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EFFECi’S OF PARAMETRIC VARIATIONS OF COM1’LEX
TARGETS ON IMM.AGE FROM PROJEC1’ILE IMPACT

ROBE1’tT W. MEIER

‘ikhnical Engineering Support Group, LOS Alamoa Nalioimi Laboratory
P,O. Box 1669, Los Alamoa, New Mexico 87S45

ABSTRACT

The c~ccls of n hypervcloci~j projectile striking complex targeta hnvc boon invcstigatad. The
tur~cl~ consisted of mctnllic nnd Inw-denait.yHhockattanualing Iuycrwmd void regions, The
mujor fculurcs uf the tnrgct.swere syst,amat,im]]yvaried to correlnta clmnges in the tnrgci.awith
lhc projccti]c’sctTccLiverrcssin damaging the targeta, Two.dimoneional numerics] oimul~lions
WC*Mdone wilh the Eu, criun computalionn] fluid dynamim pro~rum I) IN ON. Projecti]c
rfrectivcncssngninat WC VGriOUR targeta wae I,leasuied by determining the maximum prrmurc,
prrssurc intc~rnll l’~r VHIUO,ond hole sizo nt sovcral locatiom in the tnrgcta.

lNTIM-mucrloN

I) I”I)JWLIIO inlmnclions with cr)mp]cxWrgoti arc ofinbrcst in ninny diflcrcnl flc]d~, The Cilcctsof
vnllous components Of m Luqgat in influencing tho ~llnvior of nn inlpncLingpmjc~ti]e arc noLfll!ly
understood, The pcncLration of a projectile int,aa complex tarEct is influenced by each of Lhc
mutcrinl hiycre and void ~gions it ~~eoun~rs. Numerical Silnulnt,ion hns boon used to i[ crease
lhc unricrmtnnding of proj~ctilo and target interacliona (Johnnon and Anderson IW7) and to
invcslign~ t.hoctTccuIof various projrctiloa on a complex ~rgot (hlcicr 1!)87), In thin study the
vlliwLsof u pmjcctilc Rtriking ditTeronlconlplcx hrgeti at a fixed velocity wero invcslignted, To
cfjl”l’r]:llcthe chnngcs in tl.o Lnrgcb with Lho projectile’ac~cctivcnnrmin dumaging Lhc targcto,
w,voml nuljor frnturcs ufcomplox tergctawem sysbmntically vnncd,

Thc*lUrKCLRcrmsist.cd0[ Inycre of silica phcnolic and aluminum behind which WMIIa void region.
Ilrlllnri tlw vnid rc@m WRRa multilayomd region of Volyurctt}uncfnnm ( 1,!2(ig/cm~)bctwoantwo
I:lyrrn of uluminum, The tirgct ~tructuros und tho projoclilo lhnt ~Lruch thcm urc shown in
k’1~.1, III this figure lhc projoclila motion in from lon to right. ‘1’hcprnjoclilo WHSa lungstan
sphcru with u manrrof 10g, It struck the silica phcnolic Inycr nt I cnd~n. Tho pmjcctilo matana],
IIIIINN,olld vclocity wore chomn t.uproduce significant target dunmE~! ilcronn lhc opoctrum of
IIIIWIIH IIPIV1ill II){, sLIIdy, ‘1’lwprojcctiln impuct condiliunHwvrv h(!ld conw~intROlhnt t.lmoiTcch
I:( I;IrI:I, purnmultlrs rmlld IIVimlnt.od.

‘1’11,’V:II 111111111I’11111:11It’d 1~111 Illl,orll)odillto or nnmi!lul VIIIUIIN d 1)111t:lrl[ol l!lllll’11[’llillnlil’snrv
I.IIIIWIIIII ‘1’ntlluI ‘1’1)0Imlllitinl VI)IIIOnfmrh tnr~:olrllurnrlvri Hlir Wllrl Il!wd, I,x(vll)l fr)l’ 1111~Inyw’
II :It w ;I% III, II II! vrlrli~(l for 111111 Imllirlllnr rIIMV, lI:Iwlltnrl:l~l t’11111.11[’11,1’iwli[’WIIMvnrivrl rrlnl) ilk
111111111111111If) III*Ill;lxllllllll vlllllII nll(l r{mllmrml will) Ih rIlnlIll NIwllivvofl fi)r il~ Immillnl vIlluv.
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Fig. 1. Struclurci of targeta eimulated.

