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A test method lg developed for evalusting the
Impact Endurance Limit of & material. The Impsot
Endurance Limit is defined as the snergy per blow in
tenglle impael loading below which the speoimen will
withetand an indefinitely larpe number of blows with-
oul wupture and this value is glven for ALUCA 2487 and
1487, with and across the grain, and Dowmetals X and %-1
with the graln. ZEvidence is presented that this value
probably does not depend directly elther on the energy
absorbed in breaklng inone blow or on the brittleness
of the nslterlal.

The abllity %o absorb energy in fallure under static
loading ls shown Yo decresse nearly linesrly with dynanmie
gtrain, while the ability to carry design statle losd is
not adversely affected by any smount of dynamle strain
short of Tallure.

Some shortcomings of the present fTest methods are
polnted out and 2 new machine lg briefly described
whieh willl be used in further lnvestipgetion of repeated

tenslon lmpast,



IHTRODUCT 10K

With the current improvements in alreraft strustural
design methods, resulting in more efficlent giructures in
which the material is worked at higher stresses, 1t is
becoming increasingly more necessary to consider the ef-
feots of dynamic loading on the structure. These loadings
are imposed by vibration and shock, the latler belng most
important in the landing gear and attaching structure.
During the useful 1life of en alrplane the dynsmle loadings
due to vibration are luposed meny milllons of Times, but
the number of heavy shook loade caused by hard landings
will probably not excesd a few thousend. Fallures caused
by vibration generally occur as fatigue fallures in bend-

ing. Shock fallures, however, occur also lin tension.

This invesbtigation wse undertaken for the purpose
of determining the ablllty of varlous aireraft structural
slloys to withetand impact stresses in tenelon and, if
possible, to corrslats this property with the other
physical properties of the material, in order to give
gome basls for dealgn of parts which are to bs subjected
to repeated impacts in tenslon. It was intended that the
investigation should be extended to very large numbers
of repested impacts but the equipment now avallable did
not pemit doing this, and 1t was necessary to design
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an aubomatlic mechine to make these exiended %ests.
This machine 1s now being bullt and will be installed
at the Gugpenhelm Aercnautlical laboratory, Ualifornls
Institute of Technology, ss soon as It ls completed.
it will be desoribed in en sppendix.



WPACT TEEIING

TEHSION

In & paper by U. 8. Clark and G. Daetwyler,
presented at the Forty-first Annual Heetling of the
Amevrican %Soclety for Testing Eaterisls, June 1838, there
iz deseribed s method developed st CUalifornis Institube
of Technology, for detemmining force-elongation dlsgrams
of metels under tension impset loads, (Reference b).

The sppsratus therein deseribed is used in connection with
a standard Tiniue-Olgen Igzod lmpset testing maechine modi-
fied to h@lﬁ gpecimens ln s dynamometer and sxtensomeler
mounted on a very heavy anvil, as shown 1n Figs. 1 snd &.
Une end of the gpecimen is screwed into the dynsoonmster
and & tes-shsped tup is serewed onto the other end of the
gpecimen. The pendulum gtrikes this Tup at The boliom of
ite swing snd the impact foroe developed ls exerted In
tenglon on the specimen and dynsmometer. Motlon of the
tup ls communicated to the extensometer, and these two
ingtruments control & cathode-vay ceclllograph so that
forse-time and elongabilon dlagrame cen be recorded dil-
reotly on a2 photogrephlic plate. By comparison with a
salibratlon of the machine these cen be redussd and come-
bined to give stress-stralin diagrams.

8inoe thils squipment wag avallable 8t (Californis
Ingtituts of Technology it waps decided te develop & speci-
men for the repested impasct teste that could alse be ine

veegbigated by means of the oscillogrsph. This consideration



determined the dimensicns of the speclimen with the excsp-
tion of the gape dismeter, whish could be snything less
than 3785 inch. The capascity of the testing machine is
180 foot-pounds etriking energy, with s maximum veloocity
of the pendulum gt impact of 11.5 feet per second. The
pendulum could not be acourately set to deliver less then
about 8 footS-poundsg. Since it was antleipsted that it
might be necessary %o go to very low gtriking energles per
unit volume of the test specimen thig restriction mede 1%
desirable %to keep the gege dlamelers of the gpeclmene
falrly close to the upper 1imit of 375 inch. Ths fomm
and dimensions of & typleal Yest specimen are shown in
Fig. & snd the manner of mounting in the testing machine
in Filg. 1. Every effort waes made toe seal the threaded
ends of the gpecimen polidly by tightening the clawp screw
of the split tup and teking up on the logk nut on the dyne~
mometer end.

it was veallzed that the form chosen for the specimen
wag an unfortunate one for the correletion of Test results
with other physical propeyties of the meterisl. The gage
dizmeter 1 only & 11%tie smelleyr then the yoot thread
diemeter of the ends snd 1t was fesred thet s portion of
the g%ﬁiﬁiﬁg energy might be expended in deforming the
threads. Thers wes never sny evidence thet this was occur-
ring under test however, and the consistency of the test
resulls removed this doubt.

