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.. TECENICAL NOTE NO, 857 .

IMPROVEMENT OF FATIGUE LIFE OF AN ALUMINUM ALLOY
BY OVERSTRESSING

) By G, W, Stickley
SUMMARY

Fatigue tests were made on some 1,375~inch-diameter
and 0,300-inch diameter specimens of a 175-T aluminum-~
alloy rod. One test of a large specimen was run contin-
uously to failure at a maximum stress of 22,000 pounds
per square inch., In two other tests of large specimens,
thin surface layers were removed periodically until fail-
ure occurred, The same nominal meximum stress of 22,000
pounds per square inch was used throughout the two tests
and the load on the fatigue machine was lowered accord-
ingly after the removal of each surface layer. As each
test progressed the stress in the metal of the final
surface area therefore was increased after the removal of
each surface layer. Because of the stresses used, this ° T
metal was overstressed, that is, stressed above its endur-
ance limit. All the remaining specimens were sudjected
to similar overstressing conditions but no metal was Tre-’
moved and a low initial stress was increased periodically
to a2 final maximum value of 22,000 pounds per square inch
as each %test progressed. N

It was found that the fatigue resistance of 17S5-T
‘aluminum alloy can be increased by moderate overstressing,
Apparently the increase in fatigue lif{ odbtained in the
tests of specimens from whicech layers were removed was the
result of overstressing rather than from the removal of
damgged surface layers.

INTRODUCTION

The effects of understressing and overstressing in o
fatigue have been discussed in several published papers, =~ o
In those papers understressing is defined as the apleca-fi"
tion of repeated stresses of a lower intensity than the
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endurance limit, and overstressing is defined as the ap-
plication of repeated stresses of an intensity higher than
the endurance limit, Most of the work has been done on
ferrous materials aslthough a very emall agmount has been
done on gluminum and other nonferrous metals. It has been
generally concludsd that understressing strengthens the
metal by some type of cold work on a very minute scale and
that moderate overstressing does the same sort of thing
without damage. The application of higher overstresses,
however, causes damage and decreases the fatigue life of
the metal (references 1 to 5),

The investigation discussed in thie report was orig-
inally planned to study a proposed method described by
H. W, Gillett, of Battelle Memorial Institute, for in-
creasing the useful life of sluminumealloy propeller
blades. The method consisted of the removal of small
thicknesses of surface layersg of metal by electrolytic
polighing, this polishing to be done periodically after
certain lengths of service. This method assumes that,
inasmuch as any inciplent fatigue cracks should be at the
surface because the highest stresses are located at the
surface, the suitable removal of such possibly damaged
meterial would extend the fatigne life of the blade beyond
its normal value. ©On the other hand, the fatigue life of
the blade might be increased becpuse the fatigue strength
of the metal beneath the subsequently removed surface
layers mlight be improved as a result of the overstressing
to which it was subjected.

The objects of this investigation were to determine
the improvement in fatigue life of an aluminum alloy by
moderate overstressing and to learn whether any improve-
ment obtained by the periodic removal of surface layers
was the result of the removal of damaged material or the
result of overstressing. The alloy used was 175~T and,
for tests in which thin surface layers were removed from
the specimen, the metal was removed by machining.

MATERIAL

All specimens were machined from a alngle 8~foot
length of 2,500~inch—-diameter rolled rod, which had the
following tensile properties and endurance limit:




NACA Tochnical Nots No. 857 3

Tensile strength, pounds per square inchk . , . . . 62,900
Yield strength (offset 0.2 percent) pounds

per square inech . . . e e e e e e . . . B4,900
Blongation in 2 inches, percent e e e « s s e 4 <« . . 29
Reduction of area, percent .. . . . . v e e e 40

Bndurance limit, pounds per square inch e e e e a 18 500
METHOD OF TEST

Fatigue specimens of two sizes, 1.376 and 0,300
inch in diasmeter, wére uged, The reduéed sections of all
specimens had polished smooth surfaces prepared in the
usual manner. The large specimens were testéd in the 2~
inch rotating«~simple=beam fatigue machine which is de-
scribed in reference 6, The speed was 1400 dycles per
minute, The two tests of small specimené were made in
R. R, Méore machines (referende 7) at speede of 62650 and
6950 cycles per minute, respectively. The speeds in
these two tests were selected in order that the changes
in load could be made at convenient times with the tests
running continuously.

