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SUMARY

The strein distribution after repeeted tension impaete along the
length of severnl differemtly dimensioned specimens of 1787 DNuralumin
is detemined for various energles per blow.

An attempt is made to determine & relationship between the energy
evwailable per blow, the dimensions of the specimen, and the number of
blowe required to cause failure of the specimen ly mpe#te& tension
impa cta,

A relstionship is determmined between the percent td!:al\ slogation
end the lengthwtowdiameter ratie.

A relstionghlp is determilned between the ensrgy per unit volume
required to cause failure and the length~tow-dimmeter retle w.der stutic
tenslon, dyremie tension, snd repeated tension impact oconditions,

A "Wodulus of Vegtructiveness" is proposed for 178T duralumin,

A method i8 presented for predicting the number of repeated tmm-

slon impeoct blows recessary to ocause feilure of a part.
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IVTROINCTION

Previous repeated tenslon impact lrvestigatli-ms at the Guggenhelm
Asrenautical Laboratory, Califomis Inetitute of Technology, heve been
made with three types of testing machine, namely Tinius OlsenwIgod,
Hatsuwnura, and falling carriagze,

The falling earriage ranchire, desiged by Coates and Beardsloy
(see ref. b) at the GALCIT, has been least used in these invesitipations.
Msen and Brown (see ref. d), the mly investigantors proviously using
ity reporved the rechine wasuitable for impact test velocltics above
3ix feet per second due to bending of the specimens.

The present authors modified the f11lng carrisge rachine Lo overw
zome the diffieulty of specimen bending, and used this machine oxclusively
for tension impaet tests,

Sasionlly the macdhine (gee figs, len and l=b) coamsists of & onrriage
which slides on vertloal guides, ite fall being stop:-ed by a heavy
anvil., Jebound of the carriage is prevented by two catches on the anvil,
ne end of & test apaaim is sorewsd inte the bobbtom of the carrianrge,
and to the othor end of the specimen is sorewed & welght. The carriage
is relised to & set helpht and let fall. It is stopped By the anvil which
hee a central hole through it. The welght on ths speoimen eontinues
1‘:6 fell throurh this hole afétor the carriags 18 stopped, exerting a
tension impact blow on the speecimsn,

The height of fall of the carringe ard the magnitude of the weight
attached to the specimen detormine the sﬂeﬁ:f of the blow. Thus veloeity

of impact and available energy of impact may be varied indeperdently of

cach other,
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The carrimgelis raieed by a trip hook atbtached to & motor driven
mmdless chain, The hook 18 tripped by & cam, allowing the carriapge to
fall, Three such hooks are mounted on the cheln, giving,; s rate of ebout
five blows per mirute when operated cortlmuously. To prevent shock on
plok up of the oarringe, coil spri-rs are inserted in the lifting elew
ment on the carriage.

Bending of the speoimen was encountered in preliminary tests om=
ducted by the authors, due to horizontel vibration of the weight after
the ocarricce sbruck the anvil. To prevent this bending a ball end
-gocket fixture wes desisned to mou t o the bobbtom of the carrisge
(8s0 fig. lwe). The specimen is screwed into the ball element. To
abgorb rebound motion of the specimen and atbached weight after fmll,

a rubber damping pad is mourbed above the ball element which is flat
on 50D

The veloclty of impact for all tests wes mairtained at 13.32 feet
per second. Zquipment was mourbted on the testing mchine for determining
the acceleration of fall of the carriage. This equipment, emploving
an Interrupted spmrk coil, orovided a record of the position of th
carri pe at every thirtieth of a second of time during its Mmll. .Tha
result of repeated measurements by this mneang showed the acosleration
of the earriape to be 1o messureable anount dlfferent from the acocloraw
tlon of gravity, Hemee the energy per blow was itaken s the weight
tires the heipht of inll,

TLoad welghts used in the testa ireluded the following:

17.922 1bs.'

11,9235 °©



?' 923 1bﬂ‘
3.930 "
2.430 "
0.629 *

Any welght camtrituted to the impact energy Yy the specimen itself
hag been neglected in this irvestigation. The weight of the specinmens
used rarnged from one~half to one and one-half ounces for the difforent
sizes. The provortion of the specimen weight mctually contributing to
the tension impaot blow 18 a qi;estiom‘ole matier; even if all &ie'spé‘ciii.-q
nen weirht is oonsidered as so acting, the quantl y is neglipible for
the leed welghts used. |

Six types of specimens (see Fig., 2) were used. The se Lypes are

a8 followsy

Type Test seotion Test section
wm length ’ dismeter
A 1.00 in. 0,300 in,
B 4,00 " 0.300 in,
e 8.00 % 0.300 1in,
D 2.88 % . 0,300 in,
E 2,83 " 0.178 in.
F 4,00 " 0.263 in.

The matorial of all specinens was '1‘7 8T durslsmin, After machining,
specimens were polished to remove rachining merks.

Fire soribe lines wore placed &t every tenth of an inch of length
or the surface of the speeimen hy means of a ragor blade. TFor placing
the soribe lines a muchire krown as a conparator was used, having a

gsorow driven head which moved tho raszor blade meunt. The comparator
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was als0 used to memsure the eclonpebtio s of the specimens, with a mloro~
ssope mounted on the conparator hoad Heapdinea were taken from a mioro~
metor connested Lo the serow shaft. Accwacy of results 18 believed to
te within one~thousandth of ar inch.

