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Nonlocal elasticity theory for thermo-elastic analysis of nanoscale
spherical shell subjected to thermal shock
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, an analytical method is presented to study thermo-elastic behavior of nanoscale
Received 19 May 2014 spherical shell subjected to thermal shock based on nonlocal elasticity theory. The shell is
Accepted 25 June 2014

considered as elastic, homogeneous and isotropic solid. The nonlocal differential equation of

Available Online 21 September 2014 L . . . . . . . S
val : P motion is derived in terms of radial displacement. The analytical solution of equation of motion is

obtained by Laplace transform and differential transform method (DTM). Mechanical boundary

ieny;;;?éa Solution conditions are used to obtain unknown parameters that get in recurrence equation in Laplace

Thermal Shock domain. The results in Laplace domain is transferred to time domain by employing the fast

Nonlocal Elasticity Theor inverse Laplace transform method (FLIT). Accuracy of obtained results is evaluated by well-

Differential Transforms Method known similar articles. The results have a good agreement in comparison with published data in
pervious literatures. Also, the effects of nonlocal parameter and wall thickness of shell on the
dynamic characteristics of nanoscale spherical shell are studied in various points across the
thickness of shell under thermal shock. The present analytical method provides an appropriate
field for analysis of times histories of radial and hoop stresses in a nanoscale shells subjected to
various time dependent thermo-mechanical loads.

gdse plml Ghg) g0 @ old Sl s, p Sl 5 Slides (S doudo -1

o a Sl 5 6l Slillas 5 2ol 5 o Slllae 5 baiugsl wile Y w5 aY o O3 5,5 slaatunsil
Slalllae o5l wliio ;5 Slge (o2 Oliisd 5 Cladllas YL sloas o e g Sl s slaass; jo Ml jlead aisle (55,5 o350

ol 3355 st el ) (2Bl 5 (6515 g a5 e ealTel g Slsesil Sl o)l ppsal (S35l aler
" 5 el (glrtens IS 4 30 &) lonlns 5 (5185 lalllan litie VL] 5, oo S5 olial 3,90 Sigihali mizas 5 51
2okes Jo 4 digh g (b gy b SlSe S5 4 il o 0 ilosls pladl (55,5 sloatog 5l (sel iy Al laow,
Please cite this article using: “amlod edliiw! b1 wle 5l Ao cpl @ glal 1

J. Ranjbar, A. Alibeigloo, Nonlocal elasticity theory for thermo-elastic analysis of nanoscale spherical shell subjected to thermal shock , Modares Mechanical Engineering, Vol.
14, No. 9, pp. 65-72, 2014 (In Persian)



$iSuile ju519 ) Jloa

%o st akpineVl (6935 I 03l s 5 )1ra Fgab a5 (595 Lo Aiugs 93l SuianVlge )5 Jalxs

9 Al ead el 03505 Joo 125 ju93 53 Dpgo |y (S @3l 50 (e Wiy
L1y igmals 5 (Saalos )1, gl alyd Galidl 51 [19] ol ISen
oor ez bl I8 ) 3550 (5 g (225 by, 5l eslinud
O8SE (il Sed CoS (59,5 wwg ol StVlge s el (398 sla
Seilge i 25 Glee aet Sln eloS (B9, Sl g o
e e atn Yl (65055 Sl olal 5 o3l I 2808 a5 s L oS>
s gy el b ol o e 5 gl almle laps
Slp el oad gl LY oS 6505 @ 5 (DTM) sty
-0 i Sloj 039> 4 (FLIT) (wsSxe (dbY (hats o jl oolia
Doy G iegh e Glge @ Ol | a)ote Gk Nsd
5 el b il e b Seta¥lse s Jelo o3> 40 48,5
o o Ul ead ok laiags b iags ol (ool Sl
el elsis _SilSaga i sln g 8 s Gilie sladtug gl

Wlo s Jg0 8 -2

o gl A (55955 31 (5950 ~1-2

olgsds alaii 2 ;0 (S joudl 3] (e o AtV (55 ol
0w los 55 55 & 5 8 b obke s e 2 G il
SYolre ol aiily 35 g bla olod jo (15,5 4y asl ol (S
Sl o (Ken 5 g gnl ( SVl olge gl (e pf a4l
el (1) ally 50 ) o (slog

