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)Apalysis of the terminal displacement fields of

five "ir-mesh copper targets (described irz a previous

report, No. Up DA 36-0 -35651D) fired at hyper-

TOca•rried outo These displacements b -

esenr used to compute Lagrangian strains presuming

cylindrically symmetric flow patterns. The second

invariant of the strain tensor hatCýn calculated and

compared to hardness profiles taken on the targets. A

sixth specimen was impressed statically and observations

on its displacement field are compared with the dynamic

cap•.

Regions of material flow havy. 4en observed

qualitatively and are described by the follovii.g terms:

4:n- LV ',
.a) evacuated volume; -0)reverse flow to form the lip O

@?region of approximate spherical symmetry.

ift ly rob.ems encountered and suggestions

tor further work are included t tha end of this reporto

)._

UI
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In order to doo-am~ent the strain and displacement fields

occurring in targets fired at hypervelocity, five copper targets

were formed from rectan~mlaa? plateb nominally 3/ 8 " z 3"1 x 3"1.

Prior to joining eight stich plates to give a taweet 3" xr 311 x 3",

shallow groove3 were inachiniod in those plates and .00511 nickel

wire was placed tn the grooves (see F'ig. la). After joining the

plates by one of the tiio teýchniques described. below,, the targoto

contained six parallel planes of two dinmensional arrays of wires

(see Fig. lbý. The ieuir any plane intelvseet to form squaezes

of sides 3/8".-

After firing*ý,itc, zL,%get was sectioned through the crater

center so that the seoicri as perpendicular to the initial

direction of one of the ~cts of wires whichi formed the planar

arrayso Subsequent lat.th., cuts (increvneital) parxallel to this

face permit docutientatio*-i ofC the torrminal position of this set o2

wires. In general, only oiz: set of wires in the planar a.-ray gives

information by this vect-_oni technique. 'It io necesa='y to have two

forming the orthogonal nct-work in order to have a clhoico of oection

direction after flring. Vh terminal pocitions of the ~i~~a'e

measured using a oten. r The accuracy of the mieaeuxementa

is + .005 am. The lathe oV,.t remained weithin D.02 in. p:al to

the rr~dx surface (opposjitŽ 'to section plane. not impact dixveotion),.

The origin of the coordin:atca was chosen to be a corner ox" tho

target sufficiently renov,ýd from the crater to bo uneovioed,

Tho plates werevore to form tarGots by one ofý '41o

techniques:



A. A diffusion welding tochnique previously doscribed in

Progren8 Report No# 11, Contrtat No. DA-36-O34-ORD-0565RD.

This techniqus introduced a copper-copper oxide interface

between the plates#

B. Silver ooldor technique:

The plates were mrachined as in A. to 3/8" x 3" x 3" and

shallow pa-•allel grooves of 3/8" spacing milled into

thom, The platos ivxvo wound with wire and stacked to form

an orthogonal net. The silver solder sheets placed between

the platoe formed tVi bond. Stacks were compreseod to

100,000 .)si in toeel clzaops. Then the ensenble wo.s placed
in a furnace at 140OO?• allowed to reach temperature and

held for 30 min, Aftcr Thie they wrore a-Ah cooledo

In either case A or *1, the targets were then machined to

cubic form; and, after crtching the target, the initial wire po-

sitions wore delineated o3, %'he four lateral fEacos.

Obviously, both joining, •ochniques introduoe interfaces

which may affeoct the :osponno of the targets to the impact* The

use of two joining teahniques v.llows an examination of the effect

of the bond, The axis of impaot rolativo to the stacking of the

plates was varied and tho thicknoea of the plato oontaining the

impact surface was vai'ied at!o,

The table below givoa some qualitativo information about

tho response of the tas,6ot ao tffoetod by the aforementioned

pahLaotorso



Tgt Vrf 0p 9, "1 (C Cr 3 ) Axis of

81 10,470 2232 au-0u0 1.355

S2 10,580 2205 Silver soldor 1.373

33 10ý225 21h.2 C11-CUO 2.537

s4 10, 320 2175 Silver.-soldcr l.,443 lI
S5 12,575 323,4 Cu-QUO 1 - 540 Hilhl

Remarks:

1, S1 and S2 have d Tc'm i~t eids both qualitativoly i-xid

quantitatively s:Limt111.r.

