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@ Software for Simulating Progressive Fracture in Braided PMCs

Simulations provide guidance to increase efficiency of design and testing efforts.
John H, Clenn Research Center, Cleveland, Ohio

GEMNOAPFA i a commiercial version of
the Compaosite Durability Suictural Apaby
sis [CODSTRAN) computer program,
which simulates the progression of damage
ulikmately leading o fracure in polymer-
mainy composte (PMO) matenal sooc-
tres under vanoe loading and environ-
meniil condithony GENOAPFA olles a
rrmher rd'r.ip.||1i]i1:i|:"l.1rrg.n11n:1 thorre ::.I'p'rr:-
grams developed previosly for the sune
purpose; these capahaliies make CGEROA-
FFA prefemable for use o anabering the
durabtlicy and damage olermnoe of oom-
plex PMC structures in which the fiber re-
inforeements are i the forms of peoe gl
even threedimenadorn] weanves aod heapds

GEMOAPFA implements a progres-
sive-fracture methodalogy, the basic cone
cept of which s that a structure fails when
[taws thar may indtially be small {(even mis
croscopie) grow and Sor coalesce o i et
jcal dimension such that the structure no
longer has an adequate sifeiy margin o
avold catastrophic global frcture, Dam-
age s conssdered (o progress through fve
stages: | 1) mitanon, (2) growh, {(3) ac-
cumulation (coalescence of propagating
[hvwsd, (4§ stable propagation (wp o thi
critical dimension), and (5) unsiable or
VETY r.l.pid pPropagatien 1hr:.1jn|:| thie crit
cal dimension) o catastrophic iluse
The computational simulation of pro-
gresuve [alure invohes formal  proce-
dures [or identifing the live different
stages of damage, quaniifving the
amount of damage at cach sage, and re-
lating the amoumt of damage at each
stage to the overall behavior of the dete-
rioraling structure

i GEMNOA-PEA. mnthenutical maodeling
of the phasics of a PMC imoolves an integre
G of simmikitions at madiple, hicrarchical
il |:'.|.1|H|'r|::|,; et ICTOACOS {lwminc,
laminane, and structure) o microscogic
{hber, matnix, and fiber/manis interface)
[see Apure]. CENOATFA inchudes alpo
rithms needed for dmulating the progres
sion of damage (rom various sounce defeces;
cxamples inchude (1) through4hethicknes
cracks, and (2} volids with edge, pocket, fne
ternal, or mixedamode deluninasons.

The elemenis of 3 GENCOAPEA svmu-
lation include the followinoe:

nite=cloment '.111.:11:.\i1. withe I;Iunu],:l:-
thethickness representation;
# Simulation of effects, on global sia-

- and oychic-Gitigue strengths, of

miaterial defecis and conditions,
which can include volds, Fber wavi-
i, and resdual siressec

® [nelusion of nonlinearites of mate-

rials through periedic updating of

materialproperty parameters and
inclusion of geometrical nonlinear-
tics through Lagrangian updating:

s Samlation of the initatlon and
gr athy of cracks o Gulure under sias
tc, cyclic, creep, and impact lods;

* Progressivedraciiore anahsis o de-
termine durability and damage tal-
CTAOe

® [dlentifieation of the fractional con-
tributions ol varous ]:rnuﬂ:l'l[' COmi=
posite failure modes involved inorits
ical damage evenis; and

* Determining  sensitivities of fadlune
inceles ta stich -tlr'nu,-'h pAramelers i
fiber volume fractions, ply thick-
nesses, filber oricntations, and thick-
nesses of adhesive honds,

GENOATPFA can e used o investigae
the detcrioration of twoe or threedimen-
sonal PMC sreciures subyjected 1o state,
cvelic (Fatignse), © eep. anil irn]:rul: i Ilurlinﬁ
In hgrothermal environments, The use of
CGENOMAPFA can be expected to facilitate
targeting of changes in design paramiciens
for greatest effectiveness in reducing the
probabifiies of grven filure modes.

Thin work wvan dowe by Frank Abdi of
.ll'll'.lﬂm Ktay -f.'rn?‘:l. and [ rwm .\fr'nr:.f:t.\'q;u 4!}'
Clarkson  Umpoersity for Glenn Research
Center, For further information, access the
Techricnd Supetort Package f'm'lﬁh' ar-fine
af wwmnnmabech.com wnde the Softuare
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The clemenis of 8 GENCIA-PEA simu-
hution indude the Followias GENOR-FFA 1 & parallel-prodeising program for anabyils of PMC structures Simulastions &t madro
RN 5 Lo IORRewg ) sopic and microcopic scales are integrated to predict the overall degradation of & siructure wnder
* Phelavening methodobogy utilizing - peewribed loading and erdronmental conditions
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