I’ablo 1. Variation range of target charactmlatkx

Minimum Nominal Maximum
~—kill)—~

Silicn phcnolic 1.0 2.s 3.0
Aluminum 0.2 1,0 2.0
Void 1.0 10,0 18.0
Polyurcthnnc Foam 0.0 2,6 6.0

Includcamnmrinl nLren~th(Younga 1982). The only matarial aLmngth included in lho computa-
tions in lhi~ otudy wus a eimple strength mode] provided by nogativo pramurwo in lho equations
Orhultc,

TIM turgcts conaintcdof n nCriIM of discs 30 cm in dinmoter and of ono void region, ‘l’ho diametar
wns Iurgc crmugh b climinntc wlgc ethcti and L4Jallow aullkicnt diol~ncc for t.hodobrie clouds 10
c’x~nnd in the t.rnn~vcrac diroclion. Tho computitirrne wmwdono Iit twn-dimcnoionnl cylindncnl
gorrmc(.ryIWCIIUSCthere wnn no vnnntion in (,ho angular diroclion,

SHAME (Ilolinn 19H4, Ih)cttgcr ]uH9) oquntionn of amti wore used for H]] mntoriniw l’ho
SttSAMH oquntinn.of.stnb Ilhrllry is a e~ndard, compuhr-bnscd Iihrnry thnt cent.ninstablooof’
thcrllwdynnmic proportics for n wide ranRc of mntcrinlo over n wide rnngo or phynicnl rogionn
S#;SAi%fK in nnc of lho momtnccurnl,ccollcctionaorcqunt.ionsO(nti~tcnvnilnhh!.

‘1’)wf[Jltjwil)KSIIJSA’MHuqlmti(m-or.~@W nurnbcro wore ueod: No, 3fi42 for Lho l.unKRtmIpro.
jortllc, Nn. 7fiH()for lhI! ~iliw: phrmnlicInyor, Nn. ~1717for Lhcnluminunl inyrIrR,nnd No, 76(I1 fcr
LIIO Ilolyurrlllnnl, fonm Inyrr. ‘W! cquntionn.of. nlntc for tun~ut(!ll hllld nluminum arc
ll(]lll~(i!lllitlrillrll lylmF, wlliip 1I1oM* for qilicll rhonoli~ nn~ ~olqyur(,lliilrw li)lll\l ml,@equilibrium
1,1111:111,/11s 1)1-.IL!I III,.

A(I lIIv I,!il 1~:1[11111 IIi’ tliII (~tli~(,l (~f fillilt~ [lllli~r(lllru (![,1] ltizt~ i~ll nollltiml Ilrt’llrl\Cy tlhOWMl t)lllt
+Il:llllir;llil IIUI11411-1(~11 v~rt)rs wt. rv pIXWOIlt ill LIIO Hollll,li)l) WIWI1 u (),’2 (’III II(NIP Hlm(,irll: Wnn IIIA

\VIIr,tI iI II {)T, c,,, II(NIU %l)iicllll: WIIS IIMA, Ilw rollll)lllili~g tin)u Iwcnllw vx(’,l:l~iv[,

I ‘IIIf,JtIII tIfNlt. HIEII.1111: III” () I till WIIII IIM4VI LO M)IIIIIIIIV 1111 IVNIIIIN IIIIIIIVCI III t,t)i M l)IIlwr. Tlli~
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so Lhis node spticing was near the practicnl ]imit n; fineness nncl produced good occurncy in
comput.cdprcssurcsund lnrgct dcformution.

l)rojeclilr l,[l_cctivcncss :Iguillst Lhev:lrious blrf.yLs wus mmsuwd I]yc;llculntill[; tl]c inslunLane-
OLIS prossuros, lhc Lime in Lc~r~lLcd pressure, nnd the ]% va]ue n]ong lhc ccnk?r]inc nL t,hc fronls
d etichof lhu uluminum Iuycrs (rcfcrmd to us Location 1 nnd I,oc:!lion 2) in Section 2.* These
V: I]UCS wurlh Inc;lsurcd on the projectile’sIinc.of-travc] (centerline Of Lhe :Ixi!iynlnl(?(.ric gc!olnclry)
IMICNUSC the grl!atcsl pressures were produced along lhis ]inc. The prcssurw inlcgrids nn~ ])21
valurs were calculnLcd froln tllc instanbncous pr~ssurc plots m funclions of time. The intcg’rn]
of the pressure over time is a measure of the impu[sc pcr unit arm. ‘Nw l% vnlucs were defined
os LhcIn:lxilnunl pt-essurcssqllnrcd times the pU]SC widths nt lmlf Lhc maxiw.um pressure.

