A
STUDY OF THE EFFECTS
OF
REFEATED TENSION IMPACT LCADS
UPON CERTAIN KETALS USED
IN

ATRCRAFT CONSTRUCTION

Thesis
by
Lieutenant Commander Carl B. Olsen, U.S.C.G.
and

Lieutenant Sheldon W. Brown, U.S5.N.

In Partial Fulfillment of
The Requirements for the Professional

Degree in Aeronautical Engineering

California Institute of Technology
Pasadena, California

1942



ACKNOWLEDGMENT

In presenting this thesis, the authors wish to express
thelir appreciation and gratitude to Dr. E.E. Sechler of the
Guggenheim Aeronautical Laboratory, California Institute of
Technology for his personal supervision, helpful suggestions,
and expeditious coordination of supply and shop facilities.

The authors are indebted to the various members of the
staff of the Guggenheim Aeronautical Laboratory, including:
Dr. Th. von Kirmén, Director of the Laboratory, Dr. C.B.
Millikan, Dr. A.L. Klein, Dr. L.G. Dunn, Mr. W.H. Bowen, and
Mr. E,O, Blewett.

The authors wish to thank the Douglas Aircraft Company
and the Northrop Aircraft Company for providing certain of the
materials used in the investigation. The authors also wish
to express their gratitude to the Commanding Officer of the
United States Naval Air Station, San Diego, California whosgse

cooperation provided the necessary propeller blades for test.



SUMEARY

The repeated tension impact properties of a manganese
bronze, used in aircraft landing géar fittings, are presented
in this report.

The repeated tension impact test appraratus was adapted
to take specimens in the form of sheet as well as specimens
of the conventional bar type. With the modified apparatus,
data on Alcoa 24 5-T and Dowmetal J-1H sheet specimens of
varying thicknesses were obtained in order to present the
alrcraft designer with information directly applicable to the
sheet materials currently in use.

An investigation was made of the effect of service
opreration on the repeated tension impact properties of three
25 5-T propeller blades. For this purpose, propeller blades
were used with épproximately 5, 314, and 788 hours of service
operation.

A new machine, specifically designed for repeated
tension impact testing, was placed in commission. With this
machine, repeated tension impact test data on 24 S-T bar stock
were extended to higher velocity ranges in an effort to deter-

mine the effect of velocity of impact.



I5TRODUCTION

Impact testing has been carried out for many years.
Until recently, these tests were of the single blow type
and were recorded as the energy required to break the impact
specimen in a single blow,

This method of testing did not necessarily set up a
criterion of the impact properties of the material tested.

In the usual case, a notch of specific dimensions was cut
into the specimen, and the specimen was broken by a single
blow at this notch. Such a test was more a measure of how
susceptible the material was to rupture at a notch than it
was a measure of the impact properties of the material,

lany different types of machineé and shapes and sizes
of specimens have been used in obtaining impact data. The
result is that the data obtained are always a function of the
particular type of test and in general are not comparable,
There 1is argreat need for the field of impact testing to be
restricted to a few definite types of tests with standardized
equipment. However, at this point, there is no established
test or group of tests that is generally recognized as produc-
ing superior results for all applications.

In an effort to aid in finding a test criterion for
impact properties, the California Institute of Teéhnology
began a series of investigations on repeated tensilon impact
testing in 1938, of which this present work is the third of

the series.



It is thought that this particular form of test offers
valuable data to the designer because the test approximates
falrly closely one type of impact that is being constantly
experienced by any assembled structure, such as an airplane.
During the course of its useful service life, the airplane
is subjected to many different types of repeated stresses,
and the ability to resist fatigue failure is an extremely
important factor under routine service operation,

The repesasted tension impact test combines an impact
test in the form of a fatigue test., The results are evaluat-
ed as an "Impact Endurance Limit"., If sufficient data of
this kind could be obtained on a machine of a type generally
recognized as a standard, it is felt that really valuable
impact information, which is capable of numerical comparison,
would become avallable to the designer for the first time,

In the repeated tension impact testing at this
institution, three different types of machines have been used,
no one of which is considered as being 1ldeal for the purpose.
However, each machine has incorporated certain advantages
over those used previously.

In an appendix, the authors describe the difficulties
and errors involved in the operaticn of the two types cof
machines used in this thesis and recommend modifications that
should improve the range of their utility and their general
accuracy. Confining the description of difficulties and pre-

cautions in the use of the two machines to an appendix will
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tend to simplify the discussion throughout the thesis, Also,
many of the points of operating difficulty, which are only of
interest to someone intending to continue the investigation,

are kept out of the main report.



