971 L&-"f Zb

Sl gwdige 0aSLiily

oyl (bl )5 aolib

&9 (>l Sl (pwiigo

ool sl (gle )5 S g0 i Junlexd
18 jLd e FG (Kol olgo 1 5 >

Loz, bl

st94S 9L (G i
Sl Loy s S0

VWA 599yt



NN IRV ESN| Iy | P



37 L‘-_','?‘i%
Sl wdigs oaSLiily

u‘.)..ob- 6>‘).b 03;

ol sl (glo )5 S g0 i Junlend
18 )L e FG (Kol olgo 1 5 >

Ol (o 1l

Lozal, asll

EPSTLRULEPERVIGELE
=S Loy des 58

e )99 et



29,0l iaiuo oLl
Sl susitils
Olawl> (>1pb og 5
Ol s BT wuh )l ol )5 ali b
olgee s
JLid coxd FG 5an U 0lg 51 o552 padid slazr slvo 5 Sl 9o Jolxs
g
Loy b)) o)) ol IS S jow 331 Cpz g (oaass aeS Liwgs s z,l o

U JU S Bt U VR S SR a0

;o‘yl} f’l"j f’l"

;o‘yl} f’l"j f’l"

;Olyb r:tvj.ctv L_;.blyb f“ujf’lj

R b

;o‘yb r:l.: 9 r:l.:

ooly Hbls Lo de S




N -

Py b
PRIE ypod



1 SN10)8 g LS
9 55 D08 Gladl 4 a5 65l o B Bliel g ple Gl S b a5 slas el
= Sl 00y plail &y 039 plonil Jolye a5 ozl S5l Gaus59 e (2Uls 5 andu ]
Sl Logas 3oiod ol plasl o a5 SLS alS Cumme 5 (65kes S0 5l 4T iy o Y055
Gt 550 GBI Ol (ol aslul ared; )| slapleialy g aids o sla M5 (o y0 0 Do)
1088 g a5 anddS Lo go Jsb )0 059 cnl plmil sbiwly jo (xSl Lo dpam 155 5 0L8

el

(53 )8 >k 0g)S al )l (Ll )5 gemmiilsy

39,0l srio olSiils (Sl g 0ASLLS 1o

LA RTYRY I



5 5 adl oo Giogs Sladod i asl (Ll (nlyd zjdie Ul a5 Byl e ol gzl

RO PSYOSSX S NN & O sl eolaul & g0

DLl ol 3950 32 31 3 sl 5 Slialef] e Sllllas bt ) b (g0l s 4,18

CASl oo g0l Saio olBiils & 3lee 4ol

VWA 9 b



TR

5 Swlle (g gl L L co JB ¢ s Jla oo S SaYlge sl
3 Sl Oyae 4 Oygo 4 olse wle .l oals ploxil asl LG pl jo gan SO Ol Ll
5 8D 3l (ol D90 bes @9 rigres Bl Sl (gl e po g WIS i elad sl
Ao el S Ojgoa SSeal Gl e booad &l L o ol cals 8§l
(i glealy, Cll> aw Glp pel Ldos Jo ail olgsds (5 laie Wilgi oo a5 ni(i=1.4)
gl e Ghaly) Sjgo 4 plmlr 5 55 @5 g od )l [me pob 4y Lalids 5 ciclas
Slye al ot @l > g0 5 FGM lae,S Set¥lyes o conly opdle ol ot
ohgy 5l eolaiwl b cwl a8 3 )18 dalllas 050 (oS 5 g lime jeb a4 oled 9 (g lid (g A5 L
oolaiwl b Jlheo g s,Lad ( ples (6 185 )L Ll jo .ol 0uls gy dg0ome ladl hg, 5l ool
ST Ly a5 conl oul sdaline (ol 00l sy oS S g i O ge 4 g ladl g, ]
My lalr 9 G5 miy 5 0oy Cws Sl glkllaaal sbiuly o 1) 093 )L 05T (g0
Ol e G S 50 st Db )l mi(i=1.4) sKenl Gl oren aiil g0 o090
0,8 i olgsds sliwl, SO o 1y S e Blgiee of 5l esliiwl b g,k 4 il so ool
ol 0 BT aem Jol a5 canl suds svmlive 005 L g5 aw Gle awslie booopl 5 oedle

Sl olo s 135,

Ol 32 (5045 gumo ylodl (S lgo 3 cputid Jliz (50,5 FGM :guuls 55lg

' Functionally Graded Materials



aol LL 51z o OY e candd

[1] Bayat, Y., Ghannad, M., Torabi, H., (2011). “Analytical and Numerical Analysis for
the FGM Thick Sphere under Combined Pressure and Temperature Loading” Arch
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Abstract

Thermo-mechanical analysis of functionally graded hollow sphere subjected to
rotational, mechanical loads and one-dimensional steady-state thermal stresses is carried
out in this study. The material properties are assumed to vary nonlinearly in the radial
direction and the Poisson’s ratio is assumed constant. The temperature distribution is
assumed to be a function of radius, with general thermal and mechanical boundary
conditions on the inside and outside surfaces of the sphere. In the analysis presented
here the effect of non-homogeneity in FGM thick sphere was implemented by choosing

a dimensionless parameter, named n, (i = 1..4) , which could be assigned an arbitrary value
affecting the stresses in the sphere. It is observed that the results for n;(i=3)=-1 are
different from those obtained for other values ofn;(i=1.4). Cases of pressure,

temperature and combined loadings were considered separately. Using FEM
simulations, the analytical findings for FGM spheres under the influence of internal
pressure and temperature gradient were compared to finite element results. Eventually,
the finite element analysis was carried on the hollow rotational sphere which were

considered general boundary conditions involving mechanical and tehemomechanical

bounary conditions. It is concluded that by changing the value ofn; (i=1.4), the

properties of FGM can be so modified that the lowest stress levels are reached. The
present results agree well with existing results. Besides, the sopureposition laws are
valided in the hollow FGM shperes.

Key words: FGM, FEM, Hallow sphere, Thermoelastic, Rotational sphere.
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