12-1 yoe 7 o lesbs 15 093 1394 juo (30 SHlo JwIige dlxo

9 3s rale dslinle =
—5; =

< . -EI. F—

OV o0 S0 (Swiigeo = & =

=L1\=

mme.modares.ac.ir T s

—

o Gl g g 310k JWT iz 31 (Sl14lgiul diwgy o wé (83U DLl
Olo) 9 QKQQM&'O;%
A sl e F by s jl

ul)-e(‘ ‘L?”"?“" uJA.”).u.a.s d>‘9> (Sxo oKl 4&&9 (AR “)‘53 dwl) -1
s cowsb cpillipas dslgs  xis ol (Sl awitige bl =2
ajafari@kntu.ac.ir 19395-1999 . ), *

2SS Al Ol

GBI 5Lid cod (Sl g laelasls SUT oolo 5l ond il Junbe po 93 (sllgiunl diwgy (Jad yut lilas )| oy p Cim Aoyl 4 JolS o3y i
e e "y . ; . N 1393 il 23 18l
Jool g Sl gy S IS yuusd (6565 3 it &S > SVl gl ol cps jskaie s Gl o) g 6 b jusio Sige)la Ml 203y

) aie e e . o 1394 33,3,5 29 s
odlaiwl S p cullSS (eoae wiyoNl g WwheSY — e (samdw Jdo | ShwYlpgw odle )l (il e (gl g o odlainl gilen 1394 caignd) 28 cule 4 &)

crlyogdle Cusl odd &B)S op0 Slogs (Sloj 380 ) 9 (ewilyd qnp e by Sl SYdle S el (imen a0l 5l el
pac) o s cllo b allas 3,50 b s e guslS 3 8, dglio gl & JalS il 6 s (gl dhavgy ol (sla IS 3 PESHEEE
slaylsges 35 9 bli Job cundge cus p olad oboals (dlo)bge .ol odal Candty aub slawilS 3 oyl SlLbI s (j1B sl csllgil dig
(sl JLid aialy ©nd yosi ol o] B s clayloges b olpon diwg Jlpw dais GuilS)d g oloj casy slod oloals StV g0 loaable ST

oS it o0l

8 Gy @l sl 485515 () 3)90 diwgy bl o3le olgd 9 Coi)le (oo S plrarle b b Sl g 0nd gl Sl s
il danlyiy o (o] o Sndin i 355 | St bt iy lols e (sla S o 55 adlan 390 Sl e
o )3 dtssy Sy das plaals ol clols Llg, 6l ama jslatods pimad .l 15 Jlas] b B yusts pSim 45 o3lo plSintd
Wl 00 odmliie 2uls e (005 ol Ken &S o duslio Sl dgae Lol l38la 5 55 00 g5l diges bl Jls Coil 8

Nonlinear Forced vibration of pseudoelastic shape memory alloy
cylindrical shell subjected to the time and space dependant internal
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ARTICLE INFORMATION ABSTRACT
Original Research Paper The objective of this paper is to analyze the nonlinear vibrations of simply supported
Received 14 March 2015 pseudoelastic shape memory alloy (SMA) cylindrical shell under harmonic internal pressure
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Available Online 18 May 2015 based on Donnell-type classical deformation shell theory. The pressure is a function of time and

space. The behavior of pseudoelastic SMA is simulated via the Boyd-Lagoudas constitutive model
numerically implemented by the Convex Cutting Plane Mapping algorithm. The Hamilton’s

Keywords:

Nonlinear vibrations principle is employed to obtain the equations of motion. Differential Quadrature Method (DQM)

Cylindrical shell and Newmark time integration scheme are applied to get the time and frequency responses of the

Pseudoelastic shape memory alloy cylinder. Also, the natural frequencies of the shell are obtained for the case of pure austenitic

ggﬁhomogeneous material phase to compare the frequency response of the present nonlinear system (phase
transformation—induced material nonlinearity) with the linear one around them. Results indicate
that the strength of the material will decrease during the phase transformation. This fact is proved
by the softening behavior observed in the frequency response of the system due to the phase
transformation. Further, the pure austenitic phase shell is simulated in ABAQUS to verify the
results. Good agreement is found between the two outcomes.
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6- closed-form
7- Differential Quadrature Method (DQM)
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2- Auricchio model

3- NiTi

4- Boyd and Lagoudas
5-Runge—Kutta



BHa pholAe 9 )9 0 Slayd

Olo) 9 Olke b suuiio HIALS Hlixd s SaianVlpagm Hloakisls SWT Guin j Glaslgianl diwgy Slod s & bal woliblas )l

Cosiwl 5B 0 oler Silo cui s M g A Gl mgVL ol o &S
P 1S 4 bgye Slpts A gl pl g wies oS o3l 51 5 JelS
56 50 (E=0) b5 caxal 5L o ams o plas 1, Jol5 56 g0
e (05§ S 1) gy 5 9ty Jiil 05 (§ = 1) JolS syl

G35 53 lp 85 el | Sigics Jll &b f(§) gb
S97ge SBUESay 55 g Cuile 5 Sl B g0 G laiSwe
@ &b ol 90 az ) lalazr wiz 0,8 1000 oo ool o 35 )le 56 095 o
el (3) alal, & 50