l’hc l’~r value is one criterion used LO determine thc thrcshokl of shock initiation of cxp]osivcs.

l’hc l)~r clitclion (Wcilkcr 1976) is basedon the critical cncr~ clitcnon (Wnlkcr & Wnslcy, 196S).
A sutlicicntly high prcsrurc is required for a sufficiently long period of time to achieve
dctonaLion. The 1% value combines both of these characteristics into J qunntifiablc mcnsurc.
‘lhrgct domtigc was also osscsscd by measuring the size of the ho]c produced in Lhc silica
phcnolic nnd aluminum lnycrs in f,-ontofthc void region.

lUHUL’H

IIL1~,’ . .

Figure 2 shows n graphic of the target, with all LhcIaycrs at Lhcir nominnl Lhickncsscs, 100 us

nftcr bring struck hy the projectile. Thie dcnsiLy.weighted plot of the lnrgct primntily shows the
d(’furmntlrm Of LhC turgut !nycrs, but il nlso SI1OWSsome of the shock wuvcs in lhc tnrgct, After
1(10PS tl)c’ [ii~~~ll wns slill deforming, but the holo growth rate in Scclion 1 wns very small,
Th(’rvforr, Lhc slate of Section 1 of Lhchrgct nftcr 100 l.mwas n good npproximntion of the finnl
d;lln:i~u causurl hy lhc projrctilc impnct, In Lhis cnsc tlw projcclilc produced u hole in ~Scclion 1
111:11W:IS 12 L-m in (Iinlnut(lr,

‘i’yl)il’:tl prvssur(ts ~illculilt.(!d ut locations I and 2 nw shown in Figs, 3 nnd 4, rcspcctivcly.
‘1’~pirnllythe prc,ssurenl l,ocnlion 1wus much higher nnd more volntilc Lhun thnl U1 lmcntlor! 2,
‘1’l)isIwhnvior WUNcuuscdby Lhc debris produced in the void region nmi Lhc~ttenunting mntorinl
lNIlwwIIllhu two Iocnlions,

I,.

,..

!,;

I

,- ‘r 1“ “1

.

,, 1,, ,,
,,!, ,, , l!: 111! ,,4 4 ,!1

i!! ,l,),). ,,-,’ 1,,1,

1“’1~:, ‘2, ih*rc}rmntic}ll (If 1114*Il(linltllil [ilrgt~(,

‘ 1!,! ,,81,01.,1,8,.., 111111,,1,1!,ll,.,,! ,,,.a1,,,11,,[ ,,,11,,,,,,1,,<,,,,1,,,,,,,1,,1,,,,,,,,,,,,, W,ll 1,,,,,.l,,,,,.,I l,) ,1%:;,,,,IIIIII I ,111,1Ill,,
11III .,81,1111II 11,1,tmr,111111111111111,1,1},,1..W,l,lll,,tld Ilv I,,dblll,,lll,,lll 1,1,1111Will Ill, 11.lt,lllll Ill :1,. !il,lllllll :’



/

a

11X (Lmcc)

Fig, 3. Location 1 pressure in the nominal target.
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Figm5, Ilcl’ormatiou of the minimum silica phcnolic target.

‘[’II(I Ill;lxin]um prl,ssuru 1]1 nccurrcd 20 ps ufl.cr projcclilc impnct. The Ili;ixillllllll pressure 1’2

IJ(’(”III”I”(:LIilf[(’r 2“/ pS. ‘1’he dclii~ in limirl~ wns c: Iusl!cl by the lime rcqu; r(d for Lhc shnck WIIVC 10

l! ’,l\”l,l 1111’l)llgl)[111,;Ilulllillu]n :111(1l)l)l~ul.cil);lllt! fi]:llll lilJTrS of,Soctio I] 2. ‘l’!IL!lllil Xilll Ulll 1)1 Wilh

II ;:~ lIlj:Ir ;Iml [II(, llmxil:~um 1’2 WIIS 0,032 Ml);lr, ‘]’]10 ]ilrgc dl~crcncc W:IS C:IUSC(] h-v LIIC :lLlonu-

(111111101” !II(I ~lloCk \\’il\’C 1,.~ lIIc l)olyur~lllill}c foill]i. ‘1’111!prcssuro itlh!gl”ill V:IIUC CillClllil@d for this

l;ll”~(,l ill l,fw:l(ion ] Wils (),5S hll):lr.~ls illl(l llIC ])21 Vnl UU fit, IAICil LiOll 2 WIIS 1.8 X 10”:1 Ml)ilr~*pS.

