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SUMMARY

A device for adapting R. R. Moore rotating-beam fatigue testing
machines for tests in which the amplitude of stress is continuously
varied is described. Tests of 24S-Th aluminum-alloy specimens subjected
to stresses of constant amplitude and to stresses with amplitudes varying
according to sinusoidal and exponential functions are. reported. The
results are analyzed by computing the summation of cycle ratios. The
values obtained in this analysis were found to be influenced by the
shape of the frequency-distribution curve.

INTRODUCTION

A given part of an aircraft structure may be subjected to irregular
stresses as a result of engine vibrations, gusts, maneuvers, and
landings. Prediction of the life expectancy of such a part involves
knowledge of the cumulative effect of successive applications of stresses
which vary in amplitude. . '

Numerous investigators have performed tests in which the effects of
varying the amplitude of stress were studied. Usually only two or three
stress levels were used. Such simple losding sequences are rarely
encountered in service. Few data have been accumulated for more compli-
cated loading sequences and virtually no information regarding scatter
in test results 1s available.

In order to gain a better background upon which to base cumulative-
damsge criterions and to provide information regarding scatter in tests
involving stresses of varying amplitude, an experimental investigation
was carried out in which 24S-Th rotating-beam specimens were tested
under constant and under continuously varying amplitudes of stress. The
data and a simple snalysis are presented. ’
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PREPARATION OF SPECIMENS

All test specimens were taken from 40 lengths of 24S-T4 sluminum-
alloy extruded bar stock 1/2 inch in diameter. One tensile test speci-
men and one compressive test specimen were cut from surplus material at
each end of each rod. Cylindrical tensile specimens with 0.3 inch
diameter were prepared according to reference 1. Compressiyve test

specimens were l% inches long with ends ground parallel and normal to
the axis; the cylindrical surfaces were left as received.

Thirty fatigue-test specimen blanks 3i inches long were cut from

each rod and marked in the following sequence: Al, Bl, Cl, Dl, El, A2,
B2, . . . C6, D6, E6., Each specimen was further identified with the
rod from whlch it was cut by a number which precedes these designations.

The shape and dimensions of the machined rotating-beem specimens
are shown in figure 1. Three finishing cuts were taken in machining
the reduced section of each specimen to minimize work-hardening. First
the specimen was mounted on centers in a duplicator lathe and machined
until the minimum dismeter was 0.315 £ 0.003. The next cut removed
approximately 0.010 inch from the diameter and the final cut removed
not more than 0.002 inch from the dlameter. Machine errors were cor-
rected by repeating the last finishing cut one or more times. Approxi-
mately 0.003 inch was removed from the diameter by polishing. The
final specimen diameters varied between 0.285 and 0.301 inch.

The speclimens were superfinished in glternately longitudinel and
circumferential directions until all marks left by the last preceding
step were removed. During the longitudinal polishing steps the specl-
men was rotated at 25 rpm while the oscillating head traveled through a

Ji--inch stroke at 450 cycles per minute. . The relative motion between

%he polishing head and the surface of the specimen was approximately 4°
to the axis. During the circumferential polishing steps the specimen
was rotated at 100 rpm while the polishing head was stationary. In all
steps the polishing medium was supported against the specimen with a
force of 2 pounds by means of the hydraulic loeding system. A neutral
mineral oil was poured over the specimen in all polishing steps. The
following polishing agents were used in the indicated order:

(1) Formed stone, 600 grit, longitudinal direction

(2). Metallographic emery paper, grit 2/0 backed with wool felt,
circumferential direction

(3) Metallographic emery paper, grit h/o backed with wool felt,
longitudinal direction
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(4) Chromic oxide with particle size of 0.5 micron made into paste
form by mixing with distilled water and applied on metallographic
polishing broadcloth, circumferential direction

(5) Chromic oxide with particle size of 0.5 micron made into paste
form by mixing with distilled water and applied on metallographic
polishing broadcloth, longitudinal direction

This technique readily produced & uniform surface which was expected to
be relatively free of work-hardening. Each specimen was carefully exam-
ined under a 25 power microscope. Specimens were discarded whose sur-
faces displayed circumferential scratches, deep longitudinesl scratches,
pits, or any irregularity which might produce a stress concentration.
Surface profile measurements made with a Brush Surface Analyzer showed
the surface finishes to be 2 to Ut microinches rms.

The diemeter of each specimen was carefully measured by means of
an optical micrometer with an accuracy such that any reading could
easily be duplicated to within 0.0002 inch.

