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AN INVESTIGATION OF TiHE EFFECTS
oF
WEIGHT GEOMETRY AND TINE

in

REPEATED TENSION IMPACT TESTING

SUMIARY

The investigation covered in this report was conducted with the
Falling=Carriage Repeated Teusion Impact Machine at the Guggenheim
Aeronautiocal Leboratery, Califoraia Institute of Technology, Pasadens,
California.

Twenty=eight aluminum alloy test specimens were subjected to
a bohal of 7,834 1rpacts in the GALCIT Falling=-Carriage Repented
Tension Impact Machine, Since the average numbser of impscts per

specimen was about 280 it is believed that this investigetion covered
a regime different from other investigations made with this equipment,.
The effect of elapsed time between series of impacts was not

established, The results obbtalned were contradictory, and it is

believed that this was due to the energy per impacht being variable
IS =)

It is established that the geometry of the weight used in this
type of test has some influence upon the elongation produced.

It is shown that 178=T duralunin is relatively sensitive to
stress concentrations caused by change in cross=sechticn and strain
wave reflection, &nd relatively insensitive to stress concentrations

due to small sceribe marks,



to obtain more nearly consistent results.



INTRODUCTION

Previcus inveshigations made with the Falling-Clarriage Tensim
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Impact Machine have shown the possibility thet the geometry of the
weirzht atbached Lo the specimen might have some effect upon the elonge=
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tion produced and the energy absorbed by
was especially brought about by the fact that the authors of refer=-
ense 5 had, in one group of specimens, obtained a value of "K' groater
then unity, indicating that the energy absorbed by the specimen was
greater than the energy available. It was believed that stress
waves reflected from the end of the weight might have caused this
phenomenon., Therefors, it was decided to test several specimens

using weights of the same mass, but differing by & large amount in
length.

The results of the above phase of the project were not con-

clusive and thers wams considerable evidence to indicabte thet the
nterval of time between series of impacts might have had a merked

influence on the elongation produced in the specimen, 1T was, thers-

seided to meke & seriss of tesks to determine whether or not

tests sppeared to show that the time interval betwecon each series

irmect. In order to meke cerbein of this apperent effect, the tests
L k)

were repeated on another series of specimens, This ssccud series

failed completely to substantiste the results of the first series,
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bove discrepancy it was deducte
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¢ the conclusicns

The irvestigation wes limited to eight-inch specimens of 2§, 178-T,

<
end 248-T aiuninw: alloys tested in tension impachk at wvelccitles of
13,2 fest per second and below,

The investigation was ccnducted by the authors et the Guggenheim

Aeronavtical Laborstory, Califcrnia Institute of Technology, Pasalenaz,

Califernia, during fthe period from December 1942 to May 1944,



DQUIPITENT

This investigation is ons of a series of coordinated prejects

irn the field of repeated btension inpact using the GALCIT felling-
carriage testing machine, DBssentielly this mechine consists of &
falling carriage which moves on vertical guldes above & heavy anvil.

The upper end of & is screwsd inte the carriage and te the

lower end is screwed & weight of the desired mass, In the snvil,
under the center of the carriage, is a hole through which the weight
snd specimen mey pass., The carriage, specimen end weight are raised
to the desired heipght, then released. The carriage falls along the
guides until it is stopped sbruptly by the anvil, The weight, how=

en through the heole in the anvil aund therelore exsrts

]

ever, continue
a dyrsmic tensile force on the specimen. A photograph of the machine
is shown in Fig. 1, and a complete description is given in reference
2 by Beardsley and Coates, who designed the egquipment,

An instrument known as a  comparator’
scribe rarks at intervals of one inch along the length of the specimen
end tc measure the elengation, The instrument consists of 2 stationary

frame to which the specimen is atieched, and & movelble head which is

driven by a screw of small pitch., Attached to the head are two
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mount one Tor the

one for & microscope

to the

o

s indiceted by & micrometer commecte

screw gshaft.
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The specimens used were machined from stendard bar stock of

17ST, 2487, snd 28 aluminum alloys, Al specimens were eight inches
2 L 34
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marks, The twe types of specimens used differed only in the fillet
redivs and the collar at the welght end. The dimensions and details

of manufechure of both fypes are given in Figs., 2 end 3.



