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REPEATED LOADS ABOVE THE PROPORTICWAL LINIT

ON 2457 ALUMINUM ALLOY

Summary

The purpose of +this investigetion was to study the effect of re-
peated tensils stresses @bﬁve the proportionel limit on 2457 sluminum
alloy.

The investigabtion consisted in obbaining data on prepared spec-
imens of 2487 sluminum @lloy in a machine capable of epplying a pure
tension stress, repeanted msuy times & minute, without shock but with
& high rate of loading.

It was found that permsnent deformation csused by overstressing
is not & useful factor in forecasting the life expectency of the spec-
imen being bested.

It was also found that the effects of "aging" (elapsed time be-
tween overstresses), initisl stresses, and megnitude of overstresses
applied, all have a definite influence on the ability of 24ST alum-
inum alloy to withstend further overstressing. However, these effects
are so scatbered between differvent specimens of the same material
thet they camnot be determined accuretely, either qualitatively or
gquantitetively, without a thorough stetistical survey.

It is considered that this investigetion merely points the way
to a further study of the behavior of &ll aireraft meterials above
the proportional limit.

The investigetion wes carried out at the Deniel Guggenheim Aero-
neuticsl Leboratory, Californias Institute of Technology, Pasadens,

Celifornis. (referred to hereafter as GALCIT.)
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REFEATED LOADS ABOVE THE PROPORTIONAL LIMIT

ON 2487 ALUMINUM ALLOY

I. Introduction

The purpose of this investigation was to study the effect of .
repeated tensile stresses with a high rate of loading above the
proportional limit on 248T eluminum alloy.

Lieutenant Commanders Edward G. Bull and Robert L., Mastin, U,S.
Nevy designed and @uilt the testing machine used for these tests snd
began this investigation during the school year 1946-1947 in partial
fulfillwent of their requirements for the Professional Degree. Prior
to their tests, little experimental deta hed been made svailable cove
ering this phase of structurzl reseerch. The problem is enormous,
including en infinite number of combinations of metals, their alloys,
structurel shapes and types of loading, This investigation only deals
with one materisl (24ST aluminum slloy) and ome type of specimen (pure
tension specimen) but with seversl types of loedings, from which can
be decided the direction that fubture resesrch should pursue,

Considersble time wes spent in the revision of the besting ma-
chine as built by Bull and Mastin end in the development of pro-
cedures and techniques which would permit the investigation to pro=
ceed more rapidly with more sccurate measurement of the elongations
and transient stress,

This investigation was carried out at GALCIT.



II. ZEguipment

Test Specimens

The material used in the test was standard 5/8" bar stook 248T
aluminum alloy. Three bars of this meterisl from the same heat wers
required for these tests, The test specimens were machined to the
shape and‘dimensions as shown in Pigure 1, except for Specimen No,
32 which had 3/8"% radius fillets instead of 3/16" radius fillets,
Bach specimen was carefully mede in accordance with the customery
high standerds of experimental work to eliminsate residual stresses
from mechining end were polished to & high degree on the test sec-

tion %6 avoid any minute scratches and nicks.

Testing Machine

The testing mechine was designed and built in the 1946-1947
school year et CIT by Lieubenent Commanders Soli, Bull, and ﬁastim,
and Lieutensnt Diteh, 211 of the U.S, Navy. (See Reference 1l.,) It
incorporates a high rate of loading without the possibility of sud-
den shock. This property must be obtained if the simulated loading
is to be comparable to The loading of an aircraft structural member
in flight,

The machine was modified_slightly by Mr. Chintekindi V. JogaRso
and the author to stiffen the H-beeam base of the test pletform, This
removed the possibility of introducing high transitory losds on the
test specimen from deflection of the test pletform bsse under load,

The machine consiéts egsentially of a hydraulic cylindér which
sxerts & pure tensile‘stress on the specimen which is anchored at ons

end and fastened at the other to the piston of the cylinder, Hy-
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draulic pressure is supplied to the cylinder by sn alrcreft-type
hydraulic system consisting of & positive displacement gear pump
driven by & 5 H.P. 220-volt s,c, slectric motor, Because the pump
runs at constant speed, & pressure reguleting valve is installed in
the system to very the hydraulic pressure fed to the hydraulic piston
up to 1000 psi. A pressure-relief valve is installed as & salety
measure to lift 4t 1280 psi. To sutomaticelly apply the stress and
relieve it, a Vickers pilot conitrel valve is used. This valve is
solenoid-operated, the sclenoid in turn being opereted by contact
points which are opensd snd cloged by & cam driven by a 1/?0 HP.
universal-wound 11l0-velt a.c. electric motor, This motor slso opsr-
ates & mechanical counter to record the number of cycles of stress,
The counter indicates exactly 1/2 the sctual number of eycles which
have been applied to the specimen., 4 standard aircrafi-typs hydrau-
lic cylinder, 5 inches in aiamsﬁer, is used to apply the losd to ths
specimen., Based on 1000 psi., this cylindsr will give & maximum
load on the specimen of aboubt 11,500 pounds, With the cross-sec-
tion evres of the specimen of 0.0707 sg. in., the maximum possible
stress ls sabout 162,800 psi.