TESTING MACHINES

A1l faetigue tests were performed in R. R. Moore rotating-beam
fatigue-testing machines. The mechanism shown in figure 2 was designed
and built to adapt these machines for tests in which the amplitude of
stress is varied according to a predetermined schedule. In this device
the load epplied to the rotating beam is supplied by a calibrated -
spring, S, which is stretched by a cam-actuated lever, B. The pivot
point, P, of the lever can be adjusted to produce-several values of
extension in the spring for a given displacement at the cam. The cam,
C, is driven by a motor and gear-train combination. The extension of
the spring is indicated by the dial gage, G, to permit measurement of
the applied load. An initial load can be introduced into the system by
adjusting the turnbuckle, T. The weight of the bearing housings con-
tributes to the effective load on the rotating beam and thus produces a
minimum stress amplitude in the specimen. Counterweights, W, were
attached to the bearing housings. to reduce this minimum stress amplitude.

In these tests the cams were rotated at 1 rpm and the specimens
were rotated at 10,000 rpm to produce the stress histories indicated in
figure 3. Two cams were used: Cam A produced stress amplitudes which
varied sinusoidally with time; cam B produced stress amplitudes which
varied according to an exponentiel function for most of its travel.
Departure from this exponential function of cam B occurred at high
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stresses since a follower with a %n-inch radius was used in the lever.

This follower had the effect of rounding-off the sharp point in the cam.
TESTS

Tensile end compressive tests were performed to obtain stress-
strain curves for 80 standard cylindrical tensile specimens and for
20 cylindricael compressive specimens. Strains for the tensile tests
were measured with electromagnetic extensometers with l-inch gage
lengths, and for the compressive tests, with Tuckerman optical strain
gages with %-inch gage lengths.

Constant-amplitude fatigue tests were performed on 100 specimens to
establish the basic S-N curve for the material. Ten specimens were
tested at each of six stress levels and twenty specimens at each of two
other stress levels. The additional specimens et these two stress
levels were used for check tests which were made on the superfinishing
technique periodically throughout the test program to insure unlformity
in the surface finish.

Tests were performed in which specimens were subjected to stresses
that varied continuously between two predetermined limits to develop
stress histories of the types shown In figure 3. The stress amplitudes
fluctuated from a minimum to a maximum and back to the lower velue once
during 10,000 revolutions of the specimen. Each test was begun with the
specimen subjected to the minimum stress amplitude. The tests were con-
ducted by varying two parameters: (1) the minimum stress to which the
specimen was subjected, and (2) the stress range, defined as the differ-
ence between the minimum and meximum stress amplitudes to which the
specimen was subjected. The test program was composed of tests con-
ducted under 13 combinations of minimum stress values and nominal stress
ranges for each of the two stress patterns.

The stress ranges for individual specimens differed somewhat from
the nominal wvalues since specimen diameters differed by %0.008 inch from
the mean and the variastion in load produced by the loading device for
each test condition was fixed. A group of 10 specimens was tested under
each of the loading conditions with equal minlmum stresses for each
specimen within the group. .

The frequency distribution of cam A was symmetrical ebout the mid-
point of the stress range; the frequency distribution of cam B was unsym-
metrical and produced approximetely 6 times as many stress cycles in the
lower half of the stress range as in the upper half.

li [N || il

i
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DISCUSSION OF RESULTS

The results of the tensile and compressive tests are given in
table 1. The data from these tests show good agreement with standard
values with the exception of material from rods 9, 19, and 21 which had’
low mechanicel properties. Test results are also given which exclude
the tests of material from rods 9, 19, and 21. The fatigue-test results ,
of specimens from these three rods indicate that their fatigue lives did
not differ consistently from lives obtained for specimens taken from
other rods.

The data from individual constant-amplitude fatigue tests are pre-
sented in table 2. The S-N curve determined by these tests is plotted
in figure 4. The plotted points represent the arithmetic means of
fatigue lives and ticks indicate the minimum and maximum lives at each
stress level. The dotted curve was plotted from data given in refer-
ence 2 for rotating-beam fatigue tests on 24S-T4. The agreement between
the curves is seen to be excellent, and the scatter does not seem
greater than might be expected when ten specimens are tested at each
stress level, .

The date from individual tests under stresses of variable amplitude
are presented in table 3. The last column of table 3 presents an anal-
ysis of these data according to the frequently used summation of cycle

%, where n 18 the number of cycles applieé at

a given stress level and N is the number of cycles to failure at this
stress level, is used in the following discussion to represent this sum.
In the enalysis of these data the number of cycles in the total frequency-
distribution spectrum for each specimen was divided into 12 equal parts

ratios. The symbol

and }E:% was computed on the assumption that all stresses in each part

were applied at the midpoint of each of the corresponding stress intervals.
Sample calculations for typical tests with each cam are given in table k.

The wvalues of j{:% are plotted against the minimum stress ampli-

tude in figure 5. The symbols represent the arithmetic means of 10 val-
ues and the ticks represent the maximum and minimum values. The hori-
zontal dotted line represents the prediction according to a hypothesis
proposed by Miner (ref. 3) which states that failure will occur when

no_og,
2 k=?