PROCEDURE AND RESULTS

Before the tests wers startsd the impact machine was ovsrhaulod
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and carefully inspected, The carrisge guides were accu
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freely and with smell play on the guides, The trip latches were

adjusted so that esch latch tripped at the same height, and the cam

re for a fall of thirty-three

The veloeity of fall of the carriage was measured as accurately

b

a3 proacticable with 2 ons=thirtisth second spark timer and was found

0

e, within the accuracy of the measuring eguipment, egual to the
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velooity of free fall, that is, V 28 F, or 13.2 feet per second, This
check on the velocity of fall agresd with the resulits of previous
investigators who hmd used the falling mechine, and it was therefore

assumed throughout the remminder of the tests that the velcelly of the
carviage was the veloclity of free fall,

It was decided %o atbtempt to check the results obbalned by Lse
and Stirling, as given in reference 5., Using the same height of

f2ll (thirty-three inches/, the same weipght {3,923 1bs.), and the

¢t

same type of specimen (ei ght inches, 17S=T), it was believed tha
approximately the same elongation and number of impacts to break weuld
be obbtained, Specimen C=1 to C=~5 inclusive were used for Tthis purposs,
The results obtained failed to agree with the resulbts as given in

raference B, Actually, specimen C=3 to (=5 inclusive showed no

elongation after the first sixty impacts. Since the veloclity of the
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carriage had just previously been checked, and since the stress pro-

2. £ L
oint of the maberial

s

duced in each impact was quite unsear the yield

q\,:

it was believed that the small amount of cold work done on the speci-

men during the first impacts had raised the yield point so that the

following impacts were in the elastic range, To checl: this possibility
static btension tests were made with two test bars mude from the same

tock used for the specimen, The average ultimate sbtrength of these
twe bars was 67,250 p.s.i., whereas the maximum strongth shown for
178=T in reference 5 was 63,500 p.s.i. The superior strength of the
173-T stock used in the present tests apparently explained the failure
to reproduce previous results, and it was therefore decided to in=-
craase the mess of the weight on succeeding tests., Also a chemical
amalysis of the stock being used was made which definitely established
the material as 173~T durslunin,

For the remainder of the tests, excepting those made with 2S
material, two weights of 5,923 pounds were used., One of these weights
was three inches in diamster and three inches long, while the other
weight wasg 1.732 inches in diameter and nine inches long.

To investigate the effect of weight geometry, four specimens wer
subjected to impachts until fracture occurred using a height of fall
of thirty-three inches, The threes inch weight was used on specimens
=5 and C=7 and the nine inch weight was used on specimens =3 and
C=0, The elongation was measured after each thirty impacts. &
graph of total elongation versus number of impacbts for these four

specimens is shown in Fig., 4. These curves show somewhat different
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patberns for the three inch weight then for the nine inch welght in
that most of the elongation occurs after a larger number of impacts for
the longer weight., The study of the influeice of weight geomeltry was

sontinued In succeeding tes

Two other features of these curves were noted, TIirst, specimens

[

C=8, C=7, and C=9 frachtured in the fillet, with an average elongation
at bresk of 0,341 inches, but specimen C=8, which did nobt break in
the fillek, showad an elongation of 0,781 inch at fracture. A re-
view of previous bests on similar specimens showed that nearly all
the fractures had been in the fillet, Therefore, the C=Lype specimen
was altered in that ths £illst radius was changed from 1/32 inch to

1/4 inch, and & collar was added to the weight end bo facilibate marking
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and the measuring of © The twenty=-two succesdl
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ltered design, and only one of them failed

specimens were of this

°
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n bhe fillst,
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The second feature noted is exemplified by specimen C~G. The

first ninety impacts on this specimen were performed in one day,

During the first sixty of these the elongation per impach, or the

-

slope of the curve, was fairly constaent, bubt during the next thirty

impe.cts the curve levels off and no elongation was produced. This

tendency of the elongation per impact to decrease and approach zero

after a certain number of impacts is obvious in all these curves,
But after five days elapsed time specimen C-8 was subjected to further
impacks and the elongation per impact again became nearly constant,

I o & o

with the curve having a somewhat inersased slope. A similar effect
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it wes believed +thet if Fig. £ could be reproduce
de T %
to be done with &

gsuch that a large :

in one day. The height of

on the "E' specimen until a2 low energy level was reached.