HISTCRY OF REPEATED TENSION IMPACT TESTING

The first investlgation of repeated tension impact
properties was begun at the Californias Institute of Tech-
nology in 1938 as a research project assigned to Lieutenants
G. F. Beardsley and L. D. Coates of the U. S. Navy (see
reference a). This first investigation employed & Tinius-
Olsen Izod impact testing machine. The machine was modified
so that the pendulum struck a tup, screwed on the end of the
specimen, producing a tension impact. The specimen, which had
two threaded ends, had one end screwed into a heavy blook
known as the dynamometer. The other end was screwed into
the tup. The tension impact was accomplished by the pendulum
bob, which was split into two parts so as to allow it to pass
across the length of the dynamometer and its specimen, strik-
ing the tup. This was repeated until the specimen finally
broke. By carrying out this procedure at various energies per
blow, a curve of energy per blow versus the number of blows
to break was obtained.

Beardsley and Coates set up a criterion of impact
properties which they called the, "Impact Endurance Limit",

" this they defined as the energy per blow in tensile impact
loading below which the specimen will withstand an infinitely
large number of blows without rupture. They determined this
value for 24 S-T, 14 S-T, Powmetal X, and Dowmetal Z-1, with
and across the grain.

In the course of their work, Beardsley and Coates



designed a falling carriage type of machine to be used for
repeated tension impact testing., This machine has an advan-
tage over vpendulum types in that the striking velocity and
striking energy can be made independent variables by control-
ling both height of drop and mass of attached blocks.

While this machine was being built, ancther pair of
investigatcors at the California Institute of Technology,
Lieutenant W. E. Gentner, U. S. Navy and Lieutenant J. 0.
Biglow, U, S. Havy, extended the investigation of repeated
tension impact properties of aircraft materials to include:
17 8-7, 25 S-T, and Dowmetals J-1HT, X-1HT, and Z-1HT (see
reference b).

This work was eccomplished with a Matsumura Type Impact
Endurance Testing Machine., The machine was modified by
Gentner and Biglow so that 1t would impart a tension impact

to the specimen as indicated schematically.
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This machine was driven by a motor and had the advantage over

the original pendulum type equivment, used by Coates and
Beerdsley, that it did not require continuous resetting and

release of the pendulum by hand.



The present investigation makes use of both the
Matsumura type machine, as modified by Gentner and Biglow,
and the falling carriage type, as designed by Beardsley and
Coates and slightly modified by the present authors. The
Matsumura machine is shown in Figure I and the Falling

Carriage machine in Figure II.



TESTING PROCEDURE

The Matsumura machine, shown in Figure I, delivers
blows at the rate of 72 per minute and at energles which may
be varied from 1.5 to 13.0 foct pounds. The variation in
energy is accomplished by adding weights to or removing them
from the striking arm or by adjusting the angle at which the
arm is tripped. In conducting a series of tests on a given
material, 1t is usually pcssible tc obtain a sufficlent
energy range merely by adjusting the angle at which the strik-
ing arm trips, keeping the weights on the arm a constant. It
hes not been found practicable to use this machine at a con-
stant tripping angle (i.e. constant velocity of impact) and
to obtain a variation in the energy merely by adding weights
to or subtracting weights from the striking arm.

In carrying out a test, the specimen (see Figure IX)
1s assembled tightly in the holders as shown in Figure IIT,
The assembled specimen holders are then placed in the machine,
as shown in Figure I. The strikers are then adjusted so that
they hit the foot plece simultaneously, and the angle made
by the arm when in the striking position is measured. The
machine is then operated by hand to bring the striking arm to
its tripping position and this angle is also measured. The
difference between the two angles and the counter reading
are recorded. The machine 1s started by plugging the motor
into a three phase circuit; it is allowed to run until the

specimen breaks. The counter is then read for the second tire,



and the difference between the two counter readings is
recorded as the number of blows required to break the specimen.

A modified sheet specimen holder and a sheet specimen
were designed by the authors for use with this machine in
order to make the tension impact test directly appliéable to
aircraft materials in the form in which they are principally
used, that 1is as sheet. Thils modification is shown in Figure
IV, and the form of the specimen is shown in Figure X. The
specimen is held 1in place by forcing the knurled surfaces
of the specimen holders (see Figures VI and VIII) into the
specimen. This is accomplished by setting the assembly bolts
up tightly and by using a vice to squeeze the assembled parts
tcgether.

The test with the sheet specimen is carried out in
the same manner as with the bar specimen.

The second machine uséd in this investigation is call-
ed, "The Falling Carriage Machine". It is shown in Figure
IT. It consists of a falling carriage which is guided by two
vertical rails. Between the rails at the end of the run,
there is a heavy block or anvil with a vertical hole bored
‘directly below the center of the falling carriage. The speci-
men, which is shown in Figure IX, is screwed into the base
of the carriage; on the other end of the specimen is screwed
a weight of any desired amount. When the carriage is released,
it drops and strikes the anvil; however, the specimen ana its

attached weight pass into the vertical opening in the anvil.
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The weight on the end of the specimen, being suddenly

brought to rest, exerts a tensile force on the specimen.

By controlling the mass of the attached weights and the height
of drop, the striking velocity and striking energy can be made
independent variables,

At the present time, this machine has not been adapted
to take sheet specimens, but this could be accomplished with
a few modifications.