The shortness of the sgpecimen ls s more gerious fault.



The threaded ends are held by forces parsllel to the speci-
men axle and thig shesr wust be transferred to the intericr
of the specimen., Thile results in a non-uniform siress dig-
tribution within the page length of the specimen, glace the
stress tends %o concentrate near the surface where the gage
length ig filleted inte the threaded snds. Ancther objeoc-
tion to this short length iz thel messured elongstlions in
the etetlic tension tesgt will be grester than the values
guoted in the literature, which give elongation in percent
for a 2 inch gage length,

Because of the conslderstions mentloned above 1t was
decided to make a preliminsry survey of the sffect of vari-
ation, through & limited range, of striking veloeity,
speclmen dlameter, and gage length, replscing the heavy
anvil in the Olsen machine with sn sdjustable snd gomewhat
less rigid anvil which could be set to use gege lengths of
1, 2, or 3 inches. Thes resulte of this survey are shown
in Plgs. 4, &, 6; and 7. %The velecily investipgation was
made with an sluminum forging alley 1487, snd with Dowmetsl
%, HYA, & new high-strength megnesium-silver alley. Ho
veriation in ensrgy absorplion with 5%91&&&@ ?él@@iﬁy wasn
found with sithey materisal over the vange tested: 4.5 to
1l.% fest per second.

Duralumin 2457 cut from rod stoeck was uged for the in-
vestigatlon of dlameler variation as this was belisved to
be the moat uniform malterlsl avellsble. The ocurve of

energy absorbed per unit volume of the gage length of the



specimen plotted againet specimen dismeter, Fig. 6, shows
a glight incorsasge for dismeters less than 0.20 inch but is
nearly flat sbove thisg value. %The maximum variation in
energy per unlt volume from a dlsmeter of 0.20 %o 0.35 inch
is five percent, which iz aboul the magitude of the exper-
imental error found in other tests.

Fig. 7 ghows the varistlon in energy pey unit volume
with gage length, holding the dlameler constant. It was
expected that thie curve would be hyperbolic in charseter,

that is, that high energy absorption would accompsny the

short lengths, decreasing asymptolieally %o & constant

for grester lengths. fThe curve oblalined ls very

valus
peoculiar end doee not follow the expected law st all, al-
though 1t mlight approximate 1% 17 1Y were extended over &
graater renge. The energy per unii volume drops off al a
gage length of about one ineh and this asgress with the re-
sults obtained by H. C. Hann in his investigation of the
effect of notoh length, (Reference e). Hach point on our
curve wae checked twice, with very close sgreement, and no
reason can be sugpested for 1ts unexpected reverss gurva-
ture. It must gerve ss & warning thatl resulis obtained in
this lovestigation ave vseful only for comperison. AL
least until further investligsbtion of varlastlions in form

of specimen have been carried out it will be lmpossille

%o correlsve Impact velues obtsined with differently
shaped ppeolmens, and some gtandsrd will have %o be select-

ed in order %o compare the impact reslstance of different



materials.

It appears from the work of H. U. Hann (Heference o)
that there is & oritlicsl veloclily of lmpact above which
the snergy to rupture decrsases end that this velosity
varies widely for different mslterlals and slloys. It isg,
howeveyr, for sll alloys tested by Lann, far asbove the ve-
loeitiss attalned in these tests and It can ressonably be
sspumed that we are not puch concerned here with any velool-
ty effect.

it should be noted here that the difference belween
po-called static and dynsmic loadings liesz in the differ-
ence in time rebe of chenge of ebrein, which hee the dimen-
sion (time)™t, rsther than in striking veloeity. Suppose,
for exenple, that a tensile teet specimen is broken in a
statle tenslle testing nachine in one minute with an elong-
stion of 17H; then the time rate of change of streln is of
the ardar of magnitude:

a¢

2% . o028 sec

in the dynamlic test the whole gﬁ@ﬁé%@ﬁﬁ tekes place
in a very wmuch shorter time., Flg. 8 shows a force-time
dlegrem for 10156 cold rolled stesl with a ealibration fre-
guency of 10U kilooyeles per second. lHere the same breaking

strain is reached in 0.0022 seconds and:

= 77 sec

Al



This lg 27,800 tizes ae fazat ss in the astatic teat.