("4

Specimen =0, with a drcpping helight of 16,5 inches reguired
841 impacts for fracture in one day, and the elongation per impaoct

With this seme dropping height specimen E-10

Fay

was subjeched to sixty impackts every other day, and D=1l was subjected
to sixty impacts every third day. The results are shown in Fig. %,

Ter 21l three of these specimens the elomgation per impact was of the
1 L

v constent, and the averape number of

Fracture was 719. The fact that time elapsed between series of ir=

peots has any marked effect upon elongatlion per impacht was now epparently

disproved, and the conclusion that the speed of the carriage bhad

varied over a wide renge was tentatively ceorroborated.
,{_

The date obtained for each specimen teshed is given in Table

101 dote keken were: the weight of the mass causing the
impact, the height of fell of this welght,

5 .

in the specimen., It is belleved that the we

. 4= ” . y - o 4 SO G T O X T 1o o <. e Ty . PN« R
impact was sccurate to within 0,08 poumds, that the height of fell

was acourate to within 0,15

measured to within 0,C0CL inch
A suggested procedure for teking repeated tension impact date
with the equipment aveilable et the California Irstitute of Technology

is included herewith as Appendix B.
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Fig., £ shows an apparent effect of elapsed time upon the impact

5
*'}

pertics of 178~T7 duwrslumin, while Fig. ¢ shows that there is no
marked effect, A deduction was made that the effect shown in the
former figure was due to varying velcclties of impacht. Nevertheless,
hould be emphasized that it is not known Jefinitely thab the
velocity did change during besting of the D=type specimen, nor that
it was nearly comsten®t during the testing of specimen E-0 to E-11,

herefore, it should not be definitely concluded that time has nc

ore accurate date is available., It is concluded, however,

=1

investigetions should be attempbed with the Falling-

-
£

Carriage Repeated Impact Machine until an accurate methoed of messuring

the velocity of. impact is made an integral part of the testing appara=-
P

tus sc that there will be no doubt about the impact velocity, It is

alsc necessary that, for 5 set height of fall, the velocity of impact

b Suggestions for altera~
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tion of the machine and for design of velocity measurirg equipment o
cbhbain these two ends are given in Appendix A,

Referring tc columns 8 and 13 of Table I, if a representative
group of C=iype specimens is selected and ancther representative group

sf the E«type specimen is selected, esch group having about the same

avere.ge number cf impacts to preduce failure, it ie seen that the totel
elongaticn at fracture for the "C” group is about 4.2 percent, whils

4 £, - Do A= -1t - ’ -  r A
ion at frachure for the "IV group is aboub 4.4
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Actually, the aversge elongation of all spscimens

ercent whereas the averzge elongaticn of all

2 i1 - LY - = zo
Pillet radius was 4,30 p

only cne of them occurred in the fillet, This fect is shovm in photo
graphs preseuted as Figs. 10 to l4.
Scribe marks were made with a razor blade at intervels of cne

inch slong the specimen for mesasuring the distribution of elompgation.
These nmrks formed notches of very small radius which were apparently
ideal stress conceirtration points., Throughout the tests many of these
marks opened up end formed deep crecks, bubt in no case did the speci-
men fracture in one of the marks. It is therefore shown tha®t 175=-T

is more susceptible to s*tress concentraticns caused by change of

eross-section and shrain wave reflecticn than these caused by small

if = specimen iz fractured in a dynamic tension test, that is,
by one tension impact, with an impact velcocity of approximetvely 13
feect per second, & certain percent elergebion is procduced, which for
178=T is about twelve percent, If a similar specimen is fractured
in sn endurance limit test, the specimen *theorstically has nc elongs-
ticn, since the bresk occecurs after & very large number of stress
¥

Y

evaeles, of which the meximum stress is below the proportional limi

of the paterisl, Wow, if cther specimens are Lested in Lension impact
3 1



so that the number of im ts required for fracture is very large,
&
then it would be expected that the elengaticn at fracture would de-

crease in proportion. This is shown to be true for specimens of

mes T, F, and G in Fig., 15. The points forming these curves have
i vl £ <

a

be correlated, but it is believed that if the wvelccity of the carriage

he.d been both constant and sccurately knowm that the curves would have

\F}

besn well defined and probebly of the same slcepe. It is thsrefore

o]

-"(“(

concluded that the larger the number cf impacts required to cause
fracture, the less will be the total elengetion at bresk.