Two types of test other than reopented tonsion jimpaot test were mnde
f’or mrpoms of cmpariz«sc;rii These were dymarie tension and statie tensien
tests, The dynmamic tension tosts wero carried out by the Impact Laboraw

tory, Califerria Irstitute of Vechnolor , =ud consisteld of bronking &

Ninat e A e LR PN SN SUT A - Lo IR 1 R L

soec’ on i tmmsien by oa single “lov et a spoelfied veloclby of wipact
. . C o en aprmeamesgias e Do T aen T £ -

£ oo re iy strogs vlues varasus btime., TFron thoue daba, = surcos=—
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eAo cures Dov the speciion was oblbulieds



The strniln distribution on each of>the specimens bested is shom

<
W
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graphically in Fige. 3 to 37 inclusive. The "a™ ourve of each figure

sinows the wotual strain dAlstribution or the unit elongetiaon in each wonth

of en inch., The "W muﬁe of cach figure shows the totsl elougmtion up

to esnch polint in gquestion aud is reelly sn integral curve ¢f the correspond=-
i A mrve,

For pletbing the total clonmbion curves, data wore obtained by
taking the accured slongations at each scribe line. To obbein the unit
clongelion date of any point, the totsl elongation et that point waa
diminished by die total elogution ot tho provious point,

It my be ;zo‘heé that the undt elonymiion of the {irst tauth of wn
inch of emch spceimen ag_};)mr;:s on the praph sheet as nepative ir value,
This elo gution is acbually positive; 1t is merely plotted below th
horigortal axis dus to the manner of measuring it. Gathor than use the
shoulder ot one end of the spoolmen test leugth as a roforence merk for
ell meoasurements, the first tenth of au inch soribe line from the shoulder
wags used as the reference mark., This afferdsd morc consistent scouracy
of measurement as the shoulder point wns difficult to detrrmine with
nocumoy, due to the faot that this point was adly out of foous in the
microscope which wes focused orn the test seotiom of the specimern, The
olongation of the first tenth of an inch then aprears negative only in
direction from the reference lire.

The elowpation shown for the tarth of an inch ircrement &t each < nd
yal

of & snecimen is not considered to be &s mecurmie as for the rest of the

specinen owlrg Yo foous difficulties end to ineXictness of machininc,
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The shapes of the strain distribution curves show considersble
similarity., There are in general three different phases of strain dige
tribution resulting on emch specimen from repeated tensim impaocts,
These oan perhaps best be soen ir Fip. 2lee whersin the istribution.
aftor each blow has been pletted, #After bleows 1, 2, and 3 the distribue
tion remaing quite uniform, with rogular displacesent upwnrd, the .amoun‘!:
of lisplacement decreasing only slightly with increasing number of blows.
This phase of uniform distribution helds for 257 of the total number of
blows %o breck in thie partieuler oase, but the average of 811 specimerns
tested shows this phase to hold for about 357 of e total number of
blows to break.

After the fourth Wlow (Fig, 21-n) we find that the ends of the
specimen did not elongate at all but that the eentrel portion suffered
elongation mua."; more severe then previously, with the result that the
iceremse in total elongation as shown in ¥Vig., 21=b remnins nenrly the
same a8 before., The rext, or fifth, blow gshows similar resulte exoent
that the distribution is reversed, the centml portion holding steady
while the erds slo:gate excessivelvy. The vortiors which vreviously
elongated had increased yleld strengih cdue to the cold warking and henoce
did rot elengate. The sixth blew shows the same effect except that
haere the elonration ocenrs in four repions, one st cach end and one
about one-third of the length from esch end, Subsequent blow: show the
same tendencies with the regions whers elongation occurs movirg beoi
and forth alonr the lergth of the shocinen but always quite symrabricsl
about the ceuder of the specimen. The avorapge unit and the Yoial elongme

tiors ghow v fairly wniform incresse ir wmapnitude until neckirp ering,
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The third or nedking phase begins just before the spesimen breanks
and is charaoterized by excessively high unit elorgstion over a shorf
length of the svecimen. This necking and subsequent bdreak usuelly ooour
near one end of the speeimer uli in a few cases ocour in the central
region. There Seems %o be ro wey of predicting at which end of the speoi-
men the breek wiil ocour since there is almost ﬁ-tvarﬁablﬁ} s similar
necking of only. slightly lesscr marnlitude occuring at the ¢ -uosite
ende Yiz. 20=a porhaps shows thic property best, In this instarce
thore was an achunl corack part way throurh the specimen at the end
evposite to the breek, Yor an averipe of all specimens tested the neoke=
ing phase occurs durirg the last 2007 of the blows.

To suwmrize, the stmin distribution ! 2lls intc the following
three vhases:

1. Uniform distribution for Pfirst 357 of the blows.

2. Sywetrieal wariably loontsd local clongation for the next

457, of the blows,

4, Fxtremely localized recking for the last 207 of the dlows.

Esergy wave propagntion theery (sce ref. n) would indieate & merked
inoreace in strees as evidenced by hisher unid elongation near ench
end of the speoimon due to the reflection and comgequent reinforcement
of the enerry waves in the specimen at these points, In rost of the
specimms this tendeney is nob eviderced to any corsiderable extent in
the ¢irst fow blows, & Pairly uniform distribution being obterined for
the first 569 of the blows as mentioned shove., Heowever, in the second
and third pheges the hichor end 2lorgations usumlly bacome evident, ior

gpecimens T Aard § this phemorenon ancears even iz the first phase.
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The strain distributions on :%sha specimens subjected to simtic tests
end %o dyramio tosts were observed, These distributions, shown in sraphie
mal form in Fire, 38 to 492 inclusive, arc all sean to De of the same
general order as for the finel blow of the repeated impsot specinmers,

Te unit strain level is approximetely ommst nt alang the length excent
in the reglon where neckiny occurs., This leads to the comclusion that
the roreral strain distridubion is not materisl ly altersd by the method
of testing, exoent for the ensrry wave refleotion effects in the renested
imonot omsses,