It may be that this function, 2S/At , or its
aversge value up to the yield point, hss s eriticsl value
which iz more intlimately connected with varistions of
energy in dynemie fallure than the veloclty of the stpike-
ing pendulum,

<



If specimens of 2 material sre struck until they
bresk, varyving the striking energy bub keepling everything
slse constant, and number of blows To breask, N, plotted
against striking energy, B, we obtalin ourves resembling
hyperbolae, es in Flgs. ©, 10, snd 11. Fractional values
for H are obbained by adding to the number of non-breasking
blows the guotient oblained by dividing the snergy sbsorb-
&l on the final blow by the initial ensrgy of the blow,

it sppears from exsminetion of the trend of these
curves that there must be some limiting valus for the
striking energy below which the specimsn can withstand the
blow indefinitely, or at least for & very larges number of
blowg, and this limiting value should serve ss a basls for
somparison of the strengthe under repeated lmpaot of the
various materials. 4 more convenlent method of plotiing
the same date for determination of this limiting energy
value 4is shown in Fige. 12 %o 19, where N/E is pleotted
againat N and the reciprocal of the slope of thls line
over the straight portion o the pight is the Impact in-
durance Limi%, Ky, correspondlng to the vertical asympilote
of the curve in Fig. 9. These curves ars plotted together
for comparison in Flg. 20. Values of By for 211 of the
materisls tested are noted on the curve for ésch materisl

and in Table 1.



The Impact Indurencse Limit, By, for 2457 rod was also
dstermined uelng 2 2 inch gage length, Flg. 186, in order
to £ind whether sny correlstion of this value with speclmen

sl
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e axisted. From Fig., 7, vhich showe the effent of vari-
ation in specimen length on energy absorbed per unit voluame
when the gpeclmen brsasks in one blow, iU can be sson that
the energy per unit velume with pgege length of 2 lnches lg
824 of the energy per unit veolume when the gage length ls

1 inch., It weg expected that the Ly for the 2 inch length

would be in epproximately the seme proportion, per unit
volume, to the B, for the 1 inch length. However, the &
for the 2 ineh length, 13.&6 #£t. 1lbs., is only 684 of twice
the valus for the 1 inch lenpth, B.87 £t. 1lba., and no cor-
reletion cen be nade bebween specimensg of diffevent lengths.
This is very anf@r@%&&ﬁ@ because unless this correlation
gen be made, the Impact Endurance Limilt, ss now determined,
oun not be regsrded golely as a physical property of the
material vseful in design of structures, Wt also suet be
vegarded ss & functien of the test conditions. In spite
of this fallure to establish g correlation; 1% lg a very
useful velue for corparison of the endurance strengths of
vavicus slloys if 4% iz detemmined under sbandsrdized Test
gonditions,

4 very interesting phenomenon should be noted here.
wremination of Fig. 9, showing K ve E for Duraluslin with
and ovoss grain, reveales s corossing over of the ourves,

and the same cryoesing appeays more markedly in Fig. 10

s Lo ow



with the two Dowmetals. In Loth cases the materisl which
sbeorbed the most energy %o bresk in one blow, i.e., the

more ductile, had the lower endurance limit, By, Table 1

gives these vaelueg, Uompars especially the twoe Dowmetals,
where %-1 absorbsd B foot pounds in one blow compared with
75 foot pounds with Dowmetal X, however, the & value for
the Z=1 alloy was 6.0 £5. 1lbs. and that for the X alloy
was %.% ft. lbs. The fracture In Z-1 iz of the brittle

type, with no sliding slong shesr planes, while X shows the

¥ fallures chavesteristic of duetile meterisls., These
ere shown in Plg. #1.

Frowm this 1% appesrs that the energy sbsorption in the
gingle-blow tension lmpaot test 1z not even spproximstely a
mesgure of the resistance of the material to repsntad ten-
glon :igﬁmmm and further, that stronger and lesge dustile
materiale whieh designers have generelly avolded in parts
subjected te lmpeet, may sotually be much supsrior %o soft-
er naterisls in thelr ability %o withsland repested blows
of emall energy.

