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NATTONATL. ADVISORY COMMITIEE FOR AERONAUTICS

TECHNICAT, NOTE NO. 1ilh

IEVELOPMENT OF CAST ATUMINUM ALLOYS FOR
ELEVATED-TEMPERATURE SERVICE

By Webster Hodge, L. W. Eastwood, C. H. Lorig,
and H. C. Croas

SUMMARY

. An experimental investigation was conducted to develop an alumirmm
alloy for service at elevated temperatures. The development work was
divided into three parts to determine: (1) The effects of heat treatment
and exposure to elevated temperatures on the tenalle propertlies of the
various alloys subseguently cooled to room temperature; .(2) the effect of
various alloy additionm on the room-temperature and elevated-temperature
properties of aluminum, 6-percent-magnesium alloys; and (3) the ilmprove-
ment in high-temperature creep propertlies of some of the optimm compo-
sitions.

From the results of the lnvestigation an experimentel alloy that
appeared to be optimum was found. The composition of thils alloy and an
approximate comparison of 1ts properties with two commerciel alloys are
presented in tabular form.

INTRODUCTION

This report contains a brief review of the work done and the results
obtalned on the investigations leading to the development of an aluminum
alloy for service at slevated temperatures. At the start of the investi-
gation 1t was known that the aluminum alloys containing a substantidl
amount of magnesium have good high-temperature strength, but their thermal
conductivitlies ares lower than that of Y alloy. Because 1t was believed
that the intended applications were of such a nature that heat dissipatim
would be a relatively unimportant facdtor, the obJect of the investigation
was directed toward the development of an aluminum-magnesium elloy having
mechanical properties substantially superior to other aluminum alloys now
employed fTor service at elevated temperaturs.

More specifically, the cbJject of the investlgation was to develop sn
sluminum elloy with about 6 percent magnesium which has substantially
better tensile propertles than Alcoa 142, otherwise kmown as Y alloy, and
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heving better resistance to creep at elevated temperatures than the -
existing commercial or known experimental sluminum~base alloys contailning
magnesium in substantial amounts.

. This work was conducted at Battelle Memorial Institute under the
sponsorshlp and with the financlel assistance of the National Advisory
Cormittee for Aeronautlicse.

GENERAYL. PROCEDURE

An alloy of aluminum containing 6 percent magnesium was employed as
e base materisl ahd the development work was dlvided into three major
portions. The first portion of the alloy development was concermned wlth
the effects of heat treatment and the effects of exposure to elevated
temperatures on the tensile propertles of the various alloys subsequently
‘cooled to room temperature. This phase of the work was confined to
aluminum alloys containing 6 percent magnesium with various combinations
of mangsnese, nickel, and copper which were found to have failrly good
room~temperature propertles in preliminary investigations. The second
portion of the experimental work dealt with Investigations cerried out in
& systematlic menner to determine the effect of varlous alloy additions o
the room~temperature and elevated-temperature tensile properties of -
aluvminum, 6~-percent-magnesium alloys. This phase of the work was, of
course, conducted simultaneously wlth the first portlon, but a longer time
was required. The second phase of the work resulted in the accumulation )
of a very large emount of data on the effects of the various alloy additias
vwhich led +to the selectlon of certaln optimum compositions.

With the informstion obtained In the second part of the Investli-
gatlon as a background, the thlrd portion of the work was concerned with
the improvement in the high-temperature creep propertles of some of the
optimum compositions as previously developed. Because of the large
nunber of compositions for which creep data were deslred, the creep tests
were necessarily limited to durations of 100 to 150 hours. The use of
such a short test period 1s not to be recomended except for a preliminaxy
appralsal in order thet the trend of effect of the various compositions
on the creep properties may be indicated. The availsble time permitted a
few tests for durations of about 500 hours on some alloys that were
evidently the beat smong the many tested. In general, the longer tesis
did not change the Indications cbtained from the shorter tests, but tests
of at least 500-hour duration for more of the alloys would make more
certain the comparisons between the creep properties of the varicus
compositions. In thls phase of the program, 1t was necegsary also to
obtain tensile properties at room tempersture and at 600 F in order to .
supplement the creep data.
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EXPERTMENTAL WORK

. One of the first difficulties encountered in the early development
work with the 6-percent-magnesium alloys was the tendency of the alloy
to react with the moisture in the green sand molds. The seriocusasness of
thls sand reaction varied from mold to mold but, in genersl, the surface
unsoundness which resulted would entlrely obvliate any useful comparison
of the properties of the sand-cast tenslle bars of verious compositions.

It was found that an additlon of 0.005 percent beryllium, when
added to the 6-~percent-magnesium melt, would entirely eliminate this
trouble from sand reaction. The amotmt of beryllium regquired 1s not
critical, but 1t should not be mach in excess of 0.005 percent. Other-
wlse, high beryllium content will produce a characteristic sand reaction
with the green sand mold. These beryllium additions were made to all
the melts by the employment of an eluminum-beryliium alloy contalning
1 to 1.25 percent beryllium. Wwhen scrap was melted, no additlonal
berylliium was required.

In order to avoid varilations in grain size, a grain reflner was
added to all the experimental compositions. It was found that titanium
was very effectlve, and an addition of elther 0.0l percent boron plus
0.02 percent titanium or 0.08 percent titanium alone was used for this
purpose. Elther of these additions resulted in consistently fine grain
size, usually of the order of 0.0l to 0.02 inch.

In order to avoid varlations in the cleanliness and gas content
of the melt, all experimental melts were fluxed wlth chlqrineo for gbout
15 minutes, while the temperature was maintained between 1325 and 1350° F.
This treatment invarliably produced a high melt quality, and difficulties
with pinhole porosity and varilations attributable thereto were avoided.
Furthermore, the aluminum-magnesium alloys have a tendency to contain
dross. The itreatment of the melt with chlorine facilitated removal
of dross and alsco effected a good separation of the dross from the top
of the melt before it was poured.

Although aluminum allcys containing 6 percent magnesium are not
normally considered to be amenable to heat treatment, 1t was found that
some of the compositions were very markedly improved by solution heat
treatment. This was especially true of the aluminum, 6-percent- magnesIum
elloys containing copper without nickel. Furthermore, these bemefits of
the solution heat treatment were retained in the alloy after it was
exposed for long periods at temperatures of 650° F. This effect is in
contrast to the effect of exposure to high temperature on the room-
temperature and elevated-temperature properties of Alcoa 142 alloy. It
was also desirable to stebilize or substantially stabilize the castings
prior to testing at 600° F. Consequently, shortly after the initisl



ok L _ o NACA TN No. 1hlih

phases of the investigetion, all experimental compositions were solution
heat-treated for 16 hours at—810° F, quenched in cold water, and stabi-
lized or aged for 2I houra at 650° ¥ before testing them at rocom temper-
ature or at 600° F. Meny of the alloys were alsoc tested in the as-cast
or as-cast and aged conditlons.

