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A model for numerlcar sl.mulation of high verocityI'mpact penetratLon of thtck flber-reLnforced conpositesls PsoPotQd ' The model is developed based onphenomenological obssrvatr.on f rom numerour barlist, icinpact tcsts. rt rras concluded that the decelerationof t,he pEojecttre is caused by three major energyabsorptl'on nechanisms, each of whr.ch represents onc ofthe ehrce stagee of the penetrat,ion procesr rnseguenee: (i) punehLng; (ii1 fiber breaking; and (iil)de!'arninatl'on. The current moder utlrizes a continuum.pproach based on the f ramcrortc of, damage rneehanics.rt lncludes the basic orthotropic constttutivcbehavLor. The three major failure nechanisms arenodcred by three independent, farlure critcria. Dannageof materials is prograssed using a degradation moder ofthe f allure of the conposrt"o. rlig ibc.r has beenlncorporgted I'nto a tro-dl,rnensional nonll.near transientdynamie flnltc element program - DINA2D. A one-wayerosion argorichn wlth vhich conpoer.tes can bo erodedupon the occurrcnc€ of ccrtar.n f,arrures has beenineorporat'cd Lnto the code. Nurnerleal sinulatJ.ong havebeen performed snd regultg showed good corrclatlon wit,hbatltstic tcaEr.

r$rRODgctIotr

compositcs havc provcn superior to monolithiernat'erlarsr psovldlng tn additlonal dirncnsl,on to design,bccause of thelr stoctftc stlflness and rtrength, andtheir tallorabilltf ao bcar loads and rlthscand varl.ousSevQaG Gnvlronrnen!t. Ag a acsultr there hes beenincreascd utc of advanced f,iber-rclnforccd composltenaterials ln vaarous mr.lr,tary rpplicatJ.onr. Apotent lar applLcaEion of thcsc natcrl.arc ls Ln thectgsisn of arnmunltion protection systeme against suchthreatg as htgh vcroc!,ty fragrment irnpaets and cxplosr,veloadg.

During thc paot tvo decades therc hag becn cteadyhr-rre9Eetr ln anaryrtng the rcsponre and behevlor of\raeomPosl'tcl cubjceted to statlc and quasl-!t,atidI^--rt ;;" ;";;';; ;;;. H:; ";i"' i:::

..) 2,1

in t,he structural dynamic regimes and lor verocicyimpact problems is ll.mlted [ lJ . Moon, s work in Lg72
I2l, 1976 [3], L977 [{1, Sun,s work in t9T5 [5], t9?6
t 6l and Greszczuk' g nork in r 9z5 t z I rcpresent, soloe oft'he earliest contrr.butions in the impact dynanicregimes btrt again, these are restrict,ed only torelatlvely low veloclty impact probreros. Littlet'heoretical and computationar aesearch has beenperformed in the.rea of rcsponse of st,ruct,urcs to highvelocity irnpact, penetrat,ion or explosive roading.

As a Eanufacturea of various defense eguipmentr,
FMc has partieular interest in using'fiber-reinforced
composites for eguipments, tnd therefore iscontinuously Performing raseareh in advinced graterials
cueh as f ibcr-relnf orced composites. pot,entiat
apprlcatlons of these.materlars rla tn the design ofprotecEl've ttructurcg for anrununl,tlon ryscetns and aE6orvehlcle hulls . The na Jor reason f or ehe select,l.on of
conposl.tes Ls lts light-reightr htgh strcngEh,
tailorabLllty and danage tolearnce. rn both
applications' thl,ch composites arc usualry required and
the balllgtic perfornance of these composites Ls a
ma jor design consideration. It has t therefo Eet
prompted the need for developtng an adeguat,c model
which crn prGdict the balll.stic paaformance of
coraposites.

Nunerout ballLst lc irapact tcst s Here performed on
S-2 glesslpolyestsr IBl. Obscrvation of test pancls
aft,er Lnpact suggssts that thc panet;ation proeess Ls
barlcarly broken dorn lnto threc seguantial stagcr: (tl
punching; (ii) flber break!.ng; and (itf) delarnlnat,ion.
Each ctage of the proccrs t g ehaaacterized by a
tpaelfic fallure mechanl.sn which absorbs a certal.n
PEoport lon of energy and ia rerponsiblc for the
deeelcratLon of, the projectile.