The machine requires a velocity of fall calibration
before it can be used. A typical calibration is shown in
Figure XII. This callbration was obtained by using a high
speed camera., In general, 1t 1s not nscessary to calibrate
more often than once for each series of tests unless there
has been work done on the machine, the machine has become
dirty, has been reoliled, or there has been a marked change
in temperature. A series of calibrations taken at one week
intervals revealed no variastion in the calibration.

As originally designed, this machine provided no means
for stopping the carriage from bouncing upon hitting the anvil
and from delivering a second blow. In a fall of sixty inches,
the carriage was observed to bounce nine inches, This second
blow represented considerable additional energy which was not
being accounted for. To eliminate this bounce energy, the
authors added two devices, Figure XI, which operate to catch
the carriage and prevent its bouncing. These devices fit

beside the top of the anvil »lock but are not shown in place



in Figure II. When the falling carriage hits the toe of the
arrester, the top of the arrester hooks over a portion of the
falling carriage, checking it.

The carriage of this machine is 1ifted automatically
by a vertical chain which carries several "pick-up" devices.
These pick-up devices trip and drop the carriage at any
desired height merely by setting two pick-up device operating
guldes in the proper place. The chain drive is operated by
an electric motor which drives the chain through a reduction
gear,

When running a test with this machine, the procedure
is as follows:

(1) Select a velocity for the test.
(2) Enter calibration curve and select height at which to
set pick-up device operating guides,
(3) dount specimen in the machine with an appropriate weight.
(4) Record counter reading, height of drop and mass of weight.
(5) Start machine and allow to continue running until specimen
breaks,
(6) Record counter reading.

The machine is fitted with an automatic cut-off which
operates when the specimen breaks.

In testing with this machine, half the weight of the

specimen should be added to the weight of the suspended mass.
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DISCUSSION

Before proceeding with the testing program, it was
decided to check data previcusly obtained on the latsumura
machine by Gentner and Biglow, reference (b). This check
was made in order to develop operating technicue and to gee
if consistent results were obtainable.

Figure XIII shows a plot of "E", the foot pounds energy
per blow, versus "N", the number of blows to fracture, for
24 5-T bar stock. It is to be noted that the data obtained
by the present investigators gives an impact endurance limit
seven percent lower than that obtained previocusly. There are
two explanations for this discrepancy: first, the properties
of 24 S-T bar stock are not always consistent from lot to lot;
second, the previous investigators used a lighter head and
foot piece to hold the specimens. This difference was uninten-
tional but resulted from the original head and foot being mis-
pPlaced during a one year period when the machine was not in use.

This difference between the head and foot pieces can
be geen by closely examining Figure I, which was taken from
reference (b). The head and foot, shown assembled in place
in Figufe I, will be seen to differ from the head and foot
used by the present investigators as shown in Figure III. It
is thought that the heavier head and foot piece serve to
provide a less elastic impact. This results in transferring
more of the energy of impact to the specimen.

It is to be noted that the curves obtained by the
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present investigators have a much sharper break than those
previously obtained. This effect may also be a result of
& less elastic impact.

To carry the check with previous tests further,

17 S-T and 25 S5-T specimens were used. The impact endurance
limits obtained were found to be lower than the previous
tests, and in each case the curves broke more sharply.

Before leaving Figure XIII, it should be explained
thet H/E vs N curves are derived from the E vs ¥ curves so as
to obtain a simple means of estimating the impact endurance
limit. It can be seen that these curves plot very nearly as
straight lines. This fact is taken advantsge of in obtaining
the impact endurance limit which is simply the inverse slope
of these straight lines.

In order to obtain uniformity in plotting and results,
the authors have consistently placed any point on the E vs U
curves over 450 blows in the space between 450 and 460. In
most cases this point was obtained at numbers of blows slight-
ly in excess of 500 and lower than 600. This procedure is
consistently followed in order to have a convenlent scale
~for plotting and still be sble to include data that is signif-
lcant to the curve assumed.,

The inability to check previous data, even though only
a slight change was made in the testingz machine, forcibly
reveals the need for standardizing impact testing equipment

to definite specifications. 1t was decided, however, %o
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continue the investigation with the heavier head and foot
piece since the data obtained proved to be consistent and
roughly proportional to the data previously obtained.
The remainder of the discussion will be divided into
the following subheads:
(a) Repeated Tension Impact Testing of 24 S=T and J-1H
Sheet.
(b) Repeated Tension Impact Testing of lManganese Bronze
Castings.
(c) Repeated Tension Impact Testing of Three 25 S-T Propel-
ler Blades.,
(&) Effect of Velocity of Impact on Impact Endurance ILimit.
(e) Correlation of Impact Bndurance Limit with Other Physical
Properties of Materials.