Except. when complete data were regulred throughout a temperature
range, all high-temperature tenslle tests and creep tests were conducted
at 600° F.

Allcy Addltions Investigated

A total of 23 different metallic elements was added to various
aluminum, 6-percent-magnesium base alloys to determine their effect
upon the room-temperature temnsile propertles, the temsile propertles at
600° F s and the creep properties at 600° F. Both tensile and creep
properties at 600° F were not obtained for some of the alloys. These
23 elements are as follows:

Antimony Magnesium
Beryllium Mangasnese
Boron Molybdenum
Cadmium Nickel

.- - . Calcium Silicon
Cexrium Silver
Chromium Titanium
Cobalt Tungsten
Copper Uranium
Iron Vaneadium
Lithium Zinc

Zirconium

The range in composition of each of these elements investigated, the

various comblnations of elements employed, the optimmm content of each

of the elements, and the room-temperature temnsile properties of the optimum
composition of each are Indicated in tebles 1 to 1ll. Because all sand
castings tend to vary somewhat in their tensile properiies from melt to melt,
and even from teast to test from the same melt, the more promising conmbinations
were repeatedly prepared in order to esteblish firmly their effects. A

total of 524 room-temperature tensile tests were made ;3 usually two bars o
each composition and occasliocnally even a larger number were tested.

Since a four-bar test casting was employed, two bars were avallable
for room-temperature tests and two for high-temperature tensile tests.
Nearly all the compositions listed in tables 1l to 11 were also subJected to
e stabillzing treatment consisting of 24 hours at 6500 F; after this treat—
ment tensile properties were cobtalned at 600° F. On the basis of these
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tensile tests at room temperature end at 600° F, the effects of the
principael alloying elements may be summarized as follows:

Effect of magnesium content.- Between the limits of & and 6 percent
megnesium in the e:x.perimenta.l a.lloys vory little difference wes noted
in the tensile strength at 600° F. In the heat-treated condition, the
room-temperature propertles are lmproved in a&lloys containing up to about
11 percent magnesium. In the heat-treated and stablilized condition,
however, 6 percent magnesium is the optimum content for maximum room-
temperature tenslle properties. At concentrations above 6 percent meg-
nesium, 'the tensile strength at 600° F dsoreased rapidly, and precipi-
tated aluminum-magnesium compound could be noted et the grain boundaries.

Some tests were cerried out with alloys containing 4, 5, and 6 percent
megnesium; the alloys were otherwlss similer since all contained 1.5 per-
cont copprer, 1 percent mangenese, with grain refiner and beryliium
additions. The effects of stabilization after 1, &, and 10 days at 575° and
6500 F were determined after solution heat trea.tment. The alloy with
4 percent magnesium showed no apprecieble change Iin the room-temperature
propertlies with increasing time at elither of ths stabllizatlon temperatwmes.
The S-percent-megnesium alloy showed & slight gain in ultimete strength at
room temperature after all stabillzing treatments extending beyond the
2L-hour period, but the yield strength was not affected. On the other
hand, the 6-percent-magnesium alloye showed & slight decrease in ultimate
strength and herdness after all stabillzing treatments which were prolonged
'beyond. the % ~hour period. This adverse effect of prolonged heating at
575° or 650° F was slight and it indicetes that, in general, the alloys con—
taining up to 6 percent megnesium are structurally stable in this temper-
ature range. This is in marked contrast to heat-treated Alcoa 1h2 or
Y composition which undergoes structural changes with exposures to these
temperatures, with & consequent decrease in tensile, yleld, and herdness
values.

Effect of 'wse content.- Mangenese up to 1.5 percent can be
tolerated in the 6-percent-magnesium a2lloys, and the optimum content of
approximately 1 percent 1s a very deslreble addition. However, an
a2luminum alloy -containing only 6 percent magnesium and 1 percent manganese has
rather poor ductility at 600° F because of the large amount of cracking
which occurs under tension with relatively little elongation.

Effect of copper content.- Copper added to an alumimmm-base alloy
containing 6 percent magnesium and 1 percent mengensse improves the
ductility at both room temperature and et high temperature, particulerly
since the cracking which occurs in tensile bars broken at 600° ¥ 1s sub-
stantially eliminated by the copper esddition. In place of the numerous
small cracks, uniform elongation and comsiderable necking down at the
fracture occur. The alloy contalning the copper 1s also subject to marked
improvement by a solutlon heat treatment, follcwed. by an aging or stebl-
lizing treatment consisting of 24 hours at 650° F. As a result, the
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optinum copper addition of 1.5 percent produces a marked improvement in
the room-temperature temsile properties of the solution heat-treated and
stabllized allcoy.

.Effect of nickel content.~ Nickel may be substituted for copper either
elone or combined with iron. About 2 percemt nickel with 1 percent irom,

or 1 percent-nickel with normal iron content as an impurity, appears to be
the optimum composition for the aluminum-magnesium-nickel alloys. The
room-temperature tensile properties of these alloys are not improved by
heat treatment, snd are moderately low. The aluminum, 6-percent-magnesium,
l-percent-mangsnese, 2-percent-nickel, l-percent-iron alloy, however, heas
good tensile properties at BOOC F.

- Copper and nickel together in
most propertions appear inferior to elther elone. The best proportions o
copper and nickel were found to be 1.5 percent nickel and 0.5 percent
copper, corresponding to Alcoa 254, or the reverse of these proportions.
Both of these alloys, contalning elther 1.5 percent nickel and 0.5 percemt
copper, or 0.5 percent nickel and 1.5 percent copper, can be Improved
somevwhat by a solutiom heat treatment, but to a much lesser extent than
the experimental alloy with 1.5 percent copper without nickel.

Effect of titepium content.- Titanium 1s a very potent grain refiner
for the alloys of the type belng investigated. Approximately 0.02 percent

titanium is sufficlent to cbtain consistent grain refinement but the
effectiveness increases with increasing titanium content-up to about

0.15 percent. About 0.2 percent-titanium appeared tc be mildly beneficlal
to the room-temperature properties but amounts up to O 4 percent titanium
apparently have no additional beneficial effect on the temsile stremgth
at room tempersture or at 600° F.

Effect of boran content.- Boron in conjunction with titanium is quite
useful as a grain-refining constituent. Good grain refinement, however,
can be obtained in the aluminum, 6-percent-magnesium alloys with titanium
alone. Furthermore, probably no beneficial effects on conductivity would
be obtained by using a low-boron, low-titanium combination in place of
0 .J0 percent titamium.

t s~ As pointed out earlier In thle report,
beryllium is an essential component of these alloys when they are to be
cast in ordinary foundry green sand. The use of 0.005 percent beryllium
apparently eliminates sand reaction entirely, thereby considerably
improving the foundry characteristics of this type of alloy.