The vaxi=um unit elorpations in the neeking repion wary somewhet
wita the three methods of testing. In gensral, compurirg particular
grouns of specimons, we Find the sttie tests to glve the lowest, and the
repented impact tests to give the highest mxim\m wnit elongations,
with the wmlue for the dynamie tests falling roughly midway between the
othor bw methols. The averngs mexime unit elongrtions are as Yollowst

By strbic tost8 4 o v + o o« o o » 35.57
By dynamio tests . . . . . . . . 54,00
By repented tension impact tests. 2,07

nly alisht varie,tién ir totel elongation after feilure with method
of testing is evidenced. The avernge velues (ses Table 1II) show ree
poated impaot tests to give an olonsabtion of 15.9f, stetio tests 15,04,
and dynemic tests 16,87, lowever, these results vary so wlidely between
typee of snecimen that they are not at sll oonclusive,

Lamination of the nediting length shown in firures 3=a to 37-a
inclusive indleated thet in 0ll omees the averars length of spécﬁmm
affected by rockinz wig sporoxioatoly 1.87 4 Un this orenise we sre.

led dlrectly Yo the conslusimm that thore is a relatiorship between the
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varianvion of muver of dlows Lo Jrosk widy Vineusions
7t aneoiaan and wibh Teryy “wailable por blow

- e e s

Previous investlgutions, ref. b, ¢, and &, have shaem‘ thut tire |
nuaber of blow: required Yo brvak & ziven specimen, H, varies imversely:
a8 the energy available pop ‘blo-'w,. Ey. Theoretieal considerutiors jne
dimte that the number of blows at a given enerpy ser blow would VBRI
cirveily with the volume of the speeiwen. Jo lavestigaie tho siivet of
COoLwe coanpe and of relavive dimension changes w Series of tes.s was
o du o wed foy which Uhe speclncus waore Jhosen as [ollows:

{a) SpeeUend h, by Uy and 2 4o have the suwe dizmetur snad
cross seotioral area bub lo lwve lengihis of 1, 4, U and 2,85 i.chee ree-
spectively. Jesces e volumes ;;u:.d Ghe lerngpia-to=dismetar vavios
(1/3) vary vireotly as the leugths,

{b) Upeeimen L o have the seme volume as Upoceimen A bul to
have he melu%w 685 LpOOimon .

(e) pecimen ¥ Lo have the sume volume as Opeelmus U bubt to

lave Cue save length s Speoiwmen ..

the foliowirg @mbvle glves the wmost imoor hand mgionnl propertles

o1 the saries of gpeeimens.

Specimen ieme ey s Aremy Ay Lengith, }./ d Volume
letter de In, sq. din. 1, in, ine

AR oA Ml | b G i

A 0, 300 G.0707 1,00 Be B3 0. 0707
B 0,300 0, 0707 4,00 13.33 0.2828
\ .

¢ 0. 390 0,0707 8,00 . 26,67 0, 5885

53

» 0. 300 03,0707 2,0% 8,42 00,2000
¥ 0,172 0, 0249 2,85 17,90 - 0,0707

¥ 0,252 0. 0458 4,00 15,87 0.2000
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Table I gives comparisans showlng the effect of the wriations of the
above dimensions on the number of blows required to brosk. The following
offectes are apparenty

(e) With the dismeber and cross sectional ares constant, the
nunber of blowe increases with the length of the speocimen.

(b) wWith length constant, the number of blews waries directly
with the crossesgsotionel area,

(e) With the volume constent, the number of blows rommins
constant, One group of aspecimens does not agree with this sbtatament;
however, the other group does, and this, togather with the comparisons
of (&) and (b) above, indicates this statement to be true. It should
be noted that botween the A and the I spsoimens there is a radical change
in 1/d ravio. This would seem to indicate that the 1/d ratio misht mve
some influence on the result,

From this comparison we mny derive the general conclusion that the
aumber of blows to break varies almost direotly wi‘ch the volume of the
gpecimen, bub that thare is some indleaticn that the number of blows
mey also wry inversely as the 1/d ratic.

Following the lines of attack of previeous isvestigators at the
LLCIT the walues of W, E, and 1/% were ealoulated in Table II. Curves
of I vs, ¥ and of K/Z va. % were plotted ag shown on Fip, 89. These
surves showed the same general forms as indicated in reference (b).

The values of £ v, N, £ va, /¥ and ¥ va. 4/EV were then plotted
on‘log'ulcg coordimate peper as shown in flgures 60 to 62 respectively,
The first, © ve. ¥, showed rourhly parallel curves, The © vs, /¥ plot

showed & wide soatber of peints throurh which no defiznite curves
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asguld be fh.iwd‘.. However, the 'plczt of ¥ ¥a. N/EV showed a linenr form
with not too great a variation from s average value. The equaticns for
the median lire and for ths boundary lires indioated by the test points
were worked out as shown on the figure. TFrom these, equlvalent equations
for the relntione between ¥ und H/V were derived end plotted on Fig. 6l.
The lires thus dotemined include all the test dnté satiafmetorily and
it is believed that they mipht be used in predieting the nmber of
blows to braak for e ziven volume of material. Howewer, 1t is not felt
that such predietions would be suffislently accurate to Justify thelr
use., A8 & typioal example, at energy lovel of 8 ft.lbs. per blow, the
mean line would nrediet 200 blows per cubie inch, vwhereas the limits
Indieste 1t miphit break in as few ag 87 blows or 1t might hold through
430 blows,

Such a series of commrisons er prodictlons then seeme to be too
far outside the desired limita of mocuracy to be worth while, IHowever,
to determine e~ roximately the order of magnitude of the number of blows
to be expecied, the follewing sgqustion might be umés

Vo= 2630 V
.28
where ¥ ®= number of blows to bresk

V = volume, in oubie inches

L = energy available per blow, in ft. lbs,

Howaver, it should be used only to determine the order of mapgnitude

and evon this may not be & close value.
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Cerrelation of |

of Glowe and the ‘onergy fvailleble t

do not produes any col clae
tloa enabli g an acours e ‘orf.ui tlon of blows to bLresk, ar atbompt was

rade to cotermine such relatiss Uy corrclation of Lenwatel 7

gnglan

impaet Jate with Jate from stetlice stresesestralin curves of the material.