(f) Conclusions,

(a) Repeated Tension Impact Testing of 24 8-T and J-1H Sheet:
The results of repeated tension impact tests of Alcoa
24 8-T and Dowmetal J-1H sheet specimens are presented in
Figures XIV to XX. 24 S5-T sheet is one of the standard
coverings used, in this country, for skin stressed surfaces
of modern alrcraft. Recently, Dowmetal J-1H has received
consideration as a skin stressed covering., If found accept-
able and reliable, its low weight, permitting its use in
thicker sections, would meke 1t extremely desirable in air-
craft. This Dowmetal is a modificatibn of the alloy J-1,

and it is also known by the American Society for Testing
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Materials symbol, "A.S.T.l. 8x". It is essentially a mag-
nesium alloy containing six percent aluminum, small amounts
of manganese, zinc and silicon and less than 0.01 percent
iron and nickel. The extremely low iron and nickel content
makes it superior among magnesium alloys as regards corrosion
resistance.

A summary of the data obtained is presented in the
form of a table, page 27, and Figures XXI and XXII.

Figure XXI, a plot of impact endurance limit against
sheet thickness for the four cases of 24 $S-T and J-1H, with
and across the grain, is obviously based on too few sheet
thicknesses to draw any definite conclusions. It does, how=-
ever, show the relative values obtained at a glance, and it
does indicate that the thicker sheets are more efficient in
impact than the thinner ones. In other words, doubling the
sheet thickness more than doubles the impact endurance value
in the ordinary range of thicknesses used in the aircraft
industry. Above one-eighth inch in thickness, it appears
that the impact endurance 1limit has a linear variation with
thickness.,

Before going further in this discussion, it should be
pointed out that the 0,124 inch thickness of 24 S-T is Alclead.
No weight is given to this fact in the analysis although its
impact endurance limit walue would have undoubtedly been
higher 1f 1t had been available for test in the straight 24
S-T7 condition.

In order to compare 24 S5-T and J-1lH as to impact
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properties on a weight basis, the impact endurance limit nhas
been divided by the weight of the respective cross sections
and the values again plotted against sheet thickness, This
effect is shown in Figure XXIL. Here again, there are too
few sheet thicknesses to indicate conclusive results and the
need for more work along this line is indicated.

For purposes of this figure, weight of cross section
is defined as the area of the cross section in square inches
multiplied by a unit length and by the weight of a cubic
inch of the material concerned. TFor 24 S-T, the weight of
a cubic inch of material is taken as 0.10 pound and for J-1H,
the value is 0.065 pound.

On a weight basis, it appears that the Dowmetal is
better than 24 S-T in a certain range of thicknesses, but
it is finally superseded by 24 S-T as the thickness becomes
greater. The assumpbtion, that the 24 S-T value exceeds the
magnesium at a thickness of 0.180 inch, was indicated by the
fact that i1t was possible to obtain one point on the 0.180
inch 24 S-T cross grain curve and by the fact that the 0.130
inch 24 S-T sheet with the grain was completely beyond the
- impact range of the testing machine. Accordingly, the 24 ST
curves have been extrapolated, as shown dotted, in Figure XXII.

It 1s regretted that availability of sheet sizes and
time for investigatibn made obtaining the impact endurance
limit values for other sheet sizes impracticable. These

results should be checked and extended to determine definitely
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if the effect indicated by Figure XXII is a true one.
Assuming the curves to be correct, 24 S-T is superior on a
weight basils to J-1H in thicknesses of the order of 3/16
inch. On the other hand, in thicknesses of the order of 1/10
inch, J-1H is superior.

Many of the magnesium alloys have been regarded as
extremely notch sensitive. Being aware of this difficulty
with magnesium alloys, precautions were taken to avoid
scratches in the test sections, and in no instance where wild
points were obtained, was premature fallure definitely attri-
butable to a noteh or scratch.

J-1H, possessing a hexagonal lattice in common with
magnesium alloys, shows markedly superior impact properties
cross grain. As can be seen from Figures XVII to XX, this
effect is consistent. It should also be noted that the with
graln curves bréak more sharply than the cross grain, indicat-
ing that very few slight overloads of J-1H, with the grain in
impact, will probably result in failure.

The cross grain superiority of J-1H is duplicated by
the with grain superiority of 24 5-T which possesses the usual
- cubical lattice. In general, as indicated in Figures XIV to
XX, the difference between the with and cross grain curves of
24 S-T is not as great as that of the J-1H sheet.

The type test specimen used is shown in Figure X
while picbtures of various broken specimens are shown in Figure
VIi. The dimensions of the test specimen were dictated by the

space limitations of the testing machine., As can be seen from
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Figure I, the lMatsumura machine can take 2 specimen holder
set of only one general kind and its dimensions must be kept
within narrow limits,.

In designing the holders for the sheet specimens, the
idea of using knurled surfaces, to hold the ends of the speci-
men, was the most successful. As can be seen in Figure VI,
these knurled surfaces bite deeply into the ends of the speci-
men and secure it rigidly.

It should also be noted that the exposed length cannot
be made over 1 to 1 1/4 inches long without seriously interfer-
ing with the impact range of the machine. Another considera-
tion, that operates in the design of the specimen, is the fact
that a thin sheet offers little resistance to bending across
the plane of the sheet and 1s, therefore, liable to violent
vibration during impact. Tc avoid this vibration, it was
necessary to make the width of the test section reasonably wide.
The sum total of these deliberations plus considerable experi-
menting revealed that the specimen selected, Figure X, offer-
ed the most stability during impact, also, the greatestlfreedom
from breaks in the fillet and from pulling out of the holders.
Adrittedly, the design of this specimen is very poor from the
standpoint of obtaining the other physical properties of the
material, a convenience very much to be desired.