A close inspechion of colurms 7 end 13 of Table I discloses
that the average of the total elongabions obbained with the nine inch
weight was greater than the average cf the total elongations produced
by the three inch weight, With the data at hand no similar generalize=
tion can Ee made concerning the number of impacts required to cause
Practure. It is therefore oconcluded that the gecmetry of the weight
used has some effect upon the elongaticn produced in this type of
test, No general conclusions regarding the influence of weight geo-
mebry cen be made, however, since the stress distribution along the
specimen &t any given time depends upon the direct tension stress and
the stresses caused by the plestic and elastic waves. The siresses
caused by the plastic and elastic waves depend upon the length of the
specimen, the length of the weight, the speed of socund in The specimen,

and the speed of socund in the weight, Only one of these paramelers,



=] B

namely, the length of the weight was veried in this investigation.

It must also be considered that if a plastic or elastic weve is re=
Plected from the weight and if the stress distribubtion aleng the
specimen at any given time depends upon the stresses caused by the
plastic and elastie waves, which in ‘turn depend upcn the length of
the weight, then *he wave will be again refleched from that part of
the mackine which is directly attached to the upper end of the speci-
men, and the stress distribution along the specimen at any given time
will also depend upon the geometry of the testing machine. It can,
therefore, be concluded ocnly that weight geometry has some influerce

upcr elengeation and thet an exact correlaticn of date between any

twe tests requires tlat the geomelry of both the weight and the
machine be similar.

In 81l cases much more then the aversge elungaticn per impact
was produced on the first impact on each specimen., This fact can be

+the date tabulated in Table I, columns 11

PN

seen by a comparison o
end 1%, The elengabtion per impacht then decreased and Yended to reuch
8 somewhal constent value near sixty impacts, This phenomenm is

illustrated graphically in Fig. 9 by the curves of specimens I=0

to E=11, Due Lo apparent varieticns in impact velocity the point at
which the elongetion per irpect became practically constent, was not
always the same., 1% is, however, expected that in any repeated

tensicn impact test the elengetion on the first ivpact will be

larger than the average elengation per impect, The explanaticn
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unlosding of the gpecimen on successive
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nprcts ig slong lines prrellel

te the initisl slooe of the stregs-str-in curve. Thir results in

b

tn incresse in the yield point of the materisl with the incresse in the

peracnent set of the materizl., Lg & resullt of this increcss in the
yield point tne gpecimen ebsorbs elsstically o greter percent of

-

energy cvellsble. Therefore there is lese energy svellcble
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for plestic deformstion =nd lesc elongetion per impect. fe soon -8
the elongstion of the specimen is such thzat, when losding clong &
line parellel to the initiel sclope of the stress-strein curve, a

ch is close to the

ultimste stress the increase per lmpsct in the yield point becomes

very smcll end the elongetion per impect tends to become congtent.

nunber of impeocts reculred to czuse feilure is lerge. This is true

3

becsuse the percentrge chenge in the plestic energy cer impact is

lerge.

o

The fect that most of the tesiz in the ecrly pert of the in-

were not comdleted in one dey, nor sccording to =ny
orgerized time schedule, wes due to frequent feilure

N

mechine. Most of the interrustions were ccused by

of bolte holding the cerricge rebound letches. Th

.

effectively eliminsfed he method used being discussed in fzpendix
% b4 s

e
¢

Throughout 11 the tests mede with the felling cevriage mechine,

both in this investigrtion end those discussed in the references,



bending of the specimen hes occurred. Stirling and Lee sttemcted
to eliminste this frult with the eculpment by instelling ¢ bsll end

ocket joint between the carriesge znd the specimen, so thet the

4]