The arec wnder & forse=todal clongetion diesrmn reprossuts wersy
In units of iInch jonds for exuplo. Jizdlarly the araea u dor lx

strese=sbrain dlagrem represents wuergy per unit volw

or gimply crorpy when mmliinlis

volume of the speoimen, A
Typloal stressesirein wurve, <ig. 00, was obiained for & speclnen of
"
1757

ST erd hle ourve was usod in maklng all the following celeulaties.

Lreo aasuption 18 mude ‘o the following analysis which the suthors

»

bally but which they bolieve Lo ds bo o

have nob verifisd sxperime

£

sipndfloent error dn tho anslw

o egsumetlon is thet whon the

ioad 1s canslebely rdmoved aftor the yisld bmmt nag heen

reached, the spesimen will .z oo straight line em etly porullel

L3

to the slope in the elastic rer; that when the loed ls reanplied

Whie specinvon will lead up agein the exeot same line unbil
it intersects the originel sircssestrein curve, and will then fo. ow
the original strsgsestrmin curve. This ssswyption is mors or less
Justiftiod uy refwvesses (b) and {p) vhorein Wds elfect 13 shov o hoe
approxirately s stebed,

e obher assumptlosn is malej the’s she sitwiic sbresaegtmin curve

-
¥

U U AR
¢ are using is nob chinge

Lansresiauly Uy the mte of urplliwilon of

. ¢ e ) N
toud, ot Jeust in tho low speeds (about 18.3 £ por. seo. ) hore cie

oo the above ealeulations atbtemnting Yo relate the Velume, Yurder



counbered. This assumption is justified by referenss (k) end is further
verified by tests to be disoussed later.

The first atterpt at analysis was rade by taking the total kinetie
snergy available per blow, 1/2 W. and laying out its equiwlent arsa
‘under the stressesirain curve, determining from this s maximum stress
and & maximum strain emcountered during the blew, Uging the above
assumptions, the energy recovered during unloading of the specimon was
val culated, The difference between these quantitics was comsidered to
be the plastic emergy deliversd to the svscimen por blew. 1his nrocess
wns repeated for subsequent bleows wnbil the last r{ape*isi*;im took the
valucs to the ond point of the static stresswstrain curve, Ihe nwber
of times this process was repested was assumed to be the number of blows
reqired Lo break the specimen, IHowever, compurisen with actunl tosts
showed this number to be much less than the nuwber astuelly required '
to breek.

Any practioal considerations must lend to the comalusion that not
all of the winetic energy of such & mechise could be transferrcd to &
specirmen without lesses of any kind., The above caloulations verified
this ec elusion. The problem then becare one of determining the amount
or percentace of the energy of each blew wilch was transferred to the
specimen, The key to finding this percentage of energy i;ranaferrad‘ to
the soceiman lies in the above dissussion of strain distribution,

la the previous discussion we saw that the unit elongatisvg are
quite consbant for about the first 35 oi the blows, . danee we oan picit
G aversge percent slongaticn from the unlt slonpation charts or Jetermine
wor aversge poroont olo vation by divicing the totml elanpabios by the

grie lengths If the velues for oms blow are not plven it will be
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sufficiently asccurate to take the percent elorzation for the lecst number
of blows shoem wrnd divide this by the number of blows,

By the above method we locate the specimen on the stressestrain
diegram at the zero stress level, point "C" on the accomparying figure.

i_—_____’_.

Then using the above unleading
assurptions, draw CB parallel to
Dey determining point "i" on the

stress struin ourve. Drop BD

e
] 3, hd
vortioally to the strain axis. Then the u
-
v
area ,0ADO repreasnts the euersy
por unit volume trarsfarred to the °© ¢ D

ELOoNGAaTION — &
specinmen in the {irst blow., The retio of this enersy, whica we shell

eull E!;l s bo une towl wiretic erersy per blow per urlt volume, By ®

. - ..-“1 - . 7 i % X+ = £,
1/4 (¥~ = vol., repregoncs the exerzy tw uefer milo for this mmriioular

speeimen. Lebt us eall this milo k‘l

1t is to Le expected that *,1 should have & value less than unity,
it seens neossible that this i(-l might actuelly be a cousvant Lor oil
weighto and all specinmens although it night vary with elther,

£ ¥

v

Cwiculatiors of iil for. ench specinen tesved, Column 11, +able LiI
showed that it varied from 0.614 to 1.000. Unly one set of specinoas,
the i speelnens, swwed the remrkable property oi an enorgy limisior
greover tan unilty,., nlimdrating this entire sot ol specimens wo ind
the average k\l to e L, 000 with indiviaael wluse reangiog from J.oid
to G.971k, ‘mly b of thiese are below 0, TO0 aud ouly © above U.80U,
the remeining 20 being within 18,8+ of Ghe mesi vaiues. 1t is belisved