our ob jectl.vc at thls po{nd rar to devc rop .
rcasonable model that can bc LncorporgEed lnto a
hydrocode and us'ed Ln large gcalc simulations for
prodletlng tho ballistic perfornrancc of thc compostt,es.
Thts report documcnts the efforB re havc undergone for
thq dovelopocnt' of 'a tro-dirnenglonal progressive damage
comPosite model that can be tpptied to sinulate the
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high vclocity impact penetrat,ion of, compogites. It
conglstg of four parts and is organized as follows.
?hc first part sumrnarizes the phenomenological results
ob.talned f rom the ballistic tegts. The second part.
cxplalns the formulation of the basic model . The t,hi rd
part, discusses the implementat,lon of the model into the
hydrocode . The f ourth part, il Iust rat,es the per f ormance
of the modol and comparcs the results slth actual
cxperimental data.

?nwo}tfNotpctcll. RtsuLtS

Test inq

Ballistic tcsts rGaG performed for various uoven
roving pollzmeric conposites at velocit ies above 2, 000
f/s, Single composile panels rere tested. fiberr used
in the fabricat,ion of thc laminated panels include S-2
glase. Thtckness of t,he test panels is ln the
nclghborhood of, 1.?n. A steel ritness plat,e lras placed
at the back of the target to catch the projectile. Tro
types of projectileg rere used in the tegts i a
fragment-simulating Projeetile (fSP) and an Armor
Piercing (ef} round. In lhis worke the discussion is
confined only to FSP. For partially perforated panels,
t,he pcnetration depth and danage zone wetre measured.
lor completely perf,orated panels, the residual velocity
ras measured.

Re sul t, s

Figure 1 shows the sectional view of a I ' ?4-inch
t,hick GRP panel struck by a 20-rrun fSP at just, above
VSO. Exalnlnation of the post-tegt aPpearance of, these
panels clearly revealg the cavitLes as shorn in Figure
1. Three ma jor f ailure modes can be ident,if ied:
punching shear, tensile and delamination failure, each
of, rhieh repr?eentg in successl'on a stage in the
penet,rat,Lon process. The relative thickness of each
stage depends on the overall laminat,e thickness. The
amount of failure in each mechanism rePreeents its
share of, cnergy absorption and is resPongible for the
deceleratLon of the projectile.

tro.f€cnu
$rgrut

rnSoRrTlcl'I. r'oDtl"

App roi ch

A key element in this developmenE rat in
ident ifying and quant if ying the di,f f erenc failure modes
as the projectile penetratca the composit,es. A
aehematic of these procetses is shovn in figure 2.
Thls rcpresent,g the major failure modes rhich rere
noted also in [ 9t . The initial Penetratlon zone is
dorninated by t ranaverse shear f ailure, fol loved by ply
t,ensile f ailurc and then delamination. Each rnode of
failure absorbs a percentage of the Projectile'!
kinet,ic ene cgy and is reeponsible f or the decelerat ion
of the pro ject,ile. Therefore, aDY anafytical tool Bust
model t,hese major failure modes and have the
flexibility Co accept other failure rnechanisms as they
are identified.

PROJECTTLE

TSNSILE

-DELrfilrA?lorl

Figure 2 Schematic of Failure Modes at Different
Dept,hs of the Ballistic La$rinate f,or
Impaet Velocity just above VsO

Upon understanding the nnajor failure aodes
occurring during the Penet,ration Process' our effort
bras to direcE toHards the development of a model Lhat
can be used t o Predict the ballistic Perfornanc€ of
thick fiber-reinforced comPosites . The Penet ratLon
phenomena occurring during high veloeiCy impacts of,

thick fiber-reinforeed comPosites are believed'Bo be

very complicated. At this stage of the devclopnent'
effort, it ig begt, to confine the Penetration of
composites to a tro-dimensional problem and to tsrcat
the failure issue in as sirnple a manncl as possible Cos

several reasons .. f irgt r there iS a large nuraber of
snlnswnsr and choosing a more complex theory could have

t,he ef f ect, of obscuring t,he primary f ailure mechanisms '
Secondly, a more comPlex theory can most tihely bc
formulated later if these simple theories have ghora
reasonable results. So at this point, only the Eacro
behavior is congldered r€Present,ing the three naJor
f ailure modes described earlier. Ie I's betievcd that
micro damage and failure yill no! be a cignificanB PErt
of the energy absorption particularly f,or high vclocity
penetration of, compotites

tn t,erms of geomet,ry, it is assuneci the probleo iS
axisynunet ric ln natutre . This meant the sub-larainatc
lay-up is guagi-lsotropic. Thls is consist,ent rith tltc
axlsymmetrlc finlte element f,orrnulation and docs noe
vlolat,e t,hc physleal conct,ruct lon of t,he balllgttc Jg
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rclson. $oycvea , Lf,
rcqul,remcnt, tt may
balllrtlc cBandpolnt,
pIl,ea.