9]

pecimen end weight wonld heng free without smny laterrl rectraint.
Bending nevsisted throughout the nregent investigstion, :nd it 1is

he opinion of the authors thet thie bending is csused by comprescsion
buckling of the gpecimen when the weight rebounds.
In insrection of columm 10 in conjunction with the remsinder

of Teble I shows thet the buckling hes no conglstent effect. Thot

ig, & suzll smoun® or & lerge amount of buckling csnnot be correl: ted

(o]
3
-

with snsll or lerge totel elongstions or iampscts reculvred §

s

upon tension impact testing, 1f there ere eny are unknown.

it any rote, the bending forns snother unknosn snd should be eliminsied
0% 3 %3
in order to reduce ¢g far es posgegible the numher of prromelters., L

N

suggestion for improving this cherecteristic of the eculvment is nmede

Fige. 16 to 25 inclucive sre uresgented to show the distribution

™,

of elongetion of tyuicel cpecimen tested. This distribution is

:

gimiler to that orvesented in relevence 5 in thet the grestest unit
elongetion occcurg nesr the ends of the steclmen, A close exsmine tion

of these curves of distribution of elongation, of the soecimen subjected
to impect with the nine inch weight end thoge subjected to impzct with

the three inch nt, showe thet the grester btotecl elongetion &t

breck shown by &1l specimens subjected to impact with the nine inch
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welght is & result of the grester unit elongstion in the centr:sl
portion of the soecimen. It is belisved thet this is & regult of
the difference in the time of the reflection of the str:in weves with.
the three inch :nd the nine inch weights.

The stetic stress-gtrein cheracterigtics of the matericls ussd

during the conduct of this investigstion zre shown in Fip. Z5.

fn energy enelysis of the det: trken during this investigeticn

g imoogeible recruse the energy cveileble to the zpecimen is not

73

i

known to & recsonable sccurscy end if it were knowm such sn eznely

I

would still be imnogsi
imosct 1o the elsstic energy oer impact is

involved in determining the plestic energy

then the cuantity to be measured,
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CONCLUSIONS

147

1. It is neceasary that en sccurate end renid method of deter-
mining the veloclity of impsct be made #n integrsl pzrt of the vre-
vested tension impect testing eculinsment.

. The Felling-Csrriagze Tengion Impset iechine should be

5

modified in wheotever menner is necessery to meke the velocity of

impset constent on successive in

By P P B . SR J B A SE. S - .. FE -,
. The geonetry of the weipght used In this Hoe of test hes

-a in crosg-section then to those crused by

c+
3
£
o
3
)]
)
;:
o
s
(o3
<
Q.
2
.‘:5
[13e]
m

5. In tests of the tyce conducted, the elongztion of the specimen
YV k b4 i

1y nroncriiconal to the number of imrsctes re-

guired to produce frscture.

Fad

6. Vhen the number of impscts is smell the fracture of the goeci-

men is zccompenied by considersble necking cnd is of the cup and cone

tyne, wherees, vhen the number of impacts 1s lavrge, the frocture 1

(6]

of the fetigue tyoe without eny necking of the snecimen.

I It;

7. Vhen the number of impscts to ceuge freciure is lerge the

then the svercge elongstion crused by £11 the impscts.



8.

The

:/'

ield point of the materiel is incressed by cold working

N

during tension impsct testing snd this increc

1ts in #n increszse in the number of impec

3e

i

n the yield point

to causge feilure.
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PPENDIY B

SUGGESTED IMPROVEMENTS IN THE DESIGH

FLLLING-CARRIZGE § TENSICH IMPACT YiCHINE

e

The following suggestlong are offered ¢g degirsble iImprovements

St

in the design of the Felling-Carrizge Renested Tension Imnsct Machine:

1. Install Tour rollers on &ll triggers.
2. Incresse the length of the triggers 2/8" in ovrder thet the

erriage mey be picked un over the center of grevity of the carvicge.
3, If item 2 is carried out the slect in the carricge must be

milled to zccomodste the increzse in the trigger length.

[iahie?

L. Incresse the size of the bress sglipper studs to the next
stunderd gilze end secure the atuds with en efficient lock wesgher.
{(The size of the studs £t oresent instelled is 3/16M.)

