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HEMISPHERES SüBJECTED TO UNIFORJ\1 PRESSURE 
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Tlie ma in objective of this study was to write a computer program in ADA to predi 
the collapse pressure o f Fiber Reinforced Plastic (FRP) thin hemispherical pressure veml 
under the action o f uniform, static, intemal or externai pressure. The mathematical modcl c 

the mechanical behavior of the structure consisted of a nonlincar second order din'erenti 
equation, which was solved in tcrnls of hypergeometrk functions. T!le laner were evaluau . 
by taking their repres~ntation in s~ries, bascd on the Oamma function (Kraus, I 967). TI 
FRP material was modeled as laycred onhotropic, according to the C lass i~al Laminr 
Theory (Gibson, !994 ). 

Ali the analytical resuhs obtained so far wcre comparcd with numcrical simulatio1 
bascd on the ftnite element mcthod (COMPSHELL, Levy Neto, J 99 1 ). and, in some cast 
the calculations from the computer .:ode developed in this work were also compared "t 
experimental resuhs found in the literature (Levy Neto, 1991 ) The latter consistcd of d 
failure prcssurcs of cxtcrr.ally prcssurized curbon/epoxy and E-glass/cpuxy h~1nisph~nr 

oomcs, rcinforccd with wovcn fabrics, ond clampcd at thc cdgcs, which wcrc tcstcd 
failure in a pressure chamber. 1t was assumed that the pressure in which thc ftrst-ply-fai~J 
(FPF) of composite laminate takes placc, l>ased on the critcrion of Tsai-Wu, is thc fln 
fai lure of the structure as a whole. Ali the stacking sequences of laminates simulated in li 
work were quasi isotropic, and the number of FRP laycrs varied from 4 to 12. 

The agreement of the calculations bascd on the software developed in this study ,,, 
the numerical (in thc range of96 to 98%) and experimental results (average corrclations fro 
60 to 80%) can bc regarded as good (Lin, 199 I) . The interactive facto r of the Tsai-\1 
Failure Theory (-0.5 s Fu ' s O.S) changed the FPF pressures by about 20% (Gibson, 199: 
In addition, in some cases, the analytical resuhs obtained wcre closcr to thc expcrimcm 
results than the ftnite clement sirr.ulations. The program developcd in this work has also t 
advantage to run signiftcantly faster than the finite elcment code, which was used to checb 
results. 
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Neste .~raba~•o formulações chamadllS de "Sistemas de Parâmetros Con
centrados [li sao us.a~as n~ obtf'oção de uma solução em forma fechada para 

d
um p_roblcm

1 
a de so!•d•ficaçao de ligllS, em um meio cilíndrico composto 121 

escnto pe a equaço.o ' 

2_~ . _ 1 a ( a , ) a2 Q ·(t) 
a,a/•(r,z,t) - ;ôr ra/;(r, z, t) +8z1T;(r,z,t) +-t-, i:: 1, 2, ( 1) 

aO t< r < at, O < z < c, onde et; =o kl/p;C. p, é a difusividade térmka T.· 
ernpera ura em c11d · d 'd d · ' ' cond t' . I d té . a me•o, p; a enSI a e, Cp; o calor específico c k · a 

. u lVI< a e. rm1ca, sendo ' = I para o mctnl e i :: 2 para o molde 
tmda, Q;(l) e o termo de fonte que descreve a taxa de variação do calo; 
atente resultante da mudança de rase, que é nula 00 molde e é dado por 

a 
Q,(t) =L-f. 

ât. (2) 

~:~a·3 mcjal, ~endo /, ~fração d_e sólido. Nesse caso, as condições de contorno 
tems• era as . or~m. trus que nao há fluxo de calor na bMe do cilindro a 
~ t peratura 

1
e rnax1ma no centro do ciliudro, temos contato térmico perfeito 

C
.on re o rn~tn r.

1 
C? molde e há convecçiio nns in terfaces do molde P. do IIIP.tnl 

111 O II)CIO Ulll li CII(C. . . 

d'~ Os s~s~crn.~ de parâmetros concentrados são obtidos a partir do sistema 
•
1 
er~mc1a ongmal ( I), resultando em modelos matemáticos mais simples que 

rc~~JOn(fn( a t)e)mperatura no contorno do meio com uma nova tempcr~tura 
lll m ; r, t gerada por um processo de integração . Ou seja, 

!!_Tc(r t)- 0 I a ( ô >r( t)) a;hc a · 
8t , ' - ;- -ô ra- ~' r, . - -T;(r c t) + -.!Q ·(t) . I 2 (3) 

r r r ck, ' ' k · ' , ' t = ' ' 
onde ' 

r- I r 
T,(r,t ) = ~ Jo T, (r,z,t)d: . (4) 

co A determinaç~o de equações que relacionam a temperatura média c do 
ntorn~ geram dtf~rentes abordagens sendo a principal delllS · d 

uso dr. formulas de Jnte a - , . . assoem a ao 
clu - d . ~ - gr çao numenca de HerlllJte, quf.' propiciam a imro

çao e '" ~rmaç~~ do contorno no modelo simplificado 
As equaçocs urudunensiounis simpli6cadllS obtidas pel~ iutegraçào 

ãi ; r, = a;- -ô r-ô T;(r,t ) - _•_c_' 'f(r t) + ...!Q (t) (5} 
aT( t) I â (a _ ) a·hfJ· a 

r r r ck · ' • k • ' 

~r:~~/o:,~:~~a~~:;': f~e~~:!fiz~~~er(tGni1tTcT, s)~o[l ltratRadas1 tp~dla técnica .das 
obt · d t és d · · esu a os numéncos 
tisf~Lâ~i:Sr~m a ~i~~~~~~~:matemático Maple V nos levam a comparações sa-

ltJ R.M. Cotta anel M.D. Mikhailov, "lleat Cooduction· Lumped Anal · 1 
gral'Itansforms, Sy~bolic Computntíon" , John Wiley (j Son• ltd, Englan~~1('1 g~;j: 
~~~f·~,j ~"':ic~kari./II-Gau? Chcn, DJ11. Stcfancscu and N. Elkaddah. "A Lutcnt 
ISJJ, v~.~~. P~~o.Ü~~(~~~~l Modcl111g of Eutf!<:tic Solidificlltion", Tran3 ar.t io nJ 
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