Congt*tptive nrodet

Thc eonst lt ut r,ve re lat ionship f or t he t ro_dimenclonrl rxlrymmct,ric modcl Ls governed by eguation
{ 1} and ls based on the mat,erial ref erence coordinatesyst,em ll-b-C.

1 /G"6

the orr,entation of this materiar referGncecoordinaEe syst,em relative to the element, coordinatesyst'ern or thc grobar coordinate system may be definedby t'he user. The varue of this orientation rs used toset up the r'nrtiar configuration for the materr.artransformation. During penet,rat,ion, rargre deformationrill Occur r.n thc rnodel and the mat,erial orientationsof all the ercments ln the rnoder are 
"ol"a";. 

--rn.
value of the orlentat,ion paranet,cr is carcurat,ed foreach elernent and gtored as e history parameter for eaeheLement - Transformation operatlon- is performed basedon this orientation parameter in calcurat,ing t,hegtresses and st,raLns.

cauchy gtsesses are car,culated for each erernent ineach cycle (tlme stepl. The directions of thesestresser arc transf,ormed to the materiar coordinatesbefore dctqrrnr.ning far,lure. Thr.s ig required becausethe strGngths of the compoeJ.tes are usuarrycharacterized rrt,h reepeet to Ehe material .oo.Ji'"rusystem.

Equat,ion of State

Durlng high veloclty impacts r ehoek rraves areproduced ln t,he compositGS. A great, deal. of attentionhave been received r.n this topic. The bchavlor of,solLds gubjected to hlgh pressurc can be described bytn equatl'on of gtate. Numerous eguations of statq havebeen developed for various homogeneous materlals. Tgthe aurhorgi knorredgq, rherc lrc few pr""ii.;il;;ionrof state for fiber-reinf,orced composr.tes at this tirns,
I'tunson and $chulcr trbrrrl deveroped a modcl forlamlnated composrt,es using a ncchanicar rure o!nrLxture - rn thcl.r rnodsl tha thcrmodynaml.cs ,,asnQglcctcdr Ehe conrti,tutive reratr,ong for eachconstl,tuent in thc eonposl.trs rrar assurtred pn r pn (pn)

I!t": ?" 1g thc pacsrurc o! thc n-tb constltutnt, ;; rnyPosltl'on r and Lt Lg assumcd cguar for att thsconstlt,uents . Tsou and chou t 12 l ,rsto r grmirar modclbut included thc thernodynanics ln the anaryslg.Rteentlyl o'Donoghue and Andsrson t13l hag formulated ar! - ^tqrxEure theory capebrc of raodeting fiber-rer,nforcedeomposites - rt horever, remal.ns to be validated.
Beforc any cguatron of ctatc hag been proven varrdr -

:: thls polDtr a lincar rsl.ationghtp bet,lrcen thePressure rnd the naturar rogarr,thn o! tha reratJ.veQt^l -'v{,unr€ war adoptcd, glvcn by Eguat Lon l2l t

1/Eaa -V6o./Ep5 -V""/8"" 0 .

-vab/Eaa 1/Ebb -v.g/E""0.

-VaclEaa -V6"/Epg tlLcc O.

thc t{5 pties are not a ,tructural
prove more advantageous from the
to use Just rroven lO / g}l crorr_

p r K r.Lo9 ( v / Vo

rhere p lg ehe prersure, K isvo are the lnstantaneour
raspeetively, and the term ( Vvolurne.