The scatter of values of ji:.%' for each stress condition and the

variation of mean values precludes the establishment of definite
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conclusione on the basis of these tests. The scatter, however, does

not appear to be much greater than that observed in the constant-
amplitude tests., Specimens tested with a minimum stress amplitude of

25 ksi, a stress range of 6 ksi, and cam A exhibited the greatest scat-
ter. These tests were repeated with no significant difference in
resulte. (See table 3.) In an attempt to reduce the scaetter in results

the ji: %: was recalculated for the specimen with the shortest life in

each group with the lower limit of the scatter in the S-N data of fig-
ure 4 as a basis. Similerly, the specimen with the longest life was
compared with the upper limit of the scatter band of figure 4. The
results of these calculations are plotted in figure 6 together with the

mean values previously used in figure 5., The scatter in j{: % values
is seen to be reduced appreciably.

Other calculations of :z: % for representative specimens in each

group were made with 20 equal increments of stress instead of equal
Increments of 1life. The results were not significantly different.

Point-by-point comparison between jz: % values for tests at a

given value of minimum stress and stress range and for each of the two
qams reveals that in all but two cases {i.e., stress range, 6 ksi;

minimum stress, 20 ksl and 23 ksi) the j{: % velue for cem A is larger

than for cam B, The over-all gaverage value of jz: % is 0.92 for cam A
A

and 0.62 for cam B, Although these values must be regarded as quali-

tative rather than quantitative, they support the conclusion obteined

from the point-by-point compdrison that the value of ZE: % for tests
in which the amplitude of stress varied was influenced by the shape of
the frequency-distribution curve.

CONCLUDING REMARKS

Rotating-beam fatigue tests were performed on unnotched 24S-Th
aluminum-alloy speclmens. The results of a minimum of 10 tests at each
of eight stress levels produced an average S~N curve which agreed well
with data given in ANC-5.
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Other tests were performed in which the emplitude of stress was
continuously varied according to a sinusoidal or an exponential law.
Ten nominally identical tests were performed under each of 26 condi-~
tions. The scatter in results of these tests was found to be approxi-
mately as much as the scatter in results of constant-amplitude tests.
The data were analyzed by computing the summation of c¢ycle ratios

Z L with the result that tests in which the stress amplitude is
varied sinusoidally produced values of :E: % higher than those pro-
duced in tests in which the stress amplitude was varied according to
the exponentlal function. The average of all values of EE::% Pro-

duced in tests where the stress varied sinusoidally was 0.92, and in
tests where the stress varied exponentially it was 0.62., It appears,

then, that the wvalue of % at failure was influenced by the shape

of the frequency-distribution curve.

Langley Aeronauticel Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., July 16, 1952,
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TABLE 1.~ RESULTS OF TENSILE AND COMPRESSIVE

TESTS ON 24S-T4 EXTRUDED ROD
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Tensile
(80 Tests)

Compressive
(20 Tests)

Yield stress, ksi:
Minimum . « « & o o &
Average . ¢« o+ « ¢ o o
Maximum . . . . . . .

Yield stress excluding
rods 9, 19, and 21, ksi:
Minimm . « . . . .
Average . « ¢ ¢ o o o

Young's modulus, E, ksi:
Minimum . . . . . . .
Average . ¢« o o« o o »
Meximum . . « « « . &

Ultimate stress, ksi:
Minimum . . « . « . &
Average . + ¢« ¢ o ¢ &
Maximum . . + + o « &

Ultimate stress excluding

rods 9, 19, and 21, ksi:
Minimum
Average

Elongation, percent
Minimum . + « « « o &
Average « ¢« o o o o o
Maximum . « o« o « o &

37.60
51..86
55 .20

k9,30
52.65

10.05 x 103
10.39 x 103
10.70 x 103

56 .60
71.19
T4.50

69.60
71.96

phE
[0=J\VRAN)

42,70
56.18
63.60

58.60
60.56

10.58 x 103
10.78 x 103
11.00 x 103
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TABLE 2.- RESULTS OF CONSTANT-AMPLITUDE ROTATING-BEAM

FATIGUE TESTS OF 24S-Th ATUMINUM ALLOY

Specimen Cycles to failure Specimen Cycles to failure
S = 50 ksi S = 4o ksi
39B3 28,000 ok 171,000
3bak 26,000 23ak 163,000
3544 2k ,000 28Ak 161,000
37AL 22,000 22ak 159,000
23B3 20,000 25AL 146,000
6B2 20,000 9B2 141,000
36Ak 18,000 27A1 135,000
30B3 18,000 . 2TAL 121,000
21B3 18,000 26Ak 114,000
21B2 15,000 4Bo 89,000
Aversge: 20,900 Average: 140,000
S = 30 ksi S = 25 ksi