Optimum Compositions
On the basis of the temsile properties of the various compositicns

at room temperature and at 600° F, the following five alloys were selected
a8 being worthy of consideration for further development:
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Mg Mn Cu Ni T Bo Fe
Alloy | (per- | (per- | (per- | (per- | (per- | (per- ' (per-
1 6 1 1.5 0.08 0 005 ———
2 6 1 -—- 1 08 005 -—
3 6 1 -—— 2 08 005 1.0
L 6 1 1.5 S5 08 005 ——
5 6 1 S | 15 08 005 | =--

Most of these alloys were prepared from 99.7 percent aluminiim. The first
of these was considered to have the grsatest posslbilities. After a
solution heat treatment and a stabilizetion treatment consisting of

24 hours at 650° F, this alloy would consistently show the following
mechanical properties:

Room '
Property Lemperature 60C° T
Tensile stremgth, psi 35,000 13,000
Yield strength, psi 24,500 10,000
Elongatlion, percent in 2 in. 285 20
Brinell hardness nunber 80 -

After complete stebilization or, at least, after 480 hours at 650° ¥
prior to testing at 600° F, the tensile strength and yleld values obtained
at 600° F would not drop more than 1000 pounds per sgquare inch from the
above values. As indlcated later, substantial improvements have been made
in thils composition by sultable additions.

Alloy 2 414 not respond to solution heat treatment and, as a result,
the room-temperaturs temslile properties were substantlally lower and the
tensile properties at 600° I were slightly superior to those cbtained on
a.lloy 1.

Alloy 3 had relatively poor yield strength at room temperature but,
nevertheless, had slightly the highest yleld strength at 600° F of any of
the other alloys. This composition did not respond to solution heat
treatment and, as a result, the room-temperature tenslle propertles were
relatively low.

The composition of alloy & is similar to Alcoa 25h composition,
except that a greln refiner has been added and beryllium has been added
to eliminate sand reaction, thereby improving the foundry characteristics
vhen green sand molds are used. In general, then, the first of the five
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alloys listed has the best room—-temperzture properties and the best
properties at all temperatures up to and including 500° F. The other
‘four alloys have simlilar properties at all temperatures and all five alloys
have simllar tensile properties at 600° F. Alloy 3, however, has slightly
the lowest room-temperature propexrties and slightly the highest tensile
properties at 600° F.

Because of the higher temsile propertles obtained by alloy 1 at
room temperature, the main emphasis on further development was placed on
this composltion. Some emphasis was also placed on alloy 2.

Improvement In Reslstance to Creep at Elevated Temperatures

The exlsting data and the data obtained in the short-time creep tests
performed on this project definitely Indicate that the aluminum,
6-percent-magnesium elloys of the Alcoa 254 type have poor resiatance to
creep at 600° F. Of the five compositions listed which appeared to have
some promise, alloys 1 and 2 were subjected to further development in
order to improve thelr temslile properties at room temperature and at
600° F, as well as to improve considerably their resistance to creep at
600° F. Accordingly, the third phase of the experimemtal program, described
previously, was Initlated and the effects of many minor elements and combi -
nations of minor elememnts were investigated in an effort to lmprove the
creep properties.

The short-time creep tests, previously described, were made on
experimental alloy compositions, and on Alcos 142 and Alcoa 25k, for pur-
poses of comparison. These short-time tests were carried out at 600° F,
using a load of 1300 pounds per square inch for periocds generally up to
100 to 150 hours, though some tests were contimmed for longer perlads. The
bulk of this work was done by using as base materials alloy 1l containing
6 percent magnesium, 1 percent manganese y 1+5 percent copper, with added
grain refiner and beryllium,and alloy 2 containing 6 percent magnesium,

1 percent nickel, and 1 percent mangenese. It was, of course, necessary
also to obtain tensile properties at room temperature and at 600° F. The
entlre seriles of experimental compositions prepared for creep testing ls
included in table 12. This table shows the heat number, the intended
composition of the alloy, the tensile properties at room temperature, the
maximum grein size, the tensile properties at 600° F, and some data on
the creep properties at 600° F employing a load of 1300 pounds per sguare
inch. A number of elements were found to have beneficlal effects on the
creep properties of the two base compositions.

Typical time-deformation curves for the creep tests run at 600° F
and 1300 pounds per square inch are shown in figure l. The relative
merits of Alcoa 142, Alcoa 254, and an experimental alloy are grephically
shown. This figure alsc shows the bemeficial effects on the rate of
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deformatlion obtained by the use of varlious amounts of zirconium in =

base alloy containing 6 percent magnesium, 1.5 percent copper, 1 percent
manganese, with the usual smounts of graln refiner and beryllium.

Flgure 2 1s a graphical representation of the more important creep data
ligted in teble 1l2. This figure shows the minimum creep rate and the
totel deformation at 100 hours obtalned on alloys of variocus compositions.

Zirconium in aemounts from 0.05 to 0.25 percent Increases the
reglstance of the base alloy to creep and tends to increase the room-
‘temperature strength unless the grain size also increases. If a grain-
size increase occurzs with the additlon of 0.02 percent titanlum, grein
refinement may often be restored by increasing the titanium content to
0.08 percent. Titenium, in conjunction with zirconium, appears to have
a slight tendency to decrease the resistance to creep at 600° F. Vanadium
additions of 0.1 percent in comblnation wlth 0.25 percent zlrconium pro-
duce excellent room-temperature properties, good high-temperature
properties, and excellent resistance to creep. Vanadium in greater amounts
appeared to have a favorable effect on the hlgh-temperature tensile
strength but somewhat decreased the room-temperature temsile strength.

It is emphasized that limited time has not permltted 80 complete an
evaluation of the creep properties of these alloys as may be desireble.
Since the creep tests on the experimental alloys were run at one stress
and one temperature only, additional tests of at least 500 hours on the
better alloys should be run over a range of stresses at 600° F and possibly
also at several other temperatures of interest.

Tensile Properties of Stabllized British
and Other Alloys

During the course of the high-temperature tenslle testing, specimens
of alloys for elevated-temperature service developed by the Royal Alrcraft
Establishment were received for testing. Two alloys were received, each
in the wrought and chill-cast condition. Specimens of these four alloys,
in addition to Alcoa 142, Alcoa 254, and an experimentsl alloy containing
6 percent magnesium, l.5 percent copper, and 1 percent mangsnese, with grain
refiners and beryllium, were stabillzed as follows:

For test at Stabllizing treatment
Room tempersture ' None )
L4oo° F : 180 hr at 5T5° F
500° F 480 br at 575° F
600° T 480 hr at 650° F
700° T 96 hr at 700° F
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Previous to these stabilization treatments, other specimens of the
alloys were prepared as follows and teated in the indicated condition at
room temperature:

Alloy Condition
RAE alloys As received
Alcoa 142 Heat-treated and aged
Alcoa 254 Aged 8 hr at 400° F
Experimental alloy Heat-treated and stebilized
2k hr at 650° F

The compositions of the various alloys are listed in teble 13.
The results obtained on these compositions are listed in table 14 and are

graphically represented by figures 3, 4, and 5.

