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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

7- Mesh free

8- Moving Least squares shape function
9- Transformation method

10- Hybrid mesh free method

11- Generalized finite difference

12- Shock loading

13- Improved perturbation technique
14- Mindlin
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1- Carbon nanotubes

2- Functionally graded carbon nanotube-reinforced composite
3- Element-free kp-Ritz method

4- Arc length

5- Modified Newton-Raphson
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2- Adjacent equilibrium criteria
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sl dS 095 o 48,5 a5 )0 atwgr slecsl 90,0 (F) ol5T o5aSS 4 (C)
9800 4511 (38) 1(36) ©)j90 a4 G o
oS oFass 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
Sliwl) 5o jshie na Wsdiee GiludinnS g30s Djso 4 lae
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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e oo Al dedan oy (9.l oL 5l oads aSle oyt slraing
03l .00,5 co (yl o 59.elS 9L Fhe (Sl ele lal o jekaie s
Jode a5 098 0 DGl o 5le lgie 4 (PMMA) 200l St Jte
[24] 5l et gl o ol oo 5 S SO
Em =25GPa, p™ = 1150 kg/m? ,v™ = 0.34
Olye 4 (10 10) 3 o1 £55 4V S5 205 sladly) gl rizen
G5 S, LS Cul ead ws S L 0 CojeelS ouiiST ool
5 Syse 4 ol el el g sl h =0.067 nm jse cuwlks
[24] wib oo
EST =56466 TPa,  ES! =7.0800 TPa,

GSD = 19445 TPa, v =0.175,
p™ = 1400 kg/m?3

S el mls cillhe @,k 5l biajewls ¢l oS lb col e
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

Cald slal) )0 &)l a2 )3 @jei 45 Sl S5 4 Y (piznen

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 (o Ll -1-5
Yo ple )o 0szse @l b Gy ol 5l Jol @l Gismngnl 5o
Ly ()l leS slp Jolo @mls g, cal 51005 0 (i Lo
Lagy oals &l ol b sedon slacy jelS 6ib 5l oad ais L (glailgin]
2 Sl I3 @ oY ol oo awlio 1 Jgas 0/ [24] - S5L5 9 o0
Ly b lgise gl ools JI)8 a0 a4 o5 byye (wlyasly a5 J )90
2l Sl @ arg b puizen o)) sty lilgiul ladivg,
bz 50 (ol 00 A1) Leo 4y sole el Sy 2,8 L [24] e 50
2 S sledd b el 1 Jsaz 0 @l @)l jslaie 4 55 51>

KVO-RY-S w)g...alf 3.3[.3 6‘45‘9.';..»‘ g 6‘)‘. u,u.’l.of ‘5’1124 <_cha.b 4......:[&.41 Jgdq

(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

10 o leits 15 093 1394 s (o) Sl Swdie

(. 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' ’(prxNy]’
CDVT = [(py11’¢y12""'(pnyNy]’ (49)

5 S92 SLuly 95 )0 (e slajiie (25 puolie ol @ 4z gi Ly
(sl Yol giluanad shate 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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b glad & Job o ol b oizmas lhsn 28 o3l 5
FB adlaboe 2ol 8 S Sl lod p wwg 5 LS
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by e dgy (LS Sl gles BB (5550 Ll 156 4 Jgu
(B =380 = =3 & =40) siedon slacy sl 5 3l onds axsly

Ven
0/28 017 0112

FGX ub FGX ub FGX ub

27212 2042 304/0 236/5 282/0 21818 cc
19172 148/9 221/9 182/3 201/6 164/8 sC
186/4 143/6 214/8 174/8 1953 158/4  cs
145/1  117/2 17518 1516 1555 1342 ss
149/4  114/9 1713 137/6  156/7 1256 FC
124/0  98/8  147/7 12413 13211 1113 FS
147/8  114/4 170/0 137/1  155/7 1251 CF
121/8  97/0 14511 122/3 129/9 109/4 SF

U

SH
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s ojle adgl sles men el ool as S Ll 0 400K sles
0343 ool o8 ST Lol g0 y0 aliue (550 Lol pio .l 00 5,3 300 K
A ESlESe Spe 4wl i) o S Sl Az me s
Sl 00y 28 )8
sbse ladiug (kS Glow s DB 55 2 Sz o
S San 5 68T Lamgs o 4| gl L aradas olge i oad arsle
ool oglite (sla bls s g 55pe ol (sl gl . ansl o0 4yl [33]
Vg8 oS 5 3l iedan ool a5 il ouls 5,8 el oals &l wiedun
13 0l Lolyr aS cul sass LSiis (SizNy) @y oysSakow o (SUS304)
L Cbllae g o dlisdle a5 ol ol 0000,5 olo [33] g e

s s il o s

SileS” Sy slod y Cilideo Jolge il -2-5
8y p iz Jolge (36w p Cax (Sglite goae @l Jidu ol jo
S deeddd LsLQC«'{)'%AlS 931.3 )'l 00y ass-Lw G’as)pm gy L_gw.,LQS
GeS Sl sles G| Sl el oad @l Sl 6 5L
53 bgye ) angly Al polie il 4 (059slS 9l (g e dtgy
a0 alg) 9 gl came oS Sglite e dus el 0l 4311 3 Jgu
£l oo G, 1 Sl auis ol g el ond aid S
Sl 51 g B ol, dgly 15T L egdle b canl sy Ll aiedun a3