1@~ [olg-q'no(@)av &)

5 Vgl né (35 ol adlie Sk i @ 0y 5 X (1) akal; 0

» Jse (19 -G"|n) wilioe G a2 0 (e (25 el

&L 5 wilioe Sz slauliie ;o ol DIl B pee a5 Wil oo (e

2blior ' 5 G alals 93 oy Alold Sy [g-q'| 2l 7 5l -4|

e oo iy (2) alal) &g 4 o Ceul oole ol saims i 5 T g
_&a

: @

T 9 o Jsb sleaarin e sy a4 Lo a (2) akl) o
el 00ls ,o (gly daseine Cub 5 €y g aail e oole

0 Y ooyd 55 gl 3] o5a) e s SYoles 5l eslital b
gdisa o yai (3) alal; ©y90

292
(A-K“V9)Y=0 4 K=¢4a ©)]
ez el s ety See w4 K v2 (3) ak;

S e a8 Aol (as piiege o Jolad ()8 il eolaial b
] prime Slaitee soolKiws oled ;0 45 Wl oo cows 4 (4) Woles

V.Y +f = pii @)
Bl Voglbrle op U ez g5y Jon f (4) aw, 5

"o ez S 05 ol a Send Bhie enaslas Ty lolS
‘) C“5)'> ‘51.79: )...c dobes 515 P)-é ‘(4) 9 (3) Ja-g‘g) )'| salaul L ._\._M;L

9 o louis 14 )93 1393 )3T (R Sulle wadie

el 51503 g Jodez (o3l ilwand (09

S50 Agy Lasme SlSe SaS 4y (luands 13 9,55 (555 90
G55 5 SedlS atugy e Sl (598 95 o0 I8 ool
s olasl 31285 I j0 poil ay dazgi b e dtugy e SilSe
e pd (atratal) aivgy bse Sl (5,95 (il bl b Slge
Pl s 5ded BBl slpiiny B] oSl abgy b s &S
il e

Ot 89S slatug Gl el 5 Sl L) (o)
Sl iz [A] ablbige pole 5 @lio 5l 55k )0 (So3eloiSS Jilue
Sl losls H13 (o g adlllan 3590 1) (55,5 Glaivwg Gloj &b 513,
2 el gla)l 5l GB6 a8 gloel Sl ) 4 [O] olSen
Ssb G 6] Sy 5 gl amsloy 4 wix Gggil 5,5 desn
waz S Sl 05 (25 glael Lasil 1) (So S sl g (Sl
g s |y Szl oS Glos gy [7] 5z 5 59 0o S (o Y
9 Klgg 23,5 aslllae il iy pa aly Wl ©j90 4 & Gl s (SIS
4 oloj @l S g9 090 95 JI,S dolas 3l oolical L [8] S
Hngy StV =ty 55U = uboliie il s Gloj Gesly (g2
5 sbslsl ol aoly aly SLSU L et 5 65,5 G 28 L sssS
il Al Sl Glais e Gl 380 S 9] Dleetd!
1ol @AY aix 55,5 Aiwgy Sete¥] - e S - urboliie
vy (Sl ©Pgnl 695wy p oilite (S 5 (Sl sl
85 18 gy 0590 (107 o) \Sen SeS