. It should Dbe noted that the experimental cast alloy compared favor-
ably with the other two sand-cest compositions, Alcoa 142 and 25k, and
even with the chlll-cast British alloys. This experimental alloy, however,
is not the optimum composltion which was later developed, since the experi -
mental composition did not contain zlirconium or vamadium. If the experi-
mental alloy had contalned 0.1 percent vanadium and 0.25 percent zirconlum,
both the tensile properties at room temperature and at 600° F would be
slightly superior to Ehose shown in figures 3, 4, and 5.

SUMMARY OF RESULTS

On the basis of the experimental work conducted on an aluminum-~base
sand~cast glloy for elevated-temperature service, the following composition
appears to be optipmm:

Addition
Element (percent)
Magnesium ) 6
Mangeneae 1
Copper 15
Vanadium Jd
Zirconium a5
Titanium 08
Beryllium 005
Aluminum (99.5 percent) Balance

The following teble shows the approximate comparative properties of
this experimental alloy with Alcoa 142 (heat=treated and aged) and Alcoa 254
alloys which heve been stabllized at 650° F for 20 days.
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Alloy
Experimental

Property Alcoa 142-BETA® Alcos 254-T2%| alloy-Ers®
Tensile strength at room 26,000 26,000 b35,000
temperature, psi

Yield strength at roam 15, 600 25,000 b25,000
temperature, psi

Elongation at rocm temper- 2.0 2.0 b3.0
ature, percent in 2 in,

Brinell herdness number 62 8y bgg
at room temperature .

Tensile strength at 8500 12,750 b12,750
600~ F, psi

Yield strength at 600° F, 5800 10,000 b10,000
0.2 percent offset, psi

Elongation at 600° F, 16 20 bLo
percent in 2 in.

Minimum creep rate at 0.00014 0.00075 0 .00005
600° ¥, 150-hr testC

Total deformation at end %.045 45.123 45.045
of 100 hr, percent

Estimated thermal conduc- 0.33 0.22 0.22
tivity, C.G.S. wits®

Resistance to corroeion® Fair Good Good

General foundry Good Difficult Fair

8gtabilized at 650° ¥, for 20 days prior to test at room temperature

or at 6000 r,

PEatimated mroperties after stabilizing 20 days at 650° F on the

basis of properties after 2 hr at 650° F.
Cstabilized only 2k hr at 650°
at 600° F in short-time creep test.
drncludes elastic deformations.
®Estimated, not measured on this proJect.

1300 psi employed

-

Battelle Memorial Inmstitute

Columbus, Ohilo, May 1,

19ké

¥ prior to test and load of
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TABLE 1.- RANGE IN ALIOY CONTENT INVESTIGATED, OPTIMUM VALURE,
AND ROOM-TEMPERATURE PROFERTIES OBTATNED ON BASE ALLOY OF
ATUMINUM CONTAINING 6 PERCENT MAGNESTIUM

Optimum property
Addition
{percent) Tensile
strength (Elongation
Added element’| Maxtmum| Minimum| Optimum (pai) (percent)
None, ac 30,100 6.0
Cexrium, ac 5.0 4] 0 | em———- -
Mangenese, HIS| 1.5 .05 1.0 33,800 34
Cobalt, ac 5 o} 25 32,800 8.8
Copper, ac 13.0 o 12.0 37,000 6
Copper, HTS 13.0 0 6.0 36,500 1.0
Antimony, ac 2.0 o 5 33,000 8.8
Nickel, ac 2.5 0 O |  ememe--- —
Zinc, ac 540 0 0 | ee-—-- ——

lac, as cast; HDS, solution heat~treated and stabilized.

TABLE 2.- RANGE IN MAGNESTUM CORTENT INVESTIGATED, OPTIMUM VALUE,
AND ROOM~TEMPERATURE PROFERTIES OBTAINED ON ALUMINUM-BASE
ALLOY CONTAINING 1 PERCENT MANGANESE

Optimum property

Addition
(percent) Tensile

strength | Elongatlion
Added element |Maximum | Minimum | Optimom| (psi) (percent)

Magnesium, ETSY| 10.0 2.0 6.0 32,800 2.8
lafter solution heat treatment snd 6 hours® stabllization at 6500 Fe.

S~ NACA
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TABLE 3 .- RANGE IN ALLOY CONTENT INVESTIGATED, OPTIMUM VAIXUE, AND
ROOM-TEMPERATURE TENSILE PROPERTIES OBTAINED ON ALUMINUM-BASE,
6-PERCENT-MAGNESTUM, 1-~PERCENT-MANGANESE ATI.OY

* Optimum property
: Additlion
{ percent) Tensille

. 1 strength Elongation
Added element™ | Maximmm | Minimm | Optimum| (psl) (percent)
‘Pitanium, ac 0.20 0 0.20 34,700 5.0
Copper, ac 3.0 (o] o | =ee=-- ——-
Copper, acS 3.0 o 2.5 31,650 -—
Copper, HTS® 5.0 o) 1.5 37,000 2.8
Copper, ETA 3.0 0 1.5 38,700 2.0
Nickel, ac 3.0 o o} 30,900 k.o
Silver, HTS .0 S 5 28,100 2.0

lac, as cast; acS, as cast and stabilized 24 hr at 650° Fj
HTS, solution heat-treated end stebilized 24 hr at 650° F;
ETA, solution heat-treated and aged.

2Average of 16 tensile bars from eight heats.
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TABLE L .- RANGE IN ALLOY CONTENT INVESTIGATED, OPTIMUM VALUE, AND ROOM-
TEMPERATURE TENSILE PROPERTIES OBTAINED ON ALUMINUM, 6-PERCENT-
MAGNESIUM ALLOY CONTAINIRG IRON, NICKEL, AND MANGANESE

Optimum property

Addition
(percent) Tensile
strength |Elongatlon

1
Added element Maxl.mm' Minimum I Optimum| (psi) {percent)
Base alloy: 6 percent Mg, 2 percent Ni, plus grain refiners

None, ac 27,900 2.0

Iron, ac 1.0 0 1.0 29,750 1.5

.