The grest majority of the fractures obtained in this
testing were of the shear failure type. In many instances,

the very nearly 45° break was sharp and clean as shown in



figure VI,
(b) Repeated Tension Impact Testing of Manganese Brongze
Castings:
The manganese bronze castingzgs used in these tests
conform to Federal specification QQ@-B-726a and have a chemical

analysis approximately as follows:

Copper - 56.,91% Iron - 1.03%
Tin - 0.17% llanganese - 0.42%
Lead - 0.15% Aluminum - 0.93%
Zinc - 40.39%

This bronze 1s extremely ductile and has been used in
certain airplane landing gear fittings.

The results obtalned, plotted in comparison with 24
S-T bar stock, are shown in Figure XXIII. A4s plotted, the
impact endurance limit of the 24 S-T appears to be 8% higher
than that of the bronze. This apparent advantage of the 24
S-T over the bronze 1is not quite true for the reason that the
bronze elongated 1/4 inch more than the 24 S-T in a test length
of one inch. The elongations of the two alloys are shown in
the tensile tests, Figure XXVII.

The extreme elongation of the bronze permitted the
liatsumura testing machine to make impacts of greater and greater
ehergy as the test progressed. Since the elongation of the
bronze exceeds that of the 24 S-T about 100%,this effect must
be taken into account. A computation of the amount of the
added energy produced by the extra 1/4 inch of elongation shows

that about one foot pound of energy is unaccounted for.
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Referring to the table, page 27, it can be seen that an
additional foot pound added to the impact endurance limit

of bronze will give it a value of 9.61 which exceeds the value
of 24 5-T, listed as 9.32 foot pounds.

On a weight basis, the 24 S-T has a marked superiority
over the manganese bronze. Dividing the impact endurance
limit of each by the weight of a cubic inch of the materials
concerned reveals that 24 S-T is to manganese bronze as $93.2
to 32.8.

The fact, that the bronze impact endurance limit proper-
ties are better than those of the 24 S-T, was again brought
out in subsequent tests using the falling carriage machine,

In these tests, the energy imparted was not a function of the
elongation of the specimen. A discussion of the tests made
using the falling carriage machine is made in part (d) of this
discussion,

The type of fracture obtained is shown in Figure V.

The break is a typicel shear type. Nobte the evidence of cold

working during elongation.

{(c) Repeated Tension Impact Testing of Three 25 S-T Propeller
Blades: '

In order to check impact tests made on two 25 S-T
propeller blades by Gentner and Bizlow, reference (b), three
damaged 25 S-T propeller blades were obtained from the U. S,
Naval Air Station, San Diego, Celifornia. These blades had
5.5, 313.7, and 788.4 hours of operating time respectively.

Specimens were cut from areas of the blades where little
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damage had occurred, and each specimen was so cut that its
long dimension paralleled the length of the propeller blade,

The tests were made using the Matsumura machine, and
the results are shown in Figure XXIV., The 313,7 and 788.4
hour propellers plotted identical curves which gave impact
endurance limits 14% lower %than the 5.5 hour propeller.

These results seem reasonable and wculd indicate that the
impeact properties of 256 5-T gradually reduce with operating
time until they reach a constant value. It i1s also indicated
that this effect takes plece somewhere between 5 and 313 hours.
Such conclusions are based on too few tests, but the possibile
ity of such an effect, which is worthy of further investigation,
is indicated.

Any extension of this investigation should be made
with propellers whose operating histories are comparable; that
is, propellers that have been flown on one type plane with
one type engine. For this purpose, airline propellers would
probably be of greater value than ones cbtalned from the Havy.
It is not known from what types of plane-engine combinations
the propellers used in this investigation were taken.

An extensive impact testing program was carried out
by the National Advisory Committee for Aeronautics in 1939
using the Charpy method and Iuerssen-Greene torsion impact
method. This report, reference (f), indicated that no effect
was obtained regardless of the methcd and amount of fatigue

stressing.
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It should be pointed out that the results obtained by
the N.A.C.A. are in no wise contrary to the results obtained
in this present investigation. Many investligators, reference
(c), have stated that the Charpy test, which involves measur-
ing the energy required to break a specimen at a notch, is
merely a measure of notch sensitivity. Notch sensitivity
may be thought of as a function of crystal orientation, grain
size and the basic molecular structure rather than as a func-
tion of fatigue stresses.

The torsion impact test is a satisfactory impact test
of the single blow type. For certain applications, it is
probably the best type of impact test that can be used. How-
ever, results obtained by this method have no known correla-
tion with results obtained by the repeated tension impact
me thod.

All the specimens had a shear type fracture of ellipti-

cal cross section. This was probably caused by the unequal

directional strength induced by forging.

