .0i4 .0001 .20.0 .fl' .It! .4. ,0 wz 01. 01? .002 ON .v! .pI .G 7
P3'0. .00.1'Jt ,lO .0! . "5 5..9 ',.01 .0," .(.I ."-.o .005 *f102 .0,0. GO2 .01! .01 .015 ill



JA6 TABLES D2-2786-8

TkBLE J22 (Continued)

HEAT ANALYISJES

N, . C 33 t. N re AM V C., Cr Cu ,3  Mi, I33 Pb _I1 N. S.. BIIN

F 11# .1vq .0034 .20 .02.3 .17 9.90 4.o4 .002 .02 .005 .005 .002 .uus .0o2 .035 .0. .02 33'
PI% %S 0 .. .uO6 o6 .02 .0350 4.12 4. 1) .002 .01 .00% .00%, 0O2 .008 .002 .02 .00, .002 2)7
P I5," v015 .0,21 .06 .Mo19 .115 5,80 k 4.11 .002 .01 . 1 .005 .012 .00', .002 .01 .002 .002 290
33,7 .023 .0020 .05 .045 .075 5.8) 4.13 .002 .01 .005 .00% .002 .000 .002 .0, .005 .002 287

-- -. - - -.. .22 OZ) .l1 5.80 4.01 .002 OZ 00005 .z .UOS oOl .02 .O5 .015 321

P361 .015 .0026 .21 .O0z .18 5.94 3.88 .002 .o35 .01 .005 .003 .005 .Aal .015 .22 .03%ý 321
P362 .O4l .0029 .71 .023 .15 5.61 3.94 .002 .015 .005 .005 .O2 .005 .002 .015 .02 .008 31'.
P361 .052 .0041 .24 .021 .1s 5.97 3.97 .002 ,035 .008 .005 .002 .005 .002 .OZ .015 .03 )33
P36', .1t4s .oo0o .24 .025 .35 5.60 3.83 .002 .035 .03 .0OS .002 .005 .002 .02 .015 .03 105
P365 .073 .oO4i .Z4 .031 .16 b.15 4.q7 .002 .02 .008 .00¶ .007 .005 .002 .02 .01 .02 311

P366 .051 .0031 .211 .o24 .36 6.25 4.03 .002 .015 .00%5 .005 .003 .005 .002 .02 .005 .02 311'
P167 .058 .uOJZ .38 .029 .16 6.00 4.05 .00? .0o5 .01 0O% .0n3 .M05 .002 .0o .005 .02 346
PP1.3 .083 .0052 z24 .030 .18 5.90 4.04 .oo2 .025 .01 .005 .002 .005 .002 .015 .05 .02 3,1
P369 .063 .0036 .23 .027 .16 5.90 4.05 .002 .02 .01 .005 .002 .005 .002 .015 .(15 .(P" 317
Pilo .73 .0033 .24 .031 ,18 '.90 4.ob .002 .035 .01 .cAos .003 .005 .002 .015 .02 .02 314

P371 .063 .0040 .21 .0o8 .18 6.06 3.98 .02 .02 .005 .AO05 .00? .01 .002 .J .0D0 .008 331
P3)m .049 .0026 .s3 .012 .4 5,.12 4.02 .002 .015 .O0i .005 .002 .03 .002 .02 .005 .003 279
P173 .o64 .0026 .7"! .030 .11 5.95 4.00 .002 .035 .008 .005 .003 .00, .OO0 .OZ .005 .02 321%
Ph't .064 .O028 .25 .030 .23 5.95 h,0j .Oz .06 3 .0ou- .0'- .,U05 .00Z .015 .002 .01 ,il
P3P5 .,41 .0033 .32 .030 .13 5.80 4.05. .002 .025 .005 .005 .002 .03 .002 .025 .005 .0o0 281