5 Slriogl dade 56 do gl L 5 ojlugls (s sla L
N ooliiul 090 Sl 9 Sig il e slaaiie) ;o ladivg ol
ol L8, sy g anlllas doojlugll (lsl 3 sloo )5 ) az s b slad S
5 S sl o )5 5l g ks 53 ey o0 Sl 4 5950 5 p3Y
6555 Olie a5 gl atwg e 4 s 4 (CBO) ()58
og Gyl Jos [UI] ooblais o jige oS e JE yn 9590
o )5 o 4 g wivges a8l ) SVl lae )0 0l ool 3 ayYaus
S5l [12] o Sas 5 o bl aiisls s o &) ilasl Lolos
P ey p @ game Glell (g g (oo jef i VI (6598
[13] sl e caiislo  cakis glools 4.5 b 2dl,S Y iz loio
1) ool 5ol 4S5 L lomaogili ol 5l sasy (sl el s,
ooleiie 3 ojlail 31 338 e o yen [14] () Sen 5 (Ll .ol 000
S (snp & SedlS gy ane SUSe (59 oliiul b g gl
WSy (Sl Seb Cod a¥ w05 dgdsl SeYlge s
b Sealos Jlb, p 1) pope wpo B [18] B g (5 0k
4 Siladde (rimen 5 (showe jod iVl (6955 5l o3kl b gSitigens
Olie ST alasl gusy o d50ls 15 2 0550 o gm0 el g,
P laplcd S oo [16] olKen 5 1lj alss (55,5 amsgsil (590
Glodiog 6)95 5 oo b Al (6505 oS Sl 05 gy
welet ol lilas,| [17] ool dsls 5 sblss .wioges solitl S36 s
Wy e b AtV g9 eolial L) 595 )l atugygil
xS 4 L [18] (x) play iols )15 ) 0550 Juw wilss 58
A Sl Angy bame Sl (658 Guizen 5 Slila,l (6,95

595 sy S Sy Sl Bl (1S el S DL (o) 2

66



$iSude Ju519 uz) Jlea

%o st akpineVl (6935 I 03l s 5 )1ra Fgab a5 (595 Lo Aiugs 93l SuianVlge )5 Jalxs

il o] Caws 4y )l bl oo oled Camli 58 L (12) ala,
aibe (13) alal; 500 4 (55,5 ol gy 50 CppdyY Slos

2_0% .20
Vo= 2tror (13)
el oads 55 (14) abal, & 50 43 (12) Wsles adsl Lal,s
ou(r,t
u(r.t)=0 ,M:o , t=0 (14)
ot

Do b (B g Sl Dlmio o SGKe g5 bulyd (rizen
ol ot 43,5 5 o (15) e,

o, (Fut) =Py (t) 5o, (r.t) =P, (t) (15)

iy ) (16) el lyioe (9) ala 5l oolizl L

i ) )
_ﬁa(rl,t)xT(fl-f):_Pin (t)

E[(1_,,)5“(51)+2V“(’2't)]

or r

E
_zva(rz,t)xT(rz,t):—Pout (r) (16)

Sslbiulg e sloylad Kby w55 @ P

uul(t) 9 Pin (t) ‘(16) d"h") »

Al > g S Glas oy
Sug e @l Yol Glgiee wsyehl @l G g ilwesle sln
e (17) alal; &jg0 & S¥olas 0uiS dmg sl el 0,8 oS

slodds
_ I +r r I, I.
F=-1_ 2' =—, 1 , —*2,
> 4 = & = & -
E-= ,5-2,
= Po
.= a(rt E
(f,t)— ( )'Cv_ - '
0 Po
K=§ T2t
r r
_ o —. u(rt - —. T(rt
i D=2 e n-100
ol &% To
_ .= o (rt)y _ .- o,rt)
o (&Et)==—" ,0,(E1)=—"o-—=
(&) ToEocto oet) ToEoao 17

oo « Sl Jgde ez o glod cod S 4 Py 5 2 By Ty (17) a5
ezl Ce b las e el € g wited g2 50 JB 9 (5> bl

atirgs (18) alal, & jg0 4 (12) doles arss o2 (17) alal, 51 ooliciasl b

55 e

67

25 gl el (5) Al ©)50 4 o5
V.o+f=(1-K2v2)pu )

Wl p oS> SYolro -2-2
Lol wbs 4 () 5 Job sloglad b 59,5 atwg S 5l (Joe
Ao pé adlie LS (g, o) b (o8 b ical el w8 S ks o
"o by e onl 4l u(r ) eled adlie bl Sl
g aalgs (6) abal, b llae ol
au(r,t) ur.t 6
or ’ r
sl 2 )S sammaslis coi i 4 gy (rt) g g (rt) ) ol o a8
slogzr Slo oy @ 0 Glogell s oo o elad
3 Set¥lga 5 sla 2 el Gloj samoplis by ame 5 sled
e e i3 (8) 5 (7) Laly; Billae (59,5 atwgy S