(d) Effect of Velocity of Impact on Impact Endurance Limit:

The tests to determine the effect of velocity of impact
on the impact properties of a material were made using the
falling carriage machine. Tests were run on 24 S-T bar stock
at speeds of 6, 9, and 12 feet per second. The results are
shown 1in Figure’XXV. 0f these curves, the authors feel that
only the six feet per second curve is reliable. At this

speed, the machine gave consistent results that were capable
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of duplication. At the higher speeds, the specimen was
noted to bend in the middle of the test length, indicating
an unbalance in the suspended welghts or an uneven impact
of the falling carriage on the anvil. ©Since bending
occurred regardless of the weights used, it was concluded
that the falling carriage was hitting the anvil in an un-
even manner. On several occasions at 12 feet per second,
this effect became so large that the suspended welght
falled to pass through the hole in the anvil.

The results, as plotted in Figure XXV, indicate that
the impact endurance limit is lowered by an increase in veloc-
ity. This represents the best guess after eliminating those
tests in which the specimens were badly bent. Miore reliable
results can undoubtedly be obtained with this machine if
certain modifications in 1its design are carried out. These
are discussed in an appendix.

The work of H. C. Mann, on the effect of veloclity on
impact, references (d), (e) and (g), indicates that he found
velocity to have no effect at ordinary temperatures until
velocities consliderably in excess of 12 feet per second are
reached., He reports that the critical velocity for different
materials and alloys varies widely. This critical velocity is,
however, for all materials tested by Mann, above the velocitles
attained in these tests.

The impact endurance limit obtained at 6 feet per second

with the falling carriage machine was only 3.22 foot pounds.
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This represents about 35% of the value obtained with the
Matsumura machine. This large difference is explained by

the difference in the elastic properties of the impacts of

the two machines. In the case of the falling carriage
machine, the carrisge hits the heavy anvil solidly and without
bounce. The bounce is eliminated by special arresters,
‘Figure XI, previously described. In the case of the latsumura
machine, whose entire weight is probably less than the anvil
of the falling carriage machine, the pendulum hits a small
tup on the end of the specimen and then bounces clear. It is
evident that the character of the impact in the two cases is
very different and that it is much more nearly inelastic in
the case of the falling carriage machine.

The six feet per second speed, being the maximum speed
at which satisfactory date was obtainable, it was decided to
run the manganese bronze castings at that speed in order to
check the large drop in impact endurance limit with another
material., The results of this test are combined with curves
for 24 S-T at 6 feet per second 1n Figure XXVI. The bronze
can be seen to exceed the 24 S-T as would have been expected
from the previous comparilson using the Watsumura machine. Here
again, the less elastic impact has resulted in an impsct endur-
ance limit far below that previously obtained.

A study of the fractures obtained using the falling
carriage machine at the higher speeds indicates a possible
additional explenation of the excessive scatter in the data

obtained. At high energies, where only a few blows to bresk
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were involved, the usual tension type of cup and cone frecture
was obtained. At an intermediate energy range, the specimen
would start to neck in the middle of the test length and then
break in the fillet. At still a lower energy level, which
involved a great number of blows, all breaks were obtained in
the fillet. These varying types of breaks were not obtained
at the six feet per second velocity nor were they obtained
when using the llatsumura type machine.
(e} Correlstion of Impact Endurance Limit with Other Physical
Properties of Materials:

The physical properties of the materials used in this
investigation have been determined by test and tabulated on
page 27. In additlion, typical handbock values have been
listed on page 28. 1In each case the correspondingz impact
endurance limit has been included for ready comparison. These
values of impact endurance limit, listed with the handbook
physical properties, are based on the standard bar specimen.

In the case of Alclad 24 S-7 and J-1lE, the listed values are
best estimates since actual tests with these materials were
made only with the sheet type specimen. The best estimates

are Dased on & linear area relationship using the average of
with grain and cross grain sheet impact endurance limit valges.

Unfertunately, no well defined correlation of impact
endurance limit with the other physical properties is apparent.
24 S-T, Alclad 24 S-7, and 25 S~T correlate fairly well, and it
i1s probable that most of the series of wrought aluminum alloys

will have impact endurance limits that vary approximately as their
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M PHYSICAL PROUPERTIES DETER&E%%B BY TEST

VATERIAL ULTINMATE | YIELD | ELONGATION | BRINELL | I.E.L.
.039 245T Sheet WG | 66,000 | 44,000 23% 104 1.60
.039 245T Sheet CG | 65,200 | 44,000 21% 104 1.50
.081 24ST Sheet WG | 71,400 | 44,000 20% 109 4,48
.081 24ST Sheet CG | 70,500 | 44,000 20% 109 3.84
.124 248T#*Sheet WG | 66,600 | 45,000 19% - 7.97
.124 248T*Sheet CG | 66,500 | 45,000 18% - 7.30