P316 .06f, .0028 .14 .06 3 Al 510 4.05 .002 .0z .008 .005 .002 .01 .002 .025 .005 .OO4 296
P3.lb .048 .0033 26 .023 .15 6.05 0.98 .u3x .o0; .005 .005 .002 .03 .002 .3 .005 .008 127.6
I-37 .0-99 .0034 .- 6 .038 .22 5.85 1.93 .002 .03 .008 .005 003 .005 .002 .015 .004 .02 3,4.3
P383O .013 .0.20 .26 .033 .20 5.90 3.98 .002 .03 .OS .0135 .003 .005 .002 .015 .O .015 331
P181 .085 .005o .25 .030 .20 6.Jo 4.o7 .002 .03 .005 .005 .003 .0) .002 .3 ao .008 333

P382 .093 .0033 .27 .033 .19 6.00 4.o0 .002 .07 .0". .00 .002 .02 .002 ,3 .01 .00M 333
PJ83 .OM .002)7 .26 .031 .1) 6.0" 3.8/ DOI .0; 0.- I 5 .31en .j05 .002 .015 .00'. .02 316
P384 .057 .0058 .24 .028 , Ib 6.03 3.91 O00 .01 .005 .005 .002 .005 .002 .015 .015 .015 326
P385 .066 .002/ .24 .032 .20 6.05 3.81 .002 .015 .008 .005 003 .005 .002 .015 .01 .02 333
P3336 .073 .0049 .23 .035 .20 5.95 4.00 .002 .03 .05 .005 .002 .005 .002 .035 .015 ,035 306.5

P38. .07*. .00., .26- .033 .9 6.02 c.': .OUU .0 .Ouo .005 .0cl .005 .002 .01 .03 .02 333
P388 .o06 .0o043 .25 .031 .20 5.3.5 M3.9 .002 .03 .00e .005 .003 .005 .002 .03 .olI .o0s .326
P369 .0o0 .o0o4 .27 .032 .20 5.80 4.uO .002 .3I5 .008 .005 .002 .005 .002 .015 .01 .03s 146A.
P390 .o/h .0Ov"j6 .28 .03.1 .19 5.96 3.15 .001 .015 , .0 .00 .002 .OU5 .002 .0W5 .015 .'•2 134.5
P391 .0)8 .0045 .26 .012 .21 5 65 4.00 .002 .015 .03 .005 .002 .005 .002 .035 .0) .02 326

P392 .053 .0028 .24 .028 .1/ 6.00 14.04 .002 .04 .005 .005 .002 .0! O01 .! .01 .03 346.5
P393 .065 .0030 .25 .030 .J9 5.95 3.88 .002 .02 .005 .005 .002 .005 .002 .02 .01 .015 152
P3!14 .046 .0021 .22 O.s .1d 6.35 31.04 .032 .01 .008 .005 .003 .03 .002 .03 .01 .01 33i
P395 .053 .0027 "'.2 .025 .16 6.25 4.03 .002 .03 .005 .005 .003 .005 .002 .03 .01 .02
P396 .053 .002t .2P .076 .16 6.05 4.05 .00i .015 .OOs .00% .002 .OOS .002 ,035 .03 .02

P397 .7u0f .ugz6 .22 .024 .17 6.20 4.02 .002 .02 .005 .005 .003 .008 .002 .Os .01 .02
F;39b .06)• .002 .23 .Oz .20 6 n, 3.5.j3 .002 .02 .01 .005 .002 .O5s .002 .JI .02 .GI35 32
P399 .025 .0049 .32 .0U1 .,1 6.2:': 4-0; 0D2 .035 .005 .005 .O04 .015 .002 .0 .01 ,0l J02
P400 .01.6 .o0h 2 010 if _. 3.9S .,?? .a-" Z.,-, .002 .03 . '1,? .3 .005 .'02 J36
P#4o , 06.0v 6 .3 .09 .36 6.33 boo .002 .015 :004 .Wt _ .jnii i .1 0-; i.- -1'