Ep(rit)=

89(I',t)=

E

oMY= vam
Ea

- ET(r,t) (7)

[(1-v)e, (rt)+2ve, (1 t)]

~ E
T (@+v)(@-2v)

Ea

T(r,t

T ®)

iy aVya Eo(rt). o (rt)(8) 5 (7) sladal, 5o

5 ol blasl coyps ¢ Kb Jooe o ae i o elad i Sko

(7) loaksl, jo ouds atigs sla s olgie (6) aba, 3l oolizal |
byl (10) 9 (9) sloakl, & )50 4 olnl> allie o ], (8) 9

o (rt)= E {(1_V)5U(th)+2\/u(r,t)}
1+v)(1-2v) ar

o,(r.t) [g,(r.t)+ve, (r,t)]

r
LT ©)
ae(r,t)z E [u(r,t)_wau(r,t)]
@Q+v)Q-2v) r or
Ea
_ET(”) (20

o Slog s Ol 10 oS o e i dolae D) alal, solinul b
g walys (11) doles & 90 4
do(rt)
or

+ 20, ()0, (r1)

~-Kv)[p U 1)

o cwyp oS> Wolas (10) 5 (9) loakyl; I eslial L

28 gl (12) dolee &30 4 lgiga |y olomlr
Uty , 20u(rt) 2
az v or ur.)
_1+v oa(r t)
1-v- or

6T(r,t)]
r

xT(r,t)+a(r,t)x P

_(1+v)A-2v) soon( OU(r,t)

9 o louis 14 )93 1393 )3T (R Suile widie



$iSuile ju519 ) Jloa

%o st akpineVl (6935 I 03l s 5 )1ra Fgab a5 (595 Lo Aiugs 93l SuianVlge )5 Jalxs

Ao p oS> &Yoo Jo -2-3

5 (18) slo obas T Jloj o35 & s 0Y o 51 eolizal |
sl 4 iy ((14) dolre) adgl Lol o235 L o L (20)
wigd g s (26) 5 (25)

UES) 20U(Es) 2

oc® & og &

1+v 0a(&,)
S xeEs)

+a(§,s)x76®(?s)]

(1+v)(1 2v)(1 22

E(1-v)
(1_V)6U(§1, )+2v (6:3)

o4 &
ifiia(;s)x@(;s)
__(1+v)(l—2v)

- (1—V)E gin(s)

aU(gz,s)+2VU(§2,s)
0

&
1+v)
RIS CD

=—(1I1V )(Vl) 26,09 (26)

—U(E:9)

)(PsU(E.D)) (25)

—

—_

(1-v)

e
A

—

U(&s)=L@T(&T)), %:L(H(f))

gin(s):L(ISin (f)) ) gout(s):L(Isout (f))

O(,9)=L(T( D), a(g,s)=L(a(& ) (1-26)
@ Jeilyins SYoles Jor 4 azgi Lol LY Lo Kles Sk L
oles 0 0AU(E.5)/08 5 AUES) wolpo S (henilins o b,
e Syg0 4 1) dolae opl Jo ol o sl Llos £=1 40 (25)
il pe (o9 (el b b sged ol ek 6 0 £-1

013 Loy (27) abasl 5ok 5y Sy900 42, ool ol

a(8,8)=A(¢.8)= Zan(s)(if -1y

GAOM L.)

a&;‘g's) = AlE.9)= T ,E)E-1) (27)

4S5k
An(s)ziz\g”)(s,gzl) (1-27)
B, ()= A{(s.¢ =1) (2-27)

Olpse |y dolae opl Gl (E=1 ;5 (25) Woles (o9 (ol 4 agils
(29) 5 (28) Ly, wygo @ £=1 13 15k (s bamn I odlinl L

U (6,5)=Z¢n(5)(5—1)” (28)