vhat Whis value may be withan the limits of eecurscy of tho e,

rinents



and that this enerry transfor corstant moy be tal ran a8 0,800,

As for the extreme warilation of Kl shown by the E specimens there
is no Gompletely setisfactory explaration apparents Since 1t occurs
generally for all the © specimons, the magnitude reaching a pealk ot
one mass end deoreasing with both greator and lesser uesses, it scems
to indicate & resomant vibrmiing condition, It is probable thet the
falll o carrinme itsolf tends to vibrate verticalily after strikiyy the
aowil, e kaow that the welsht on the eud of the speociwen vibraves
vertically witer the carriage strikes the anvil., It thereforo Seoms
highly possible thet with the ripght combimation ol masses auc wich the
right “effective spring constant™ in the forn ol & particulsr coecimen,

e corritue vay be vibreting upwird with e very high acceleraticr while

the mess on the end ol the specimen iz o111l moving dowrwmrd, tharchby
wo o iyicg nomentamry high stresses to o properly chaped speclimen su us to

rostdt in exouonl ve elongations, Jfhis surpestion i ofivred &s u

sossible expiacaticn for the extrems variation of Ky showu by the I specinens.

uis vesooend properGy mey depusd on volume auc the 1/¢ ratic, o it

nes nos depund o the l/u ablo alone since uhe

aisost e seme 170 vatio as UWiw o tpecune s oxhibit none of these

papuiiaricies.

L5 LN - , 0 -4 1 S . AL g s W PR W, - R RN Ty g e - o e vy
M npce OHLC of the sbove sketah, the elagiic ensry weoosvored dn

Vlots e, WRE Gexb culeuluted fov wil spociueis.  «lds elugule enorty

£

wy. SN T oppatn P T o TR DR B A 4 et T gmee avvr et o sy B e
PO VLY voligne weY BLew vmae sabyracled Trar L0 LOTNLL enery pgur Wit

volume tvansforred Lo Lhe sowcien per blow, glvimg tae

SENSINSE v
per wril volwme travsferred So the specimun per bluw, cor & {irst

approxinetion lt was assumed timt 018 same smount of Diks o euer vy is
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absorbed by the specimen on each subsequent blow. This amownt of energy
wes then mulitlplied by the aumber of blows to bresk and the total energy
per unit volume required tu break the speoimen was obitalied as showm

in Colum 14, Table III,

The above assunmption of constant plastie energy por blow does not
appua r o be quite exaobt Lecsuse of the fact that as greater slongations
are reached, & grester percentage of the total energy trensferred is
rceoovered a8 elastio energy in unloading due to the cansimntly inereasing
yoild »oint, This wvariation should be partiocularly noticeable on speois
mens heving very short elengutions on the first blow, say less than
1% A more exaot method of procedure would be to rapest the above
oaloulutiond wnd debermine th  exmot amount of plastio enerpy btransferred
in each blow, Thisg migut give slidhtly lower total emergies, but it
ig not felt that such relinement In teoinigue ie required et the present
sbago of the investipgati ons.

ior ot of the speoimens Uhis valus of total eneryy per unit volume
o break remrined fairly constent for wach type of speoiuwen. ﬁawevef »
botween Uypes of specimens thure secmed to be complderable wariatim,
‘hus & varistion of total energy per unlt volume with specimen dimen«
slons was indiceted, It was fell thet possibly the eactual static stresse
strain ceorves of cadh partioulsjr Sype of sveeimen wmight exhibit warisations
waleh oould explain these irregularities. Also it seemed Jdesirable to
mal® statle teasion tests of ewch speoimen to 8ee 1T it had beon
sufficiently accurate to use this particulsr curve as su aversge curve

an whaich all calouleltions were based.



™o raesults of these stetie tesis ave plotted in Tips. 50 Lo &5

ine.

: plot of &ll - ho ghehis ourves from these irures
is shown in iz, 56, It ig evidemt thet for all precticel pwposcs
wad widhin bthe limits of accurecy of these tosts those curves can be

sonsldered to colncide dn the resion up to the ultimate o re o after

sho ultimete stross s remchsd and the specimens stard Lo nedc there

primarily on the 1/d

1g & rarked wmriation n the curves

»..4

mbio, thes hipgher 1,/& vobios generally showing smeller final average

ciomagptions a8 is to be eupested, vae of the U ourves and the ¥ curve
do ot follow this predictic. emiobly, nossibly due to experimeiinl errors.

Tbis oertlcular o Parons ar then

Fowevor, wss nedy from e 439

% : . "

“he other speolmens -Adoh mayaesoet for 1te irveuleviiy.

Mo debermine exactly bho eltet of weloolty on Lhcss speoineas o

Govpoade vensila test of umals Uype of ©oscinem was nade et an inltial

welosity ol oo0f 15,3 £4. per. seo., Si.ce tils 1s an extremsly
low voloeldy for this type ol weblng e volocily could nol be conaiderad

us sarshent during tho test. llowever, suy variatl

woul 4 ealy e

Lhe condibicrns sosroach more closely those of the repented Lwpaol tosts.

wie abresg-shrain carves for thoss beels sre plotbod with the

Jhe dyna
sorrussonding swtice ourves :f‘iég;uru;; 590 bo B incl“uw. A CEnpe e

is

sive plob of ail these gyramie curves ls shown iu fiz. b.

died spocieens tiere 1s o marbed or wonsistend differsnce bobueen the

o ary Bt iy s R Y ) PR
siebls wow the Qyueamle ourvoes. 4 oo

i

1w ouhashe and the Gruaadle curves shous
of seourme,s of those besls Lthe choblio ool Ghe dyuesic stress gircin

Y

curves ore identiosl up o the vitimats sitress.



Comparing our typleal stress-strain curve, fig. 58, with figuros
56 and 57; we see that although 1t is perhaps not the best average
surve of the group it is everywhere within the reglon eovered by the
curves of our tests. It is therefore considered that the above cal-
oulations tesed on this typical curve are roasorable end suffieiently
accurate.