P#4(Z mocd .0023 .Z .033 .16 G.05 4,05 .003 .0 6. 2 .2o's , 03o ,Oz .002 .3 .015 .00d 326
P1.6) .0(O .0027 .11. .033 . 16 A6. 0 4. 0 .002 . .00 . .002 .01 .002 .Oo .005 .01 j21
P4Ot. 04.2 O0)0 7;) .029 .16 6 0, 4. 04 002 .03 0ob O'JS .002 .01 .0 .2 .05 .0011 .05 311.3
F40; Mw.• .n9 ' .75 010 . ,0 .0,2 ,, ut i.U2, .00O'. 0 j ? .4.9 .'r2 .o n
P6.• If,•iima-J-;.;.. . '6- .01 .S . 001 .03 .nn? .3 1.-I fO ,21.6

0.6'.2 .002) .2:t .. '.. . I. ... , 4..5 .02 .01 .UW. .O)'. n1) ."V .0.2 .Os". 03 o. ;

ý4i.00i 0033 .23 .-Jib 6 9, 4.0) .002 i.1.I 01. ti C- .92 vu, 3, '0r N"'2.
P2I-2 .OV/I .0)25 .2'. .!b .3*. ' b3 4 0z .002 .U!' 0: 3.O .00, .DI of 002 .O2'. .00, 1011' 333

P411| 01' .J3J1J I ! .0! .-1 .0 , .. 302.. of, .007 03 0ul .'1 .002 • o i 3i. i
r~tl4 i0't .003., .13 . i35 .1 .- : .1102 .1 U. I0 ... Anai _ s .03. a 9N'. 31..
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TABLE J22 (Continued)

HEAT ANALYSES

Hi . C It 0 N Fe Al V Co L, C. h mg Mn NI Pb S1 Nbo S. lOiN

pl'i% .ui#s . DJO, .2(, .dij .1% ,.9' ' 4. 01; .0c. .02 .00'. .00% .00? .0o .002 .02 .0O2 o.0-

sIllI, .0318 .(O121 . 'h ot;' 71 1.. l l Is.s mI.? .il. .o0w' .00.' .002 .-Oi .002 .02 .03 .01's 340
Ph'ljl 1.. r.,l" - lilt Wasles
P.Ili .sI'11 .0n7 .14 13 j .11 l.10 4.O'0 .0oi .ii', .01 .10,15 .01 3 oil/ .01 .0OO1 .015 3il
l', I1J . Of", .05)O2 . 25. .031, .l I) .( IN) is.o, .01). 02 _An% .5l% .1 ."z., .- UP1 .U) .*,N' .G. i ? 3 1

P4Ž95 .0183 .:'9 "? .11'1 .0: , . I0 :i. II. |4. .1510o .02 .008 .005 .002 .0: *uiu .0) .000 .lCb0 2I'

Phil .029 .15015 .11 .o11, .4 3 s,. 20 
1

.05 .002 .O ' .'so• .. '05% .) ? .01 .002 . I .00S .002 -

P1i21 04. ."030 .2, .021 .1l s..i', 40.0o .002 .02 .00. .00,.00 1 .0 .002 .015 .01; .02 3.'. 3
P il . (AV, .000 .11 .023 .14 is. I .1U.) .Uit)2 .OuL .0o!. .00s .002 .(005 .002 .015 .01 .02 jis33

PI0
5
s .O:s3 Inn. . .0113 J, 'I . Ia 1.-(15 .002 .01'. Wh .00% .004 .00% .002 .1ls .01 .008 j l.1#3.