2. In S3 tho top plat-o ;.aztillod to 3/16"1 nominal thiclma~is*

11hia plato oplit P:--cma the root of~ theo tuaiot upon ftvin~s

and iwan bent to a alic~uhpe wit!- rospect to the axis (if

tho eitrik-in/, pz'oject:Ll-o. Only tho top plate was ponetrwa-od,

Tho vortical di plt*Loa~nwt (poniticwi "down~" or neouativo u)

wore lw~gea? than that; .-In S1 or S2.

3, S4. has =nallor voxtirAoaJ dieplacomont;u than those in S1 c;

S2 f'or tho ortme it.v1distance fim~ tho ~impact contor.

4. Ta'r/got S5 Bplit aiont, ron interfaco c.-I the conter of tho orator.

Its diaplacerment f~ield :Ls greater in. magniti~do than thorse of

tarGato which did nio%' oplit. HIowovwo, S5 had a hi~her imynot

enoray.

5. Target S6 was ±rnproolud otatically vtth a stool ball, the

improaoion being 80O5ý of tho volumo w~' crat-Ox' in Si and (T

Tho dinplacement fiold vas of larg.r rnagnituio at tho same



distances from the auwfacto and extended fmnrthor into the

tareet thrn in S1 ois S2, The total work dore in this

case wa~s 50 Jouloo, Nio ULp was for'med in this annealod

ltaraet." In fac't, 4;hore is La Senc.eal ankinnng of material

tie the indentation wrio approacohdo

Theas r2eaulto (I.. 'Tiraujgh 5.o) arc readlly soon fron dies.

placocrnont plotz at tho ord of thia rep~ort.

Wo m~ake the geJc~ r ~ner'alization: Th*3 Offect of

ciigthe oz'ientati(.-n o". tho PJlatoeo ir row,'Jir than tho offoct

of chano.InC; the type of 1;on( -,o Iona ac uplitting does not oc~dr.

It io felt that the rc'-t0.to for S3 :ind~icato a rei'loction phenomenon

of' oither a~ tonoilo relc--5, wvvo from tho ifwoo surface or a o

floated. comp~voesion wavo f.-am the interfaco, Atnothor poattIbiitty of

into-.,prot~ntion ise bencb.ý-; cl- to inertia forcors in the 03ioi: of

InatoriLal to forn: the lip,

F5romn the split itarCoto S5 and S3 it waur posalblo to aocav-bo

a maximum voiwno for thoe cjoctod material relativo to tho undo:-.'o~r.'nod

tcaraot, Thio voluma if =:sttimod homispherical in loss than 301ý of

tho terminal crator roluino. This figure ejracs quite well with

tho Mll mnass lona moauucivuc:tz on 2S All 2024 Al and touj2h pi~tch

Cu trn.rgcts (ceo Proarcea Roport 110. 1)#



Derivation of the L'uloria and Lagrangiani Dis~placement Filads a

Throughout thia papox ca~pital letters vwill designo.t,

LaTxn,-ian var'iables, ),ovo oase lotters viill designate Eiileriau

variabL ra 'Pho displaeomentb field io givon by dis-.

placomecnt of pointo vaxmuo the initial poonition of tho pointe. Ithe

E~ul.orianm dioplacomont ~o..io givon by plots~ of~ dsplacoment* versusJ

The nev~m~to.~ n iwtro peosi.ono wzoco pl.otted far

COr.VULY,:t Oos"'o s-Oo .oio TA:; 5ý) tvxo' Pcc sioeurfacesi wvore

on. VIOSO Plotc. 0?u~;~ voa o 0 otiOBz 0~ ,1%1 w 9510)

Considowa/tion o:C 1. data indicateo thvit one Muot vtaai ooamo

vcotXmOtioiX ftoolt theo'r oharao'~tar of tho d spleoomoat field

in o7doxT to 1x;i~:.71-;.1at~ initial poriti-ýon po~its oil tho

to omiialn~ U.inp oxa-), Nu~~~c ontoura awl dI.-Zplatconrent plioti ; n dl-

ca~e taton. axiou og piawjotj~ ?~~ th'lloufjh the contor of thne oatox!