Ag a further means of eomparison, the energlies per unit volume to
bresk were celoulated for each type of speoimen from the static and the
dyramic stress-strain ourves. The unib energies thus obtained are com=
pared with the averaz:s of the unit energles calculated by repeated
impact tests for ‘aach specimen in Teble IV. This Table brings out the
faot that the unit energy at which failure oceurs is roughly oonstant
no matter what type of losding is ap-lied, Hawever, thie urdt energy
to break varies conasiderably between specimens, indioatix‘;g & possible
varietion with the dimensions of the specimen, The varl tions within
each type of loading are of ap roximately the same naznltude, indicating
that the repeated impact caloulations approach the same acourncy as the
statio or dyremio stress~strain measurements, Howewver, the aversge
of these walues for the‘type of testing showed the repeated irpact
values to be about 157 higher then the average of the other two types
of hesting.

It was do. ded to investigate the rosults of caleulations based
on the sbove mentioned essumptions using blows other than the first
blow, Acocordingly Table III was campleted from columes 16 to 34
inclusive, This method ls the same as for the calculations based on

the first blow,
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Hention should here be made of the fact thet a maximum tensile ¢ ress
of 50600 1lbs. per squere inoch was chosen for uniformity, whiéh value
was anid to oceur for all elongationsg grecter than 12.3%. Consequently
when the elongation after the blow was shown to be greater than 11,77
the ©} (colwm 26 of Table III) was obbeined directly es the product
of thisg ultirmbe stress and the shenge in pereent elonfmtion.

The Ki values obtained (Column 30, Table III1) are seenm t¢c be much
more unifoym than the rsl valuos cbtained from the previous osloulations
{eolumn 11). furthormore, the average is higher then before. Averapging
all vaj,uas gimg Kl'. of 0.861;the average for particuler groups ranging
from 0,811 to 0.917. The reximm variation for indlvidual Peosts is
from 0,703 to 0,998 with only one exesption. This exesption is che Ki
of 0.195 shown for apaeixﬁen Fm2, and this can be expleined easily by
the fact thet practiocally nmme of the energy of the sscond or last blow
was used in deforming the specimen. Iig. 26~h shows this fact clearly.

1t should be noted that the E specimens which previously pave
velues nf Kl in excess of unity show normal values for Ki « The re~
sonant lvihmtimg effect apnarently disappears after the first blow in
which the len~th ia ohsnged so that the critical 1/d-volume combiration
no longer exista,

The plastie energy per ocuble inch absorbed per blow was ocsleuluted
in column 31 From this the total enerpy per unlt volume to bre;*e.k. was
ozloulated in colurm 32, Sinee all of the enerpgy of the last blow wa
probably not used in deforming the speocimen, the total enerpgy for one

blow less than failure wes also caleulsted as shown in ocolunm 33, In
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In the cngses marked "+ only two llows werc reguired Lo break and the
total ererzy to break is obmi:m& dlrectls by addlng the plastie
snorcise for sach blow, In all other cases the strain distribution
gurves Tore exomirved ta aestirate how mueh of *he anergy of the last
blow wes vged in da:i’em;irm the speoimen, lthese conolderations led %o
the "Cannidered Avwam of total energies per cublo inoch to broak as
showvm in ocolurm $4.

Framinatl ’1 of this quantiyy roveals that there is an even 1ore
mrked conginey within eroups of specinens than wes observed by the
nrovious celonlations, eolwu: 14, The wvariation belween groups was here
wore olenrly evident ard seemed Vo vary with the l/d retio. The average
of this unit energy for emch type of sposimen was plotted against 1/3, a8
shown i Tir, 64, This plet approximatog the hyperbolie form expected,
b the varisntions are mather high.

Te eurves of T ws, 1/4 avd of £ s, 1 /e, Yire, 8% snd 64 respoce=
tively, were cqﬁ\;ﬁred. The similarity hobween the two ourves wue quite
strikinge ard immediately sugrested the -ossibility that the quoblent
of the o munntitien, § and € , might be & canstent, The rosullant
quemsity, inch pounds per cubie inch for one percent elowgntiorn, is
gel culatnd Por each specimen as shova in ecolumn 37. The constengy of

nig quantlity is here gquite sviden®t, both within groups and bebtween

£y

(%4

rrouns of specimens, The weighbed avernpe value of this quantivy is
653 4n, 1he./eusin. for 19 elomgation for thls type of best

I+ woeo £2l1% desiraeble to irvesti obte this sarme quantliby for th
smtio end dymarie tests., This was dove by dividing the tetal mergy

per cubie inch to break by the Tinal percent total slengablor for sach
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spacimen so tested. The results are shown in comparative form in Table
VI from which it is apparent thet this quantity ie approximetely comstant
rezardless of the size or the shape of the specimen or thu type of
tension testinz to which the speoci—en is subjected, This quantity appears
o be 8 charactoristic property of the material, e rive this quantity
the rame of "Modulus of Uestraetiveness™, with & value of 650 in.lbs./in.?
for ono pereent alongastior for 178T Duralumin,

Prohebly the more basie units for *his Hodulus would be in,1bs./in,%
far 1007 elongation, or m.l“.ba./in.5 or 1bvs,/in, 2, This would rive

in./in.
the Moculus a numericel wvalue of 55,000 lbs./in.2¢ This brings out the

fa ot ﬂﬁat thig Yodulus is really an avorare stress o the stressestrain
ourve, which average holds for all %ypes of tensile testa eand for all
sizen ond sﬁapea of speaimens having circular cross sections,

Bvy use of this Modnlus of Destructiveness the total enerpy required

to cense fatlure in tension of & siven vart of 1787 can bo determined
ns follows?