Base alloy: 6 percent Mg, 1 percent Fe, plus grain refiners

Nickel, ac 2.0 0S5 1.5 30,800 2.5

Base alloy: 6 percent-Mg, 1.5 percent Ni, 1 percent Fe,
Plus grain refiners

Manganese, ac OeT5 o 0.25 32,900 2.0
Base alloy: 6 percent Mg, 2 percent Ni, 1 percent Fe,
1l percent Mn, plus grain refiners
None, HTS 29,900 1.k
Zirconium, BETS| 0.1 0.d 26,900 1.7

lac, as cast; HTS, solution heat-treated and stabilized 2k hr

at 6500 F.
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TABLE 5.- RANGE IN IRON AND NICKEIL. CONTENT INVESTIGATED, OPTIMIM

BASE ALIOY CONTAINING 5 PERCENT MAGNESIUM

VALUE, AND ROOM-TEMPERATURE TENSILE PROPERTTIES OF ATUMINUM-

Added elemen'bl

Addition
(percent)

Optimum property

Maximum

Minimmm

Optimum

Tensile
strength
(psi)

Elongation
(percent)

Base 2ll0y:

5.0 percent Mg, 0.1 percent Si, 0.03 percent TIi,

0.01 percent B, 0.05 percent Mn, 0.005 percent Be,
balance Al

Iron, ac

Lo

0.32

1.0

32,375

8.2

Base alloy:

5.0 percent Mg, 2.5 percent Fe, 0.1 percent SI1,

0.005 percent Be, balance Al

0.03 percent Ti, 0.0l percent B, 0.05 percent Mn,

Nickel, ac

k.0

0]

2.0
0

28,400
28,000

175
3.5

la.c, ag casgt.

15
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TABLE 6.- RANGE IN ALLOY CONTENT INVESTIGATED, OPTIMUM VALUE, AND ROCM-
TEMPERATURE TENSIT.E PROPERTIES OBTATNED ON ALUMINUM-BASE ALLOY
CONTATNING 6 PERCENT MAGNESIUM, 1 PERCENT NICKEL,

1 PERCENT MANGANESE, PLUS GRATN EREFINERS

Optimm property
Addition
(percent) Tenslle
1 strength Elongation

Added element™ | Maximum | Minimum | Optimm | (psi) (percent)
None, HTS ' ' 32,100 2.7
Copper, HTS 2.0 C 1.5 31,100 1.3
Iron, HTS 1.0 1.0 28,100 1.9
Cobalt, HTS .75 o { ,?g 32;9,28 f:g
Zirconium, BTS| .5 | O { 2 gi:ggg 1-8
Cerium, HTS 1.0 (0] None | =-~---- -—-
Antimony, HTS 1.0 o} 0 | mee——-- -—
Chromium, HTS 5 ) 25 None | ====-- ---
Tungsten, HTS 1.0 Ja2 12 29,400 2.0
Molybdenum 1.0 Jd2 Jd2 | 30,850 1.4

1gTs, solution heat-treated and stabilized 2k hr at 650° F.
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TABLE T.- EFFECT OF MINOR ADDITIONS OF TWO OR MORE ELEMENTS TO ATLUMINUM-

BASE ALLOY CONTAINING 6 PERCENT MAGNESIUM, 1 PERCENT NICKEL,

1 PERCENT MANGANESE, FLUS GRAIN REFINERS

Addlition
(percent)

Optimum property

Added eleman'bsl

Maximum

Minimum

Optimum

Tensile
strength
(psi)

Elongation
(percent)

Base alloy: 6 percemt Mg, 1 percent Ni, 1 percent Mn,
0.25 percent Zr, plus grain refiners

Vanadium, BTS O 0.1 0.1 27,700 1.7
Base alloy: 6 percent Mg, 1 percent Ni, 1 percent Mn,

0.5 percent Sb, plus grain reflners
Zirconium, HTS 0.1 0.l 30,150 1.5
Tungsten, HTS 1 A 30,525 1.8
Molybdenum, ETS| .1 1 28,450 2.0
Calcium, HTS o1 1 26,470 1.7

Basge alloy:

6 percent Mg, 1 percent Ni, 1 percent Mn,

0.l percent Zr, plus grain refiners

Calcium, HTS

0.1

0.1

26,470

1TSS, solution heat-treated and stabilized 24 hr at 650° F-

W
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TABLE 8.- RANGE IN ALLOY CONTENT INVESTIGATED, OPTIMDM VALUE, AND ROOM-
TEMPERATURE TENSILE PROPERTIES OBTATNED ON ATUMINUM-BASE ALLOY CONTAINING
6 PERCENT MAGNESIUM, 1.5 PERCENT COPPER, 1.5 PERCENT NICKEL,
1 PERCENT MANGANESE, PLUS GRAIN REFINERS

Optimum property
Addition
(percent) Tensile
1 strength | Elongation

Added element™| Maximum| Minimum | Optimmum| (psi) (percent)
None, ac 29,000 1.6
None, acA 28,000 1.8
None, ac3 29,370 1
None, HT 30,550 1.2
None, HTA 32,600 1.3
None, HTS 30,400 1.7
Chromium, HTS | 0.5 0.25 | None | =~===-- —-
Cobel t; HTS 1.0 o 5 35,300 -
Antimony, HTS 5 e} 25 29,850 1.2
Titenium, HTS 4 1 .20 29,900 -

lac, as cast; acA, as cast and aged 8 hr at OO® F; acS, as cast
and stabilized 2k hr at 650° F; HT, solution heat-treated;
HTA, solution heat-treated and aged; HTS, solution heat-treated

and stabilized 24 hr at 650° F.
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TABLE 9 .- BANGE IN ALLOY CONTENT INVESTIGATED, OPTIMUM VALUE, AND ROOM-

TEMPERATURE TENSILE PROPERTIES QBTAINED ON ALUMINUM-BASE ATIOY

CONTAINING 6 FERCENT MAGNESIUM, 1.5 PERCENT COFPER,

0.5 PERCENT NICKEL, PLUS GRAIN REFINERS

Optimum property

Additlion
(percent) Tensile
1 atrength | Elongation
Added element | Maximum| Minimum | Optimum| (psi) { percent)
Silver, HTS 2.0 0.25 0.25 30,600 1.3
Zinc, HTS 1.0 0 5 32,700 2.0
Silicon, HTS 1.0 o] 25 31,650 1.0
Cobalt, HTS 5 5 29,150 15
A.n'bimony, HITS 05 05 31,&0 2.0
Cerium ) 5 23,900 5
Base alloy: 4 percent Mg, 1.5 percent Cu, 0.5 percent Ki,
Plus grain refiners

Zinc, HTS 2.0 0 2.0 27,250 1.5

18TS, a solution heat treatment and stebilization for 2k hr

at 650° F.