“1”]11,1’1 rr:icho(l iI m:lxinlun) (If 1.:1 Ml)ill’ nll.ur 15 )1s, [11~(1 l}~(! 1’2 r(lii~]](!(l ii nl~~xin}unl of’

~) 077 llll;lr uflor 21 IIS ‘1’llc priuwuru il}l[,~rnl nt 1,omt.ion 1 w:m 1.2 Mllilr B\lS illld tll(’ 1’2[ Vlllll(’

;Il I,f)(.illi(ln 2 Wils !), (; X 10 :) hll)ilr2.11!i, ‘I%(’ nlilxinlulll prcwurt’~, prr:isllrc illt{’gri~l, nml l)~t
!::11111,Wl,l(, sll!llifil,~lllllv illcr(*:lsv(l from 1.1)11:;(, for 1])0 I)olllillill lill’l!(ll, ‘i’tw Limt’ r(vlllirrd to
il,.t (,11111II I; I.\ II II II III lII,IISS”III, (IS W;IS I.I.(IIICII(I Ill C(]llil]ilrlsllll wil,ll [11:!1OI’111{,Il[)ll)illill 1:11”1:1!1,
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“1”111111(’xII:IImIWLth:lr~wtrristic L.ul)c vi~ricd WIISlhc illtlll]illulll Ioytir udjoinin~ lhc ~ilkil phcnolic.
AL 101)USilflcr pmjccLilcimpncl with Lhcturgcl Lhuthnd Lhcminimum uluminum Lhickncas (0.2
CIIII, [II(I tnrgct wusdeformod, us nhown in Fig. 7. The dinmctcr of LhcI1oIcpmduccd by projectile
p(’rfnrillinn of%wlinn 1 wns 10cm,

The mnxlmum pressure of 1.0 Mbar ut Locution 1 occurred utlcr 171111,ThI! pressure inlcgrnl
\,ill~li* rnhwlntcd r,t t.hifilocution wus 0,!)3 Mlmrqm. The mnximum prcmurc of 0.0(32Mhtir nl
lioc:llinn 2 wus fnund lrr occur n~r 23 p, Fmm Lhc prcsrnum-vs.time curve n P21vnluc of
7,5 x 11):! Mhur~.~s wus rlrl.vr, minod. The prnk i)mssum UL],oculion I uccurrcd rdighlly sooner
:IIMIwns Nlightly higtwr lhnn Lhnl fhr lhc nominnl Lnrwl. ‘k nmximum pressure! al lmculion 2
:11WI Ii(.rurr(vl s[mrwr l}lutl Lll[il for llw nnminld Mrgcl und Lhcprl!mllru w!m UIMIhi~$lcr.

\VINu~ 111(1nluminum Iuycr mljoining Lhc nilicn plwnnlic wun IWLLoiln mnximum vnluc of’2.0 cm.
Itw rilslll[s shown in lJiK.H wt!n! ohlnincd. Figure H slmwn Llw lllrgcl dcf’nrmnlian Uflcr 100IIS.
:\ I III I.*IImI~,IhI*,SrclIon 1 holr dlnnll!trr wu~ IZ cm. Tnrgd d(*lhrmiition WUR cnnnidcrably I(WR
111:111111:11Il}r Ilw minimum uluminum Inrl!cl (h’i~!,7),

Ill, 1!11 I.1111, .11 1.111.;1111111 I I’1,:11 1(,11 II Ill:lklllllllll IIf () (;H ,!ll .:11 :1111,1 lllll\ “1’Il.. ‘1’111, 1)14,:...111’1,
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‘1’hc pressure at l,ocation 1 rcachcd a maxlmul of’O, T3 Mbar after 20 ps. The pressure inlcgra]
value was 0,56 Nlbar. us. The prrssure, at hcation z rcachcd a maxin]um of O.012 Mbar at 37 w

alkr prOJCCLllr irnpacl, The rcsul[anl P% value was found to be 0.29 x 10 g Mbar~. ps. The pres-

sure al Locat]on 2 was much lower and arrived Inuch ]atcr thar. !!lat at Location 1, because of
~hc large amount of polyureth:me foam (with low shock speed) bctwcwn Lhc layers.