- ¢ .

The tests may be divided into two groups; depeiiding
upon whether any surface layers were removed from the
specimen during the test. Surface layers were removed by
machining with light cuts., 1Incidentally, machining was
used instead of electropolishing because electropolishing,
depending upon the alloy and the conditions under whioh
1t 1s used, may in itself have considerable effect upon
fatigue strength.

The first group, in which the surface layers were
periodically removed, included two tests of large specil-
mens. Hach test was made at a nofinal maximum stress of
22,000 pounds pef square inch throughout the test and the
load on the fatigue machine was lowered accordingly after
the removal of each surface layer. For example, in the
test of the first specimen P-844-L2 the applied load at
the beginning of tha test was 1502 pounds, whereas after
the removal of the "fourth layer 1t was only 1128 pounds,
a reduction of 26 percent, In thie test layers 0,016
inch thick were removed at intervals of approximately 9
- milllion eycles until failure occurred. The procedure in
the test of the smecond specimen P-844-L3 differed in that
thinner layers, 0.008 inch "thick, were removed at longer
intervals, epproximately 20 million eycles. 3Because a
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tightening ring became loose during the fourth stress pe-
riod of the gsecond test and damaged the surface of the
specimen, it became necessary to remove the next surface
layer after about 600,000 cycles instead of 20 million
cycles,

The second group, in which no surface layers were
removed, consisted of two tests of specimens of each
size. In the test of the first large specimen P-844~L1,
a maximum stress of 22,000 pounds per square inch was
used continuously until failure, In the test of the first
small specimen P-844-1]1 the stressing procedure was sim-
ilar to the stress history of the final layer in the test
of specimen P-844-12 of the first group;: the initial.
stress was 20,000 pounds per square inch gnd wae increased
500 pounds per square inch after each period of 9 million
cycles until the stress reached 22,000 pounds per square
ineh, At that stress the test was continued to fallure,
In.the test of the secdond large spedimen P~844-L6 and the
second small specgimen P—844 12, the stressing procedure
wasg similar 40 the stress history of the final layer 1n
the test of specimen P-844-L3 of the first group; the
initial stress was 20,750 pounds .per squaré inch and was
increased 250 pounds per square inch after each period of
20 million cycles until the stress reached 22,000 pounds
per square inch, The test was then continued to fallure,

DISCUSSION OF RESULTS

The results of the various fatigue tests are summa-
rized in tables I, II, and III and are plotted in figures
1, 2, and 3, The curves included for comparison in each
figure are identical with the fatigue curve determined
using 0.300-inch~diameter polished specimens of the same
material. In each of the tests.described in this report
tihe fatlgue 1life was longer than that indicated by the
latter fatigue curve.

The results of the two tests in which wurface layers
were removed are given in figure 1; the fatlgue stress
history of each surface layer of each specimen is indi-
cated by stress plotted against the total number of cycles
to which the surface of the layer had been subjected. In
the test of specimen P~844-~12, for example, the original
outside surface was subjected to approximately 9 million
cycles at a maximum stress of 22,000 pounds per square

[
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ineh, and a surface layer nominally 0,016 inch thick was
then removed, While the metal at the outside surface
during the first stress period was subjected to a stiress
of 22,000 pounds per square inch, the metal that was at
the outside surface during the second stress. period was
subjected to & stress of approximately 21,500 pounds per
square inch, The second surface was subsequently sub-
Jected to about 9 million eycles at a stress of 22,000
pounds per square inch, and the second layer was then re-
moved. When the specimen finally falled, four layers
each approximately 0.016 inch thick had been removed and
the specimen diameter was 1,261 inch., 'The metal at the
outer surface had been subjected to periods of about 9
million eycles at stresses of approximately 20,000,
20,600, 21,000, and 21,500 pounds per square inch each,
and fraocture finglly developed after an additional period
of almost 5 million cycles at a stress of 22,000 pounds
per square inch. Although the total number of cycles in
the test was 41,935,200, only a small percentage of this
number was at a stress of 22,000 pounds per square inch,
The total number of cycles should naturally be greater,
therefore, than 29,463,100, the number obtained in the
test of specimen P-844-L1 which was run continuously to
failure without the removal of any surface layers.