v 2343 4,700,000 39A2 17,528,000
15A3 2,242,000 2ha2 12,493,000
2443 1,796,000 27A2 11,864,000
11A3 1,792,000 31ck 8,239,000
9A3 1,726,000 35A2 8,236,000
1243 . 1,693,000 29A2 7,576,000
18A3 1,595,000 29Ch 7,422,000
10A3 1,510,000 30CL 7,331,000
35C6 1,474,000 - 33CL 6,957,000
1943 1,370,000 3282 6,521,000
1343 1,349,000 3hch 6,257,000
22A3 1,220,000 28a2 5,343,000
14A3 1,190,000 2202 5,170,000
20A3 1,187,000 39ck 5,093,000
1643 886,000 25A2 4,801,000
23Cc6 792,000 hock 4,570,000
21A3 786,000 26D6 4,130,000
37Ch 776,000 2142 k, 013,000
17A3 699,000 32Ck 3,993,000
38ck 393,000 35D6 2,292,000
- Aversage: 1,459,000 Average: 6,991,450
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TABLE 2,- RESULTS OF CONSTANT-AMPLITUDE ROTATING~BEAM
FATIGUE TESTS OF 24S-Th ALUMINUM ALLOY - Concluded
Specimen Cycles to failure Specimen Cycles to fallure
S = 27 ksi S = 22 ksi
31AL L ,223,000 2342 50,278,000
2285 4,162,000 37A2 29,890,000
3084 3,650,000 382 23,178,000
28A1 3,098,000 3ka2 22,119,000
32ak 2,882,000 26A2 17,867,000
2341 2,766,000 hoa2 16,536,000
2ha5 2,706,000 3642 13,631,000
21A5 2,482,000 31A2 13,206,000
3384 2,464,000 3342 13,093,000
2385 2,224,000 21A6 12,090,000
Average: 3,065,000 Average: 21,189,000
S = 20 ksi S = 19 ksi
3546 317,912,000 15D2 8602,000,000
38A6 270,169,000 9D3 2598,847,000
2546 118,000,000 3D2 2598,847,000
30486 117,843,000 1iDp2 516,414,000
2306 106,542,000 8D2 489,637,000
2246 100,725,000 6D2 247,310,000
hoa6 90,265,000 5D2 183,979,000
28A6 89,681,000 30B5 91,034,000
29A6 63,674,000 7D2 53,962,000
3ha6 33,740,000 2185 k7,425,000

26A6 19,082,000
Aversge: 120,694,000 Average of speci-

mens that falled:

232,823,000

&Specimen did not fail.

“!ﬂ:’!"
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TABLE 3.- RESULTS OF VARYING-AMPLITUDE ROTATING-BEAM

FATIGUE TESTS OF 24S-Th ALUMINUM ALLOY

[Cam A, sinusoidsl variaetion; cam B, exponential
. variation of stress a.mplitudes]

Cam A Cam B

S __, |Cycles to =3 S___, |Cycles to n
Specimen 1}1;:.:1: failure Z N Specimen I;:Xi failure Z N
Spin = 17 ksi; Srange = 18 ksi Spin = 17 ksi; Srange = 18 ksi
13DL 36.3 | 2,616,000 2.45} 19Dp1 . | 35.9 | 4,972,000 0.85
1pL 35.0 | 2,002,000{ 1.k1} 10D2 38.8 | 3,835,000} 1.06
16D1 33.5 | 1,258,000| .64} 10D1 39.1 | 3,139,000 .95
18D1L 34.8 | 1,167,000 .79 8p1 3%.0 | 2,709,000} .81
25D3 36.5 | 1,032,000| 1.01 6D1 38.7 | 2,467,000 .TO
9D2 37.2 606,000 .68 3D1 38.8 | 2,225,000 | .60
7D1 37.1 523,000| .62 14D1 37.7 | 1,555,000 | .37
4pl 37.4 483,000 | .57 2D1 39.1 | 1,544,000 | .47
9DL 37.2 Wh5,000( .50{ 17D1 35.1 | 1,505,000} .21
21D3 36.5 425,000 .41| 26D3 37.9 | 1,304,000 | .38
11m 36.8 377,000| .39} 2203 37.7 | 1,158,000 | .21
Average: 994,000 0.86| Average: 2,401,000 0.59

Spin = 18 ksi; Sponoe = 6 ksi | Spyy = 18 ksij Spgpge = 6 ksi
35D3 2k.5 [24,5Th,000| 1.09] 3403 |24.0 |64,429,000 | 0.79
26D2 2.6 | 24,456,000 1.13| 22D5 2h.h 156,163,000 | .T1
31D3 24.5 | 23,186,000 1.03 | 35D5 2k.5 47,717,000 | .65
22C1 2k.6 |19,670,000 91| 2ic1 k.2 |[40,983,000 | .50

21D5 2L4.5 19,260,000 | .86 | 32D3 2h.6 139,360,000 | .55
29C1 23.9 (12,231,000 | .4k | 37D3 2k.1 35,247,000 | .39
33D3 2Lk.1| 9,01k,000| .35] 3hp2 2h.h 128,510,000 | .36
33D2 2h.2 | 6,594,000 .26| 23C1L 2k.5 22,354,000 | .30
34D5 2hk.1{ 5,200,000 | .20] 27D2 2h.7 118,783,000 | .27
kop2 24k.0 | 3,312,000 | .12| 36D3 2k, b [18,5L0,000 | .23