SUMMARY AND CONCLUSIONS

The hole sizes produced in Section 1 of the target by the projcc[ile impact Jru given in Table 2 for
the four cases in which the target charac~ristic alTeckd the hole size. The void region and the
polyurethane foam layer were found, as expected, to have 1,0 clTcct on the Section 1 hole size.
These hole sizes were the same as for the nominal target. The hole sizes listed can be compared
with the 12-cm hole size produced in the nominal target. The hole size increased as the si]ica

phenolic or a]umil]um layers were increased and was relatively independent of the type of
mater-ial used.

These results are i;~ good agreement with holes produced experimentally in shields (Gehring
1970). In both studies the hole size was found tO be fair!y independent of shield material and to
increase with shield thickness. The hole diameters in Table 2 are within 1 cm of Lhe experi -
mcnta] results reported by Gehring. The tr~nd of the results is a]~o in agrccmcnt with numerical
analyses of thin-layered targets (Oyer 1986). AS the targets bccomc thinnsr, the hole sizes pro-
duced by the projectile decrease and approach the diame~r of the projcctiia for very thin targets.

Table 2. Ilole diameter in section 1 (cm)

Target co~ . .

Ehlinalmamllll

Silica phcnolic 9 12 12
Aluminum 10 12 12

Comparison of Figs. 5 through 8 shows that the spread of projectile and Section 1 debris in-
crcascd as the silica phenolic or aluminum layers were increased in thicknesg. ‘These results are
UISOin ag-rccment with experimental results (Gehring 1970).

‘1’hc maximum p .essures at Location 1 oflhe target are summarized in ‘~able 3 for Eli four targel
characteristics considered. These values can be compared with the maximc.~. uressure of
0.73 Mbnr found at this location in the nominal target. In all cases except one, the maximum
pressure at Location 1 was substatitially less for the maximum thickness than it WHS for the
minimum thickness target, The exception was obsewed for the polyurcthano foam Iaycr, where
Lhe maximum pressures were equal for mir. imum and maximum layer tk,icknesses. This resull
is reasonable because the polyurethane foam layc.. was behind I,ocallon 1, and chnnges in this
Ia:wr would not affect the prc.,surcs ahead of it.

Table 3. Mnximum pressure at location 1 (?.lhnr)

Target co~f Ss
,. ..,,

,Silica phcnolic 1.:1
Alunlil~l.m 1.()
Void 0.(;8
l)olvUr(!tllilllL! ().7:)

‘1’111,:IrrIv:Il [Ir]lt,s (If 1110 lllilxir]l(lrll Ijrrssuros :It

NQmiM.l MndmlJm

(),7:J 0,,10
(),7:1 0,:):1
0.73 (),.50
(),7:1 ().7:)
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Table 4. Time to develop maximum pressure at location 2 (IJS)

Target CQ.MWZLWntlb.kb.ws
-d MdlxUIM

Silica phcnolic 21 27 32
Aluminum 23 27 37
Void 12 27 41
Polyuret.hanc 25 27 37

The time integrated prcmurcs at Lacation 1 are summnrizcd in Table 5 for all of the target
cllnractoristics that were varied in the study. The values for the maximum layer thickncm wcm
Icss than those for the minimum layer thickness for all target churactcrietics except polyure-
thane foam. Since the polyurethane foam Iaycr is behind Location 1, variations in Lhis layer
were not expectedto change the pressuro integral conditions from that for the nominal target.
The pressure intc~:ral value for the nominal t,argct. was 0.56 Mbar.~s. This value was inter-
mediate to the val ,es for the minimum and maximum tiick.ncsses of aluminum and void nqgions.
The pressure inf gral value obtained for the maximum silica phcnolic target was the ~ame as
that for the noml ,nl target.

Table S. j Pdt ut location 1 (Mbar.@

Target
u

Silica phcnolic !.2 0.56 0.56
Aluminum 0.93 0.56 0.28
Void . l,: 0.56 0,32
Pol yurclhanc 0,56 0.5(5 0.56

The Iowcr vtIlucs cf preasurc and pressure intagrnl for grcntcr thicknesses ot’eilicn phcnohc nnd
nlunlinum were caused by increuscd erosion of’ the projcctilo nnd incrcnsad dispcmion of the
dehlis i’rom the pcrforat.ionof Section 1, ‘1’hc lower vnlucs for gronLcr void cxtont wcro caused by
incrcused I. ansvcr~c dispersion of Lhe I*r~jcctiIr nnd Section 1 dchris, hccnusn it hnd o iongor
tilm’ M disporsc hcforc slriking Sect.ioll 2 or Lhc Ulrgct.

