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SUMH:RY

An experimental study was made to determinae the effect of arti-
ficlal egirg on thoe tensile propertles of alclad 248-T and 248-T
aluninum-alloy sheet meterial. The results of the tests show that
certain combinationeg of aging time and temparature cause a marked
increase in the yleld strength and a small increase in the ultimate
strength; these lncrenses are accompanied by & very large decrease
in elongation.

A ocurve 13 presented that shows the maximum yleld strengths that
can be obtained by eging thic materlal at vzrious combinatlions of time
and tempersture. The higher valuss of yleld stress are obtained 1ln
metorinl aged at relatively longer times end lowor temperatures.

INTRODUCTION

In the design of an alrplane, welght control 1s a leading problem.
Every part of the airplane must be so designed or selocted as to elimi-
nate unnecessary welght.- One of the most lmportant items that contri-
bute to the gross welght of the airplene is the struocture. For thie
JTreason, the alrplane structure is examined most oritically for elimina-
tion of unneccssury welght. The contlinuing advances in methods of
analysis are an important factor for bringing about a reduction in welght
of the sirplane, but the airplane designer and builder must, in addition,
utilize other methods for combating the trend toward inecreased struc-
tural welght. One of the most direct methods is to improve the strength
propartises of materials already available or in ourrent production,

This method has the vory important edvantage that it can be put into use
with a minimum of delay and interruption to ostablished methods of
productlon.
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Sriieon

£ numbor of airoraft companies.are now considering the use of 248-T
aluminum alloy of which the sircngth propurties have been improved by
artlficial aging., This report presents the results of tensile tests on
alclad 248-T and 24S-T aluminum~alloy sheet material that has been artifi-
clelly aped at various combinations of tempsreture and time.

MATERIAL FOR ARTIFICIALLY AGED TEST SPECIMRNS

As the purpose of these tests 1s to presunt tho results that cen be
obtaired by artifiecizl cging of commercially obtainable material, specimens,
of tho dimensicns shovm in figure 1, wore cut from sheets selscted [rom
alclad 248~T and 24S-T alumlinum alloy as received from the manufacturer.

The stretchinz and rolling operations performed on aluninum alloy at the
mills are approximestely egulvaleni tu the sold work done in giving the shect
a permanent elongation of 1 percent (reference 1), Tha oxtent to which

the strength propeorties of 243-T alwninum alloy sen be improved by erti-
ficlal aging ig dependent .jpon the aumount of cold work perforned on th:a
material prior to the eging procerss (roference 1), It 1s therefors necces-
sary thut the material be of uniform quelity rs regrrds the amount of cold
work performed pricr to cging 1in order that consis.ent results be obteained
from the ertifioinl sging.

For tho tests reported hereln, the cutiing of the 24S-T and ihe
alclad 248~T specimeug {rom single shee*s of awsch meaterlal assured
uni.formity of the spocimens as recerdés the degree of eold work performad
upon them, Thet the meterial was uniform vs regerds cold work is in-
dinated by the consistent trends estublished by the test data in fipurss
2 end 3, The extenziv: adoption of the artificisl eging process would
necessitute that close regulotion Le mainteined on the uniformity of and
tho amount of cold work performod oan th~e aluainum allioy.

TEST Sr4{CI™4&NS

The test specimons werao stampod from single sheats of 0.064-inch
alelad 248-T and 248~T vluninum alloy by mouns of a die. In the tust
portion of the speciuen, the sgheared edges were cerofully hand filed to
remove the slirhtly turned ed~e loft by the stemping die. One srecimen
wes made for each combLinetion of timeo aud tenperature investigated.

Artificiel ezing of the speclmens was performed iln an electrically
heated alr furnece, and the specimens were cooled in alr at room tempsra-
turec. The test specimons werce placed in the furnssu, which was at
the dosirod tempereture, and the aglng timoe wns teken as the ertire
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period during which each specimen was in the furnace. The
resultes are therefore representative of the valuss obtalned
with material that is ertificlally aged in the same manner.

The data for the tensile stress-strain ocurve were obtained for
each speclmen to a value of strain Beyond that at the 0.2=-percent-
offset yleld strength. S8trains were measured by two Tuckerman optlcal
strein gages of 2-inch gage length attached to opposite sides of the
test specimen, The elongation at fallure was determined by measuring,
after failure, the increase in length of the initlal 2-inch gage length
of the teost speoimen to the nearest 0.0l inch.

TEST RESULTS AND DISCUSSION

The results of the tenslle tests on the artificially aged test
spucimons are given 1n figures 2 to 5.

Figzure. 2 zhows the varlsatlon in the ultimete strength, the yleld
strungth, and the olongstion of alelud 24S-T mat:rial that is sub-
Jected to ertifieciel cging for periods of 2, 4, 6, 7, and 10 hours at
temperatures that vary from 100° te 600° F. The important information
contained in thls figure is that a eubstantial increase in yleld strength
end decrecse iIn elonsstion oczur in the material when aged in the
temperature range of 340° to 400° F. In this temporature range, a
small inecrease in the ultimute strength of the matecriel also ocecurs.

