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II. SUMMARY :

The authors have found what they belleve to be a tendency
for a certain Aluminum Alloy, namely £4-30, to fluctuate in
strength, and hardness, during the process of age hardening, after
heat treatment,

This variation in hardness of the material, whlle the sageing
process 1s going on, is accompanied by a change in ultimate strength,
and in the stress- strain relationship of the materlal; and in general
the condition of the alloy is indicated by the hardness number.

The limited scope of this research does not indicate that
this phenomenon of fluctuation of hardening is constant in occurrence;
as the number of tests made were insufficient to determine the
regularity, or irregularity, of this characteristic of the material,

All of the metal tested became stable within the commonly
accepted range of ultimate strength for this alloy.

From these few exXxperiments 1t appears that although the
hardness varies with time the alloy, 1f allowed to age sufficlently,

will develop 1its rated strength.



I1I. INTRODUCTION:

Varlious reports have been made to the effect that sheet
aluminum alloy, after being hest treated, quenched, and allowed to
begin normal age hardening, did not respond to ageing as might be
expected, nor did it follow the theoretical hardening curve with
reasonable agreement, It was found that sheet material, slthough
apparently properly heat treated, had not hardened, or acquired its
full strength, when inspected by hardness testing methods,

From observations 1t was found that the same plece, which was
observed to be soft, when allowed to age for a longer period and
tested again for hardness, had in some cases come up to the required
standard, and in others had exceeded the inspection limits.

To the best of the authors knowledge no systematic investigation
of this phenomenon has been undertaken, and as a preliminary quest
in this field of research a periodic measurement of hardness, and
tensile strength, was carried out to determine the actual manner 1n
which the selected material would harden with time, and to correlate
its indicated hardness with the strength of the plece at the time

of measurement,



Iv. EXPERIMENTAL INVESTIGATION:

As the number of variables involved in this problem would
necessitate an extensive rescarch program, if all were brought into
agreement, 1t was attempted to control but a few, and to use only
two sheets of the same materlal of different thickness. Specimens
from both sheets were constructed, heat treated, and tested under
as near ldentical conditions as were possible in an attempt to
obtain date for a first comparison.

Tensile test specimens such as shown in figure "A" were cut
with the grain of the material, before the metal was heat tresated,
from standard 24-50 Aluminum Alloy sheet of 0.020 inches and 0.040

inches in thiclkness.
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Figure "aA"

One end of the test blank was made longer to afford sufficient
materlal to obtaln hardness readings before breaking the pilece in

the testing machine.
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The $.020 muterlal was heat treated 1n a circulating eir
furnace at 920 degrees Fahrenheit for twenty two (22) minutes at
heet; spray qguenched, and ilmmediately packed 1ln dry ice to retard
ageing duriﬁg the two hour Interval necessary to take them to the
laboratory for testing, The 0.040 specimens were subiected to
the same handling, except, the heat treatment was for thirty (30}
minutes at heat,

Zero time of ace hardening was tsken as the time that the
speclimens reached room temperature after being removed from the
dry ice, The Investigation began at this point, and hardness
readings, both Shore Scleroscope and Rockwell, stress-strain dats,
and ultimate strength based on original area, were taken at hourly
intervals for twenty nine (29) hours; three (3) hour intervals for
eighteen (18) hours, and for the remainder of the experiment at six
(8) hour periods.

Upon completion of this series a second test was conducted,
under the same circumstences, in an attempt to duplicste the first
forty (40) hours of the initial hardening curves. For this second
run the 0.02C material was taken from a different shipment of sheet.

In connection with this second experiment a plain test blank,
of both materials, was heat treated with the tensile specimens, and
during the run hardness numbers were taken on these pleces for a
comparison with those of the second serles.

The equipment used in carrylng out thils problem were standard
laboratory end production control instruments; and consisted of a
Riehle Testing Nachine of 3000 pbunds capacity, a Shore,Diamond Point,

Self Recording Scleroscope, and a Xockwell Hardness Testlng iKachine.



The Diamond Point Scleroscope was used as this was the only
instrument of this type available.

The ultimate strengths as shown are expressed in pounds per
square 1nch; based on original area; all Scleroscope numbers are
the dlal readings of the Instrument; the Rockwell numbers result
‘from using a one-sixteenth (1/16) inch steel ball with a sixty (60)
kilogram load, and are expressed as "F" scale numbers, i.e. (F96).
This Rockwell combination was selected because of the thin material
used 1in the investigation.

The Scleroscope hardness numbers plotted on all curves are an
average of ten (10) or more readings on each specimen, while the
Rockwell numbers are an average of six (6) or more measurements on

each test blank.



V. DISCUSSION OF RESULTS:

Because the 1nitial time interval selected for each individual
test was small, ( one hour ), only one specimen of each material
could be tested, hence the results presented on the accompanying
curves are single specimen tests, and not the average for a group
as would be desired. On all the curves, except the stress-strain
which are falred and corrected to zero, the experimental points, as
obtained, are connected to show any variation.

Flgures 1 and 2 are plots of ultimate strength, Scleroscope,
and Rockwell hardness numbers of both materlals for test 1.