Purther description of the tbtesting machine, including sche-
matic drawings end diagrams, sre included in the Figures snd Appen-

dix of this report.

Load Messuring Coupon

4s & means of checking the load applied to the specimen against
that indicated by the pressure gage and to provide & method of mess-~
uring the smount and rate of loading uvader dynamie conditions, a

device heresfier called s "load coupon" is installed between the
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hydreulic plston end the specimen, PFigure 2 is e drawing of the
load coupon,

Hounted on the coupon are four SR-4 Typs A-l electric strein
gages manufectured by the Baldwin-Southwark Company. These gages

were connscted in series to remove any effects of bending,

Strain Messuring Appasratus

Elengation of eech specimen was msasured using & traveling
microscope capsble of measuring to an accuracy of one ten-thousandth
of an inch, Elongations were measured over an original gege length
of approximately 2 inches. liethyl violet was applied to the test
area of the specimens eand fine gage marks made with dividers. lMeas-
urement of elongation by this means was found tc be very tedious
and lengthy and required considerable skill and experience on the
part of the operator before satisfactory length messurements to the

full accurecy of the apperstus could be reslized,

Dynamic Load Measuring Equipment

The electrical load measuring equipment has two purposes: firsh,
thet of determining the exwmct stress in the specimen, end second, to
measure the rate of loading applied on the specimen,

The equipment consists essentially of the load coupon on which four
electric strain gages are mounted in series, The signal caused by the
change of resistence of the gages with changes in lowd is sent
through an amplifier to @ Heiland Recorder, This recording oscillo-
scope makes @ photographic record of Load vs, Time., Incorporated
into the electrical system is 2 means of putting 2 known-losd line
onto the photographic record for calibration purposes. This was

sccomplished along with the csalibration of the strair gages on the
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load coupon by finding experimentslly the amount of resistance re-
guired to be connected in parallel with the strain gages to give
the effect of applying loads of 1000 2000, 3000 and 4000 pounds to
the load coupon,

By incorporating these resistances in the electricel circuit
and connecting them to a selector switch, it wes possible to select
aither 1000, 2000, 3000 or 4000 pounds and place a calibrating line
for one of the four losds on the recording tape., Then, after devele
opiné the record, the Loed vs. Time curve could be compsred with +the
"calibrating line, and thus the stress on the specimen could be ob-
tained This calibration method eliminated errors due %o changes in
voltage of the power supply since all measurements could be referred
to a calibrating line which could be obtained as often as desired,
Figure 21 shows an oscillograph recording for Test 27 at 505 cycles,
This recording is typical of those’obtainﬁd on all tests. An anal-

ysis of Figure 21 yields: the following information:

Duration of Zero Load ' 0.63 sac.,
Duration of Meximum Load 0.33 sec.
Time - No ﬁo&d to Full Load _ 0.17 sec.
Time = Full Loasd to No Load 0.025 sec.
Time for one complete cycle 1.165 see.
Number of cycles per minute 52.

Meximum Rate of Loading ' 41,700 #/sec.
Maximum Rete of Unloading 184,000 #/sec,

The author modified the equipment slightly from that developed

by Bull end Mastin. The positioning of the galvenometer in the
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in the Heliland Recorder was so adjusted that the full width of the
recording tepe could be used for tension stresses. Then, The sen-
sitivity of the strain geges wes doubled by doubling the voltbage
applied across them., Thus, the sccuracy of measurement of the max-
imum load on the specimen wes doubled,

Since the rate of loading of the specimen had been established
by Bull and Mastin es being satisfactory, the only date of use from
the photographic record of the oscillograph wes the meximum stress
on the specimen per cycle., Therefors, the possibility of ubilizing
a large oscilloscope with o retentive sereen to messure this mex-
imum stress was investigeted. However, it was found thet the fre=-
quency range of the oseilloscops did not allow proper signel response,
The frequency of the testing mechine was too low to be handled pro-

perly.



IIZI. Initial Celibrations

Pressure Gage Calibration

3

he pressure gage used in the hydraulic system was a standard
Bourdon type with a range from O - 1000 psi. It was used to set the
pressure desired to give a certain stress, while the load coupon

gave & much more accurste measurement, The gage was calibrated sta~
tically against load in the cylinder, the curve for which appears in
Figure 3. By incorporating the cross-sectional ares of the specimen
with the calibration, s second calibretion of stress in the specimen
vs. gage reading was obtained and appesrs in Figure 4, However, this
calibration was found to be of little use in the prediction of the
load on the specimen vs. the pressure gage reading during the dynamic'
tests. By setting the pressure gege with the hydraulic pump oper~
ating but with the solenoid motor shut off, it was then possible %o
start the operstion of the solenoid valve end measure the losd in

the specimen by meens of the load coupon., The Dynsmic Celibretion
Curve 1s a plot of ﬁhekdynamic load on the specimen vs. the pressurs
gage reading., Howsver, this curve could not be used to full adven=-
tage because of the extremely small scale of the pressure zage,

which did not allow reading or setting the hydraulic pressure to

closer than plus or minus 5 psi.