9 o louis 14 )93 1393 )3T (R Sulle wadie

5U(§t) 200 ) 2,
ZuEr
ez ¢ oz e v

1+v oT(E) daEl) —., ¢
—1o,1e £)x Y o xT(£,0)]
(1+v)(1 V) 252 au(§ t)
Ed-v) (v )[ of? ] 18)
g on iy 55 (19) bl 50 4 V2 Kles (18) aka, 5o
2.0 20
\Y, AT (19
(20) all, ygo @ Glgson 1) S Lulyd ond Gmg pb wien
859] Cawds
A& E) L u(gE) (L), o (AT
(1-v) o 2v 3 (1_v)a(§2,t) T(&D)
__(1+v)(1 2v) _
- (1-v)E Foa (t)
Cau(gt) L a(gt) (1+v) N
( V) 5§ +2V 51 (1 ) (51 ) T(f;:,t)
__(1+v)(1—2v)7 _
- (1—V)E Pin(t) (20)
25,85 (21) Lils, (20) aka, yo o5
= I _Pout(t) D (¥)_ Pln(t)
Pout(t)_aOEOTO Pn(t)= T, (21)

J> 9y -3

(DTM) ity Jas' b9, -1-3

ool @8,5 155 eolinal 0)50 g5y (al o a5 (ewiles fas b,
ook b 4l p o wlloe ey DYl S sl Ll S5,
@ ol G lalpd 5 oS Jemihins S¥slee (g cnl 5o el gl
2 ob i lyie @ sde has g p Yol degere S
Ol ogboe a8 Sl 5o (Ldos (Rglad jlr=ry akis s £(r)
Jowd gai ol r=1 aads )5 Jlg g Sygo a1, F(r) &b ol e
2300 ol (22) alaly &y50 4 F(r) o pk it (el pig

k

Jeos .Mp@ wil o @bFy g Lol gBF(r) (22) ala,
ydige ol (23) ably g0 4 (1) b osSa

(=) Flr-rp)¥ (23)

k=0

el F(r) &l sl (24) ol (23) 5 (22) Lot 1 oslical |
Oy se

dk f(r) 24)

F(r)= Z(r ro)

68



$iSude Ju519 uz) Jlea

%o st akpineVl (6935 I 03l s 5 )1ra Fgab a5 (595 Lo Aiugs 93l SuianVlge )5 Jalxs

2 (34) abal; b Jlio Slsiny 55,5 ojlie slos B Jlael & 50

g ge 4 S L
0 t <0

34
-t 0 @)
aigs (35) alal, 90 4 (34) aluly amg p,3 (17) alal, 5 eolial L
Dgds

_ — [0 t<o0
T(Et)=H(t)= _ 35
0O (5 @)
w|é~l§.¢ u;)L\f L ‘LS) o;f) SL"QCBh“' (e
Pn(t)=0 , Py (t)=0 (36)
gl glSen @lp 5l 0y5e Doz slawi 2 5 1 lasax o

L5 k=05, /h=235 Lyls b sloSsl ame (5 5 lrlr
S o b cwl sad ool lid b Jgaz jo 4 jsblen
G508 (s Jo) oz 8 (28,5
L ui‘m t$|°)5 AW dSl)l B*I3) )‘ PRV ICIRS 4 @L"" ‘_g)‘..\f douo 6‘):’
G aman o JLSL (SGl L cod (37) alal, yo ubs Slasive
IR emir g ol 0 &)l [8] gz ye o a5 (38) alal, las

el ool ooy

A aolys sl ewlie

ol
E~129GPa ,v~0.36 ,c:M =0
(1+v)(1-2v)
e = [ f=tt, 222 5= 5= (37)
p r, r, c c

Llys b dolee o 5 b S0 cyai S eolid L [8] S 5 Sl

SrSN a5 5502 S0 Ll b glloles 4 (Sen 2 (5500
L $9,S ool 08 » Sl dnti¥l S¥olas o pite (5lalaz (g,
o bg aiaS o (oloj b ) 12059 pg £33 JISE dlolas g0 4
Sed co 59,5 olite o) L8, ow)n @ JISU! dslas 9o
15 oads 4l b, 5 ol gl oo duglie (L S sl SolSe
S5 (o o &5 (5 5k oo LS [8] azye @l b1y (regly o
Oeizpe 9,00 3575 [8] a2 po @l 5,2l gl mll e 95 il
st Sen $g, d s e

el ey 03imd Gl sl s 4 Gy

sled obul Gy olpss ol Kes n Odlex slass I 1 Jeus

t=7 t=3
1/181954 3/131552 ale> 6
1/150372 3/049939 alex 7
1/207655 3/004988 ale>8
1/204755 3/009605 ale>9

sl (5 Gloy Dt ol San p Edlaz Slaws S1 2 Jour

t=7 t=3
-19/0806 6/141109 alo>6
-18/4547 5/314935 alex 7
-18/461 4775956 ale>8
-18/5064 4/820351 ale>9