Average: 14,750,000 0.64 | Average: 37,208,000 0.k2

“!ﬁﬂﬁﬂ!”
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TABLE 3.- RESULTS OF VARYING-AMPLITUDE ROTATING-BEAM
FATIGUE TESTS OF 24S-Th ALUMINUM ALLOY - Continued

[Ca.m A, sinusoidal variation H cam. B, exponential
variation of stress amplitudes]

Cam A Cam B

S s | Cycles to n S s |Cycles to n
Specimen ﬁi’{ failure Z N Specimen Iﬁ?{ failure Z N

Spin = 18 ksi; Spg100 = 12 kel Sy, = 18 ked; Spapnge = 12 ksi
30C1 31.1 6,787,000 2.02{ 31C1l 31.2 {5,864,000 | 0.44
38c1 30.8 | 4,666,000} 1.30| =21Cchk 30.6 {5,656,000 | .37
23Ch 28.8 | 4,026,000 .65| 2kD6 30.6 5,614,000 | .37
3hc1 31.2 | 3,302,000| 1.01| 39C1 31.5 |5,447,000 | k2
26Ch 30.8 | 3,138,000| .87| 33C1 30.5 |5,338,000 | .34
35Ck 28.9 | 2,879,000 .u47| 35C1 31.3 |L4,664,000 | .36
22C3 31.2 | 2,028,000] .62 25Ch 31.3 4,334,000 | .33
hoci 28.7 | 1,704,000 .26| 36Ck 30.6 |3,903,000 | .25
36C1 29.6 }1,330,000{ .27| 2ich | 30.4 (3,442,000 | .22
32C1 30.0 597,000 .1k 8D3 31.7 (2,668,000 | .22
Average: 3,046,000 0.66| Average: 4,693,000 0.33

Sy = 18 ksi; srange = 18 kel |84, =18 ksi; Spgnge = 18 ksi
30D4 37.57 1,437,000} 1.78| 33Dk 36.8 |3,292,000 | 0.72
36D4 35.7 |1,11k,000| .94| 25Dk 37.1 |2,899,000 | .66
26Dk 37.8 11,110,000 1.46| 29Dk 37.0 |2,569,000 { .58
36Dk | 38.4 |1,069,000{ 1.58 | 24D3 37.1 |2,248,000 | .51
34Dk 37.3 |1,056,000| 1.25| 23Dk 38.6 2,061,000 | .5k
24ph | 35.7 885,000{ .75| 37Dh 37.0 |2,021,000 | .49
23D3 35.8 782,000 .68| 27Dk 38.7 (1,806,000 | .57
32DL 35.6 689,000 .57| 35Dk 38.7 |1,451,000 | .46
28Dk 35.6 652,000 .54| 31D4 38.8 1,156,000 | .36
22Dk 37.8 334,000 .4k| 39Dk 39.5 876,000 | .30
Average: 913,000 1.00| Average: 2,038,000 0.52




NACA TN 2798

TABLE 3.— RESULTS OF VARYING-AMPLITUDE ROTATING-BEAM

FATIGUE TESTS OF 24S-Th AIUMINUM ALIOY - Continued

[Elam A, sinusoidal veriation; cam B, exponential

variation of gtress amplitudes]

Cam A _ Cam B
Spaxs |Cycles to n Spexs |Cycles to
Specimen ksi failure Zﬁ Specimen ksi failure E %
Spin = 20 kS1; Spapge = 6 ksl | Spyy = 20 ksi; Sppp.0 = 6 kei

19B3 26.9 |13,731,000| 1.59 9B5 25.5 |30,T64,000] 1.1k
1882 26.9 | 7,684,000 .89 TE2 26.0 {28,810,000| 1.17
8E5 26.0 | 5,920,000 .53| 12B5 26.5 {21,517,000| .97
1kBL 26.9 | 5,830,000 .68| 16B5 26.8 |15,438,000| .73
2083 26.8 | 2,632,000 .29 1B5 26.0 |1%,090,000| .57
1582 26.2 | 2,057,000 .19| 39A5 26.4 | 7,246,000 .32
1B2 26.2 | 1,555,000| .15| 38A5 26.5 | 6,785,000 .30
10B3 26.7 | 1,389,000| .15 85 27.2 | 6,092,000 .31
14B3 25.7 | 1,360,000{ .11} 13B5 27.6 | 3,832,000f .21
9BL 26.2 | 1,190,000| .11| 12a5 |26.8 | 3,560,000 .17

Average: 4,334,000 0.47| Average: 13,813,000 0.59
Spin = 20 ksij Sra.nge =12 ksl | §p4p = 20 ksi; Srange = 12 ksi