TABLE 10.- RANGE IN ALLOY CONTENT INVESTIGATED, OPTIMUM VALUE, AND
ROOM-TEMPERATURE: TENSTLE PROPERTIES OBTAINED ON ALUMINUM-BASE
ATIOY CONTAINING 6 PERCENT MAGNESIUM, 1.5 PERCENT COFPER,

1 PERCENT MANGANESE

Optimum property
Addition
{ percent) Tensile
1 strength | Elongation

Added element™ |Maximum | Minimm | Optimm| (psi) ( percent)
Nickel, HTS 2.5 o} 0.5 35,000 3.0
Nickel, ac 2.0 0 c |  =———-- ————
Chromium, HTS 5 25 None | ====-- -—
Chromium, ac ..5 25, None | ===w=-= _———
Cobalt, HTS 1.0 o o | e-eee- —
Cobalt, ac 1.0 0 0 | eee——- _—
Cerium, HTS 3.0 0 0 | memee-- _——
Antimony, HTS 5 0 O | - ———
Molybdenum, HT§ .5 .25 25 33,100 2.1
Zirconium, HTS .2 a 1 39,200 2.4
Calcium, HTS 5 .003 06 38,800 2.9
Cadmivm, HTS 2.0 A None |  —===== ——
Zirconium, HTS 5 o] d 39,850 3. A
Lithium, HTS 1.0 0] 0O | mmem——- -———

lac, as cast; EES, solution heat-treated and stabilized 24 hr
at 650° F.
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TABLE 11 .- EFFECTS OF MINOR ADDITICNS OF TWC OR MORE ELEMENTS TO
ATUMINUM-BASE AIIOY CONTAINING 6 PERCENT MAGNESIUM,
1.5 PERCENT COPPER, 1 PERCENT MANGANESE,

PLUS GRAIN REFINERS

Optimmm property

Addition
(percent) Tensile

1 strength | Elongation
Added element™ [Maximm | Minimum [ Optimm| (psi) {percent)

Base zlloy: 6 percent Mg, 1.5 percent Cu, 1 percent Mn,
0.25 percent Zr, plus grain reflners

Vanadium, HTS O. 0.l 0.l 39,850 3.5
Chromium, HTS 1 % 33,700 2.0 .
Base alloy: 6 percent Mg, 1.5 percent Cu, 1 percent Mn,
0.1 percent Zr, plus grain refiners
Antimony, HTS 05 0.5 30,450 2.0
Tungsten, HTS 1 o1 40,100 3.7
Molybdenum, HTS| .1 1 33,350 2.3
Calcium, HTS 1 5 38,500 " 3.
Titanium, HT3 15 .02 02 38,550 k.0
Vanadium
Calcium
cobalt 05 05 ) 33,050 2.5
Cerium
Base alloy: 6 percent Mg, 1.5 percent Cu, 1 percent Mn,
05 percent Ca, plus grain reflners
Lithium 0.05 0.05 22,600 2.7

1grs , sclution heat treatment, followed by stabilization for 24 hr

at 650° F.
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TABIE 12— TENILE PROFEZYIIS OF SAID-CLAT ADORTIGN ALLOTS

- NACA TN No. 1kik
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TARLE 12.- TYMILE PROPIRYIRS (F SAMD-CAST ATIMINOH ALLOYS — Coocluded

T "ON KL TOVH
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ke ool W |2 | 3 {me | Ot Suomile|. Yieli, | Elooge- | Beinal1| . V| () [ B0 b at i rplagriind
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TABIE 13.- COMPOSIFION OF STABILIZED ALLOYS

[Mensile mropertios of thess alloys given in table 14|

H2

Elemant -
(Percent by weight)
Aoy .
Co | Mo | ® [ Mg [ C [T [ B [ B [ 81 | ¢ | M1

RAE L0C 2.30 | 1.87 | 5.02 | 0.68]0.51 |0.07 0.34 | 0.18 | 0.32 | Bal.
BAE 55 1.75 | 1.5 | 2.8 | 73] 50| 05 13| .20 | Bal.
Alcoa 1ho? .00 2.00 | 1.50 .10 Jo | Jal mal.
Alcos 258 50 | 1.05 | 1.50 | 5.99 020.01| .005 | .09 .6 Bal.
Exporimental®| 1.%0 | 1.05 6.00 02| .o1].005 | .09] .1%]| Bal.
(Heat 76)

Cs_
o G2 1.8 Bal. 5
Scalewlated or nominal compesitions.

R v

HRYT *ON NL VOVN
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TARLE 1.~ TENSILE PROPERTIES OF BAE M0C, RAX 55, ALCOA 1k2,
ALCOA 23%, AND AN IXPERIMENTAL ALLOY AT ROCM TEMFERATURE,
200°%, 300°%, 600°, AND AT TOO° ¥

I Yield strength

Tensils | Propor=— Bsduo—

Alloy and bar :“ Contition gricr -u-nﬁa tiooas (ost) Nn""l p tion |Nolulss o

limi 0.1=parcent {0.2-percent of area
. (’Zi) Cpei) offast oftset |(PACCeRt In 2 in.) ()c:{:-’nt) g

RAT k0O-3 Bomm Wreught as received M, 600| 17000 | 26,500 200 . . eevee [12.2 x 208

RAT koC-3 ~do- memmemee g ——— ¥\, ko0 1‘Br',boo | 29;3% bl 33 o) -4l
av. b, 525 17,500 | 27,925 31,400 9.k

RAX 300 k-1 dom CM1I1 oaxt s received | *0,200| 20,500 | 33,000 35,400 0.7 e |20.5

RAE MOC k-3 ~do- —ewsmeendomnnsamana- | 33,800| 20,790 { 33,600 36,200 0.9 - m.?r
av.39,500 | 20,6e5 | 33,300 36,300 0.8

MAE 55-13 -do- Wrought es received 48,h00 | 27,800 31,950 m———— 7.3 seee= {10.6

BAT 53-3 ~to- ==—-===-dgm-emmmaee 48,450 | 23,h00 | 35,230 38,600 8.3 ~—e-= {11.0
ar.k8,k28 | 25,600 33,400 T.9

RAR 55-6-2° -do- Chill cast ws received | 31, 13,60 | 23,050 26,6% 1.0 =—=== 11.%

MAE 33-6-2° -do- [RSURY P — —— ﬁ.g 12,530 | 22,550 2,800 1.2 - |1.0
av.28,050 | 13,085 22,800 T, T 1.1

Alooce 1he (76~ -io= Sext cast — EEAL 39,%00 | 26,700 | 38,900 1.0 — |11

M hr ey | AT | smenomr 20350 | Frid00 | 3esé0 | ie:Ese T2 == |u
ar.k2,520 | 26,930 | 38,2% 1,173 1.1

Alaca 2%% (Th-2) | -do= sard cast — acA® 2h, 750 { 15,550 | 22,200 o, 790 0.7 === |10.6

Aloon 25k (Th-k) | -do- ROy S 26,500 | 16,200 | 22,900 25,200 0.9 -—— |10.1
ay.25,620 | 16,075 | 22,53%0 2, 975 0.8

Expexr. (18-2 ~do- Send cast — Evsl 36,500 500 | 22,000 050 2.7 ———— | 9T

Erper. (184 - RO 3,130 ;_‘2:_ ] 21,800 5:050 2.5 ———— |11.2
a¥.35,325 | 1k, T30 2,500 2%, %00 2.6