69

O(£:5)= D W ()(E-D)" (29)
n=0

o o Lol 3 oslical 5 (25) asles s (20) 5 (28) oy, s il L

s s 4 (25) olas (51 (30) 2255k ala,
(n+1)(n+2) A+ k%), o(5) =
W¢n,2(5) +2W¢n,1(5)
~(Atn+D@+KP) -2 )4, (5)
~2n+1)*(1+x%)¢,,.1(S)
—(ﬂ) Z[(/ )W, 4 (5)+2% (5)
+H(i+1)¥;,1(9)]A,_(5)

1+v

() Z[T, ()42, 4()

+¥ (5)IB,_;(5) , >0 (30)

45 55k

¢ 1(5)=9,()=¥Y_, =¥ ,=0 (1-30)
=(1+V)(172V)252 (2-30)

1-v)y E

$(S) o5 ol Ol (30) abal, 3l ahoxr iz (emi g oz b

1, (30) akal, %o &jle b o ¢1(5) 9 ¢0(5) k> oSS

g (31) alal) oals ool PSR ub‘&s‘

=X (5)do+ Y, (5)b+2,(5) (31)
0 (30) 255 aal, 5 Z,(5) 5 Y(8) X,(9) (1) obee o

G lulpd 5l oS atis Jspze sl g5 gy 5 anle Cuso

(31) 5(28) Ly, 51 ooliiwl b eoplplis W5 co dnmlons ((26) Woles )

059 o (32) ally Sjgo a4 Glgice 1) osel Cans 4 eled lal>

g Gle LY

0

U(&.5)= ) [Xn ()0 + Y ()91 +Z($)](6-1)" (32

n=0
lad o g ooy e 53 5 lee (e ln ol R o
o Olye 4 (FLIT) @y GosSae OBY s ) 5l eolej 0 LY
290 Slahad 5l (oS5 45 oad eoliul 33 b oue iy,
120] sl oo (osgimssS 5 s

Ol 3o em g G @ -4
$U Gl Sod Lo 69,5 dwg 9 SeiVlse 5 )3, oy ln
53 oyt 9930 (33) alasly 4 oa oy laaseiio by S iz 5] gloyS

E=8545GPa , p=1928 —L
cm

V=042 , ¢=14x10°
42, = (33)

ll Cebrs 5 @bz (Jb slagleds Loo)S gy p cnl o
4 diwg sl SSL Ol b e a8,F s ,0h =0.34nm

9 o louis 14 )93 1393 )3T (R Suile widie



$iSuile ju519 ) Jloa

%o st akpineVl (6935 I 03l s 5 )1ra Fgab a5 (595 Lo Aiugs 93l SuianVlge )5 Jalxs

=3

g sled olml>

S 2 b

eless by o gl aais jo elad olml> Slog Ol sy 2 IS

Ao oled i

S 2 b

ebs by o gl alais jo el 25 Sleg g;:lm.i;‘3 S

50— , ;
sl
30
20
f;l) 10 :
j; le” Op g™
5 10
¥ 20

300

-40

50, 2 4 6 8 10

S 2 b

S amas o e i ey Ol 4SS

9 o louis 14 )93 1393 )3T (R SBle widie

oS 058 o ol (39) by g zge il (S Jeslyirs dlalae

2
e (39)
A or?

{18) ol » oas Ol U
Coye saipaglis A=[E(1-v)/p(L+v)(1-2) x[1/(1-x*V?)]