The 1)21vnlucn ULIficulion 2 nrc summnrizcd in Tnble (i for Lhcfour vu+cd LurgcLchnructcnsticu.
Thr l’2r vnluc found nt this Iocntionfor the nwninnl tirgrt wits 1,11x lJ”~ Mhur2*~s. 111nll csscs
tlw l)~r VUIUCS for the muximum thicknesseswere ICRS t.lmn Lilow for tlwminimum thichncsscn,
:IIId lhu 1:~1vnluc for t.hc nmninul lnrl:cl WUNin Lcrnw[liHtc to lhc vnlue H for lho oxlrcmcs, ‘1’hin
lrr Ild ngrcos wilh lhu cxpcctml lrcud, AN llm ll~icklwNscs of LIIC nilicu ;)li[’l~olicand nluminum
lil~lmI’S urr incrcuflcd to lhc point 111which Lhc prnjcctilc will no Iongcr pcrfnrnt,olIICRCIayorn, lhc
1)~1VUIUCmuHt.~:oLOrmro. Similnrly, us tll(i v[]i[l I-x1(wL is incrrlmcd, the rlohtiRcloud l)CCOMIM
nmrv dillww, nnd the cclll~,rliml !)rwuulrr n!) ,Soction 2 dmmwws, Alsn, nx lhr polyuroth:mc fonm
[Illckllllss inrronmp, t.hc xllock Iwromos mot-v utt.onll:lwd, rim-ithe l’~r vnluu npprnuclwn zrro,
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Fig. 13. I% valua nt Location z as m function of Inyor tl~ickncsscs,

ArI nluminum inycr of lhc mmc thicknoas as Bi]iu phenoiic producod a iowcr 1% voiuc. ‘i’i~ia
mlutionship wus cuuscd by t,l-ic ilighor density Of aluminum. An oqunl thickncm of ailicnphonoiic
hus n iower urcul Mnss, which is the product of matorinl density und Inyor Li~icknoss,Lhun
nluminum unri crodc~ tho projccLilo IOSLI CM it pcrforatm the SacLion 1 IuycrH. ‘i’hc cmwcqucncc
wus u higher pm.ssurcpmduccd ~11Section 2 Of u Urgot with a given tilicknom of aiiicn phonolic
us compurcd wiLh u lntgcl witil an oquai thicknoso Of niuminum. Howovar, on u por unit Innaa
hnni~,incrcnmingLiw nilicn )hcnolic t.hisknonnin eli~htiy mora e(foctivoin reducing tho 1% vahm
thnn is ulumirlum.

(;hnngc~ in poiyurctimno fnum thickncan producod a r~intivoiy mnniior ciumgo in i% vniucn UN
comlmrcci witi~ IJNmgcR in tho siiicu phonoiic and niuminum inyom ‘i’ilc i>% vniuo upprouciIod
4,!) x 10:1 Mhur2*lln as Li~o ixdyurothnno foam t,l,icknom wont to zero. For lnr~or v~iuas of
polyurclhnno foum tilickncsri, hnwovor, tile ruh of chango of 1% vuluo upimmchod timt for oilicn
plwnolic nmi uiuminum,

TIIII rmultn mhownin Fig, ;:1 cnn bc u~od LU dobrmino tho I% vniuc oxi~cctmifor n turgot, othnr
lh:ln l]LOROprcviouniy nnuiyzcdl by aa~uming Mut o~ch of tho Lnrgctcnmimnonta ‘.miopondontiy
ufl’wts lho i)~~vniuc, h’i~uro l:J WM UIIOd to predict n i]zt vniuo of 0,11x loo Mimru ●IIBfor n
tnrgol Wilil 2,() CMnf Ailicnpilcnolic, O,ficnl of n]uminim, a 6.O.Cmvoid, nmi 4,0 cm poiyurctimno
fOmII. A i)i NON ctmlpututinnof thin CIMCmnuitmi in a l% vuiuc of (i,l) x 10~ Mimr~~lln, wi~ici~in
ill very ~!owlngrw~nmill with lhc prmiictc~ivnluu, In thin wny, l.lw i)~I vuimt for n myrind ui’
rIIIIlldI*xlnrjy~’,,m[VIIIiw (nlcIIlnb[l wlthnul d[lLni]cd I}uI1,,,, :-ni nimululinlln of onch hlr~vl,
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