The provese of strelin progrecslon under repested im-
pact is ghown in Fig, 22. The dismeter ﬁﬁvﬁh% specinen
aerogs the smallest cross-saeilon was neasursd afler each
blow and seoctlonal area plotlted apainst number of blows,

It would have been preferable te plot elongation rather
than sectlonal ares but It wes GLfficult Yo measure elong-
ations scourately without removing the speocimen from the

machine., 4t ¢an be seen that the ares preduction is guite



rapid in the firet few blows, then slows %o a nearly cone
stant value until nesr fallure, vhen necking-down beconmes
very rapid, 1% ls probeble that & simlliar curve for an
iwpaet gnergy below the indurence LImit of the specimen
would spproach & horizontel ssyuplbote as I becsme large
and glraln hardening raised the proportlonsl 1imit,
Fig. 2 shows the mothod of oblaining energy absorbed

in bresking a specimen In g single blow when thils energy

iz grester than the capsciiy of the nachine., H va £ lg

plotted on log-log coordinates snd appears as & gbraight
Line over its lower portlon. This is extraspolated down

to ¥ = 1 and the breaking energy read. All values of Ey,
anergy required to bresk in one blow, grester than 120 foot

pounds were oblalned In this way,

While investipgeting the effeot of cynanic loadings 1%

of some Iintersst To determine

wes thought that 1% misht be
the effect of dynenle straining upon the enerpgy absorpiive
capacity under etalliec loads of sn alunminum alloy. The elloy
selected wae ALUOA 2487 zs this meterisl is widely used in
EM&%WM%M%%%.@wa%%mﬁ%wiwmﬁwmﬁm,
Pig. &, was uged in this study. The specimens were made
up in the oross-grain divectlon ass this gives the most cone
gervative resulls. They had a gege longth of one inch and
g dlemeter of 0,378%,

The dynamic straining wae socomplished in the impact
machine using a striking energy of 10 £t. lba. per blow,
Bight specimens were subjected to n varying number of

blows ss indicsted in the following tables

X
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Specimen Humber Humber of Blows

i o
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T T
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o
&

8 78

Specimen number elipht falled afler 76 blows. The
first seven spesimens were broken in tenslon in s standerd
gtatlc Testing machine., The losd-elongation curves for
these seven specimens sre plotied In Plp. 24. Zash curve
ie offset Lo the right an swount ecusl %o its dynamie
straining. By lntegrating the aves under the various curves
the smount of energy sbesorbed In ebsatic rupbure can b deten
mined. The ratlo of sneryy absorbed in stetic rupture after
dynamic stiraining %o enevgy absorbed in stalile rupburs after
no dynsmic losding ve. the ratlo of dynamic sliraln to total
gtrain le plotted in Pig. 25.

The effest wupon the yield point styess was deternined
2% the zame Time, This ls given in Flg. 26 sz yield point
gbregs ve ratlio of dynemic sbrein te totel slrsin. The
yvield polint stress wap chosen as thet sbtress which geve a
permanent streln of 0.008. The eoriginsl sres befors dynamic
loading was used in csloulation of a8ll stresses.

might wmore specimens of the sane malerial weres glven

the seme dynemic streining. Following this straining the

~1%-



Hockwell hardness of the various specimeng vas determined
in the following manner. Flirst the average Rockwell hard-
nesa was determined around the periphery of esch specimen
8% about the middle of ite gape length. Then, the spegl~
mene Were gub in half at the middle of thelr gsge length
and the hardness determined soross the face. The dynsmic
gtreining eppeared to have 1ittle or no effect upon the
hardness ae determined by the two methods., 0F course,
slightly higher hardness values wers oblsined when measur-
ing in a dlrection perpendlicular te the grein then vhen

measuring in s direstion parallel to the grain,

wlde



_GENEZRAL DISCUSSION

Table 1 ghows the Impact Endurance Limits obbtained
for all the alloys tested, also this limiting energy as
& percentage of the energy required %o bresk in one blow,
The latter value is roughly constant for all the more
ductile alloys but iz nearly double this average for
Dowmetal %=1, the only brittle alloy tested. IT is not,
however, & dlrect functlion of the brittlensess. Uoupare
2487 with 148T: the latter has a higher yield strength
end less elongation; as might be expected it zbsorbs less
energy te fall in one blow, yet itg Impact Endursnce Limit
is also lower and the ratic of the two energiss is nearly
the same as for 2497,