.)‘9.4 )‘ ool sl ‘5'05).79@ A.M.:s_» 6‘)-‘ WLQS Lf")?D Lgl.ob MLM 2 J’s\?
(B =15" 2 =300 = = 300) wiedsn

k=1 k=5 k=0

Ll
SIS S -
33 Lol B33 el (33 el 7
150/1 152/2 168/3 1705 228/7 232/3 cc
149/8 149/8 168/0 167/9 228/2 228/7 sc
149/8 149/7 167/9 167/8 228/1 228/5 CS
149/4  149/1 167/4 167/3 227/9 2272 SS
79/8 76/2 88/1 84/9  114/1 113/7 SF

5 oo il og e dwgy 2l Sl pe sles M il xs 3 Jgus
L R o - .
(65 L= 2 B 0) s ol 5 i e

5
Ven
60 45 30 15
77110 103/59 13422  171/06 u 012
14174 10131 13182  168/73  FGA
75136 102/71 134126 172/18  Fev

59/50 86/18

96/61 123/77
84/65 115/74
82/66 114/08
82/71 114173
66/03 97/18

105/76  138/01

116/66 153/05  FGO
155/46  194/21 FGX
151/65  194/87 uD 017
150/02  193/33  FGA
151/63 196/01 FGV
132/49 17421  FGO
175/78 222142 FGX

70134 92/05 117115 147/26 uo 028
69/68 92/93 119/62  151/72  FGA
68/35 91/08 117/26 14855  Fev
51/55 73/81 98/83 127/46  FGo
93/09 116/94 14514  180/85  FoX
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Ly = Ay, D+ Ayy Sl_n(ﬁ) RD} + A66§D32/
_A22 Slnz(ﬁ) EDO _

L1z = —(Az; + Age)sin(B)R Dy

+(4;, + Ass)RD;D; _
Li3 = A1,c08(B)RD; — A225in(ﬁ)C05_(,3)EDO
L14 = By1 D + By3SiN(B)RD; + BgoRD;

_Bzz Sinz(ﬁ) EDO _
Lis=—(By + Be_e)Sin(ﬁ)RDglz

+(Byz + B66)RPJ%D_’)11
Lyy = (A12 + Aee)RDxD;, ~

+(45, + Age)SIN(B)RDy

Loy = AgeD5 + Az_ZEDgzz + Age SIN(B) E]-z;

—Age SiN?(B) RD® — k Ayqcos2(B) RDO
Loz = (Azz + ksAys) Sin(@) RD;,
Lys = (Byz + Beg)Sin(BIRD;, _

+(By; + Bes)RD; Dy

Lys = BggDZ + B, RD} + B sin(8) RDS

—Bge sin?(B) RD® + k,A,, cos(B) RD°
L1 = —A;,c08(B)RD — A, cos(B) sin(B) RD°
L3z = (Agz + ksAss) coS(B) RD;
L33 = ksASEDJ% +ksAss Sin(,B):RD,%

+kSA4_4RD32, - Azz COSZ(,B) RDO

+ (A22Ni — A NG )sin(B) L 2

Lsin(B) X

1

L3y = ksAssDy — By, c0s(8) RDy
+(ksAss SiN(B)R — By, sin(B) COS(B)ﬁ)DO

Lss = (ksAquR — B,,c0s(B)R)D;

Lyy = By, D + +Byysin(B) RD;, + B66§D§
—B,, sin?(8) RD®

Ly = —(Byy + Bgg)sin(B) RD°
+(By; + Beg)RDx Dy

Lys = —kgAssDy + By, cos(B) RD;
—B,, sin(B) cos(B) RD°

Lyq = [D11DZ + Dy, Sin(B) RD} + DggRD?
—D,, sin2(8) RD°—k A< D°

Lys = (Dyp + Dss)ﬁDa%D§ — Dy, sin(B) ﬁDJZI
—Dg¢ Sin(B) ﬁDf,
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(20- W)

AT, = AT, = 341.1371

AT, = 362.1150

A EEmm

AT; = 383.5378

ATy = 656.3345

* o L R . -
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