I tzt

the bulk nodulus, V and
and initial volume
/ Vo ) is the relat,lve

FaJ.lure _er.iterl,a

The doninatlng fatrurG modes during a high verocrt,ypenetratron of thrck comporlter are irlustratedschernatically ln rigurc i. At thls atag?, threclndependent failure'criterr.a have been formurated forPu.nchlng shear fatlurer l,nplane tcnsllc fallurc anddelamlnation, and they are governed by the forloringsimpli f ied expresslons :

(i) punching shear failure

0. 0.0. Fairure occurs when the forl0wing is met:
( oab ,t2 I " ( sr" ,tz

where oab Ls the transverse shear stress and
S* is the punching shear ply strengrth

(iil fnp.Iane tensilc failure
:

Failure occuas uhen the folroring is mec:
( oaa )r : ( sr, )r
nhere (oaa) t is the rongitudinal tensire
stresg and ( srr ) t is l0ngitudinal lensire
ply strength

(iii) Delamination

Delaminat,ion occurs vhen thc folloring is nct:
( oUU )g
vhere ( oUU ) t is the transverte tensile
st,rees and ( S"z )t is the transverse
delaminat,ion st, rengrt h

Thc above criterl.a are the siaplified versl.ons of
more general ort,hot ropic f,ai.lure criteria such ar those
f orrnulated by Norris t l { I and tsal-rru l15l . rn this
rork our philosophy xas to addregg the failurc issue
uslng as cinple a crlterion ar posstble for each
failure rnode to capturc the bagic i.nportant phenmcnon,
tllgher order failure critcria vl,tl be dcveloped once
thc model Ls provcn valid.

Thc basic aesurnptLon currcntly urcd ig that the
comPosltes behave elastl.cally to f,ailurc f,or each nodc
of deforrnat Lon . Thls l,s belleved reasonable rs nost
flber-E€lnforced compociees do e-hlble thig behavior
closely, espccially at high rrrre of loadlng [ 161 .
Horever, in Eone materialg, nonlincar shcar detorraation
may occur and thls rl.ll bc dcveloped Ln the f uture.
Another imporeant enhanccscnt I,g the dictinct,ion
betueen tensitc and eomprcssivc gtrcrscs rhcn a hlghcr
ordcr f allurc theory ls t npleaent,cd. such f eaturc lg
irnportant for a gcncral l-npaet rcdcl lnsteed o! Jurt, a
hlgh velocl,ty pcnetratlon rrcdel.
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Dcoradat ion rnode I

Tlrc abovc crlt;rla dercribc tha three ma jor f cilure
modcg of matcriel durlng the penclrrt,ion procest. l{hen

fallurq occurr, matcrl,alg rtll rosc thcir load carrytng
capacltsy ln ccrtaJ.n modc s o f de f o rnat loll ' To

acco$rnodatc that, , thc ProPq rt la a of t hc ca511Poe ltqs and

thc tttcttGt aro nodl'fled. Tlre typc of changcs madc

dcpcnds on ths tyPc of lailurc thae thc comPosltec
er;eriance. the follovlng degradatlon model ig

formulated for Ehc threc failure mcchanisms:

(it tfhcn punchlng shear f ailure occurs, the f ollowing
.lc tnvokcd:

1/E8a -v6"/Epp -v""/8"" 0.

-V"g/Eaa . l/Ebb 'V"5/8." 0 '

so

-v""/8"" -vbc/EUU L lEce 0.

1 /G"6

sd

0.

1 /Ebb

0.

0.

so-

sdr

oor
-t, 

06

where So and Sd are the undamaged
compliance matriceg resPectively, and oo
gtress component,s of the originat and
respect,ivelY '

( iii ) When detarnination oceurs, the
invoked:

1/Eaa -vba/EUU -v""/E""

LlE,,,- -Vb"/EUU -Vc" /E"c

-vab/E"" 1/EUU -v"6/8." O.

'\ac/ 8." -v6"/Epg l/Ecc 0.

0. 0. 0. 1/Gsg

t
0. 0, 0. 0.

0. l/Ebb 0. 0.

{
.t)
'*

#
.#

ll-
,a
h;

#
fr.*
+r.*'#

Itif
f,
I

at

.1
t

0.

0.

0.

oaa

6ub

occ

oab

-v"6/8"" 1/Ebb

-vac/Er" -vbc/EbU

l/Era 0.

0.

-v"a/8""

0.

0.

obu

0.

0.

and danaged
and 66 are the

damaged states

following 1g

.t
0.

0.0.

0,

oaa

oub

occ

oab

0.

0.
ouu

oor ---> od

rhere So and Sd are thc undaroagcd and damaged
conrpltsnce matrlces rarpactively, and Oo and cl6 lrc the
atrcss componcnls of thc orl.glnal and danaged st,aEGs
r€speetivcly.
(f1) $hen Lnplanc tensl,lg failurc occurs, the folloring

ls lnvolc,od:

0.

0.

eE-o

-vcb/E.. 0.

t/E,cc 0.

O. l/Ggp

I
*
-v"a/Ea" 0.

0.