The results of the tests dlscussed in the preceding
paragraph are plotted with the results of the tests of .
large specimens in which no surface layers were removed
in figure 2, The results of the tests of small specimens
are plotted in figure 3, In these figures the fatigue
stressing history in each test 1s shown by plotting stress
agalnst the total number of cycles. For the tests i1in
which surface layers were removed, the data are plotted
for only the final surface area. In the test of specimen
P-844-L2, for example, the surface of the fifth and final
layer was subjected t0 periods of about 9 million cycles
at stresses of approximately 20,000, 20,500, 21,000, and
21,500 pounds per square inch for each period; fracture
finally occurred after an additional period of about b
million eycles at a stress of 22,000 pounds per square
inch, :

In the study of the various tests it 1s of interest
to compare the sums of the ratlios of applied cycles in
the different stress periods to the nominal life at each
of the respective stresses. Such ratio totals sometimes
are considered an indication of the proportionate effect
of fatigue stressing. These ratios are shown in the last
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column of table II, 1In the test of a large specimen,
which was run continuously at the same stress without the
removal of any surface layers, ~this ratio was 1.23, The
fact that it was greater than unity might be ascribed to
differences in supposedly identical specimens, to varla-
tions in test procedure, and to differences in size of
specimens, JFor the tests. inh which gtrenses were period-
ically increased, the ratio total in a test, regardless
of whether any surfade layers were removed, was greater
for the tests using the smaller sitress-increments amd the
longer stress periods, Inasmuch as.these ratio totals
generally were at least as large for the tegts in which
surface layers were removed, it appears that the benefi-
cial effects obtained in the former tests were the result
of moderate overstressing and not the result of the re-
moval of surface layere that may or may not have con-
tained incipient fatigue damage. This conclusion does
not mean, however, that the removal of surface layers
would not be beneficial if such layers actually contalned
incipilent damage.

In the tests in which similar stressing procedures
were uged, it ig of interest to compare the results of
corresponding teste in which surface layers were or were
not removed., In the test of specimen P-844~1L3 the stress-
ing higtory of the sixth and final layer was ldentical
with the stressing procedure in the tests of the large
specimen P-844-L6 and of the small specimen P-844-12,

Poth of which were tested without removal of any surface
layers. The total number of cycles at fallure in the
tests of gpecimens P-844-16 and P-844-12 agreed closely,
that is, within 9 percent, with the number obtained in

the test in which surface layers were removed. The
stressing history of the fifth and final surface layer of
large specimen P~844-L2 was identical with the stressing
procedure in the test of the small specimen P-844-11,
which was tested without removal of any surface layers.
The total number of cycles at failure in the test of spec-
imen P-844-11 was considerably greater than the total num-
ber in the test of specimen P-844-L2 and the number of
eycles at the highest atress alone was greater than the
nominal life at that stress as indicated by the regular
fatigue curve. The tdtal number of cycles was less, how-
ever, than in any of the tests of specimens P-844-L3,
P-844-~L6, and P-844-12,  Apparently the effects of the
overgtressing were not 8o great because of the large
strese increments and the small number of cycles in each
stress period, ’
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It is of interest also to compare the total number
of cycles at various minimum stresses with the expected
fatigue life at each minumum stress, as has been done in
table III. For example, in the test of large specimen
P-844-16, the total number of cycles at a stress of
20,750 pounds per square inch or larger was 2.32 times es
great as uwould have been expected if the test had been
run continuously to failure at a stress of 20,750 pounds
per square inch., In the same test, the total number of
eycles at a stress of 21,2360 pounds per sguare inch or
larger was 1.82 times as great as would have been expected
1f a continuous stress of 21,260 pounds per square inch
had been used., From these comparisons there 1s no doubt
that the overstressing resulted in a definite improvement
in fatigue resistance. As shown by the last column of
table III, these comparisons also substantiate the state-
ment in the preceding paragraph that the benefits of over-
stressing were greater in the tests in which the stress
increments were smaller and the numbers of cycles in the
stress periods were larger.