BAE 30C h-% k00 Chill cast — 85208 1k, 520 8,120 9,550 1.8 0.3 9.9

BAT keC A-3 %00 B Pt Pl Voo | sl 10,550 1 a0 |26
ev.13,828 | 3,785 8,390 10,030 1.6 T L

BAE x0C-2 koo wrought — 5208 17,500 28.0 29 —eew

RAE %0C-3 %00 P P, 1;:300 5,010 8,520 9,760 3.0 33 10.0
&r.17,900 29.5 an

BAE 55-5-2 %00 Chill cast - 8205 17,300 | 1,630 | 11,870 13,1%¢ 1.7 1.0 9.7

BAE 55-5-3 100 O 23,200 | 7,000 | 11,500 13,100 5.1 5.5 Pi17.6
ar.20,2%0 [ 7,315 1,883 13,125 ERY 2.7

RAE 552 400 Wrought — 5208 1B,200 | 5,230 8,730 10,100 26.0 kg la.5

BAE 53-3 %00 at P — 18,800 | &,260 8,120 9,370 k5.0 5 10.5
av.18,k50 | T35 8,k35 9,735 37.5 [

Aloce 25% i-(h-:.) koo Sund cast — acAseol 22,050 1.1 L.g f=—-

Acos 234 (Th-2) | %00 ey 7 SH—. 25,5000 12,220 | 18,80 20,520 1.0 1.2 | 10.0
av.23,725 1.05 1.1
i ]

SRocu~tomperature tests julled at 0.02 In./in. gage length/min until extenscmeter W

was rsmoved, then scmewhat faster to rupturs. All other bara were pulled at
0.01 i.n./:.n. gage le: ‘'min until 0.2-peroent offzet was reached, then rate was

increased to 0.03 in./in, gage length/min to rupture.
Phednoticn of sres In tests at room temperature is too mmall to measure accurately.
Opracture shoved inclusion in ber. Specimen very unsound.
Upaat—trented § I at 950° ¥, quenched fn bolling water, aged 8 br at ko0o° F.
Sax cast and sged 8 hr at k000 F.
Theat-treatsd 16 hr at 810° ¥, quenched In cold water, atedilized 2k hr at 650° F.
Sax received, stadilized %80 hr at 5T5° F,

mrcbably in erroe. )

1)s cast and eged 8 kr at h00P ¥, stabilized 480 hr at 373° F.
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TABLE 14.— TEMSILE PROPERTIES GF RAE X0C, RAE 53, ALCOA 142,
ALCOA 254, AND AN EXPIRTMEXTAL ALLOY AT ROGM TEKPERATUKE,
00°, 500°, 600°; AND AT T0O® F - Continued

Yield strength Redu
Alloy apd bar 1'": ' Conditicn price m; ﬁg:- (pet) Elea— u-o- Nodwius of
texperature to test st) [1imit - tion oC ares | gyagfoity
(°r) (?.) (pet) °'13;:‘.’:"b o'm‘* (parcent in 2 in.) ()u(-gsnt) £ *
Aloos 142 (16-.1} %00 | Send ovst — Wras2od 19,%: A58 [ 9,90 11,050 6.0 6.6 |M7.0 x 106
Alcos 142 (76-2 400 [EY TSN a, 5,000 | 9,660 10,800 5.0 3.1 7.6
&y, 20,330 k, 790 9,780 10,923 3.3 5.85
Exper. (73-1; %00 | Samd cast — mra2o* 27,600 {34,500 | 20,700 23,050 6.8 6.6 9.
Exper, (78-2 500 setemmmedgrmmmames |- 27,300 [12,T% | 18,500 20,100 3.2 5.5 9.
av. 27,5%  |13,625 | 19,600 21,575 5.0 6.05
RAT hOO-M-i 500 Ch11l cedt — 8207 11,000 3,750 [ 6,290 74000 3.5 2.5 5.g
RAT MOC-h-3 500 RNV T 11,100 3,83 | 6,850 1,650 3.0 3.0 1.63
av. 11,050 3,790 6,510 T»322 3.25 2.73
RAE 00-2 500 Wweought — g20? 10, 000 | 7,3%0 8, %6.0 53.0 9.0
AT h0O-3 300 | cceeolOumoees 0.8 zja-n T.160 5% 67.0 20 |a9%
av. 10,880 k,935 T:255 To9%3 - 56.5 5.5
-} 200 Cnill east — 20t 1k,580 7,400 | 10,650 11,320 5.0 T.1 8.1
BAE 53-5-3 500 PR 7 S 13,520 T,270 | 10,300 11,050 6.0 b.h 1.2
xv. 1k,000 , Ts333 10,473 1,183 3.5 3.75
RAX Wrought -~ 820% 1e, 5, 8,050 8,500 6.0 ) 8.85
uE %3 25 | Heoma - 820 15:333 :ﬁg 8,930 10,700 %0 %o 1.8
av. 13,85 5,200 | 8,k90 9,800 5.0 9
Alcos. 254 (wi) 500 Sand oast — sarsaol 22,300 g.h&o ———— ———— 2.0 1.75 10.1
Aloos 25% (Th-h) 500 m——eemeOmm e 20,300 ,520 | 16,350 18,05 1.5 2.23 7.9
ar. 21,300 8,990 .7 [X)
Alcoa 142 (76-3 500 Band cast ~ EPAS20Y 13,800 6,800 9,125 950 7.0 x -4
Noon T (ren)| 30 | Moo B |vhe | 82 e 3.0 23 &3
av. 13,800 7,780 | 6,385 9,110 5.0 =.5
Exper. (78-3) 500 Sand cast — Frg 205 22,500 {12,000 | 18,000 000 10.5 o M7
Ixyer, {78-;) 500 | cecomcen@Oimmcmenne 21,300 11,500 | 16,500 ig:am 8.5 e
ay. 21,900 M1,T50 | 17,250 18,600 1k.25 15,5
RAT 400-3 600 Wrought — 8200 930 8¢ | 5,230 2,710 53.0 .9 10.3
RAE A0C-13 600 | memmweBOmmmmcn &% i 6510 8,520 i3 fg.o 6.3
ar. 8,135 3,93 | 3,87 6,345 57,18 8.9
RAE hoc-b L 600 Ch1ll cast — gac™ 8,110 3,930 | 5,970 6,070 5.0 5, s 1.8
BAE kOC-h <1 600 . 6,900 [83,610 [9s,180 n 5,680 5.9 3.85 |b7.3
er. T,300 3,270 5,380 2,875 5.k ko7
RAX 553 600 Wrought — Sa0™ 6710 800 | 5,470 5,800 83.0 8.0 6.82
BAE 553 600 | comccdommmne. ;:130 Doto &, ouo &.h60 53.0 85.8 7.8
v, 7,900 3,905 | 5,795 6,130 69.0 87.4
BAR 9541 600 Chill cawt — 5R0% 10,200 5,200 T,6&0 8,100 £5.0 ig.o 8.13
BAE 5543 600 | =ememee- N 9,950 k000 | T,350 7,8% 12.3 .0 6.9
. l"- 9,879 4,600 TH85 TS5 8.7 33.2
®Hoom—temperature tests pulled at 0,02 im, /in. gage J.lﬂth/un until extensometer -
vas removed, then samswhat fastsr to raptore. Al other bars were yulled at
0.0l 1in. /in- until 0.2-percent offast wes reached, then rate wax

