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ABSTRACT

Mirmizmng the stress concentrabom arcund cutouts ins plate » often a dasign
preb lom of optinusming s patially varywg Sher paths in a s yumatne, hear crthotiopae
ackoave punponm stress corcantration under remote umd rectional tersle Joads
model &5 developed to this extent, wluch constramnts the fiber angles wihuls opti
mamu ficturng processes. The dea tobe pesented could be used 1o di
Concentration Factor (SCF) in a syrumetne laminate by wing spatally

proposed for a four layer synmumetne lammate, and canbe sasily =p

alsoletus use areduced minber of optinumation vanshles, form
varishles reed tobe defired 1o cb tun the optinmim fherdutubat

contimuty in the FE model, discrete Sher angles withineachele

fiber path.
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te laavunabe wath & casout, o & o

st this stndy A Srate elamert (FE)
fiber paths, proving essential m

that would drastic ally reduce the S tress

in place of unsdirectbonal fbers. The model 1s
mumberof layes . The FE model suggzested would

o£i

ﬁmﬁafwhpxsm larmunate, only sue optimazation

yunmnmm S CF around the cixular catout By ensuring
single layer can be easily smoothed ast to cb tain the optimal

INTRODUCTION

Effictof cututs inmﬁm;hmudculgbdﬁglw

remaired & aclusical problem in ola ticity The strss state m an

creates anSCF of 3 around the
Thas affect of kegh stress co

fracture, Manufield proposed stffness of the platewith

eatout 5o that thw cuts tress 5 tate resembling the uncut
yhuactum [2), o mduce e catouts in m potopic plate
The poblemof'ale amurd cutouts 15 1 tmes t nportarce for
design of conponite the coupling effect can produce very
lugh vahaes the cutoat. With the ad vent of comporte
laminates i us try, the pooblem was tevisited by Serocak

ard Waas [3,4]) proposed 8 milify the SCF wound catout m
orthotropic composnte luminates under yermote temile bading. The
study comidered the bending-stretclang coupling 4o model stiffenes
wround the cutouts and proposed gecenwtnias By neutial holes 1o
elununate the lagh SCF With the developmeant of s fomated
fachamg p for cethotropce L a3, 1t has b much
a5 it 10 s leer the Sher paths in lamunates as per design coewidembon
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The cament s tudy b miems ted i optinuzmng spatally varyueg fiber
patly aed layer Guickness for a4 lgper sy trie orthotopie conpos ife
Lomzate o ackaevs yeduced stress concentations. The minite plate
urderumfonn waadal tensile loading, a3 smming condition of plare
stress . The study enswes the cortimuty of the Shox in each layer by
proposing 4 rovel FE model that would maintain s corvtant fiber angle
withineach elemerd, maling 1t easy to cbtamn a smooth fiber path. Thes
model caneasilybe mpwduced for a lamenate with many layers
fallowing the s ame jrocedam.

PROBLEM DEFINITION AND
FORMULATION

A Surlayer, s pmmetne, Lnear orfhotropic Laminate with spatially
varymg £bar paths, kaving a circular cutout 15 of tetesest in tha shudy,
The lamina b s assumed 10 be infinite, tmplymng that the dimensions
of the lununate 5 nuch lauger whencompared to the s me of the
cutout, and wy load apphbed here in &5 considersd 1o be areamote
loading, at a distance fstler sway from the cutout Fasrther, the
Lamusate 15 assamed tobe moa state of plane stress, since the lateral



76 Ao et ol / SAE b J Maser Mowy / Voluwe @ I | (Jowuary 2016

dinmwrsions are much larger whan compared 1o 16 tiackness,
inposing condibions, [ 53 b where [ and b are the dimers o in the
Tateral disections and b is the thuckness, in the duection perpendicular
to the plare of the paper (Figars 1) The remots loading in this case »
urotial ternon mnthe 5-dreanon (co-crdinates placed af the center
of the cutout, as in Figure 1 below)
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Figues | Dnfiits ples repoe condation with pla emmeyg of ¢o-ardiuate e

Tlos &5 a classacal problem in elasticaty, that of an miinite plate witha
cutoat, wsder remote texnon, and smula synunetne bourd ary
condittiors (BCs) canbe applied. In the analysis| only one quarter of
the mfiute plate is modeled. The BCs axe w(Qy) * »(x. @ = Oata = 0
and » = 0 mspecumely. S pumetry of loadig and geormmtry a5 well as
BC31 ave illnstrated m Frruve 2 below

Figay 1 RPagovsatation of B ud Beand gy Convimioye
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ALGORITHM ,""
A four layer symonen; te 1 analyzed herem, theteb y
mglecting the stetching coupling Layes 1 and 2 aw thus
the samm as respectively (ar o Figuwre 3) heance the
subscnpls l'%) layen 1 4 and subsenipt 2 represents layers 2.3
henceforth. T, and ¥ysgrbies putial and final Sherangles atx = 0
ard y = 0 mspectively. For the quarier plate under consideration T,
ard T, represent irntial fiber angles at 2% 0, T, and Ty mpresant fial

fiber angles aty = 0. Hence we defire the change in Sherangle m
each FE along the targertial disection a5 48, and 88, 2 follows
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where nu the total mmber of FEs tangential doecton
starting from «* @ If T () represe; r angle within m™(J < m

sn)-hmnm!h-umnu‘ tarting ffom 4= 0, then Iimy

can be obtaned as
p\
W +(m = 1)do
- @

& “
ard for nchhyn,\l’pnuod as

\’ Ty(m) = Tyy + (m — 1)d8,

w»

Ty(m) =T, + (m - 1)do,
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ths enmunng contimity of the angles within each layer by defoting a
ducrete vanation by anangle & for all the fhern o it crosses each
FE Aswould be discussed in the mext section, the Sher angle T'im)
specified for each elerant urder s tactors wving fiom & would
be used i the FE formualatonby effectively replacing the plane stmss
corstitative matix by an average of the matensl matnx, obtuired by
motatng by a fiber angle for each element before assembling the
global s uffiess matrae. The firmte element Srmlation uses 4.noded
quadrilateral (quad) element sd 15 used to obtaimn the stresses and
stmirs at fourirdegrabon points withen each alement

The awerage stress and st am caloulated for each duecton(1,26
cones ponding o XX, YY and XY respectively) and & strain enegy
dermity funchion W' (m) 15 calculated for each alement, defined o

l O
Wy = > 2‘ lony)
“ieias

™)

The total strain ere gy of the s truchure (Quarter plate being modeled)
w thas ob tained as

wel
Wi = Z We
mal
)

whare el 15 the total mmber of e lemets tn the sclubon domain

The erergy fracton F foreach element & thus defined o