CONCLUSIONS

From the tests that have been made, the following
conclusions seem warranted:

1, The fatigue resistance of 175-T aluminum-
alloy rolled rod can be increased by the use of
moderate overstressing in which suitable fatigue
stresses above the endurance limit are applied
during a sufficient number of cycles.

2., Although a considerable increase in fa-
tlgue l1ife was obtained in the tests in which sur-
face layers were periodically removed, the increase
appeared to be the result of overstressing and not
of the removal of surface metal. It is possible,
however, that the removal of surface layers, if they
actually contaln incipient fatigue damage, might dbe
of additional sasdvantage.

Aluminum Research Laboratories,
Aluminum Conpaony of America, . ' -
New Kensington, Pa., June 1, 1942,
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TABLE 1
SUMMARY OF FATIGUE TESTS IN WHICH LAYERS WIRE PERIODICALLY REMOVED

Nominal Applied
Surface| Outside ag;ifid Maximum Gg:tgﬁsgggtgs 1life gycles
layer |diameter| g aa atress period {million -
cycles) Nominal
(in.) (1b) [(1b/sq in.) () life
o) Specimen P-844-L3. 0.016-in. layers; periods of @ million cyoléa
First 1.3785 | 1502 23,000 9,143,100
= 8econd 1.341 1382 21,430 2,143,100
22,000 8,289,800
Thizd 1.313 1301 30,870 9,143,100
31,830 9,899,800
32,000 9,395,200
Fourth 1.3815 1213 20,480 9,143,100
81,020 9,399,900
21,480 9,295,200
33,000 9,413,800
Fifth 1.351 11288 18,990 2,143,100 65 0.14
30,520 9,889,000 40 .19
20,980 9,295,300 38 .
31,480 9,4:2,800 39 .33
23,000 b4 784,300 - 34 .80
’ Total | 41,935,200 1.00
Specimen P-844-L3. 0.008-in. layers; periods of 30 million cyzles
T
First 1.3746] 1496 33,000 30,185,300
Second 1.380 | 1449 21,770 20,186,300
33,000 30,038,700
Third 1.34461 1400 31,630 30,195, 300
81,750 30,036,700
233,000 18,900,800
CFourth 1.33890} 1353 81,370 20,186,300
21,500 20,036,700
31,740 19,900,800
33,000 880,800
Fifth 1.313 | 1304 31,020 20,195, 300
31,340 30,036,700
. 31,480 19,900,800
i 31,740 680,800
. 32,000 20,000,400
\‘ 8ixth 1.387 1387 30, 760 30,195,300 43 0.47
30,980 30,036,700 38 . .53
21,330 19,900,800 33 .80
31,470 - 580,800 29 .03
21,730 20,000,400 28 .77
23,000 |Y13,083,400 24 .54
Total 83,808,400 3.93

8From regular fatigue curve shown in fig. 1.

bspeoimen failed.

SThis layer had to be removed after 590,800 oyocles because a tightening
ring became loose and scratohed the surface of the specimen.
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TABLE I

SUMMARY OF RESULTS OF FATIOUE TESTS

vl

t —
H Surface cles . 4
: Nominal j} Final Maximum Nominal
{ Specimen (layers dur each
H removed diameteridiameter stress stress period 1ife na ®
i (1n.) (in.) { (1b/sq in.} (million ;
{ eycles)
t
: {(a)
!
!
iﬁP-844-L1b No 1.375 1.376 22,000 29,463,100 24 1,23
7
: P=B44-12%! Yes 1.375 1.251 19,990 9,145,100 &5 0.14 1
20,680 9,299,900 49 Jde
! 20,980 9,295,200 38 .24
; 21,480 9,412,800 29 <32
t 22,000 4,784,200 24 .20
{ § Total ! 41,935,200 1.09
i
| P-844-13%} Yes 1.375 1.297 20,760 20,195,300 43 0.47
! 20,980 20,036,700 38 .53 }
; 21,220 19,900,800 33 .60 :
; 21,470 590,800 29 .02 ;
! 21,730 20,000, 400 26 .77
22,000 13,082,400 24 .54
j Total } 93,806,400 2.93
H . i
. 1
. P-B44=T8 | No 1.375 1.377 20,760 20,004,700 43 0.47 '
' 21,020 19,900,000 38 52
; 21,270 20,209,800 33 .61
l 21,520 590,80Q 29 .02 :
21,770 21,791,700 26 .84 H
22,000 17,0982, 800 24 71 -
: Total | 99,589,600 3.17 i
P-844-11 No 0.300 0.2991 19,990 9,228,000 65 0.14 K
20,480 9,011,000 49 .18
20,970 9,292,000 38 24
21,430 9,081,000 29 W31
22,000 31,530,000 24 1.31
Total | 68,142,000 £.18
P-844-12 No 0.300 0.2590 20,760 20,048,000 43 0.47
: 21,020 20,012,000 3s 53 '
21,270 20,025,000 33 <61 i
21,620 589,000 29 .02
21,770 20,087,000 26 77
22,000 4,816,000 24 .20
Total | 85,577,000 2.60