P
1
.15 .053 .0023 .i1 .019 .16 t-.i' 1 . 10 .001 .02 A Ons .001 .00 .015 .00 .1 .005 O'-32 J3.6

PIl2e. -'VII .113 o ) .I1i O 1s A t.,20 4.0O .0on? .0; .001. .005 .002 .o0'. .002 .03 o0o8 .002 308

Prhj .j33 .t055. .I .019 .1V 6.2'. ".03 .002 .002 .00l5 .00% 002 .01 .002 .02 .008 .002' 311.3
p(his. .0.13 .002 .1) .0111 .11 1s.20 '. In .002 .0o'. .005 .005 .002 f00k .=no? .0s .00 .002 191.5

1I,11 .0.62 l1f' .:I Anj) .11 6.01' 1 .iso .it.11 .00'. .1")1/ .J11 .001 .03 .002 .002

..:* J 1 .00216 .12 .Oi? .. ; :'. 1.1 4i.o) .002 .A1 .02 .005 .0f11 .011'. .00? .O1S .003 .001 311.3

P
1
s14 .'5o .0019 .16 .023 .16 t.. II? 4.01 .002 .02;' '.GG .Ou'. .002 .02 .001 .10 o00. .00Z 331.3

Plitt, .0'4-/ .n?: 2 .010 .91 1,h 1 39.1 *nQA .01 .1ll.ý .005 .1iI] .005 .0O1 .O0 .02 .015 13312

1-4
1

43 .0C3 .96", . i!? .lC! . ' ' .9 .1. 4. nl!- .0o .01 .0', .Uul u111 .002. .O8 .00 " .003
P44s -_O64 .002'1 .l 0' AM

r445 .050 .0(312s .1 .020 .16 6.15 4.05 .002 .01 .008 .005 .008 .01 .002 .015 .07 .01% 31t,
P4••6 .oj3 .004

1  
.1l .01) hI. t..I1 04.0'. .01 .01n, .015 .005 .00'4 .0' .00? .015ý .015 .01 301

P441 .021 .0014 .11 .01 .1* 6.9!. 4.0(6• .002 .1. .10, .U05 .0'i2 .. i. a u'7 ; s02 .AG 0.02 ,002 311
P448 .03Z .00J3 .19 .015

P44,) .042 .002'4 .1n .01) .1') %.'JO 1.94. .002 .027. .01 01% .002 .015 .uu2 .1 .oo2 .002 302

F41 .00 m 0015 .)3 .419 .If, 6.0'. 4-.i .002 .02 105 .OU5 .007 . .U52z .05 .002 .001 J14.3

AV .050 O0(2% .21 .024 .I, 6.%15 b.01 .005 .01s .03 .00% .103 .005 .002 .015 .0• .015 314.3
p4%,; noS .0023 .21 .of, i6 5.-0 3.95 .002 .01'. . ; .10a. • ".2 CCS 'or. .015 .UOU .015 321
P4'sh ,01#9 .002t, .17 . "-; .13 f'.is 4.03 .002 .015 .008 .005 1. . .00,r .001 .01 .00

1
s .008 311

P455 .0411 .0026 .0to .62., .15 6.00 4.0w; .002 .01r .UuI' .UU5 qUt .001% .002 .04 .002 ,002 317.6

P'556 .073 .0022 .19 .023 .16 6.00 4.05 .002 .01 .005 .005 .002 .005 .002 .01 ,002 .o04 3122l

a .411 .051 .0036 . IS .021 .16 0. 15 4.09 .002 .03'. .Pol0 .005 .01 .0 . .002 015 .00O .006

PM58 .060 .0023 .23 .024 .15 6.10 's.34 .00Z .02 .00% .005 .002 .01 .002 .08 .005 .O04 331
P,59 .O4O .002 .20 .020 .16 6.15 4.o4 .002 .015 *008 .005 .00i .01 .002 .01% .005 .002 321
P460 .031 .003" .2o .1,i9 13 l 6.oo !1.o4 .002 .02 .005 .005 .002 .01 .002 .08 .002 .002 311

Pso, .062 .W.ij .23 .022 .16 E.95 4.09 .002 .015 .005 .005 .003 .AD0S .002 .02 .001 .00"
P46,2 .021 .0021. .21 .024 .16 5.90 4.05 .002 .02 .005 .005 .002 .005 .002 .01% .002 .004
p463 .050 .0034 .22 .o26 .16 6.00 4.08 .002 .01 .005 .005 .002 .005 .002 .01 .002 .01