The most decireble rosult obtaeined from artificlal aglng is the
large increase 1n yield strength. Although this report presents
only the results of tensile tests, some compression tests hasve been per=-
formod on artificlally szed meterlal and thess tests indicated that
the oompressive ylold strength wes inocreescd in essentially the same
way as the tensile yleld strength. By taking into sccount the lncrease
in yleld strength, the airplene designer can effcot substantial reduc~
tions of weight in certain parts of the airplane,. For example, the
full increase in yield strength ocan be utilized in the design of oom-
pression members so proportioned end supported that they will not fail
by instabllity before the compressivs yleld strength is reached. In
the case of tension mambers, only o part of the lncrease in yleld
strength can be utillzed undzr present design requiraments becoause these
requirements speclfy a definite ratio of allowable yleld stress to
ultimate stress, and the ultimate strength of the artifioially aged
meterial is not increased in the same proportion as is the yileld strength.

The inorease in yleld strength is accompanied by a change in the
elongation in 2 inches from about 18 percent to about 6 porcent. This
decrease in elongation will undoubtedly add to tho difficulty of




forming the material during febrication. 1In meny cases, however, the
added difficulty can be avoided by completing the forming operationa
prior to artificial agling.

. Flgure 2 also shovs that for any aging time the temperature must
be maintained within a range of +E°F of the optimum value in order
thet the best incrsase of yleld strength mey be obtained. Thils
standard of tenperature maintenance is readily attainsble with modern
heat-treating equipment.

The vurlation in yleld strongth of alclad 248-T meterial that is
subjJected to artificial eging et constant temperatures for varying
periods of time is shown in figure 3. It will be noted on this figure
that for velues of temporaturc above 350° F there is an aging time
which will result in a meximm icorease of yleld strength. For aging
times l=ss tncn or zreanter thsn the optimum time, lower wvalucs of yleld
stress w11l be obtained. A%t tempoereturos in exzess of 4250 F, the
aging tims becomar very critleal. The danger of underasging or over-
aglng of the meterlal with consequent lsrge decrease of yield strength -
ie quit~s s2rious. For this reeson, nging tempervtures in exccss of
425° F are not fresivlce for producticn vhere the character of ths work
1s chenging and whera it is difficult to detormine the ‘exact time at
which the meturial reaches the aging temperatura. At aglng temperaturos
of 400° F ard lowcr, two important sdvantages exist; namcly, higher
abgolute values of yleld strength cen be obtalnsd and there is e consider-
able range of time at whish aging may be trrminated without appreciable
loss of yicld strenzth by reason cf emall emounts of underaging or
overaging.

Flgure 4 presents a ourve of yleld-strength meximums for various °
combinations of time snd tomparatura, Within the range of values
covered by this investigetion, this curve shows that, as aging tempera-
ture decreases, the aging time raoulred for vest yleld strength increscses.
The curve also shows that the higher values of yleld strength are obtained
at the combinatlions of lower temperatures snd longer aging times shown
on this figure.

Figura & shows the varlation of the tenslle properties of 248-T
with teaperature for e constsnt aging time of 2 hours. ‘When figure 5
is compared with figure 2, it is evident that 245-T material responds
to artificlal rging in a manner similer to alclad 2438-T.

The test specimens which were aped for 5 hours st various tempor-
atures are shown after [racture in figure 6. The change in elongation
is clearly seen in the final lengths of the specimens. The character-
istic frectures thet ccourred ut the varlous temperatures for esch aging
time are also shown, At temperaturcs below the range of criticsl aging
temperatures, as in the 100° F and 200° F specimens on figure 8, the



L-257

fracture was normal to the direction of the load but was inclined

et 450 to the thickness of the material, In and beyond the region

of temperatures corresponding to the greatest decrease of elongation,
temperatures of 3700 F and higher, the fracture changed to one that was
inclined at 30° to the width of the specimen. The surface of the
fracture vas relatively smooth for the material aged below the critical
temperatures but it became very rouga and irregular in the specimens
zged at the higher temperatures. 1In the transition range of tempera-
tures, the fracture was partly of both types as shown by the specimens
merked 300° F and 350° F in figure 8.

STRESS-STRAIN CURVES

The tensile stress~strain curves for the specimens tested are
shovn in figures 7 to 12. The O.Z-percent-offset yield strength is
indicated on each stress-strain curve by a short intercept line, These
yleld strengths were used in preparing figures 2 to 5. The stress-
strain curves show that the modvlus of elasticity is substantially the
sane for the combinations of tempersture and time included in this in-
vestigation. It can Le cbserved, however, that os the aging tempera-
ture inercases the initial part of thse stress-strain curve tends to de-
velop more curvature, which indicates a trend toward reduction of the
proportionel linit et the higher aging temperatures,

CONCLUSION

Artificiel aging of alclad 245-T alwminum-alloy sheet material in

"the as-received tondition produces a substantial increase in yield

strength, a small increase in ultimste strength, and a large decrease in
elongation.

The artificial-aging process producec essentislly the same effect
on 24S-T sheet material as on alclad 248-T sheet meterial,

At any given temperature there is an optimum value of aging time re-
quired to obbain maximum value of yield strength. In general, the aging
time required to achieve maximum yield strength becomes less as the
temperature increases. :

The rengc of apging temperatures for which a substantial increase in
the yield strength is rotcd is small.

Langley icmorial Acronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Fleid, Va..
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Figure 6.~ Artificially aged test specimens after fracture.
Aging time 6 hours.
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