Calibration‘gi the Load Coupon

The calibration of the load coupon wes cerried out using the
Baldwin-Southwark testing machive located in the structures labore
atory of GALCIT, Rlectrical messurements were mede with 2 sensitive

potentiometer,
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Bach gage was first checlied seperetely for change in s.m.f.
drop meross it (measured in millivolts) vs. load applied to the
coupon. This plet is shown in Figure 5. This individual celi-
bration wes required to ascertain the relative effsctiveness of
each gage and to determine whether esch gage was satisfectorily
attached to the load coupon. Since esch gope plotbed a2s & straight
line over the load range, this indicated that they were satis-
factorily attached,

After connecting all four gages in series, the above process
was repeated, obteining change in e.m.f, drop across the gages
(millivolts) vs. Lloed on the coupon. This data is given in Figure
8,

During the celibration of the strain gages in series, the amount
of resisbence was determined which, when placed in perallel with the
strain gsges, would give the same chenge in the resistence of the
combination that wes obteined ﬁy applying loads of 1000, 2000, 3000,
and 4000 pounds to the load coupon., This information was used in th@
calibration of the dynamic load measuring equipment as desecribed un-

der that section of the report.



IV, Test Procedure

A complete record of each test is included in Tables 1 - 32,
Jinclusive.
Prior to any of the fatigus tests, two static tests were made
of specimens selscbed at random from the bateh of specimens made up
in the GALCIT machine shop. As explained previously in this repord,
the material from which these specimens were mads came Prom 3 pisces
of bar stock, 2487 eluminum alloy, all teken from the same hest, The
stress-strain curve obbtained from these two tests is given in Pigure 8.
4 series of 32 fatigue tests wers then run under widely verying
conditions, These tests were chosen in such & way as to permit detsr-
mingﬁion of the effect of several individual parameters on the life
of the specimen,
| The paremeters which were investigated wers;
a. Initial Loading
1. Cyeles - 500, 1000 1500,
2. Stress - 40,000, 45,000, 50,000, 55,000,
60,000 and 65,000 psi.
b, Later Leading .
1. Cyeles - 5000, 10,000 or break, Only the ag-
ing tests and the bests with 1500 initial-straess
cycles wers cerried besyond 5000 eycles,
2, Stress - 50,000, 55,000, 60,000 and 865,000 psi.

c. Aging = one hour, one day, and one weesl,

Becauss of the limited time available, no investigation was
made of the numerous other parameters bthet can conceivably affect
the life of ths specimen under fatigve, such as the fregusney of

loading, ete.
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V. Results and Discussion

Static Tests

The results of the two stablc tests are both plotbed in Figurs 8,
The tests gave practically ldentleal results except for the ulti-
mate elongation. Thérefore, only one ourve could be drawn for the
two tests, and the mean results ere tabulated below and compared

with the results of Bull and Mastin., Both btests were for 2487

material.
JogaRao & Nelson Bull & Mastin
Proportional Limit 41,800 psi. 37,600 psi, 34,000 psi.
Defined Yield Stress 43,700 psi. 50,000 psi. 42,500 psi.
(0.02% offset)
Ultimate Strength 86,450 psi, 72,000 psi. 66,000 psi.
Elongation 18.38% No reading  16,08%

ks can be seen by comparing the results of the two sets of bTests
above, there are wide discrspancies in the physical properties of
nominal 2487 sluminum alloy. 'This would indicate that the pattern
of the results of the fatigue tests would be scattersd. Such hes
bsen found to be the case, particularly in a comparison of the slon-
gation of different spscimens, even under identical loading con-

ditions.

Fatigue Tests

An exeminetion of Tables 1-32 and Figures 9-20 shows thet for
stresses above the yileld stress of the materlal, the grester part
of the elongabion of the specimen cccurs in the first lew cycles,
This wes found to bhe generally truve for both the initial stressing

and the later (higher) stressing. In only one isolated instance



was this found not to be the cass (ses Pigurs 14 and Table 18), and
even in this cass it was impossible to duplicate the slongation
results under identical loading of the spscimens., In this test,
which applisd an initial stress of 65,000 psi. to the specimen, the
elongation increased as expected in the first ten cycles, However,
theres was a subsequent large increase in elongation bhetwesen 10 and
500 sycles, which was not to be sxpected without failure of tha.
specimen, After this second increase in elongation, the specimen
remained essentially unchenged in length from 500 to 5,000 cycles,
at which point the test was stopped. To investigate this phenom-
gnon more thoroughly, enobher spscimen was subjected to the same
loading conditions, but it rescted mormally in every way, il.e. the
greater part of the elongation took place pricr to 10 eycles, It
is interesting to note thet the final slongation of the two spec-
imens at 500 cycles was within 2.2%,