1 /Ecc

0.

0.

0.

0.

0.

0.

0.

0.
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"1d.sO are rhc undanrgad and dancacdcmpllanec natricJs rcrpcctlvely, lnd oo and od rre thest'rcgs co&poncnt s of, thq orlginer rnd-damagcd gtatesrcspcctlvcly.

cclcurtr, D{Pt tloBrTltlotf

Basic iloorithn

rncluded as hlstory variabres are the cauchyst'reegcs, an angre to dcfr.ne the materiar direc.ions,and thrce fairure parencters that indi""i.,"";;irrnshear fairure, inprane frber breakagc, anddelanLnatlon. The f olloring sumnarr.zes the sLeps thatare taken to updat,e the Cauchy stress state from tirne nto time n*1:

l. check varues of the parameEer for punching shear,fiber brcakage'end detamination feirures, settheir varues to 1 , o i'f they exceed 0 . 51 . r! not,tct thelr values to 0. ,

iL. comPute thc angle bcgveen elenent side 
'-z 

andthe raaterr.al a-axrr at time n since the st,oredangle refers to the geometry at tirne n,

iJ i. Update stored angle to tlme n*1.

iv' Transform Cauchy stresseg and strain rates intothc loeal coordinatc system of the naterial.
v. compute the consEieutive matrix by rctting thernatcrlal constants t,o either their varucs or zerors a funct,ion of oraterlal failure.
vi. compute.trial strGss state in materialeoordinatGs.

vil' check for various fairureg and modtfy rtressrerand thc constitutlvc natrix.viil'. Trangform the remar.ning triar stregsGs back tothe global coordlnate systen.ix' coaputc paassuEGr pr for materiar undercocqrrcstlon.

The abovq algorl.thn hag been implerncnted into atuo-dlaransioner axr.ryntnctrr,c nonlr.ncar transrentdynanic finltc clcmcnt psogrE,n r DYNA2D. rt lsincoaporelcd rr en tndtviauat materlal subroutrne.DurLng the Lroprcncntrtl,on of the algorl,thn and tcstlngof thc nodel, several problcno rerQ Qncountered, At,
llt beglnnlrg, no trangltl.on to fal,rurc La nradc, l. G.It thc talrurc err,tcrr,on r,s net then the farrure J,slnrtanllncous. r,*""real lnstablllty has bscn obscrvcd
.1:. ttt't lngtucos. A transillon to f rilurc rchenc lnrhlch tallurc rar aagun*d tg occur durrng a lrnlte tr.mcrat adoptcd t 1?l . thc nurnGrrcar r.nstabtltty problern

rar rcsorvcd ' srnce roma eomposltes exhibit highstrarn ra.e scnsitrvity in uotr, strength and rnodurus, afcaturc 
'n 

vhich thc ctrength for 
"".r, nrode of fairurecan bo daflned rr r function of rtrain rate has beenlncorporatcd. Tho lssue of rate dcpendency of modurirlll bc addrecsed Ln tha f,uture.

on simulating pcrtial pcrforation and complet,epGnctrrtion problcmr, tha golutr.on t ime beco,ocscxcagslve, Thls ls cauccd by thc reductl,on of tl,me-ctep ar.zc ar the elementg in front of the projcctircbecome diat'or.cd. Most hydrocodes have an auEomatedscherne . based on rhe yavc psoparrt;";;;. gize of rhecontrolred ercment for calcuiatrng the ti.ne_gtep size.As the clement becoraes distorted, the tirne_step slzewl.ll reduce and thercfore t Eolution progreeres veryal0rry tovards the cnd of th€ penetration proeoss. Aonc-ra! erogr.on argorithrn, vit,h rhr.ch composrt,es can beerodcd upon f,airure o! the na!err,ar unacr certainfailure nodes, has becn devctoped and incorporated intothc fj'nl'te elcrnent prognn. such erosion algorithn hasfacit{tatcd the sorutr.on procoss of the penetrationslnulaEion -'

