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In the present study, thermal buckling analysis of functionally graded carbon nanotube reinforced
composite (FG-CNTRC) conical shells is presented. The effective material properties of FG-
CNTRCs are determined using the extended rule of mixture. By employing the Hamilton’s
principle and based on first-order shear deformation theory and Donnell strain-displacement
relations, the governing equations are obtained. The membrane solution of linear equilibrium
equations is considered to obtain the pre-buckling force resultants. Using the generalized
differential quadrature method in axial direction and periodic differential operators in
circumferential direction, the stability equations are discretized and the critical buckling
temperature difference of shell is obtained. The accuracy of the present work is first validated by
the results given in the literature and then the impacts of involved parameters such as volume
fractions and types of distributions of carbon nanotubes, boundary conditions and geometrical
parameters on thermal buckling of functionally graded nanocomposite conical shell are
investigated. The results indicate that the values of volume fractions and types of distributions of
carbon nanotubes along the thickness direction play an important role on thermal instability of
FG-CNTRC conical shells.
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6- Singular perturbation technique
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12- Shock loading
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9800 4511 (38) 1(36) ©)j90 a4 G o
oS Fass e

u=v=w=¢,=¢,=0, 0<y<2m (36)
0olw 5aSs @
u=v=w=¢,=0, M;=0, 0<y<2m (37)
Dl olfass @
U=V=Q, =M, =M, =0 0<y<2n (38)

Sl SYslee -4

5 Sas7ee Sliwly 50 50 (S ssd glaadlie (gl SYoles Jo gz
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S J e i, 5 5 45 ress ol Slaye ) 5 530
s 451 5t b ly 5 anl ool gl S ke Sk
ol 51 ool antly e wogliie [0,211] 63b yo (awme sl o Loy
@ Gl R 9005 Ut ) Yol (giludtnnn a8 oglie Slos
e sy J i 4l o oy waly sl bl el
555 o 1) slita S e Sl 5 45y et LolE

Al poxi (LS Olry yo (g, -1-4
@l sl polie 515 culys opalol> jl a ggeme )50

Ny

= z ), =12, (39)

X=X; ]:1

9"f(x)

ox"

1- Weighting coefficient
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5 Syse 4 ol el el g sl h =0.067 nm jse cuwlks
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EST =56466 TPa,  ES! =7.0800 TPa,

GSD = 19445 TPa, v =0.175,
p™ = 1400 kg/m?3
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5 00,5 oo dwle JeSge Solus gy g a8l peeni oS 5 (98
& dodly) il e oS Cilizeo e 4w (sl M3 575 T ol yd L]

[28] 5500 1) 25 2550
Vi, =012: n, =0137,7, = 1.022,n; = 0.715
Vi =017 7, = 01427, = 1.626,7, = 1.138
V; =028 n, =0141n, = 15857, = 1.109
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2 SFolie S50 Ll ph Sl oad a8 5 L5 3 CSESy &g 4 dlugy

O €S i Luls Jle job 4 a5 cowl oo blod atwg byl g0

S ad g 00 0,5 5aSs o x =0 ,0 s92g90 syl A o)l 0
D58 o0y ool ol S, x =L o aing

LS e el -1-5
Yo ple )o 0szse @l b Gy ol 5l Jol @l isw cal 5o
Ly )l WS lp Jol> @l gy ool 5005 oo (i Ll
Lags oals &l b b sedon slacy jelS 6ib 5l oads sl (glailgin]
2 Sl I3 @ oY ol o awlio 1 Jgax 0 [24] S5Lj o o0
Ly b lgise gl ools )8 a0 a4 o5 by e () sly a5 )90
2l Sl @ arg b uizen o)) Cwsdy lailgtul ladivg
bz 50 ol 00 A1) Lao 4y sole plgs Sy 2,8 L [24] e 0
2 S sledd b el 1 Jsaz 0 @l @)l jslaie 4 55 51>
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(L = {/100R;h & =100 h = 1 mm)

[24] &= 5 ro mls Ve
376/55 378/64 uD 0112
374/64 377/53 FGA
366/12 369/47 FGO
388/56 389/53 FGX
383/90 389/02 uD 017
373/90 380/06 FGO
383/01 388/48 FGA
397/21 401/21 FGX
367/41 367/94 uD 0/28
359/99 359/64 FGO
366/35 369/73 FGA
382/83 382/19 FGX

2- Poly methyl methacrylate
3- Armchair
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(. n; 1
=12 6
(_1)1'—2
bz 2 sin2 W=D
< ny Lj=2,..,n,
(=)™
by j . m(ny—j+1)
2sinz —~2
ny
\Dis1j+1 = by (48)

il arme sbial, 5 (slo,S Llis olass Ty, YU ala) )3 oS

S > OYlro (6 jlwdiiwmns -3-4
oS wl) 2-4 5 1-4 (laisy j0 o5 15 Gt gloSles 4 a5 L
nolie jelate oy Wsdi oo sileainnS golmly DYslae Al o
wd S ks, (49) aal) Syge 4 loS L o e s sl piie

N9
Ut = [U11’U12’ x UNxNy]’
vt = [V11:V12’ ---’VNxNy]l
wT = [W111W12, -'-vWNxNy]:
" = [¢X11’¢X12' e d)XNxNy]'
CDVT = [¢y11’¢y12"“'(pnyNy]’ (49)

5 897 SLimly 90 50 (e o pite (25 polie Sl 4 4z gi b
(Sl OYolre giluannd jshate 4 loads a8 5 lai o e
150,50 451, (50) alal, & 90 45 o jilo 5 Gt sla Shos

Dy =1, ® D
D;=D;®IL (r=12)
D°=1,Q®I, (50)

Sl @ izren wBlo My XNy Glow Lo [y b ala )

¥les (50) 5 (49) ey & 4y b [35] b Ss

Syge 4 wilond ly (35)-(3L) Luly, ;o o5 (ogyte aiws syl
Syt st (55) -(51) L,

L12U+ LypV + LyisW + L1y @y + Ly5Py, =0, (51)
LU+ LoV + LpzW + Lyy @y + Lps Py, = 0, (52)
L31U + L3y V + L3zW + L3y @y + L35 Py, = 0, (93)
LyaU+ LgpV + LyzW + Lyy @y + Lys Py, =0, (54)
Ls1U + LsyV + LszW + L5, @y + L5 Py, = 0. (95)

g yS gt b Slas Jolis Lij (1] = 1.2,..,5) <olo a5

e 41, (55)-(B1) Luly, Hlyi or el o | gy 50 45 Wl oo
WCbgs p) s ile

(K-K,)x=0  XT=[U"VvT.WwT o o] (56)

i e le g e mile i 4 Kg g K YLk, o oS

# ol Gl 5 Gie Lkl leatnnS L il (owiin

slos OB oel Cawd @ oy polie At > g b slo o ke

S mld g o -5

Sl kS myp ek 4 Golie goue mlS ise ol g

1- Kronecker product
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