These facts definitely preclude any chance of obtainihg a use-
ful relationship betwsen elongation and remeining life in a specimen
after a certain number of qycles of fatigue stressing,

Another unexplainable phencomenon that was observed during the
initial stressing of specimens was the tendency of the specimens to
heve & negative elongation immediately after the cessation of
stressing. Then, 2s the specimen "rested™ it graduslly increased
in length until it reached the elongation it would heve been ex-
pected to have if this phenomenon hed not occurred. Equilibrium
was reached efter about 10 minutes. This negetive elongation was
very small snd only became epparent betwssn 50 and 500 cycles for
initial stresses at or below the proportional limit., It was thought
at first that this "negative elongation" was sctually a temperature

effect caused by either the conduction of heat from the fluid in the
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hydraulic cylinder, or from the drop in btempersturs of the spec-~

imen after handling during instsllation. Howewver, neither of these
causes will give the observed results, espsclally when the phenom-
enon occurs ageln and again at 50, 100, 200 and 500 ecyclss.,

Since this phenomenon was not complstely investipgated and under-

tood until seversl tests had been completed, the strains for these

tests may not be enbtirely correct in the 4th decimal plsce and there-

fore were roundsd off to thres decimal placses,

Effect of Chenging the Value of the Initial Stress

Th@ final elongation (5000 cycles) of the spscimens was found
to be essentlially indepsndent of the magnitude of +the initial stress,
The notable exceptions to this statement occurred in Tests 9 and 10
(see Figure 11.). In these cases, the elongation at 510 cycles
(just efber applying the higher stress) was considerably lowsr than
the average of the elongation in comparsble tests, However, in both
cases the elongation inereased appreciably and finally ended up with
& higher final elongation (at 5000 cycles) than in comparable tests,
Thus we have another phenomenon thet would point towsrd the necess-
ity of applying the methods of stabtistical analysis to this invese
tigation. With so much variation in the behavior of different
specimens from the same piece of bar stock, it is imperstive that
the behavior of specimens from different heats and different mills
be investigated before the results of this survey will be of use to

the aireraft industry.

Effect of Varylng the Number of Cycles of Initial Stress

The effect on specimen life expectancy of varying the cycles of
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initial stress was not investigated, because ounly the aging tests and
the three tssts with 1500 oycless initial stress were cerried beyond
5000 cyelss,

The effect on the final elongation (at 5000 cycles) of varying
the number of cyecles of initial stress can not be determined with
the few results which have been obtained to dafe, These results
are contradictory, as can be seen by examining Pigures 15, 18 & 17,
However, these graphs seem %o indicate that the higher ths initial
stress, the less difference there is in the final elongation (5000
cycles) for the three initial-stress cycles investigated, Thus, with
an initial stress of approximetely 40,000 psi. and & finsl stress
of epproximately 65,000 psi., the 1000 cycle initial-stress specimen
had considersbly more elongation than the 1500 cycle specimen., In
the case where the initial stress was approximately 60,000 psi. and
the final stress approximetely 65,000 psi., the 1500 cyclé initial-
streés specimen elongated more than the 1000 cycle specimen, which
in turn elongated slightly more than the 500 cycle specimen. These
results would seem to indicate that the higher the initial stress,
the less difference there is in the final slongation (5000 cyeles)
For the three initial-stress cycles investigated. But nothing can
be said regarding the effect of changing the number of initial-
streés cycles at a fixed initial stress and final stress, Here
agaein, statistical analysis would seem to be the best method of

approsach,

Effect of Varying Final Stress on Specimen

hs was to be expected, the final elongetion of the specimen

was a direct function of the megnitude of the final stress. The
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higher the final stress, the greater the elongation. Little in-
vestigation was made of *the variation of l1life expechancy with mag-
nitude of the final stress. The onlj specimen thet broks prior to
5000 cycles was loaded to 68,100 psi. (above the static test ulti-
mate stfess) afber B0O initisl-sitress cyclas and withstood only 3
additional cycles before fracturs, Of the specimens carried beyond
5000 cycles, only one (Test 23) reached 10,000 cycles without feil-
ure. Lts final stress was approximatsly 55,000 psi. The remaining
specimens were loaded to eapprozimately 65,000 psi. final stress with
the application of various aging times. They all broke be%ween 5800

and 9422 cycles,

Effects of Aging

On the basis of these btest results, no conclusions can be
drawn on the absolute effeéts of aging time at elthsr 500 cycles
or 5000 c&cles on the specimen life expectancy., In the Ffirst place
the effects of aging at 500 ecycles conbradichts the effects of aging
at 5000 cycles. TFor example, the specimen thét was aged for ons
hour at 500 cycles withstood more cycles than the specimens aged
at 500 cycles for one day and one week, while at 5000 eycles, the
specimen aged for one hour withstood the lesst number of cycles of
the three specimens., In the second place, the tests cannot be con~
sidered completely relisble since all the specimens broke in the
fillet instead of in the cenber of the test section, This was evi-
dently caused by e fatigue stress concentration in the #icinity of
the fillet, beceuse one additional specimen with a modified 3/8"
radius fillet (Test 32) withstood over 2100 cycles more then the

stenderd specimen with 3/18" redius fillet under identical loading
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est 30), and failure occurrsd in the center of the test sectiom.