1t is suggested that the lmpeot Endursnce Limit of
& material may serve to define its "toughness®. Thig
guality is prather locsely defined and is not now messured
by any physical test. It is generally regarded as being
indirectly eesoclated with the brittleness or dustility,
yet not measured by them. The repeated impact test seems
to the authors to it the generally asccepted definition of
the term well enough %o serve as a measurs of the property.

in the sixth column of Table 1 are tabulsted the
impeot Endurance Limits divided by the densities of the
various meterisls, s0 as to give a figure of merit for
each alloy on a welght basis. It can be ssen that 2487
gtill appears the best of 211 the maberisls tested, the



value for the forging alloy 1487 being rather diseppoint-
ing in comparison. Dowmetal %1 appears o good advantags
but ite apparent sensitivily to stress conceniretlions as
noted in the tests should have further lnvestigation. 41l
of the specimens of This material broke near the end of
the gage length, at The beginning of the fillet, even after
gpeclal precasutions had been Taken to make the fillets
gmooth. This 4id not, in genersl, hsppen with sny sther
naterial, However, In the ocase of some of The other
spaciaens which fsiled after more than 1000 Blows, fallure
4id oceur near the snda, it 3z felt that in any further
reseayrohn larger filiste should be used.

Dowmetal ¥ showed s Yendensy to open up fine clroum-
farventlal cracks slong mechining marks lnvieible to the
neked eye and 2t plsces other than where the bresk occoured.
Photographs of typlosl breaks of the two Downmebals and 2487
eut from rod are shown in Fig. 21,

Effsct of Dynamic Straining:

Two lmportant effects of e¢training of the aluminum
alloy 2487 are indlicated by our results. These ave;

(1) Repid inoresse in yileld polint stress with smount
of straining;

{2} Decresse in the energy absorptlon capacity with

inoresse in straining.

In our tests the etraining was sooomplished by load-
ing dynemically a&s mentioned in the dssoription of the tests.
it ghould be borne in mind thet the originsl ares based en

a dilspeter of 0,375 was used in the csloulstion of stresses

oo 4 G



end not the reduced svea following dynsmic slrasining. The
yield point atreses ve retlo of dynemle strain to tobl elong-
atlon at rupture is plotted in Fig. 268. The rspld inevsasze
in yield polint strese with smount of straining is elearly
indicated. The force-clongation dlagreme plotted in Pig., 24
alec show the same phenomencn. As yield point stress in-
oreages, the nsberlsl will absorb less snd leszs energy in
static rupturs. This fact is indlcated in Fig. 24 whers
the force-elongation disgrams are glven. Ths sres under
the curxve for B0 blows equals sboult 307 of the arss undey
the eurve for no blows. Hven one blow, whieh nroduced an
elongation of sboul €.024% in one lnch gage length, re-
duced the energy sbaorption cepacity l4e. This affect ig
&lee indlsated iIn Flg. £B. After & somewhal renid decvesse
in ensrgy wbhsorption cspecity with 2z small smount of stralne
ing our results indlicate thal with further sitraining the
ensrgy sbeorptlion capecily decrsases linearly. However,
since we actually tested only & few gpecimens our resulis,
plotted in Flg. 285, can only lndloats the genersl nature
of the relaticonshio.

Cur ressults Indleste thal any pert that hss been
dynamicelly strained lIn tensicn short of setual rupturs
can still safely carey ibe deslgn static load sven though

some reductlion In arse has taken placs,
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it is well known that under repsatsd loading and
unloading or reversal of siresses, fallure can be produced
by stresses smaller than ths ultimate slrvength of the
material as determined by the ststic test. The mugnitude
of stresses required Lo produce this fallure dscresses with
increase In nusber of oycles or reversal ap %0 & sertain
point. Ihile weskening of the malterial ls spoksn of as
fatlgus, and the test for such slirasses 1s called an endupe
snee test. The slress which a gliven meterisl will ztand
for sn infinite number of reversgsle wilthout failure is
anown ag the endureanse linlt for thet melerisl. Ths ene
durance 1limiis for pracbically all structursl materisls
ngve been detemined and are avsilable: bowever, it should
be worne in mind thal s truly dynsmle loading waes not used
in Wne determination of thie enduranse limit,

The Lurepesn lnvestligator A. Plank reported in Hefer-

gnce ta; that some materials appesr b0 have & higher elae-

tle limlit and witimale strenglh under dynamilc losding than
under statle losding. He further stelted that it would ap-
pear thel materisle sould be divided lato twe groups., For
one group, feilure cocurs at a dietinct permanent stpsin,

Sush materlale ape soft, plastie, 1like soft stesl which

can abend lerge forces 1f they act for o short Bime so
that no dsngerous permanent stralins cen cesur. This group
exhibits greater etrength under dynamie than under statlc



loading. The other group appsars to fall 2% & certain
maxinum allowable forse, which of courss under dynamic
loading can osouyr ab very smsll sbrains. Such msberials

are brittle and hard like glsss,; ocsst lren, snd pltch, A4s

& group these meterisls have lower strenglhe and sbsorb less
enepgy under dynanis loading than they do under pbatlc load-
ing.