ROCKWELL

.06% J-1H Sheet WG | 43,600 | 33,000 9% 72.5 E 1.39
.06% J~-1H Sheet CG | 46,400 | 35,000 12% 72.5 E 1.63
.107 J-1H Sheet WG | 46,800 | 35,000 8% 78.0 E 4,32
.107 J~1H Sheet CG | 49,400 | 37,000 12% 78.0 E 4,87
.128 J-1H Sheet WG | 47,500 | 36,000 6% T4.0 E 4,62
.128 J-1H Sheet CG| 49,500 | 37,000 10% 74.0 E 5.98
.180 J-1H Sheet WG| 44,500 | 37,000 4% 76.0 E 6.86
.180 J-1H Sneet CG| 47,800 | 39,000 o% 76.0 E 8.15
.375 255T Bar 5] 57,000 | 35,000 19% 63.0 B 6.11
.375 258T Bar 314 | 55,300 | 35,000 19% 63.0 B 5.26
.375 2558T Bar 788 | 56,100 | 35,000 19% 63.0 B 5.26
375 245T Bar M 70,000 | 50,000 19% 79.0 B 9.32
375 24T Bar FC 70,000 | 50,000 19% 79.0 B 3,22
.375 Mn. Bronze M| 63,000 - 45% 71.0 B S;Z}#
.375 Mn. Bronze FC | 63,000 - 457% 71.0 B 3.70

% Alclad
# Correcteag for

Elongation

WG - With Grain
CG - Cross Grain FC - Falling Carriage iachine

- 27 -
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QUOTED PHYSICAL PROPERTIES

24 S-? ALCLAD 25 8-T J=1H MN. BRONZE
Ultimate | 68,000 | 62,000 | 57,000 | 45,000 65,000
Yield 45,000 | 41,000 | 35,000 | 35,000 30, 000
Shear 41,000 | 40,000 | 35,000 | 21,000 41,000
Fatigue 18,000 - 15,000 | 17,000 -
Elongation 22% 20% 18% 8% 45%
Hardness | 105 Br. - 100 Br.| 68 E -
I.E.L. 9.32 9.15% 6.11 6. 45% 9.61

% Best estimate.




ultimate, yield, and shear values, This conclusion is
partially borne out by references (a) and (b) in which 14 S-7T
was the only exception, However, when a correlation including
the bronze and the Dowmetal 1s attempted, the results are
obviously inconsistent.

The conclusion is that impact endurance limit values
cannot be cofrelated with the physical properties of materials
of different crystalline arrangement and properties of elonga-

tion.

(f) Conclusions:

The following effects are listed as the conclusions

indicated by this limited investigation:

(1) Manganese bronze castings have better impact
properties than 24 3-T on a volume basis, but on
a weight basis 24 S-T is almost three times better
than manganese bronze,

(2) There is an optimum sheet thickness for 24 S-T and
J=1H at which maximum impact endurance limit on a
weight basis is obtained.

(5) On a weight basis, 24 S-T and J-1lH have impact
endurance limit values that are practically the
same.,

(4) Impact properties of 25 5~T propeller blades are
lowered during the first few hundred hours of
operation to a value which thersafter remains

constant.
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(5) With the Matsumura type testing machine, numerical
impact endurance limit values for different materials
are not directly comparable unless the elongations
are approximately the same.

(6) Actual numerical values of impact endurance limit
obtained from repeated tension impact testing
machines of different types will be propvortional
to the elastic properties of the different machines.

(7) There 1s no evidence to indicate that impsct endur-
ance limit values are directly comparable to other

physical properties.
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(a)

(b)

(c)

(d)

(e)
(£)

(g)
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APPENDIX

This appendix is an enumeration of the difficulties
encountered in using the two types of impact machines and of-

fers suggestions for improving them in future designs.

(a) Matsumura Machine:

In operating this machine, great care must be exercis-
ed to see that the device, for preventing the hammer from chat-
tering on the specimen tup after 1ts main blow, is operating
properly. Improper adjustment of this device will permit the
hammer to deliver several partial blows in addition to the
main blow before coming fully to rest, or it will result in
the hammer being caught before delivery of the main blow., This
latter condition is not easlly recognized by either eye or
ear until after some experience with the equipment. However,
the chattering condition is easily recognized.

A careful inspection of this machine will reveal that
the pivot point for the pendulum catcher is attached to the
cement supporting block independently of the main frame. Accord-
ingly, the main frame must be bolted in such relation to this
‘pivot point that the catcher can function properly. During a
long period of operation, the main frame securing bolts tend
to work loose and %o permit the main frame to move relative
to the catcher pivot point. ZKeeping the main frame securely
bolted to the cementysupporting block in the proper place is

essential to consistent test results.
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It is recommended that a routine check of the machine
be made before each day's operations. This check should include
a thorough oiling of all working parts and tightening of all
bolts.

Before entering on an extensive testing program, this
machine should be given an overhaul. At the present time, it
would be desirable to replace the pendulum catcher shaft and
set screws and the pendulum bearings.

This machine has several advantages in operation which
make it superior to the falling carriage machine.' These are:
(1) Testing may be carried out in an expeditious manner. The

machine delivers 72 blows per minute and little time is
required to service the machine between tests.,

(2) Calibration is simple and permanent.