In the light of the sbove facts, the author is inclined to
doubt the value of any of the eging tests in determining the abso=
lute effects of aging timekon the life expectancy of the specimen,
The most that can be seid is that in comparing relative effects of
the seme aging treatment at 500 cycles and at 5000 cycles, the
later treatment seems to yield longer specimen 1life than the former.
Since most aireraft structural loads are not applisd in endlsess suc-
cession es on the testing mechine, but rather at infrequent intervals,
with various long periods of "rest" during its life, the above fact
would seem to indicate that the life expectancy of an aircraft struc-
tural member would be longer then would be determined in & conbtinuous
fatigue test. This phase of the general sircraft structural fatigus

problem certeinly bears further investigation.



VI. Conclusions

The following conclusions are obiained from this investige-
tion:

1. That &bt tensile stresses above the proportional limit on
2487 aluminum alleoy, almost all deformetion tekes plece in the first
ten cycles of applied stress. An excepbion to this mey occur for very
high tensile stresses spprosching the static-test ultimate strength
of the material.

2. That there is no relation between the elengetion of a spec-
imen and its lif'e expecivancy.

3. Thet the effects on the final slongation of varying megni-
tudes of initial stressing are negligible.

4. That the effects on the final elongation and life expec-
taney of varying coycles of initial stress end aging time sre con=
siderable, but that a stetistical survey will be necesssry to ob=
tein quelitative and quentitetive results suitable for use in air-
eraft design.

5. That the beohavior of different specimens of 2487 aluminum
alloy made from the same plece of material are sufficiently differ-
ent under identical fatigue tests to call for a survey to determine
the upper esnd lower limits of the behavior of all 24ST material %o

fatigue tests of this type.



V1Ii, Recommendations

The following recommendsblons are drawn from this investigation:

1. That 2487 sluminum elloy by subjecﬁéd to o complete statis-
tical survey to definitely determine the effects of initial stress,
eging and higher stress on the life expectancy and elongation of the
meterial,

2. That other aircraft materials such g 753T aluminum alloy
and stainless steel be subjected to preliminary survey tests similar
to those performed on 24ST in this investigation, and if found appli-
cable, continue these tests as recommended above for 24ST,

5. That & completely different method of measuring specimen
elongation be devised that would not be so tedious to the operator
nor require sc much time to edjust as the traveling microscope,
Perhaps an opticel means would be feasible,

4, That the standard tensile specimen shown in Figure 1 be
modified to provide 3/8" radius fillets instead of 3/16" redius
fillets to prevent the menifestation of fatigue stress concentra-
tion at these points.

5. That the actual temperature varistion of a specimen during
fatigue test be measured by the epplication of thermocouples to the
specimen surface,

6. That consideration be given to replacing the present pres-
sure gage with another more sccurate pressure reading device with the
idea in mind of using a graph of Dynamic Load vs, Preésure Gage Read=-

N

ing to determine the stress on the specimen,
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TABLE 81

I

Static Stress Strain Tests of 248T

Specimen 1

Load Stress Strain
(1b) (psi) (in/in)
0 0 4 0
500 7070 0.00086
1000 14,140 0.0014
1500 21,200 0.0020
2000 28,280 0,0026
2500 35,400 0,0033
3010 42,500 0,0043
3500 49,500 0.,0168
3860 54,500 ‘ ’ 0,0312
4000 56,500 0.,0350
4260 60,300 0,0550
4500 63,600 0,0825
47005 66,500 ‘ 0,1725

* Fallure



Statie Stress Strain Test of 2487

Specimen 2

Load Stress Strain
(1p) (psi) (in/in)
0 0 0
510 7220 0,0006
1000 14,150 ; 0,0014
1510 21,400 0.0021
2015 28,500 0.0027
2490 35,200 . . 0.0034
3000 42,500 0.0046
3510 49,100 0,0168
4000 56,600 0,0380
4260 60,500 0,0544
4500 63,600 0,0825
4690% 66,400 0,1950

# Failure
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TABLE 1
Test 1
Cyeles Stress (psi) length (in)  Strain (in/in)
0 0 1.999 0
2 40, 500 1.999 0
11 40,500 1,999 0
50 20,500 1,999 0
200 40,500 1,999 0
500 40,500 1,999 0
503&* 68,100 2,388 0,194
#* Fellure
Test 2
Cycles Stress (psi) Length (in) Strain (in/in)
0 0 1.995 0
4 42,000 1.995 , 0
10 42,000 1.995 0
50 , 42,000 1,995 0
100 42,000 1.995 0
200 42,000 1.995 0
500 42,000 1,995 0
510 63,550 2,127 0,066