1. "altiply the “oduwlus of lestrustiveness by the wlume of the
part, obtaining the inch pounds of energy required to elonpgate
the speciman one peromt of its originel lenpgth.

2. MWultiply this encrzy by the pereent total elongation abt brosk
determined from Fig, 63, obtaining the botel indh pounds of
merey required to bresk the pard,

The number of Pspesied Tension Irmpaot blows which will ceuse Mailure

of & given nerk cen be mredicted as followat

1. Determine the incix pounds of emergy required to break the part

by the method shown sbove,
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2, SubJeot the part bo o Tor repostsd Somsion impacts, measuriag
the tobal elanpabion suffercd alter endh Llos,

3e rheriing 'u}!.@ plasztie enersy deliwered to Hhe part per dlow

b oase of a brodeul stmtie sbhresseshroin Jlsgran for 170

by the mothod previeoasly duseribed,

4,  ivide this plastic eneryy por blew into the tobal encrry atd

obirining the nabor of Hlows reguired to causce fallure,
It s’ e w*?usizad Shet thils mebhod of analysis is Imowa to be
valid amly for 1737 duralunin, Por & mytbor of blows below uboul 130

i boomet weloelty of about thirvbesn feod »re ssemd. It Lo

ox

halleved thwrt warintlions in lpact veloeity will aot

Par L7587, For & nurbar of bYlow:
Y ooitlom begin bo upprasinate thooe for no plasitie eser'y per Llow,
nd She fellurs ssemw to becons of a SAlfsront nebture, rssenbling o

fetipgue fMmilare, 1o spegimens U4 and =3, Tips. 17 and 175, e onle

5

tosted Yo over 130 Wlovs, She Tre .k occurred no oa

el brosk &% the fLALlat whher the

aey | S, b . mc e N,
8 aomal tension brodt Lo

the ndv of the spocine:. Tor a mrmor of blows procher than 10
method »f wwlysis may tha nob be wvelld., Turthormore i% apresrs

Aoult Ml whetisr this method

could De applied te other materials which

ve wrked charges in provoyrdies with rabte of leoading.



CUICLUSTIONS
O S s SO

The following canclus’ ous are detcrmined for 17ST Duralumin with
velocity of impact of 18.3 feet por second or less:

1) The strain dlstribution due %o repeated tension i-pacts
assuwnes the following forms as the nuwber of blows ig increased until
the speoimen broakas

e) Hearly unifomm unit elongations for about the first
357 of the hlows,

b) Symmetrionl varlably located local elongations for
the next 457 of the blows.

o) Tighly lovalized necking for thé lagt 204 of the
blows.

2) The maximm unit elonpetion &t the break by repsated
tension impact is 367 grecter than thet caused by static tension bro I,
end 157 greator than that caused by dynemic tension bresk.

3) The totel elongption for both static and dynamic tengion
failure varies less than 6% I'ram that for ropeated tension impset feilure,

4) An approximately hyperbolic relationship existe botveen
the lerngth-to~diametor ratlo and the total slongetion suffered by a
round specimen at failure in tension for lengthetowdiameter ratioes
varying fronr 3 to 27.

5) To exmet relationship was found betweon the dimensions
of n specimen, the energy awvailable per blow, and the number of blows

to cause fallure by repeated tension impacts,
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8) An aporoximately hyperbolie relationship sxista belweon
the length-to=dlametor ratio snd the total ener v por unilt volume re=-
quired to hreak & round gpeeimen in herns’on, for lengthebo=dlanedor
ratios varvizy from 3 to 27,

7)1 ™iadnlus of Destructivencss®, defined os the encr.
aer unlt volume per peroent slovgation at tension failure, is proposad.
Its wlue as detormined in this lrvestipabion is 530 inoh pounds ver
sutio 1i-ch for one puromt el i‘:@%ian. ¥his volue is nearly the sww
for temalon fuilures of stotie, drmemle, or rapeabisd irpeet Lypes,

8) The mumber of repcated Lension impesds which will cnuse
Milure of & glven nart ocun heo predicted gquite elosely frao: the folloving
dato s

) The peroant total elomsmbion at failure I tomsion
as horelr determined from specimen dimensions.
b) A Hypleal static stress-stmin curve of the retrrial.
e) The percent incronse in total slonration caused hy
one Lmpect blow of the tme 4o whish ths pard will be
subieobed,

Tho validity of results is 2ot certain 1€ the number of imoascis

prodiched oxecoeds 130,
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Blows oqulrsed bo froal

L .9
Arsa * congmnt = L0707 in®

able por blow = $t, 1bs.

PEEteneis) Lnersy Aveil
}:)ﬂﬁi'ﬁfm iﬂ. *&9. ?’ :')5‘ 55 51-.92 1-0.—8"7 6; 74 1. ‘7”}.’
G 3 12 13 52 18C - -
3 4 & 10 1a 63 127 -
. 1 2 3 5 10 22 -—
Volume ® consteot = 0797 in® '
Lot taergy Svailsole por blow = £t. 1bs,
poeimen | dn, 49,7 | 83,05 | 2157 | 10,07 C.7¢ | 1.7¢ |

: EPREN] 1 2 P & 7 71
Volume © coustant = ,200 in®
Lemgth ‘nergy lvailable per blow = ft, 1bs,
Specinen ine 49.7 | 33,05 | 2l.uz | 10.87 5,74 | 1,74

F 4 4 24 - -

o

Length = gonstant = 2,83 in

Aroa Enorgy Availoble per blow = ft, 1bs,
Specimen B In 15,7 | 55,061 Zi.rr | 10.87 G4 o T4
D 0707 3 6 3 22 - -
o .0249 1 b 2 4 7 71

Length = constant = 4"