P460. .042 .0031 .21 .022 .16 6.10 4.O4 .002 .01 .005 .005 .003 .005 .002 .015 .002 .003

P465 .023 .0028 .21 .021 .15 6.00 4.05 .Ou? .01 .005 .00s .002 .005 .002 .02 .002 003

P1616 .044 .0023 16 p.M2 I! , in 0 4.A .002 .019 .005 .005 .Ouj .01. .O2k .Oz .)0. 00' 311

Ps•6) .02b .0024 .10 .0ZI .16 5.93 4.03 .002 .01 .005 .005 .003 .. 05 .002 .01 .01 .008

Pi" O .O .0026 .W16 .Iz ; .10 6.00 4.04 .{i02 .03- .00 .005 .in03 _ on . 002 .01 .01 .008

Iss .u42 .O .. ; .d .0Z ... i.t) 1 9 t . . . .nn? ll. 01O1; 00', .004 .A05 .002 .015 .01 .01
. A1,1 11)4' 5112 Is l 072 .18 I .'0o 4.01. .002 .01 .00% .00% .0041 .000 .002 .015 .00.5 .OOu
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TAB t. r -123

RESULTS OF DEVELOPMENTAL BRACKET COMPARATIVE FATIGUE TESTS

Fatigue Life, Cycles

Load, Cast TI-6AI-4V Cost 410 Steel
Pounds (As-Cost) ('180,000 psi, min.)

18,000 NT 21,000 (2)
15,000 5,010(1) 26,700(2)
15,000 2,542 (l) 30,380 (2)
12,000 7,552(1) 93,180(3)
12,000 14,710 (1) 118,450(2)
9,000 30,000 (1) 430,330 (1)
9,000 34,149 (2) 311,000 (2)
7,000 140,051 (3) NT
7,000 134,420 (2) NT
5,000 448,618 (1) NT
5,000 318,550 (2) NT

NT - None Tested.
(1) Failure in uppj!r fluk.ye.
(2) Failure in upper large lug, at mounting hole.
(3) Failure in small lug.
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TABLE J24

RESULTS OF STATISTICAL EVALUATION OF DIMENSIONS

Dir•nrion Sp-acified Actual Specified Actual
Type -- Nominal Average Range Range*

Seo Footnotes Dimension Dim:;ernsion

1 .200 0.205 -. 015 l.011

1 .650 .674 - .015 ± .015

1 3.050 3.099 - .015 + .019

I Not Specified 9.598 ±1.050 ± .050

2 1.520 1..533 + .025 +.028- .o15

2 2.520 2.525 + .025 +.028
- .015

3 Not Specified .664 + .015 - .035

3 3.050 3.110 ± .015 -037

3 10,630 10.703 ± .'50 .071

* Actual range was from conventional statistical analysis and represents plus and
minus three standard deviations.

1. Simple Dirnnsion, not nnross parting iine

3. Dimension across bUt paraliei to parting line (Includes mismatch).
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SECTION K

APPENDIX
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S-II-,.I-., ^ L.Y 5i TECHNIQUES
STATISTIC I ANA'YSISTCNQ S

Conventional statistical analysis methods were used to establish
composition limits, design allowables, and dimensional tolerances.
These methods are based on ihe assumption that the various data beinq
studied rtelresent a "normaif" distribution. The following symbols are
used:

n = the number of individual values In a sample
X = an individual value in a sample
EX = the sum of the individual values In the sample
X = the arithmetic mean (average) of the Individual values in the

sample
a m the standard deviation of the sample

The procedure for determining standard deviation is as follow,

1. Determine n and X.

-- E x
X =

n

2. Determine the difference of each value from tkt- average
(X - X)- - n values will he obtained. Sigm. can be disre •
garded.

3. Square each of the values obtained in step 2 -- (X- X)2--
n values will be obtained.

4. Determine the sum of the values obtained in step three and
divide thsi sum by n.

r (XX)2

n

5. Determine the square root of the value obtained in step 4.
This ;•i k-• one standard deviation.

~X 2

n
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