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Q;Apalys,i,a of the terminal displacement fields of

five wire-mesh copper targets,(described iz a previous

report, No. 11, DA 36
WMM@ out, These displacements hav—
-beue}::ﬁsed to conpute Lagrangian strains presuning
cylindrically symnetric flow pattems. The second

invariant of the strain tensor ka8 Beon calculated and
compared to hardness profiles taken on the ta.rgefso A

sixth specimen was inpressed statically and observations

on its displacement field are compared with the dynanmic

case.

Regions of naterial flow m observed
qualitatively and are deseribed by the followirg tqrma:
.A»)afevacuated volunes -%/ ;everae flov to form the lip) c..wQ ”
o%'a/ rt;gi.on of approximate spherical sy}nmetry.

Pneiiy,- __groblems encountered and suggestions

Zor further work are includediat the end of this report.
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In order to docurent the strain and displacement ficlds
oceurring in targeds Lirvcd at hyperveloeity, five copper targets
wvaere formed fron rectansulaoxy plates nominally 3/8" Zz 3% x 3v,

Prior to joining eight such plates %o give a tavget 3" x 3% x 3%,
shallow gmooves were muchiunod in these plates and 005" nickel
wire was placed in the grooves (see Fig. lan). After joining the
plates by one of the tvo itochmigues described bolow, the targets
contained six parallel piancs of two dimeansional srrays of wires
(see FPig. 1b), The wiven ir any plaene intersect to form squeres
of sides 3/8",

After firing, the torget was sectioned through the crater
center so that the seeti.n vas perpendicular fo the initisl
direction of one of the sots of vires which formed the planar
arraye. Subsequent lethc cuts (ineremental) parsllel to this
face permit documentation of the terminal position of this set of
wires. In goneral, only c¢n: set of wires in the planar srray gives
information by this section technique, 1t iz necessary to have two
forning the orthogomel ncivork in oxder to hawve a cholee of oection
direction after f£iring. Tiiz ternmingl pocitions of the wives axre
measured using a ogthetonoiors The accuracy of the mcasursnents
is & .005 om, The lathc cuis vomained within 0,02 in, perallel 4o
the r-ux surface {oppositc to section plene, not impact direotlon).
The origin of the coordinantcs was chosen to be a corney of tho
terget sufficiently rexoved from the erater to bo uandeforned,

The plotes wexe joired to form targols by one of sve

techniquess

————es ) wate A s e e e
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As A diffusion welding tochnique previously dodoribod in
Progresa Report No. 11, Contract No. DA~36~034=0RD=~3565RD,
This techniqus introduced & eoopper-copper oxide interface
between the plates.

B, ilver seldoxr technigue:

The plates were nachined as in A. to 3/8" x 3" x 3% and
shallow parallel grnoves of 5/8" speoing milled into

thom, The plates wore wound with wire and stacked fo forn
an oxthogonal net. The ailver solder shects placed beiween
the platos forned the bound. Stacks were compressed to
300,000 pei in steel claspse Then the ensenble wes placed
in a furnocce at 1400°F, allowed to reach temperature and
held for 30 nmin. Alter this they were alyr cooled,

In cither case 4 oxr 3, the targets were then machined to
cubic form; end, after ciching the texgot, thoe lnitial wire pow~
pitions were delineated on the four lateral Tucos.

Obviously, both joining technigues introduee interfaces
vhich may affoot tho mooponne of tho targets to the impact. The
vea of two joining technicneo allows an examination of the af'fect
of the bond, The axis of inpaot roletive to the stacking of the
platos was varied and the ihiokness of {the plalo containing the
impact esurfece was varled wluo.

Tho table bolow givos some qualitative information about

tho rosponse of the target e wffooted by tho aforemar.tioned

poranotors.



Table I

§§f. Vyf.p.s. onf%em) Bond v;(omz) izzgggf
$1 10,470 2252 Cu-Cud 1.355 =
52 10,580 2285 Silver solder 1.3573 EE%EE
83 10,225 2102 Cu=Cu0 2.537 E?%EE
sk 10,320 2175 Silvar-~goldar 1.443 "‘I!H
s5 12,575 325k Cu=Cu0 1,540 ‘ l‘” |
Remarlen:

le 51 and 52 have disploccouent £lelds doth qualitativoly ind

2.

Se

5.

quantitatively sinilor,

In S3 the top platc wos milled to 3/16" nominel thickness.
This plate opllit ficu the rest of the torget upon fiving

ond was bent to a nonvex shepe with rospoct to the axis of
the atrikins projectilc. Only tho ton piate was penetroiode
Tho vertical displacenent (positicn "down" or negative "up")
vore lavger than that in S1 or 52,

84 has 9nmaller voerivical displacemenbs then those in S1 ox

52 for the same initial distence fxruom the impast ecentor.
Tarpot S5 split along on interface ¢ the center of the arator.
Ite displacenent field is greator in magnitide than those of
targets whioh A4id notv oplite Howovar, 55 hed e highor impict
onergy.

Parget 56 was improssed otatically with a stoel tall, the
improasion bolng 805% of the volumo o' cayaterr in S1 and 22,

L.
The displucemont ficld was of larger mognitulo at the same

e JERE B N e i N DTe
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distances from the suvface and extended farther into the
torget than in Sl or 32, The total work dore in thise

ocase was 50 Joulco. No lip was formod in this annealod
"target.” In fact, Shere is o genceal sinking of watorial
ap the indentation was approached,

Thesa vesults (L. through 5.) ave readily seen fron dis~
placement plots at the ond of this revort,

Vo nake the following generelizetion: Tha offect of
chaaging the orientaticn of the plates ip gresiuar than tho offoect
of changing the type of Lond so long oo splisiting does not ocuur,
Tt ig felt that the vesulio for 3% indicate a reflection phenonenon
of either a terolle relooce were from the froe surfoce or o row
ficcted comprossion wave from the intexfaco, - Anothexr pomibility of
intorpretation is bending dve to dinertia forccs in the floir of
noserial to forn the lip.