Specimen

Area
8q. in,

Tﬂ;"? ’herg% A

wilnbhle

per blow

_’ﬁ‘ jis

10,87

.74 | 1.74

oy

» 0707
» D499

8
4

-

1
6

1

a1

3

24

127 -

— -




TABLE II

! 2 ] o 5 6 7 & 9
N £ £ N/e V N/V N
S‘ue“-;me'\ Wen'gﬁ\W{ Blows Ecvgrg) Tatal Eacryy Volume E \2
Nomber te Availatbie to Brecxh
Break |[72r Blew 1 £ x N
ft. Jbs. Fr.lbs in3
A-l 17.922 2 49,70 ?7.49 ,0903| .o707 28.3 .§60
A2 | 11923 3_| 3305 | 794 | .ewer| .o707 | 424| 1.283
A3 7.923 S 21.92 | 1097 228 | .o707 70.7 3.225
A -4 34930 /o 10.8T | ,08.7 920 | .o707 r47.3] 13.02
A-§ 2430 22 6.74 /948.2 3.265 o707 31/.0 | «6.20
A-6 0629 - |.74 - - o707 - -
8- (7922 6 q49.70 298 .0 21 .2828% 21.2 428
B-2 11.923 A 33.08 /1982 82 2828 21.2 692
B-5 10.923 /7 33 05 3535 /333 2828 38.8 1178
B-8 11923 /7 3305 | 3535 .333 2828 38.8 (178
B-9 /11923 g 33.05 | 29715 273 .2828 3.8 G62
8-3 7923 !5 2/1.92 329.0 68Y .2828 530 2.415
B-4 3930 20 0.87 217.2 /.84 2828 70.7 6.50
3-6 3.930 86 /1087 9350 7.9 . 2828 3035 | 2795
3-7 2.430 127 6.74 85¢6.0 |/8.87 .2828 48q.0 66.70
- 17.922 /2 49,70 596 .0 242 ,5656 21.2 H27
'3 17922 12 H9.70 S76.0 | 242 | .5e5e 21.2 2T
c-2 /11.923 /8 3308 | 5950 | 545 | 5656 31.8 .G60
/" /11.923 22 33.08 707.0 | .66 S656 38.9 (178
Cc-3 7923 32 21.92 Joz.o /.46 Sé56 56.5 2.575
12 7923 &4 21.92 7¢64.5 2.0/ 5656 77.8 355
¢y 3930 | /82 10.87 (19780 |/6.75 5656 32/.0 29.55
c-5 3.930 (78 10.87 1193490 |/6.38 5656 314.0 2.8 .90
D-i 17922 3 Hq.70 /44,0 L0605 | 2000 /5.0 303
D-5 17.922 3 49.70 1490 L0605 | .Zooo /5.0 .303
D-2 11.923 6 33.085 ! 98.2 A8 1d .2000 3o0.0 G077
D-3 7923 8 21.92 1756 365 2000 Yp.6 /. 825
D-49 3.930 24 10,87 261.0 221 .2000 /20.0 //.05
D-6 3.930 20 1087 | 217.0 /.84 .2eo00 /o080 .20
E-/ 17922 / 49.70 | 497 0202, . .0707 141 286
E-2 11.923 2 33.05 ‘o.1 0605 . .oTe7 283 856
£-3 7.923 2 2/.92 43.8 0912 o707 28.3 /.29
F-4 3.930 4 10.87 435 .3¢8 .0707 56.6 5.20
F-5 2.430 7 6. 74 . 47/ /.039 0707 gq.0 | /4.7
£ -6 0.629 7! .74 L /23.5 |4e08 o707 /0030 |s780
F- 17.922 4 49.70 | 1988 .0807| gooo 20.0 .HO3
F-2 11.923 é 3305 198.2 814 | 2000 30.0 907
F-3 79723 7 21.92 15 3.¢ 319 , 2000 350 /. 595
Frof 3930 24 j0.87 | 26/.0 | 2.2 2000 )200 | 105
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pLE IV

Pnergy Per Uclt Volume to Preak

© inch pounds per cubic ineh

; ] Fepeated Impact Tesh  wolrnbed
Specimen 2{ 5 ga?ic Pyracle T TIiFet Considered = Average

; Tesd Test Calculation Avorare

A 3,33 11204 13970 13076 13440 12872

D P42 - 100982 T35 7833 8290

B 15,33 6718 8780 10598 Be78 82058

T 15,87 7345 5088 9212 9180 7194

i 5480 8040 962 10158 6278 8182

C éﬁ. o7 9070 60482 106882 7300 7144

Lverare o= 8896 8338 10210 8632 B638E




TABLE ¥

Total Elongation After Failure = Perocent

p, Repeated

| . /4Z Stetie Dynamie I@pﬁ&t Welighted

Specimen Tegt Tent Tesgh Averags
A 3.33 20,0 21.5 24,8 23.7
13 - 8,42 - 17.7 14.3 14.7
B 13,33 15,8 17;0 17,6 18.4
F 15.87 14.0 11.1 16.1 14.8
b 15.80 16,2 17.0 12,8 13.5
¢ 26,87 14.6 11.9 12.2 12.5




TABLE VI

—————

todulus of Testricsivenass
inch poundg per auble inch for a3 nereent elongation

roranted
roh welghted
1] Averapgs

Statie  Dymamic
Speocimen Tes Teab

A 530 349 540 558
B 434 516 523 521
c 621 §10 604 629
D - 820 542 563
B B33 5458 503 819

F 437 58 570 B34

Nelrhtad

Lverage 526 554

L2
3




b‘igo 1-8.

GALCIT Falling Carriage Lype

Repeated Tension Imnsct




Close up view of testing machine.
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