(3) The pendulum is prevented from chattering on the specimen
tup by a simple and efficient means.

(4) This machine does not require a great number of weights
in order to vary the energy per blow. A

The disadvantages of this machine are:

(1) The energy delivered per blow is a function of the
elongation of the material., Therefore, results obtained
for different materials are not directly comparable unless
their elongations are approximately the same,

(2) The energy range 1s limited between 1.5 and 13 foot pounds.

(3) It is not practical to make velocity of impact and energy

of impact independent variables.



If a similar machine, incorporating the same principles,
were to be manufactured, the following points are suggested:
(1) Increase the energy range by increasing the length of the

pendulum arm. It would be desirable to have a maximum
energy capacity of 20 to 30 foot pounds.

(2) Provide a calibrated pendulum throw device that is easily
and quickly'adjusted. The calibration should be in degrees
of elevation at the tripping point.

(3) Provide a variable speed drive calibrated in blows per

second.

(b) The Falling Carriage lachine:

This machine is in process of development and was used
for test purposes for the first time by the authors.

As previously stated, this machine operated satisfac-
torily at speeds up to six feet per second but failed to
deliver results that are considered entirely reliaeble above
that speed. This failure, above six feet per second, 1is
thought to result from the carriage falling unevenly in the
plane of its.guides. The carriage, hitting the anvil in an
uneven manner, applies a couple in the plane of the guides
‘to the specimen. Under this couple, the specimen usually
bends to the left as seen by an observer facing the machine.

This problem is difficult to solve with the present
system since the falling carriage must have ample clearances
on the guides to permit a free fall. 1In addition, accurate

mass balancing of the carriage, 1ts specimen and attached



weilght appears to be impractical,

It 1s also possible that the carrisge arresters are
introducing stresses into the specimen of a variable nature.
As previously explained, the carriage hits the toe of this
catcher and rotates it to a position over a portion of the
carriaze, The surface of contact between the arrester and
the carriage 1s padded with leather to reduce arresting
stresses. In order that the arrester may move intc position
to catch the carriage a small amcunt of clearance between
these two surfaces must be provided., Consequently, the stress
cycle imposed on the specimen must be something like the follow-
ing:

(1) & tension impact.

(2) A compression impact as the carriage bounces about

1/16 inch to come into conbtact with the arrester.
{(3) A second tension impact when the carriage is thrown
against the anvil for a second time.

In addition to the above there may be some sort of
vibratory stresses applied to the specimen,

When the sarresters are in proper adjustment, the carrisage
‘appears.to nit the anvil with an absolutely dead beat blow,
The fact that a good energy transfer is accomplished is
evidenced by the fact that impact endurance limit values obtain-~
ed with this machine are about one-third of those obtained with
the lietsumura mechine.

As a piece of test equipment, criticized from the operat-

ing view point, this machine has the following advantages:
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(1) Velocity of impact and energy of impact are independent
variables,

(2) Impact properties obtained are not a functlon of the elcn-
gation of the material,

(35) For practical purposes, the energy range 1s unlimited.

{4) This machine is easy to reset, reload, and operate,

From the operating view point, 1ts disadvantages are:

(1) This machine operates at a rate of about 2% blows per
minute. This means it will take over three hours to
complete a single test of 500 blows. These figures are
based on the machine being equipped with three pick-up
devices. Iaster operation of the chain drive cannct be
permlitted because of the danger of applying a slight
tension impact load te the specimen as the carriage is
vicked upe.

(2) To properly vary the energy per blow, an excessive number
of weights ranging from 1/4 to 25 pounds are required.

(3) The machine reguires a velocity of fall calibration. This
calibration requires considerable time to complete but
experience to date reveals that cne calibration will suffice
for any given testing progran.

(4) This machine makes an excessive amount of noise.

(5) With the present design of carriage, the bolts holding
the bearing brasses shear after a few hours of operation
at velocities as high as 12 feet per second. This intro-

duces considerable inconvenlence and wlll require redesign



of the carrisge.

This machine wlll require considerable development in
order to make a thoroughly reliable plece of test equipment.
The following are the best ideas of the authors on possible
modifications:

(1) In order to permit faster operation, attach the specimen
to the anvil, This will allow faster pick up of the
carriage without imposing loads on the specimen.

(2) Accomplish impact by strikers on the carriage which hit a
tup on the end of the specimeh. This will be an arrange-
ment very similer to that used on the Natsumura machine.

(3) Arrange She strikers in a plane perpendicular to the plane
of the guides so that the effect of the uneven blow in
bending .he specimen will be eliminated.

(4) Vary the energy of the blow by carrying different amounts
of weight on the carriage. This will eliminate the need
for sc many individual weights in that weight combinations
can be used.

These suggestions for improving the falling carriage
machine include no method of arresting the carriage after 1t

" delivers its main blow tc the specimen., To date, no simple

method of accomplishing this has suggested itselfs
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Figure III - Bar Specimen Holders.

Figure IV = Sheet Specimen Holders.
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