One specimen, as shown, was tested after 840 hours to observe any
changes in tihis group after an extensive elapse of time. After
approximately forty (40) hours the material has stabilized above
60,000 pounds per sqguare inch.

Figures 3 and 4 are reproductions of the first forty-seven
hours of the first test on a larger scale.

Figure 5 1s a comparison between the ultimate strengths and
hardness numbers of the two materials for the first forty-seven
hours of the first test.

Figures ¢ and 7 are superpositions of the stress-strain curves
of various speclmens, selected from points on the curves of figures 1
and 2 st which meajor changes show in the above curves. It can be
seen that these stress-strasin curves vary as do the ultimate strength
or hardness curves. From data taken in the second experiment 1t was
found that the stress-strain curves also varied in the same manner,

hence the curves were not duplicated.



Figures 8 and 9 are curves similar to figures 3 and 4, for the
two materials of test é.

Figure 10 is a comparison of the two materials of test 2 such
as that shown in figure 5,

Filgures 11 and 12 are combinations of tests 1 asnd 2, and are a
comparison of the ultimate strengths and hardness numbers of like
thickness of materlal of experiments 1 and 2.

Pligures 13 and 14 are comparison curves of the hardness numbers
of the slngle hardness test blank and the individual specimens of
experiment 2,

Figures 15 and 16 are plots of the hardness numbers against
ultimate strength.

As previously mentioned the hardness numbers as plotted are an
average of ten {10) or more Scleroscope readings and six (6) or more
Rockwell. Throughout the entire experiment the limits of scatter of
the hardness readings were about six (6) points for the Scleroscope
and four (4) numbers for the Rockwell, however as a whole the con-
sistency of the hardness numbers, especlally Rockwell, was surprisingly
good.

The following are representative tests taken at random for the

two materials:
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EXPFRINENT #1.

Test #17, 8th. Hour, épecimen #7, Materisl 0.020, Area 0,01080 in.ﬁ

TEST STRES Q= STRAIN SCLEROSCOPE ROCKWELL
LOAD LES./IN. 2 INCHES READING : NUMBER
50 4765 . 0007 15.0 F 82,0

100 6520 L0011 15.0 F 82,0

150 14280 .0018 14.0 F 82.0
200 19050 L0025 15.0 F 83,0
250 23800 . 0043 13,0 F 82,0

300 28560 0097 17.0 F 81.0

395 30950 .0140 16.0

350 33320 .0193 15.0 Average=-

375 55700 L0255 14.0 F 82,0
400 28100 .0334 16,0

428 40450 .0431

480 42300 .0528 Average-

475 45250 L0651 15.0

500 47600 .08318

513 48850 .0900

550 52350 -——-

Specimen broke in the middle.

EXPERIMENT# 2

Test #46, 20th. Hour, Specimen #21, Material 0,040, Area 0,02004 in.®

TEST STRESS STRAIN SCLEROSCOPE ROCKWELL
LOAT LBS./IN. INCHES READING NUMBER
50 2495 .00045 25.0 F 94,5
100 4980 .0007 23.0 F 94,0
150 7480 .0009 22.0 F 94.5
200 9980 - .0011 21.5 F 94.0
250 12460 L0013 2545 F 94,0
300 14950 .0016 23.5 F 94,5
350 17450 .00185 25,5 F 95,0
400 19950 .00205 24,0 -
éig gzgsg .8822 25,0 Average-
N \5 . 2505 F 94'5

550 27420 .0028 25,0

600 29920 L0032 —

650 32400 . 0038 Average-~
700 34900 L0051 T 24,0
750 37400 L0074
800 39900 L0114
850 42400 .0168

900 44200 . 0225
950 47375 : L0297

1000 49800 .0388

1050 52400 .0500

1100 54800 L0612

1150 57300 .0750

1173 58500 .0900

1268 63150 -

Specimen broke in the middle.
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It is belisved .that the relation between the ultimate strength
and Rockwell numbers are more reliasble as the test methods were more
nearly ldentical in each case, while 1t 1s felt that the Scleroscope
readings afford more of a variation due to the menner in which it was
necessary Lo take these hardness numbers, however the Scleroscope
numbers do form a good basis for comparison.

In general where there 1s a fluctuatlion 1In ultlimate strength
there 1s also & corresponding change 1in the hardness number, however
the agreement between the two materials of different thickness, and
a8lso betwesn the two different tests 1s not as close as might be
expected.,

The results of this research indicate that there 1s a tendency
for the material to fluctuate 1in hardening; however as is shown in
figure 9 this tendency may not be constant. In both cases the
naterial did arrive at a reasonable maximum strength and appsarently
became stable.

The results of this preliminary research are by no means
conclusive aé 8ll the variables of the problem; such as veariation in
materiagl, differences in methods of heat treating, changes in heat
treating temperatures, different methods of quench, variation in
retardation of age hardening and many others, were not investigated.

Insufficient tests were made even in the small field of this
research problem, however from this investigation the authors belleve
there 1s sufficlient evidence of vacillestion of the alloy in age harden-

ing to warrant further searcih to verify and explain this phenomenon.,
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