5 ol il sgie dlisdle sl e gles bl o glsel Ll
et wrge oA g b almlr alels yogdle gl ulie b slo L
Ddisn (Seebud la)l 5l (U glyel il e s

sl Gl Sl (1) oo e el 51 Sl 2 S
- 1/N=235 31y glad 4 Culied Cuns L (55,5 dtugsil elad
e s sl linl Lol al e 2alS Sluls asds k0 (il Lok
A3 0 &y e oo b e 51 B6 S
G Sley Ol Calies 4 B glad cond 36 3 IS e
el oals ools las k=05 (5,8 L (59,5 wgsl Slee axan clad
aals ol Coge /N Cond Gl s e alisde oS sboles
O9se g

i o o arme 235 Sl Oleii K 1664 Gla Ko o
oad ools s /=235 coi b (55,5 gl ) calizee eles
ooled 3 e 55 Gloy Slpss p K S eSS 4 az g Lol
5 25 gloel linil e Gl Grge Kl otk oo (LS, Ll
S alKin pde disde oS ebilen Sgde 25 amls als
s 4 Cad GBS amely g GielS cage ol Ll (x>05
285w plyi o0 B B 4 GladSs anmlio b (rizen 0950 k<05
a3 on &y (B0 glad 53 (s (25 ke (p i 45
TS o Sl glads po (e (15 Gloj Slyds 2 /N s 1
aels 5 zlgel el caeyus alS Cge 1 /M Cad Gial38l il ool
LS 288w lsie of 53 sl IS anglia jliogd o lare (15
Ll wbss 2ol e 5 oled s polie 1 /N Cad (201381

Aibge oled (15l S s (daaore 15 atals oS e
25 K K - - .

70



$iSude Ju519 uz) Jlea

%o st akpineVl (6935 I 03l s 5 )1ra Fgab a5 (595 Lo Aiugs 93l SuianVlge )5 Jalxs

40 T T T T
30
20

10

-10
-20

-30

-40
0

S 2 b

S gl 53 (e 15 (Slaj Sl 7 YK

Sl Sed ot 95 awngl o Jame GBS Mk i -

[

2

3

[4]

[5]

[6]

[71
(8]

71

Ao o 7y GBI e )5 59,5 ke

e S ygd -6

(nm) gt r

() ol ¢

KL T

(M) eless olnl> w
(Pa) elns s o,
(Pa) (lawmeo s oy
FEhd G8S g,
b (S gy

(GPa) Sk Jsao  E
1
(7) S blil e @
c

ol cops v

(é)sﬂiz P

&lp -7

K.Tachibana, S. Tachibana, Application of ultrasound energy as a new
drug delivery system, Japanese Journal of Applied Physics, Vol. 38, No. 58,
pp. 25-33, 1999.

X. Cai, T. Gao, H. Hong, J. Sun, Applications of gold nanoparticles in
cancer nanotechnology, Nanotechnology, Science and Applications,
International Journal of Engineerig science, Vol. 1, pp. 17-32, 2008.

AC. Eringen, On differential equations of nonlocal elasticity and
solutions of screw dislocation and surface waves, Journal of Applied
Physics, Vol. 54, pp. 4703-4710, 1983.

S. Fazelzadeh, E. Ghavanloo, Coupled axisymmetric vibration of nonlocal

fluidfilled closed spherical membrane shell, Acta Mechanica, Vol. 223, pp.

2011-2020, 2012.

X. Wang, S.R. Guillow, Stress wave propagation in orthotropic laminated
thick-walled spherical shells, International Journal of Solids and
Structures, Vol.39, pp. 4027-4037, 2002.

H.L. Dai, X. Wang, Stress wave propagation in laminated piezoelectric
spherical shells under thermal shock and electric excitation, European
Journal of Mechanics A/Solids, Vol. 24, pp. 263-276, 2005.

S.Z. Wu, KT. Chau, Dynamic response of an elastic sphere under
diametral impacts, Mechanics of Materials, Vol. 38, pp. 1039-1060, 2006.