3341 32.7 | 5,343,000 2.60 | 25A3 33.5 |11,716,000| 1.89
3485 31.8 | 4,226,000{ 1.66 | 1kA5 32.4 | 9,870,000| 1.31
1945 32.0 | 3,610,000} 1.48 | 11A5 36.7 | 8,118,000| 2.2k
1845 31.8 | 2,828,000 1.11| 20A5 32.5 | 7,605,000| 1.03
37TA6 33.0 | 2,599,000| 1.35| 28A5 33.5 | 5,208,000} .8%
1745 32.5 | 2,599,000 1.21 | 3645 3%.0 | %,545,000| .79
3346 33.4 | 2,100,000 | 1.18 | 30Al 33.3 | 3,628,000 .57
27A6 32.3 | 1,997,000| .88| 1645 35.2 | 3,121,000| .52
30A5 32.7 | 1,673,000 | .81 3146 32.7 | 3,092,000{ .k43
3286 33.1 | 1,526,000 | .80 | 2kAé 3%.9 | 1,778,000| .36
Average: 2,850,000 1,04 | Average: 5,868,000 1.00
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TABLIE 3.- RESULTS OF VARYING-AMPLITUDE ROTATING-BEAM
FATIGUE TESTS OF 24S-T4 AILUMINUM ALIOY - Continued

[Cam A, sinusoildal variation; cam B, exponential
variation of stress amplitudes]

Cam A Cam B
s> | Cycles to n S Cycles to n
Specimen Sﬁ:ic failure Z N Specimen ilg'}f’ failure ZN
Smin = 23 ksi; Spange = 6 ksi| Spyp = 23 ksi; Spgpge = 6 ksi
37C3 30.2 12,481,000| 0.85| 3206 28.9 {10,11k,000| 1.40
11D4 29.8 | 1,941,000; .60! 18D4 29.7 | 8,076,000| 1.25
11D2 30.% | 1,771,000 .63| 28D6 29.2 | 7,680,000| 1.12
15Dk 29.7 | 1,563,000 .48 7D4 29.6 | 6,882,000 1.06
3D4 29.5 | 1,465,000! .43 oD4 29.7 | 6,210,000 .96
14D6 29.6 | 1,152,000 .3k} 10Dk 30.0 | 5,592,000 .90
LDy 29.6 {1,084,000; .31 203 29.8 | 5,466,000| .8k
ahc3 29.5 | 988,000 .29 | koC3 29.4 | 5,231,000} .78
38¢3 29.9 | T1i4,000| .23 | 20D4 29.6 | L,124,000( .63
2203 29.8 | 643,000| .20| 39C3 29.4 | 1,924,000 .29
Average: 1,380,000 0.43| Aversge: 6,130,000 0.92

Smin = 25 ksi; srange = 6 ksi | Spip = 25 ksi; srange = 6 ksi

2886 31.4 5,776,000} 2.98 | 27B6 32.2 | 4,097,000 1.31
39B6 32.2 |4,371,000| 2.64 | 36B6 | 32.3 { 2,679,000 .87
30C6 31.8 7 4,260,000| 2.38 | 2386 32.2 | 2,197,000} .70
39C6 31.8 {3,L441,000| 1.92 | 30B6 31.2 | 1,879,000} .56

24B6 30.9 2,414,000 1.12 | 32C6 31.6 | 1,801,000 .54
33C6 31.2 {2,041,000| 1.02 | 38ES 31.8 | 1,497,000 .46
31C6 31.0 1,224,000 .58 | 38c6 31.7 | 1,kk2,000| .43
29B6 31.7 833,000 .46 | 25B6 32.2 | 1,302,000 .41
21B6 31.4 740,000} .38 | LB6 | 31.6 |1,255,000] .38

36B2 31.2 481,000 .24 | 36B1 31.4 541,000 | .16
Average: 2,558,000 1.37 | Average: 1,869,000 0.58

~NACA,~
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TABLE 3.- RESULTS OF VARYING-AMPLITUDE ROTATING-BEAM

FATIGUE TESTS OF 24S-Th ALUMINUM ALIOY - Continued

[Cam A, sinusoidel variation; cam B, exponential
variation of stress amplitudes]

Cem A Cam B

Smaxs |Cycles to n S s |Cycles to a
Specimen ksi failure z N Specimen ksi failure ZN

S

min = 20 k8ij S = 12 ksi| 8., = 25 kel; S = 12 ksi

range mi range

13B6 38.3 |1,22k,000( 2.33} 11B6 | 38.1 |2,403,000 | 1.57
LAl | 37.3 | 899,000| 1.43{ 38a1 | 37.5 |2,3%0,000 | 1.L43
37A1 37.5 846,000 | 1.%0| 37A5 39.2 12,316,000 | 1.74
39A1 38.8 840,000 | 1.76| 12B6 39.5 (1,051,000 | .83
2645 38.7 835,000 | 1.72| 10B6 37.5 1,049,000 | .6k
3545 38.3 745,000 | 1.48] 1886 38.7 |1,035,000 | .73
Lboas | 36.1} 734,000 .94| 29a1 | 36.9 | 932,000 | .53