to o 03 in./in. gage length/min to rupturs.
"iu.u probebly in error.
eutund.l?l.ehrntkoo"r, stabilized 480 hr at 373° F
Dli-ﬁr-nd. hr at 960° ]‘, quenshed in boiling water, aged ‘8 1 at koo ?,
stabilized 350 br st 573° ¥,
uolelrntBlW:r, queached in oold water, aged £k hr at 650° ¥,
3 stabilized k80 I at ¥
An recoived, stobilired hz- at T.
r-e-iv-du stabilized 480 hr at .
listed are guestionable becanse of peculiarities of stress—strain curve,



NACA TN No. 1hlh o7

TABRLE k.-~ TERSILE FROPERTIES OF RAE hOC, RAT 95, ALCOA 1k2,
ALCOA 25k, AND AN EXPERTMENTAL ALZOY AT BOOK TENPERATURE,
200°, %00°, 600%, AMD AT 700° F — Concludes

Tield atremgih
" Tost Conlt | B (vat) Rl Fadno-| kedxlusof
a24 bas _Zo,-) i t:’.:‘ri = (hat) ;Jillt 0.1~peioemnt] 0.2-percent m.’g of ares "‘”m;“‘
?3 (ps1) et eifaet [(yeroent iz 2 In.) ()n?:)-ltj x
Aloce 1k2 (3Y-1)°| 600 8and cgat — ETAS20P 8,600 3360 5.22 5660 12.0 13.7 k.9 x 106
Aloecs 142 (3Y~3) 600 OSSR - S 9,310 3000 S, S 20.5 20.4% 6.0
ar. 8,95 nso 34T 5750 16.2 17.0
Aloos 2%% (7351 600 Send. cast — scASZ0t | 12,830 6810 10,230 — 20.0 8.8 8.0
Acoa 2% 573-3 el | 12,720 820 9,430 9650 19.0 18.1 1.7
ar. 12,7175 €815 9,8%0 19.5 .1
Expar. (T7-1 600 Sand cast — HPS20™ 12,200 6560 k8o 8.6 ° 2k.5 6.
Txper. (17-3 600 |owmemmoedtmcmemmmm | 21,800 | 5700 S | B %o | é8s
sv. 18,000 6330 9,100 260 27.5 29.2
RAE kOC-2 700 Wrought -— k¥ k,2%0 2710 3,h60 3660 x5.0 69.1 3.8
RAT %0C-2 700 |eeacmelioee—m-e 5110 2275 3525 3800 8.0 ea1 | ze
- ar. k,975 2h50 3,550 3730 67.0 67.1
BAE hog-k-2 700 Chiil cast — S%* 5 2150 &350 k.0 3%.0 5.6
BAE XoG-k-6 20 |o——emmedomnmam 28 | =% | BB k530 2.0 13.7_| 52
ar. 6,070 2370 k,300 A6h0 19.5 23.8
BAE 53~2 T00 Wrought ~ 8k% 5,100 — —— — 61.0 6.7
BAR 33-2 T00 ———eed e 6,200 3310 %, 790 So1e 6.0 2.9 5.9
wr. 5,630 53.5 k.8
RAT S5k T00 Chill cast — gk* g.:so k310 6,090 660 3.5 8.8 5.6
X 35-5 A 5050 X345 6,560 T025 27.0 5.k | 315
av. T,655 5323 6,325 67%0 5.2 50.1
Alcos 12 (76-1 700 8Sand cast ~ HTASKY 5,325 1639 3,120 Elaqn k9.5 576 3.9
Alcos. 1k2 (76-3 T00 RO 7 SR 5,500 2700 3,900 ™ 59.0 5.2 5.0
av. 5,610 a6s 3,510 T k.2 6i.3
Aloocs 25% (Th-2 700 Band cast — acAsh™ 8,040 5,750 6050 .0 .8 .6
prroegcod Lond I I it St 7,650 2o00 5,720 s9t0 b 3 e |3
av. T,88% 3950 5,735 5T 3.5 . M.o
Txper. {78-1) 700 Send cast — HIEY 650 3765 5,650 5750 83.0 ol 7.3
Exper. i-rs-a) T00 | c—em—acdommamean -er:keo -l 2 i 3.0 f?.s ——
avr. 8,03 3.0 .2
Mﬂtm tests pulled at 0.0R2 In./in. gage hu‘hh/ni.n until extanscmeter : E
was removed, then scmsvhat faster to rupture. other bars wvare pulled at

o.ou.u./in.pplu unmuos-pcmtﬂutmmnmnhm
inoressed to 0.03 in./in. gage length/min to rupturs.
bar

%)s in footnots J but stabilized 96 I &t 700° F.
:i:urmzntmmzusen-tm:r.
im footncte k but stedilized 96 hr at 700" T.



DEPOFMATION, PERCENT

ALLOY ERAT KINBER CORDITION  COMPOBLTION (PERCRNT)
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aluminum-basa alloys,

Figure 1.- Typical time-deformation curves for creep tosts run at 600° P and 1300 pai on cast
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ULTIMATE TENSILE STRENGTH, P8I
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o RAE 55, WROUGHT
O——--- RAE 55, CHILL CAST

+ - RAE 40C, WROUGHT
e——-- RAE 40C, CHILL CAST
B----- aLcoa

x ALCOA 254, SAND CAST,
W—-—- CM 62 , SAND CAST, HTA
Y—— EXPERIMENTAL,

142, SAND CAST, HTA

SAND CAST, HT

acA

100 400 500 600
TEMPERATURE. ®°F
Figure 3.- Tenslle strength of various alloya. All alloys stabilized

prior to testing at elevaied temperaturss. See table 13 for
compositiona,
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o RAE 55, WROUGHT
A O—---RAE 55, CHILL CAST
40 . + -RAE 40C, WROUGHT
N . --RAE 400, CHILL CAST
°\\ A-———ALCOA 142, SAND CAST, HTA
\\ x ALCOA 254, SAND CAST, ach
. \ W—-—-CM 62, SAND CAST, HTA
asl S Y—— EXPERIMENTAL, SAND GAST, HT
RN
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20
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100 500 600 700

300 400
TEMPERATURE , °F

Figure 4. - Vield strength (0.2-percent offset) of various alloye. Al

alloys stabilized prior to testing at elevated temperatures.

table 13 for componritions.

See

31
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Figure 5.- Elongation of various alloys. See table 13 for chemical

compositions.