Pron the split torgets $% ond 83 1t was posslble to apsexibe
a naximun volume for tho c¢jeoted material wolative to tho undeformed
tergete This wvolumo if ceoumed homimpﬁerical ig loms thon 3045 of
the terminal crater wvolumc., This figure egrocs quite well with
tho DRL mass loos meesurcmcnts on 25 AL, 20204 Al and tough piten

Cu torgets (seo Progross Aoport Noo 1)




Derivation of the Eulerion and Legrangion Displaadment Fieldsi

Throughout this papor capitael leotters will designate
Lagranzian variables, lovwor cose lettors will designate Bulerian
varigblog. The Legrangicn displacement £ield 1o givon by dige
plocenment of points veirous the initial position of tho péinte; Tho
Mulerian dieplocoment ©ield i given by plots of displacement versus
torninal positions.

The measurcment ol terminel wire posliionn were plotted for
gongtant crvosa goctiono (. Buo)e The terges free surfaces were
sacsuned wndelomied and Lthe inlddal wive positlons were suporpooed
on those plotse. Resulto typhosl of o oection arn phown (Fig. 5b)e

Congdideration ol +no date indicates {ha’t one must moke sono
agouapilon ehout the oyiavcir: charavter of tho displasement (ield
in owrder to dedvewnins Lo what initdal ponidion polate on tho

tewninal line cans. Hnzduroso contours end diaplecement plots indie-

cane that on oxly of oyrawioy passes theough the conter of the cratox
pernendicular to the imract rmefoce. The subseguent cholce ¢f the
coondinute systen ls chows (Pdge T)e

v

On the aspumpbticn o. oylindrical aymnodny, Alsplacoments in

the T directlong are Quplicoiod in the x divoectiopss 1t is thon
posoible to econmpuiie on to nessure (with dividora) the initiol
positlion and displacemony Ien plots such os . The displecoments
in %ho % direction erxe cowignatod We The dieplacemonts im tho R
ddraoilon axe deslgneted ve Plots in figures (6, 3, 4) give vootor
atoplnocement Lxrom dnibicd penition, dldplencnent verous initial

position and digplacomert varasuo £insl pesiilon, Bofloro epleoulaling




haorduesy lovel) i3 more likoly somne function of all three inverinnto

VYo hove discovoroed cortuii: copects of thio field in regions romoved

the finite Lagrengilan stiroins we shall discuss some approximations

and the general characiter of the flow field.
Adjacent to the crator surface is a region of reverse flow

to form the lip, Wires wre observed extending into the lip. In

23 Al targets mecroetehed os fired, grain elongation along the croter

AR SR .
A A e e Bt T 2

well shows that considerable plastic flow is cpsociated with 2 region
approximatoly as wide af tho peximum lip width. This region has a
maxinun width of .4 cn in the torgets exanined., The ejectn volunme
vhieh nas been discussed owoviously Je depicted in Fig. & 2looe 4
large wvogion of tho targes (shown in Pig. 8) hos an approximetely
sadiol dilisplocement £icld. Disvlaconents calculated under this
aoounption ere plotted in #ims. 9~10 ond an equatlion is fitted to

the dabo,

T S e

0 . .

Caleuletions of fMinite Lagrangien sivain have heen wzio

faos

(it i0 not poossidle to opproxinate the derivetions for the

Fulerion straine)e Uuce the logranglan otroin tensor is derived,

its second invariant le colenlated and plotied in 2 terminal
configuration (Fig. 13). It waa originelly folt that this inverient
ahonld be relotod o the cnengy abioorbod and honce 10 LaTAAEsd PLO-
filog taken on the tawgeic. Suoh hardnoss profiles were nade (Flg. 12)
end vere compared with the contour ploet of the csleulated second ine.

variont. lNowover, it iu nov folt thot the onergy absorbed (or the

¢f the otrein {tennor.
In tho couxrpe of thio work wo have denonpirated the odility

to pexform neasuroments to documont fthe termiunnl) diaplacomoent field.
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3.

4.
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from the erater. An ejecta volume has been identified vhich
correlates with previous date in the field. A region of reversed
flow to form the lip has been identified. The orientation of the
interfaces relative to the axis of impact has been observed to
affect the character of ihe deformation field.

Problenss

The ini+*al grid size in these targets was such that only

two or, at nost, four wirss were close encugh to the eraicy
to yield much informatiocn,

Only one wire (in S5) was actually in the shear flov region
adjacent to the crater.

The difference betwecn nacroscopic and nmicroscopic straing «-
points observed to undergo omall dis-lacements have velatively

high hardneass levels. This technique nay not adapt itself to

direet measurement of dilatational strains (vhere small strains

may correspond to ve:y high energy el’sorption).
The rcaction of e particln of materiasl first being pushed and
then pulled (redundant vork) will not appear in this terminal

docunientation.

Suggestions:

Tergets containiug a finer nmesh will be fired in order to
document flow near the crater,

The relation betueen hawdness and the strain invariantg will
be investigated.

Higher onergy targets will lesd to a search for similarity

in the flov field below the erater, i.e. ve hope to answer the
question of hovw this flov field changes with velocity or

crater size/shape onersy, etc.
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