Hueh more pecsntly &, 8. Clavk and . Dastwyler in
Heference () report that under dynamic loeding most struce
turel materisls, which have been tested to date, have higher
yield and ultimate strengths and sabsorb mere eneygy in rupture
than under stalle loading. However, thelr investizstions in-
dicate thal most malerlals do not have the same percent elong-

ation under dynamic as under statle loa ding.

1

e Co bsnn In Refevsnce (¢} reports the dynsmis and

i

statlic strengths of those mpalterials tested by himssl? %o be
different. dIn genersl, he finds that the dynamic sirensths
are greater,

in the standard Type of endurance tesgt the frecusney
of spplication of the load sppears to have gome effect upon
the endurange limit., J. Jenkin reperte in Reference (4)
that at frequenciss of G0,000 and 120,000 sycles per minute
he found s consliderable incrvesase in the endupence limit of
21ld stesl over that found st lower frequencies.

in view of the sppavent varlation in ultimste sné other
stranpths of a asterial with the tyne snd rapidity of load-

ing it would sppear that an investipgation of the effsst of

[



repeated lmpaocte would be of interest. OSuch an investige-

tlon would have to be carried %o a large number of impaots

to give any informmallon regarding the effect of dynsmic
losding on the endursnce limlt. Ae mentioned in the in-
troduction, the authors have designed a machine whieh

they hope will aid in the study of the reasction of materisls

to repeated dyhemic loadlings. 7Thls design is illustrated
in Flg. 27. Hesentlally it consists of a falling carriage
which 48 guided by two vertlcal gﬁiig._ Between the rails
at the boltom is g heavy blosck or anvil with s vertionl
hole bored directly below the center of the falling carriage.
The epsoimen %o be tested ls threaded on both ends. The up-
per end of the specimen ig screwed into the base of the
sarriage, snd onde the lower end of the specimen is to be
sorewed & block with any desired mase. Vhen the carriage
is r&i@ég@ﬁ it drope slriking the anvil., The sgpecimen and
its attached maes do notl strike the anvil as they pass into
the vertical opening in the latier. With the striking of
the carriage on the snvil, the mass on the lower end of
the specimen exerts a dynamic tenslle force on the speci-
men.,

The height of drop can be regulsted from one to about
elght feet., The latter drop should give a striking velseity
of the order of 22 . per gecond if the gliding resistance

mmer ¢an be kept to a

between the gulde ralile and the hs
minimum. By controlling both helght of dvop and mass of
the attached blocks siriking veloelty and strlking energy
can be nade Independent varisbles. This 1z not possible

wlth prevalling types of pendulum impaet mechines., This

o G Gume



feature will make 1t possible to use striking energles of

such magnitudes that the spescimen will not be plastically

deformed by any one lmpact. Al the same time the striking
velocitly cen be varled over a renge of from about 6 to 22

feel per second.

An electric motor with a bullt-in reduction unit
driveg the vertical cheln. This continuously meving chain
pleke up the carrisge by mesns of the plek up? mechanism
illustrated in Fig. 28. 7This mechanism ls controlled by
two palrs of gulde slots. ‘The one pair gulides the chain
drive while the other operates the ®plick up”® mechanism %o
release or drop the carriage atl any desired helight. 4%
present the machine ls designed Yo opsrate at a speed which
will give five lmpacts per minule, however, methods of per-
mitting faster operation wlll be provided. The resction of
certain materials to repeated dynamic losdings of the order
of 10,000 times 1s of interest %o the alreraft designer
and should offer light on any definite trend. A larger
number of loadings csn be applled either by laaving the
specimen in the machine for & protracted perlod or arrang-
ing for faster operatlon of the equipment. As stated pre-
viously, this machine is now beling built at the Guggenhein
hAeronautical Laboratory, Californis Institute of Technology.
Upon its completion and calibration it will be used to study
the effect of repeated dynsmic tensile loadings on various

materlals used in the aireraft industry.



{a)

(bl

{c)

(d)

{e)
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