31A5 39.k 650,000 | 1.51| 27A5 4.0 | . 928,000 | .77
3245 37.5 597,000 | .99| 36A1 35.9 860,000 | .43
1586 37.4 317,000 | .52| 3ka1 37.8 772,000 | .h4g
Average: 769,000 1.41| Average: 1,368,000 0.92
S iq = 27 ksi; srange =6 ksi Spqn = 27 ksi; sr;nge = 6 ksi
2283 33.4 1,483,000 | 1.33( 20B4 33.3 |2,505,000 |1.33
37B2 33.7 |1,161,000 | 1.09 9Bl 33.6 11,943,000 |1.06
24B3 3k.0 [1,074,000 | 1.06 4B1 33.4% [1,133,000 | .61
37B3 33.9 {1,013,000| .99{ 1hkBl 33.6 {1,057,000 | .58
31B2 33.6 687,000 | .63 3B5 | 33.7 996,000 | .55
34B3 33.6 600,000 | .56| 20B1L 33.4 842,000 | .45
26B3 34.0 513,000 | .51} 11Bl 3h.4 824,000 | .49
13B2 3k.1 k96,000 | .50 1B1 34.3 667,000 | .39
16Bk 33.8 391,000 | .37| 13Bl 3k.6 665,000 | .40
10B2 33.7 378,000 [ .35 2B1 .{ 3k.0 606,000 | .3k
Average: 780,000 O.Th4| Average: 1,124,000 0.62

‘qijgg::IF’
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TABLE 3.- RESULTS OF VARYING-AMPLITUDE ROTATING-BEAM
FATIGUE TESTS OF 24S-Th ALUMINUM ALIOY - Continued

I:Cam A, sinusoldal Variation; cam B, exponential
variation of stress amplitudes]

Cem A : Cam B
S Cycles to S Cycles to

Specimen|E | raiture :E:% Specimen) TMAX’ | i1ure jz:%
84y = 27 ksi; srange =12 ksi| 8 . =27 ksi; srange = 12 ksi
20B6 39.7 | 698,000 | 1.88| 17B3 k1.4 | 659,000 | 0.8k
31A1 .9 | 505,000 | 1.67| 17Bk ko.o {.468,000 .51
15B5 4.6 | 498,000 | 1.56| 13B4 | L42.5 | 439,000 .63
5B5 ko.6 | 383,000 | 1.20| 12B3 k1.2 | 391,000 b9
10B5 39.7 | 328,000 .88 8Bk 41.3 | 368,000 46
22A1 | 38.9 | 169,000 Lol 11Bh 39.6 | 328,000 .3k
6B5 ko.5 | 168,000 .51 13B3 39.8 | 306,000 .33
2945 | 39.6 | 156,000 A 2Bl 41.5 | 258,000 .22
885 | 39.5 | 142,000 .37| 16B3 Lbo.0 | 252,000 .27
11B5 39.4 | 141,000 .36 16B2 | 4o.2 | 217,000 2h
Average: 319,000 0.92| Average: = 369,000 0.43

Spin = 30 ksi; Srange = 6 ksi Smin = 30 k815 Sppnge = 6 ksi

26C6 36.4 | TOL,000 | 1.40| 32EL 35.4 | 838,000 |0.93
2Lcé 36.8 | 651,000 | 1.32 7€5- | 37.2 | 811,000 | 1.0%
28c6 36.3 | 587,000 | 1.09 2C5 36.8 | 516,000 .64
13¢5 | 36.7 | 567,000 | 1.1%| 376 | 36.2 |339,000 | .46
12C5 36.7 | 543,000 | 1.09 | 3k4c6 36.8 | 317,000 .39
31C2 36.6 | 405,000 .80| 38B6 | 37.1 |275,000 .36
Lkocé 35.9 | 353,000 60| 32C2 36.0 | 263,000 .31
33C2 36.7 | 263,000 .53 ] 342 | 37.9 |259,000 .35
17C5 36.2 | 252,000 L6 29c6 36.4% | 225,000 .27
21C6 | 37.2-{ 185,000 Lo | 3286 37. 210,000 .28

Average: 451,000 0.88} Average: k05,000 0.k0
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TABLE 3.- RESULTS OF VARYING-AMPLITUDE ROTATING-BEAM

FATIGUE TESTS OF 24S-Tk ALUMINUM ALIOY - Concluded

[?am A, sinusoidal variation; cam B, exponential

variation of stress amplitudes]