®As indicated by the regular fatigue curve determined from tests of 0.300-inch-diameter

specimens.,
oRegular test run at same stress until failure.
Fatigue stressing history given for fifth and final surface layer.
atigue stressing history given for sixth and final surface layer.
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PABLE III
FOTAL CYCIES OF STRR33 TK DIFFERENT STRES3 PERIODS
- - .
Surf Inoreans in Fominal
Spectmen | 1n 8CY | yominal | Fina)l |maxism stress{length of | Stress Maximum stresses| Total luln:% Tota
peclmén | layers o | dfamster|dlameter] at end of eachicach stress| periods used cycles 11f
remove ' period period
{(mlllion (million
(in.} | (tn.) | {Ib/sq 1in.) cyoles) {1b/ag in,) (nilltons) | oysles)
- o U |
P=844=L1 No 1.375 | 1.376 —— — 1l 22,000 20 24 1.81
P-044-12 Yeas 1.576 | 1.2861 500 9 ltob 20,000 to £2,000 48 [.]] 0.00
2%t b 20,6Q0 to 82,000 33 49 &7
3toS | 21,000 to 22,000 23 38 .61
4 and 8| 21,500 te 32,000 14 29 48
3 " 28,000 5 24 .81
Pe8ddcl3 | You 1,875 | l.297 260 20 1to 8 | 20,780 to 22,000 9 | 43 5.18
2tod 21,000 to 28,000 74 38 1.98
dto 8 21,260 to 82,000 54 a3 1.64
4 to 8 21,500 to 22,000 34 2¢ 1.17
5 and 6| B1,750 to 28,000 33 a8 1.87
[ 22,000 13 24 L4
PaBii-14 Yo 1.376 | 1,37 250 20 ltoé6 20,760 to 22,000 100 43 2.%8
. 2 to 6 | E£],000 to 23,000 80 a8 2,10
Stod £1,250 to 28,000 80 a3 1.48
4t 6 21,300 to 282,000 -7 ) 29 1.34
'S and 6| £1,750 to 22,000 39 28 1.80
1 22,000 17 24 n
PeBid-1l o 0,300 | 0,2001 500 9 lt$ 20,000 to 22,000 &8 | 65 1.06
2to B 20,500 to 82,000 &9 49 1,80
5to 5 | 21,000 to 28,000 50 38 1.31
4 and 5} 21,500 to 22,000 41 a9 1.43
5 22,000 s 24 1.3
PuBddelR | ] 0,300 | 0.2090 250 20 l1tod RC,780 to 28,000 ] 43 2.00
2t 8 21,000 to 22,000 [ 1] 38 1.74
3¢t s 21,280 to 22,000 46 as 1.%39
4 to 6 | 21,500 to 22,000 25 " 86
B and 6| 21,750 to 22,000 28 26 .96
. 6 22,000 3 24 .23
Sper spesimens from shich surface layers wars removed, the stresses mre those at the surfase of the final layer.

LT indisated by the regular fatigue curve detormined from tests of 0.300-inch-diameter specinens.

488 "oR 930K Twotumosy VOVK
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Figure 1.- Rotl.tlng-bem': fatigue tests of specimens of 178-T aluminum-alloy rod with surface
layers removed. :
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Figure 3.~ Eg{ating—beam fatigue tests of 1.375-inch-diameter gpecimens of 178-T aluminum-
oy rod.
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