~.c :2~1U~-rto the Tuai;;j:~~.o ihe rw.boojaqunt choice c.: the

On tho aonurapticil vylo~r.dzioal. yity, .plomn in

the Hi (Urcc- oen are duL ~din tlio -N. ton; it is thoen

PO,2-).O:;^ to 0=17,11t~;e Or to Jou (w~ith vdcr)tho ill".Wi02.

po~J.~orAand dj~i~plaoenieý f.x'n plote suchi rPs fib. The0 dioplex.rmontri

in tho Z dlir'ection ax0vo;:iad W, The divpla.cenonts in tho R

Odirool'-ston ava dQDJ.Cnae~to v, Plolio in figurou (6, .3 4) ,,nvo vootor

pooition and diaplaomornr.t V')VOU0 final Pornit±i:. ]loforo oluii



tho finite Lagz'angian str'aiins vo *hall discuss 4ome Appr'oximations

and the general character oT the flow fields

Adjacent to the crater surf'ace is a region of reverse flour

to formi the lip. Wires ave obzorvod oxtonding into tho lip# In

2S Al targets macrootohed ar firad, grain elongation along the crater

vwall. shows that consido%,n1a½ o.ipastic f low is asosociated inith a reGion

approximatoly ao wide ar; it;oo mex~imum Uip vidth. Thia region has a

m1aximmn tvidth of .4. on atn theo targets examinod, Thoe jocte. volurn0

which has boon discouased -,:n.-vioualy ic depicted in Fig. 8 alfloo A

Ihrce a'ocion of the tarc"04; (oho-;nq in. Fig. 0) has an approximatoly

--adie). dL sr~oomont field. flioplacomonts calculated under thic

aosutmp-ion arc. plottePd ý.n ?..9-10 and ain equati~on is fitted to

the datea I
Uaioulgations o.?:~:t Laigrancion otva-in have boon imado

(it io not po~rniblo to vj :itothe &~criveti.-ons for the

Eu1~anStraitns3) ~Owe Lag angrim a~ tven tonaoo Is dorivod,

itz rJeconld invariant Ir cr -,:Lculatad an.d plotted in& a termin~al

conf:louration (11). ii) Ut wai originally folt, that thio iLvC~rient

iwho-uld bo e 'latiod to thc ci43(.,y1J aIboorbrid cmd hmeex to Lard,:tiei pro-

fio tadhem- on the tarac-to, "31oli hardnooii pro:'ilon vore ziltido (Fig~. 12)

and me~rc coqpared. wvith the: acyntour plot o±f the calculatod second In-~

ra:l~milt 0-0 Itowovo4 it Ix: ):ou folt that t~he onaor~y aboorbod (or the

heaxduaro lovel) ii mora 1::Ikoly coi.-o function of all tha'oo :Lnvaianto

of the otrain tennoro

In the couz'ne of tl:owork wo havo drimoi i;t rated the ability

to porform moaswi'omonto to~ Jocument tho torminnl dinplacormint field.

Wa1 hc',.vO cliscovevodI corttj.i i-%rpactr3 ofC thin fiol~d in rogiona romorod
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from the crater. An ejecta volume has been identified which

correlates with previous data 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 the deformation field.

Problems:

1. The ini+4al grid size in these targets was such that only

two or, at most, four wires were close enough to the crater

to yield much information.

2. Only one wire (in S5) was actually in the shoar flow region

adjacent to the crater.

3. The difference betweon macroscopic rmd microscopic strains

points observed to undergo small dis.lacements have relatively

high hardness levels. This technique may not adapt itself to

direct measurement of dilatational strains (where small strains

may correspond to vely high enerM, alsorption).

4. The reaction of a paoticlP' of material first being pushed and

then pulled (redundant work) will not appear in this -erminal

documentation.

Suggestions:

1. Targets containi•g a finer rtesh will be fired in ordor to

document flow near the crater.

2. The relation between havdneas and the strain invariants will

be investigated.

3. Higher energy targeots will lead to a search for similarity

in the flow field below the crater, i.e. we hope to answer the

question of how this flow field changes with velocity or

crater size/shape ouer67, etco
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