Cam A Cam B
. S , |Cycles to . S , |Cycles to
Specimen E?? failure jz:% Specimen ﬁ?? failure %
Spin = 30 k815 S0 = 12 kel Spin = 30 k515 Sppnge = 12 ksi
18BL 43.6 | 434,000 |2.56| 33B6 k.1 | 386,000 | 0.96
8B1 43.4 | 422,000 |2.%1} 33B3 k2.2 | 378,000 .78
3B1 k2.9 | 320,000 |1.70 8B2 43.3 | 323,000 17
12B1 43.3 | 300,000 |1.69| 17B2 Lh.2 | 316,000 .79
16B1 ko.7 | 272,000 | 1.k0| 2983 43.3 | 276,000 .63
19B1 43.6 | 254,000 | 1.50| 12B2 45.0 | 272,000 et
20B5 ho.1 | 138,000 .64} 2883 45.6 | 261,000 .76
5B1 k2.5 { 120,000 60| 11B2 k3.2 | 242,000 .55
10B1 ho.6 | 113,000 57| 35B3 43,1 | 323,000 .50
15Bk4 k.4 | 110,000 .54 TB2 43.0 | 223,000 .50
Average: 248,000 1.36| Average: 300,000 0.70
Smin = 25 ksi; Spgnge = 6 ksi .

(a)

1ES5 | 29.9 6,758,000 | 2.62
3B 29.9 |3,008,000 | 1.18
22E5 33.5 12,235,000 | 1.7k
30E> 33.3 {1,940,000 | 1.01
25E5 33.3 {1,915,000 | 1.4k
3TES 33.2 1,875,000 | 1.38
27ES 30.4 [1,845,000 | .54
1E2 30.3 |1,592,000 | .69
LOE2 33.0 969,000 | .70
36E5 | 30.2 ] 938,000 | .37
|
Average: 2,307,000 1.17

SRepeat tests to check scatter of data.



TABIE k.- SAMPIE CAICULATIONS OF Zﬂ: FOR A APECIMEN SUBJECTED
T0 STRESS OF VARYING AMPLITUDE

(a) SINUSOIDAL VARTATION, CAM A

[Bpeci-en 40A5; minimum stress, 25 kal; maximm
stress; 36.1 ksi; life, 734,000 cyl;les}

Position Stresa factor Maan stress
of cam, percent of Btress, in increment, n .| 2
- deg range L ksi. "
0 0 25.0
25.1 0.0612 % 100 6.3 x 105 0.00971
1 .7 25.19
25.5 L0612 5.5 .01113
30 6.7 25, 7h '
26.2 .0612 L .01391
ks k.7 26.63
27.2 L0612 3.15 .019%3
60 25.0 27.78 : o B o o
28.4 L0612 2.15 L088LT
™ 37-1 29.12
_ 29.8 L0612 | 1Lk .0h310
90 50.0 30.75 :
31.3 L0612 97 .06309
105 63.0 32.10
32.7 .0612 .666 .09189
14a0 TR N 23 an
” e 33.9 L0612 509 , 12024
135 85.4 3h.k6
34.9 L0612 2395 . 15403
150 93.3 35.35
18 35.6 L0612 .34 , 18000
»] 98.3 35.90
36,00 L0612 .305 . 20065
180 100 36.10
STh.o.9h
D

T

gble NI VOVN




TABLE k,- SAMPIE CAICULATIONS OF 'Z% FOR A SPECTMEN SUBJECTED

TO STHRESB OF VARYIKG AMPLITUDE - Concluded

{b) EXPONENTYAL VARTATION, CAM B

I@_pm:im:l:l 4B1; minfwmm stress, 27 ksi; maximom
stress, 33.% kai; life, 1,133,000 cycleu]

Poeition Stress factor, e Mean strese
of cem, percent of DLITHE , in increment, n N a
deg range ki kel L
0 0 27.00 '

£7.05 0.09k4 x 106 3.25 x 100 0.029046
15 2.2 27.1k

27,20 03hh 3.13 .029968
30 1,8 27.31

27.40 0g4h 2.9 032552
43 7.2 27.46

) 27.6 .00Lh 2.75 034327

60 104 27.67

27.80 0944 2.58 .036589
™ 13.6 e7.87 '

28.00 094k a.L5 038531
90 17.8 £8.1h

£8.30 oglh 2.20 -0k2909
105 22, £8.13

28.6 09kh 2.05 .0h60s9
180 28,2 28,80

£9.0 .05kh 1.61 052155
135 .35k 29.26 i . i

29,6 0gkk 1,52 .062105
150 45.8 29.93 ’

30.5 09kl 1.20 078567
165 63.8 31.08

32,2 .0okk .76 L12ho3a,
180 100 33.l0

géle NI VOVM
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Figure 1.- Rotating-beam specimen.
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Figure 2.- Loading device for rotating-beam tests in which the amplitude -

varies continuously.
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- One cam cycle or S
10,000 stress cycles / Mox
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Figure 3.- Stress patterns for tests with variable stress amplitude.
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Figure k.- S-N curves for tests of 24S-T4 rotating-beam specimens.
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Cam A Cam B
4r AS= 6 ksl AS= 6 ksi
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Figure 5.- Zl% for tests with variable stress amplitude.
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Figure 6.- Zl% computed for extreme values.,
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