5100 63,550 2.128 0,067
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TABLE 3
Test 3

Cycles Stress (psi) Length (in) Strain (in/in)

0 0 2,0085 0

10 41,600 2.,0090 0.0002

50 41,800 2,0093 0,0004

100 41,600 2,0093 0,0004

500 41,600 2,0094 0.,0004

510 59,500 2,0872 0.0392

5000 59,500 2.0915 0.0413

TABLE 4
Test 4

Cyeles Stress (psi) Length (in) Strain (in/in)

0 0 2,0028 0

10 40,600 2,0026 0

50 40,600 2,0026 0

100 40,600 2.,0026 0

200 40,600 2.0031 0.0002

500 40,600 2,0031 0,0002

510 55,600 2,0426 0.0200

5000 55,600 2.0427 00,0200



Test 5
Cyeles Stress (psi) Length (in) Strain (in/in)
0 0 1,9995 0
10 45,500 2,0003 02,0004
50 45,500 ‘ 2.0023 0,0014
100 45,500 2,0022 . 0.0014
500 45,500 - 2,001¢ 0.0012
510 64,750 2,1349 0.0877
5000 645%50 2,1372 00,0689
TEBLE 8
Test &
Cycles Stress (psi) length (in) Strain (in/in)
0 o 2,0013 0
10 45,100 2,0035 0.,0011
50 45,100 2.,00383 0.,001C
100 45,100 2.,0030 0.0008
500 45,100 2, 0030 0.0008
510 60, 500 . 2,0774 0.,0360

5000 60, 800 2,0776 0.0381
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TABLE 7
Test 7

Cycles Stress (psi) Length (in) Strain (in/in)

O 0 1.9973 0

10 45,100 1.9982 0,0005

50 45,100 1,998¢ 0.0008

100 45,100 1,9989 00,0008

200 45,100 1.9989 0,0008

500 45,100 1.9986 00,0007

510 54,000 2.,0432 0.,0230

5000 54,000 2.0458 0,0243

TABLE 8
Test 8

Cycles Strass (psi) Length (in) Strain (in/in)

0 0 2.0019 O

10 45,660 2,0026 0,000

50 45,600 2.0028 0.0004

100 45,600 2.002¢ 0,0005

200 45,600 2,002¢9 0.0005

500 45,600 2.,0030 0.0005

510 51,900 2,0218 0,0099

5000 51,900 2.0221 0,0101
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TABLE §
Test 9
Cycles Stress (psi) Length (in) ‘ Strain (in/in)
0 0 1,9893 o
10 51,500 2,0069 0,0088
50 51,500 2.,0072 0.0090
100 51,500 2.,0072 0.0090
200 51,500 2.0072 0.0090
500 51,500 2,0076 0.0092
510 63,800 2.1228 0,0671
5000 63,800 2.1613 0.0865
TABLE 10
Test 10
Cycles Stress (psi) Length (in) Strain (in/in)
0 0 2.,0065 0
10 52,100 2.0296  0.0115
50 52,100 2.0296 0.0115
100 52,100 2,0295 0.0115
200 52,100 2,0295 0.0115
500 52,100 2.0295 0.0115
510 61,500 2.,0625 0.0278

5000 61,500 2.,0941 0.0456



Test 11
Cycles Stress (psi) Length (in) Strain (in/in)
0 0 1.99387 0
3 51,300 2.0156 0.0110
10 51,300 2.0160 0,0112
500 51,300 2,0162 0,0113
51C 56,400 2.,0392 0,0228
5000 56,400 2.0412 0,0238
TABLE 12
Test 12
Cycles Stress (psi) length (in) Strain (in/in)
0 0 1,99%0 0
2 52,000 2,0110 0,0060
10 52,000 2.0170 C.0090
500 52,000 2.,0175 0.0093

5000 52,000 2.0202 0,0106



TABLE 13

Test 13
Cycles Stress (psi) Length (in) Strain (in/in)
0 0 ' 1.9988 0
2 56,000 2,0391 0.0202
10 56,000 2.,0321 - 0,0202
500 56,000 2,0406 0.0209
510 66,500 2,1867 0.0790
5000 66,500 2.1590 0.08C1
TABLE 14
Test 14
Cycles Stress (psi) . Length (in) Strein (in/in)
0 0 2.0031 0
2 55,200 2.,0360 0.0164
10 55,200 2.0371 0.0170
500 55,200 2.,0374 0.,0171
810 60,900 2.0814 0.0391

5000 60,900 2.0818 0.0393
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TEBLE 15