VILTDTTION

Previousry conducted barrigtic tests yere serect,edto varidate the proposed model. selected tests inerudeboeh part,lal perforatlon and compret,e peneeraEioncases. Analysos reae performed to sinurate thesebarlistic tests and resul.s were eompared to tests interms of penetration depch for part,ial perforation,residual vclocity f,or eonplete penetrat,ion, deformat,ionpattern, fairurc mechanisms ano the extent of eachfailure mechanism. Four barrrstic test,s Lere used forthe validation.
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Thc f lrst rnoder t.nvolves an 80-gram rsp impact, ing
t 1.75-lnch Ksvlar-{9 Polycster comporitc paner at e
vclocl.ty of 5r699 ftlecc. A 1.5-lnch rr3{o stccl
rlt,ncrr platc rar placcd behl.nd thc conpocl,te panel to
stop t,hc penctratcd proJectile. rlgure 3 thor.c the
f lnlt'e element nodcl. Thc pencEratlon nrodcl predicted
that the 'proJcctile rould penetrate to a depth of 0.6
inch compared to that of 0.63 inch aeasurcd ln the
ballistJ.c test. Flgureo {-? show . scgusnce of tha
sinulat lon rGsultg . Extans Lve delaminatl.on trat
predl.cE€d as ;horn Ln f igure 8 and thls resenbles that
found ln thc tested pancl . The gecond rnodcl l,rivolveg
thc same rsP impaetlng a 1. ?s-inch Kevlar-{g polyegt,er
cotrporlte panol at, a velocity of 51 993 ftlgec and then
a 1 ,s-inch g-2 Glass polyegter composiBe panel. our
modcl predl,ctcd a conplctc parforetLon o! both pancla
and the calculated residual veloclty war Zr 3?s cE / rec
compared to 2r740 ctlsce measured in thc test. The
t,hird model lnvolves thc eaarc fSP impactlng a I . ?5-1nch
Kevrar-{9 Polyegtar composits pancl at I vcrocity of
6, 135 ftlsec and thcn a 1.588-l.nch Kevlar-{9 poryeseer
composit,e panel. our model prGdtcted a complete
Perforatioir of both panels and the calculated rcsl.dual
velocley was 2r 600 fE/ sec compared to 2r9ag ft lsee
measured in the tert . rn these three modelg, tshs
extent of failure predicted in the simulations closely
resembled that of thc tested panels.

The fourth model J.nvolves a 20-rnm fSP irnpacting a
1.7d-lnch s-2 Grass-rel,nf orceg polyest,er composite
panel at a vcloclty of 2r35L fElsec. Ballistie tese
shors partlar peaforation of the pEojectire in the
pancl rlth extensLve delamtnael,on both in the front and
the back sideg. sl.mulatl,on using thc proposed model
predicted partial penetration with a penctration depth
rhLch ig aPProxtrnately the siune as that measured in the
test. However, some discrepaney uas found in the
extent of the delaminat,ion on t,he both the ent ry and
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exit faces of the paner. The moder gave a smarrer areaof dclamrnat ion. This is a short_"oirrrg of the currentmodel ln whlch rnicromcchanlcs aspeets of the failurebehavr'or cannot be lrolatcd. rn this particurarmaterlar, the cornpos'te ryrtem uar tar,rored such thatnisrnacch rtls produeed bet,rreen the f iber and the mat rir.such e nl'smatch may pronote propagation of deranrinationat ror energry lnrpact (particularly vhen the projectilehag decererated to a lor speed) r,nstead of punehingthrough. Refinement of the current moder is reguiredto provide a better creimat,e of the dclarninationbehavior. Horrever. tt rs belleved the cnergyassoeiated rrlt,h the propagating delaminaEion is aminimum in thig case and therefore has littre cffect inthe prcdictl'on of thc barlistic performance of currentcyst,ems .

coNcLUgroil

rn summary, a first-cut model for predicting tlrehigh velocity penetration of thick fiber-treinforcedcomposites rras dev"l0ped. The rnoder has beenincorporated l.nto a r,or,iine"= transient, finite elementProgram - D'NA2D. A one-ray erosion argorithn with
' rhich comPosites ean be eroded upon certain combinat,ionof fairure modes was deveroped and ineluded in t,hecode. Good correration was found between the moder andballist ic test,g. The current moder is rest.ricted to2'D axisymmet,ric aeometry and is varid for quasi_isotropic laminates. Though iE is adegoae.e f or t,hecomposites being considered at the present time,improvements can be made for a more generar composiceconst ruction. currently research is continuing on arefined constitutlve model in rhich certainmieromechanr'cs aspects of the far,r.ure process, and ratedependent effects on both t,he stiffness and thest rength of, composltes can be addrcs sed. Fut uredevelopment wlll be dLrected torards other dissipationmechanisms, higher-ordetr eguation of state and far,rurecriteria, and a three-dj-rnensional generali zat,ion of themodel.
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