H.M. Wang, H.J. Ding, Transient responses of a magneto-electro-elastic
hollow sphere for fully coupled spherically symmetric problem,

a2 ol
Sl a5 e (15 e S5 5 Y

A g olej
G s 58 ame b ol Sl 6 Y5

S5 4o -5

Sy e e anisYl g)es oolaul Lol e o

SYolre ol 0dls pwyp (Sl Sed S 0,59l Sy o SwYlge 5

sy Celonds o Y 039> 4 Y had jlesliiul b oS >

L ool cavs 4 Szl (leilyars b (g, eslatwl b wYoles J>

5l hass Sley 0je> 4 gy weSae Y oS 65,5 @

Tl s 4y (L5 ls glads Cod i1 pioren g ojlasl 31 maghy ol

Sl n @Sl &85 3 qwp j90 55 5 almlr gl Sl

g o0 0,0l dalol ;5 oael e 4 gl

5 oo b sla sl i, s slalamdle b6 51 oo o el -
Syl

ey Gl cge (oo 28 el al8l ey S sladimg gl 0 -
Oy sl i oled glmle als ralS g zleel lasl

e slo s aels (59,5 slaaiwg gl o /M Cos JWlPIL -
b go Ghall elad

9 o louis 14 )93 1393 )3T (R SBle widie



$iSuile ju519 ) Jloa

%o st akpineVl (6935 I 03l s 5 )1ra Fgab a5 (595 Lo Aiugs 93l SuianVlge )5 Jalxs

[15] S. Seifoori, G.H. Liaghat, Low velocity impact of a nanoparticle on
nanobeams by using a nonlocal elasticity model and explicit finite
element modeling, International Journal of Mechanical Science, Vol. 69,
pp. 85-93, 2013.

[16] R. Zaera, J. Fernandez-Séaez, J.A. Loya, Axisymmetric free vibration of
closed thin spherical nano-shell, Composite Structures, Vol. 104, pp.154-
161, 2013.

[17] E. Ghavanloo, S.A. Fazelzadeh, Nonlocal elasticity theory for radial
vibration of nanoscale spherical shells, European Journal of Mechanics
A/Solids, Vol. 41, pp. 37-42, 2013.

[18] R. Rafiee, Analysis of nonlinear vibrations of acarbon nanotube using
perturbation technique, Modares Mechanical Engineering, Vol. 12, No. 3,
pp. 60-67, 2012. (In Persian)

[19] A. Zabihollah , M.H. Pol, A. SelkGhafari, S. Momeni, Dynamic response
of laminated hybrid composite beams reinforced with high weight
fraction of nano-particles, Modares Mechanical Engineering, Vol. 13, No.
11, pp. 150-153, 2014. (In Persian)

[20]F.Durbin, Numerical inversion of laplace transform: An efficient
improvement to Dubner and Abate's method, Computer Journal, Vol. 17,
pp. 371-376, 1974.

9 o louis 14 )93 1393 )3T (R Sulle wadie

European Journal of Mechanics A/Solids, Vol. 25, pp. 965-980, 2006.

[9] Y. Ootao, M. Ishihara, Exact solution of transient thermal stress problem
of a multilayered magneto-electro-thermoelastic hollow sphere, Applied
Mathematical Modelling, Vol. 36. pp. 1431-1443,2012.

[10] M. Komijania, H. Mahbadi, M.R. Eslami, Thermal and mechanical cyclic
loading of thick spherical vessels made of transversely isotropic
materials, International Journal of Pressure Vessels and Piping, Vol. 107,
pp. 1-11, 2013.

[11] K. Behfar, R. Naghdabadi, Nanoscale modeling of an embedded multi-
shell fullerene and its application to vibrational analysis, International
Journal of Engineering Science, Vol. 44, pp. 1156-1163, 2006.

[12] R. Ansari, R. Rajabiehfard, B. Arash, Nonlocal finite element model for
vibrations of embedded multi-layered graphene sheets, Computational
Materials Science, Vol. 49, pp. 831-838, 2010.

[13] A. Alibeigloo, Free vibration analysis of nano-plate using three-
dimensional theory of elasticity, Acta Mech, Vol. 222, pp. 149-159, 2011.

[14] S.T. Talebian, M. Tahani, M.H. Abolbashari, S.M. Hosseini, An analytical
solution for thermal shock analysis of multiwall carbon nanotubes,
Computational Materials Science, Vol. 61, pp. 291-297, 2012.

72