5. Remove the stud in the center of the brzss sliozper. (This
stud cennot be seen with the carrisge instelled.)

6. In plece of the stud referrved to iIn item 5, instell = bolt

1

through the c= the beck of the slioper,

w
=
=
}..l N

i
]
jas)
B
=

-3
°
=
o}
e
5
W]
D
pus
=
[v]

> depth of the back of the slisver to sccommodete

& bolt the seme size -g lthe sliprer studs. If the incresse in decth

-
le]
(e
[¢]
2]
o
~y
-
D
.
)
[0}
()
o]
'_.J

ig considered necessory to accommnod: he new slizpers must
be menufsctured.

3. If item 7 is cerried out the cervirge must be milled to

cccomnodate the new siinpers,.



o
D

9. Bevel the

10. Insgt:11 the electric motor on a permrnent mounting brecret.

The feilurs of the bolts holding the czrricge rebound latches

<. - - : - 7 ] . .
wes elimincted by instelling £/3" ping secured with set screws, in

place of the 1/2" bolts.

iy

It is considered mendstory that the instsllation of the velocity

LY

+
v

measuring ecuipment be completed before =ny =dditionsl inves ~tion

is meade with the subject machine. 4 supgesied system 1s chomn in

Fig. 27.

It is recomnended that the firel &ttempt to eliminste the buckling
problem be mede by = decresse in the length of the gpecimen. This
will result in & decresse in the slenderness retio end ¢ decrease
in the totesl enersy cvelleble for the oroduction of & conpressive
force, Both of thece effects will tend to eliminate the buckling.
If it is considered thet the coupresgive force must be elimineted

t is recommended, ag @ lest resort, thet =z buffer mecheniem

1
s
-
o
{,
wn
3
0
[¢]
o]
B
5
o
=y
st
[N
[¢]
joN

i

stzlled betwsen the specimen snd the carricrge.
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gource of trouble.
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The fellowing suggestions ere offered to future in

X

in orcer thet the time weegted :nd the mistikes msde by the sresent

cuthors mey he elimireted in succeed

1. Hzintrin & wetch on the testing mechine et :11 tines when

]

unning. It mry go through 93 cy

=
ct+
!_J-
4]
e}

» ©cecrew the upper ené of the specimen into

weipht on the lower end of the

Lo hen both ende of the gpeclmen are sceraved

ge gure the counter resds zero before beginning & serie

les gimoothly end Jem on the

e cuarter of & turn on both ends. This grestly lessens the aifficul ty

of removing the ghort end of & frectured speciaen “hen the bresk
OCCUYS Very Nesr one end.

5. Keco the project notebook hendy ¢t 211 times snd en
ble dete even though it cppeers irvelevent

It is esuggested thet the bzck of the book be used for recording

s T v 4

4

6. If & chipment of mcterisl

.

in menufecturing specimens obtein end record in the notebook 11

on the stock itself,

-

d

s
E0E



N
re

}.—l
'._I

7. Check the dicmeter o

specimene with micrometer celivers.

8. To mecsure the height of fell of the corricge olece & gnell
U-chepe metel clip arcund the guide reils above the cerricge. The
cerrizge will slide this clin slong the guicdes to its highest cositien
end then droo awey from the clip vhich then shows the highest point
of the top of the cerricge.

Al

9. Check the velocity of impect frecuently to see that it re-
meing constent.

10. In uging the coupearstor, do not let the hend or any other
welght touch the frime to which the specimen ieg etteched or the
microscope.

11. In mezrking the goecimen, meke the scribe lines very light.
If this is proverly done there will be no failures in the scribe

the scribe

-y

12. After merking the specimens check the nositicns o

merks with the microscope, «nd vrecord the actusl sositirns of the

meThg rether Then the intended wesitions

brirg the microscore cross-

m

13, In resding elongations slweys
heirs uo to esch geribe line from one direction.
14. In focusing the microscove glwcys meke the leagt movement

in the dovnwerd direclicn.
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Fig. 1 Palling Carriage Tensim Impect Machine
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Fig. 10 C Specimens After Fracture
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Fig., 11 E Specimens After Fracture
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Fig., 12 E Specimens after Fracture
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Fig, 13 D Specimens After Fracture
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Fig. 14 F and G Specimers After Fracture
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