Test 15
Cycles Stress (psi) Length (in) Strain (in/in)
0 0 2.,0003 O
2 56,400 2,0411 0.0204
10 56,400 2.0406 0.0201
500 56,400 2.0406 0.0201
5000 56,400 2,0413 0,0205
T&BLE 16
Test 16
Cycles Stress (psi) Length (in) Strein (in/in)
0 0 2,0071 0
2 61,200 . 2,0795 0.0361
10 51,200 2,0808 0.0367
500 61,200 2.,0817 00371
510 65,600 2.,1692 0.0808

5000 65,600 2.1707 0,0815
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Test 17
Cycles Stress (psi) Length (in) Strain (in/in)
0 0 1.9970 0
2 61,600 2,0867 0.0348
12 61,600 2.,0693 0,0362
550 61,600 2,0710 0,0371
5000 61,600 2.,0730 00,0381
TABLE 18
Test 18
Cycles Stress (psi) Length (in) Strain (in/in)
0 0 2.0033 0
2 66,300 . 2.1007 00,0486
10 66,300 2,1017 0,0491
550 66,300 2.,1735 0.0850

5000 66,300 2.1740 0.0852
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TABLE 19
Test 19
Cycles Stress (psi) Length (in) Strein (in/in)
0 0 2,014 0
2 £5,000 22,1590 0.0734
10 66,000 2,1760 0.0818
50 65,000 2.1772 0,0824
80 55,000 2, 1775 0.08286
200 65,000 2,1788 0,0832
500 65,000 2,1786 00,0831
TABLE 20
Test 20
Cycles Stress (psi) Length (in)  Strain (in/in)
0 0 2.0L75 0
2 41,000 2.0178 0.0001
10 41,000 2,0179 0,0002.
500 41,000 2.0178 0.0000
1000 41,000 2.0178 0.0000
1010 66,250 2,1945 0,0877

5000 66,250 2,1952 0.0881



TABLE 21
Test 21
Cycles Stress (psi) Length (in) Strain (indin)
0 0 1.,9989 0
2 39,700 1.9995 0.0003
10 39,700 1.9993 0.0002
500 39,700 1.9992 0.0002
1500 39,700 1.9993 0.0002
1510 65,400 2,1510 0,0761
5000 65,400 2.1538 00,0775
7664 % 65,400 2.1750 0.0881
* Failure
TABLE 22
Test 22
Cycles Stress (psi) Length (in) Strain (in/in)
0 0 2.0018 : ]
2 39,700 2,0023 0.0003
10 39,700 2,0023 0,0003
500 39,700 2,0025 0.0004
1000 39,700 2,0023 00,0003
1010 56,000 2,0446 0.0215

5000 56,000 2,0470 0.0227
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TABLE 28

o,
<l

¥

Test 23
Cycles Stress (psi) Length (in) ’Strain (ig/in}
0 0 2.0010 0
2 40,600 2,0012 0.0001
10 40,600 2,0012 0.0001
500 40,600 2,0012 0.0001
1500 40,600 2,0015 0,0002
1510 57,000 2.0402 0.0196
5000 57,000 2.0410 0,0200
10000 57,000 2,0412 0.0201
TABLE 24
Test 24
Cycles Stress (psi) Length (in) Strain (in/in)
0 o 2.,0022 0
2 80,800 2.,0612 0,0295
10 60,800 2,0625 0,0301
500 60,800 2,0658 0.0318
1000 60,800 2,0685 0,0351
1010 66,000 2, 1662 0,0819

5000 66,000 2.1685 0.0881
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TEBLE 25

Test 25
Cycles Stress (psi) Length (in) Strain (in/in)
0 0 22,0012 “ 0
2 60,900 2,0725 0.0356
10 60,900 2.0741 00,0364
500 60,900 2.,0751 0,0389
1500 60,900 2.,0755 0.0371
1510 66,400 22,1747 G.0867
5000 66,400 2.1753 0.0870
6507 66,400 2,1964 0.0870

# Fallure



TABLE 26
Test 26
Cycles Stress (psi) Length (in) Strain (in/in)
0 o 1.9958 0
2 38,800 1.9958 0.0001
16 39,600 1.9959 00,0002
500 39,600 1.9980 0.0002
510 66,100 2,1588 0.0818
5000 66,100 2.1598 0,0828
Aged for 1 hour
5010 86,200 2.1610 0.082¢9
5500 66,200 2.1617 ' 0,0832
§120% 66,200 2,1609 0.0828

# Failure



Do

10

510

5000

5010

5500

8692

* Failure

40,100
40,100
40,100
65,000

65,000

=

61 -

TABLE 27

fged for

Length (in)
2,0008
2,0010
2,0012
2,0012

2.1654

Strain (in/in)
0
0.0001
0.0002
0.000Z
0,0823

0.0837

00,0839
00017

0.1046



Test 28

Cycles bress (psi) Length (in) train (in/in)

0 0 1.9984 0

2 40,000 1,90988 0,0001

10 40,000 1.9989 0,.,0008

500 40,000 1,9989 0.0003

510 64,500 2,1308 0.0862

5000 64,500 2,1358 0.0887

fged Tor 1 week

5010 64,500 2,1720 0.0869

5500 64,500 2.,1726 0.0872

7O96% £4 500 2.1953 0,0985



Test 29
Cycles Stress (psi) Length (in) Strain (in/in)
0 O 1.,9993 O
2 38,700 1.9994 0.0000
10 39,700 1.9995 0,0001
500 39,700 1.9998 00,0002
Aged for 1 hour
510 64,400 2.1535 0.0771
5500 64,400 2,1552 0.0780
Q422 % 64,400 2,1913 00960

# Fallure



Test 30

Cycles

510
50C0
5800

#* Failure
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TABLE 30

Length (in)

2.0048
2,0083
2.0053
2,0066
Lged for 1 day
22,1395
2,1457

2. 1600

Strain (in/in)

0
0.0002
0,000z

0.0004

0,0672
0.0703

0,0774



e

Cycles

]

Stress (

65,000
65,000

65,000

- B85 -

TABLE 31

i) length (in)

1.9996
2.0000
2,0002
2,0002
Aged for 1 week
2,1558
261585

2, 1700

Strain (in/in)

9
0.0002
0.0003

C.0003

0.0781
0.,0795

0.0852
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TABLE 32

Test 32 (with the radius of the rillsts doubled)

Cyeles Stress (psi) Length (in) Strain (in/in)
0 0 2.0058 0
2 40,000 2.,0071 0.0008
10 40,000 2,0071 0.0006
500 40,000 2,0066 0.0004

hged for 1 day

510 65,800 2.1504 0.0721
5000 65,800 2.1531 0,0734
7940% 65,800 2.1786 0.0862

* Fallurs



APPENDIX




DESCRIPTION COF REPEATED LOAD

HYDRAULIC TESTING MACHINE

The mechine consists essentially of an aireraft type hydraulic
system which operetes a cylinder, the piston of which is connected
to the metal specimen undergoing test,

& B H.P, 220~volt a.c., electric motor ratsd at 1140 r.p.m.
drives an ailrcraft hydraulic pump of the positive displacement
type bthrough a step-up reductor of 3.06 to 1 ratio, giving & pump

ropem, of 3420, The path of the hydraulic fluid is shown in Pigure

25, A des

()

ription of its path follows:

From the ressrvolr containiag 4% gellons of standerd aircraft
hydraulic fluid, it passes through a strainer to the suction side
of the pump. The pump delivers the oil through & pressure relief
velve set to lift =% 1250 psi. to & pressure regulating valve which
is cepabls of controlling the pressure from O to 1000 psi. An
accumulator is placed in the line between the relief valve and the
regulating velve to suppress fluctuations in the hydraulic fluid
pressure. From the regulating valve, the hydraulic fluid flows to
a solenolid-operated pilot control valve., A Bourdon hydraulic gage
is installed in the line just bhefore the pilot valve to indicate
pressure in the system. ~It is protected by a shut-off valve from
shocks while the system is in operation under repeated loads,

The pilot valve transmits pressure to the cylinder in cycliec in-
tervals as controlled by the solenoid,

L low pressure return line to the reservoir is provided to

which 1s connected the low pressure end of the cylinder, the dis-

charge side of the pilot valve, the discharge side of the regu-



lating valve and the discharge side of the relief valve. 4 check
velve is provided in the discharge line from the pilot valve.

The reservoir is filled by means of a hend pump permenently
located within the main frams of the machinée

The pilot velve is operated by a solsnoid which is triggered
from contact points opsrated by & circular cam driven by 2 1/20 H.P.
110=volt a.c. universal wound mctor. This motor also drives a me-
chanical céunﬁing device, The slectrical diagram is shown in Fig-
urs 24,

£11 hydravlic lines and fPittings, except the hydraulic cyl-
inder are installed below the table top of the machine on which is
mounted the btesting section., The testing section itself consists
primarily of two 5% H-beams 6 fest long bolted together upon which
are mounted heavy steel fittings to anchor the cylinder and the far
end of +ths test specimen.

The test secblon which is locsted on the top of the H-besms is
mede of the following parts:
& hydraulic cylinder, 5" in diameter, made of a steel jacket and
forged al uminum alloy ends, The piston of this cylinder is attached
to & universel joint which removes bending of the specimen thet would
be ceaused by small misalignments. The universal joint is conneeted
in turn to the load coupon, which is a device for measuring elec=
trically, by strein geges, the load on the test specimen. The load
coupon 1is shown in Figure 2, and is described elsewhere in +this re-
port. One end of the test specimen is fastsened into the load soupon,
and the other end is fastened into another universal joint which is
in turn screwed onto & fitting which bolts onto & heavy metal tee-
sheped anchor fastened to the top Hebemm., Counter weights are

mounted on the universal joints to stetically balence their free ends.



(20}
The tes

o machine can bhe readily adapbted to apply compression
loads as well es tension losds simply by interchanging the hydraulic

" e

ines %o the cylinder.