EOME + (y + 1) €>0
f©=45 |
SDAE (= m)§ €<0 (3)

s sl oy 4y S Jgl G Sl (1) cdle (T 0 oS

Lys egd g 039 (A2 M) gy 318 Jlil & bgsye (€>0) by

ty sty DM DAl (Mo A) 5y 5L il 4 bgye (6 <0)
ke Cussas (4) aba 5l a5 aiiens Jas slayall

bA = —Asy(4— Ag), DM = —As, (Mg — M),

=5 pAsy (Mg + Ag) — pAu,

Uz = % pAsy(As — Ag — Mg + Ms) — pAu, (4)
090 Solanls ¢ S0uS b Seslinga i p9d 9 Jol 09l <SS L

Al oo Cawdas (D) alaly & yg0a SO

—pG — 6 —psT >0 (5)
SISl b atws (13,5 19l 9 9,5] el juE g8 ol o aS

(D) akuly o i 6,25 09 5l alols LS Sl3T 65, Slej i

g aslss (6) alaly & jg0as SO = g NS (g5lunsls

((')G_ _ +GG_T+(')G. .+OG_ .t>
P\ac ® " ar " TS T aet®
—6:e—psT >0 (6)

oS ol 51T 5z 4 beyeite ase (85 Ll 0 el L >
Sobuals SLo)l slp il sie b g o Wilg3 oo (T) oo s
Cesddy iy Sygody (9950 kil g,0n] 1iosd Hho T cupe Wl YL
23,5 515 50 2ol ) (0) sz byt (olad b nl e ol il oo
il 2 85 oo Y Sho gles |y T capd gglanls Lol sl
Bed oo a2 (1) alal) © g0t 15 (15,5 alal; & )90

G
N %6

-, 7
= —po (7)

ol g 29,51 p @Sl EVolae (1) alal, 5l eslaiwl L coles o
s aalss (8) alaly &jg0a 58
1 +cl ( r ) +
=—o: N
S ; oa+c T So
e=So+a(T —T,) + ¢t (8)
Sobasl (1) abal; 51 oslil 5 (6) abal; yo (7) Lals, s WS sl b

e cewdes (9) alal; & yp0a SOV - os DS
G .
a—f)f >0 9)

x> oS (Gloj Slpess g JES 16,57 Slej Sliess ol B3
sgdige ok (10) bl @500 ol 2 9l bawgs o35 Lo

o. &t + (—p

2- transformation hardening function

3

(Mg) o35 b 56 £9,5 slos Ap) coal 31 oLl sles (Ag) o]
(M) 55 e 35 S slos
Ap 5l Y0 ol los SOy i Jlesl 31 ool awciYl g
by S sl Lo s 5 00 5 s aseas (JSKG adadls> I g ol
ool 0 JA] cesles Lial3dl b 0s5 adsl S 4y CetS3l 40 s okl
55 15 anlllae o g0 loalible LT oole atamcia¥l s gms 45, Lo allio
5 NSl e o 1) sole SVl pw b, 5 oled 1SS el
Ao 3dee svalin IS8 j0 &5 jebiles aase (LA gl k
S wlie o9z a4 oole ;3 e [ o ol 5 NS
sl 0 b el AL S S SO a0 s
(B 0)(2 . b o] 51 -Vl 6 8 L e (A = B)(L
H(C - D) asiyle g ol 51 5l (oS 5 =g ey 5B JES e
e (D2 E) (4 .l cops)le B SVl S s
3 JEl e S (E 5 F)(5 . oalls ol 6 =Sl (s lo
Stk e T(F 2 AY6 cosile 5 cotial 5B 51 S5 =gy

oSl bulg,-2-2

oolalp Jloabadl> lasldT ol [1] wlogSY 5 g dawes soisasl) Jow
o7 oS {T) Lo (0) (o5 59l 51 ol &5 Sl S 3T (555
el (1) alal;y &g (€F) JUsl (25,5 y9ails 5 (8) <o le

1 1

T 1
re|r =T =Tin()| s rurof@ @
0
Gyro P gUg Sg Cell S yizmod Lol a0 sl Ty ol jo a5

bldl oyl jeuils ‘lgs*’f 3l a5 0o oole (gl el )by

S S5l ez Sl o e o5y sl ise ohas sleS (Sl
9,8 ol (2) abyl ) & ypoa Co il e S coanp

S(&) =SA +¢&(SM—SA) =SA + &S

a() =ah +&(aM —o?) = ah + EAa

c(@) =ct+&(M—-cA)=ct+¢EAc

s0(§) = 5§ +&(s" —s§) = 56 + EAsg

ug(§) = uf + E(ub! —up) = uf + EAu @)

r 3

A £

1- compliance tensor

7 D)Lcui) 15 093 1394 MR (R0 \-gul&n oWy



BHa pholAe 9 )9 0 Slayd

Olo) 9 Olke b suuiio HIALS Hlixd s SaianVlpagm Hloakisls SWT Guin j Glaslgianl diwgy Slod s & bal woliblas )l

S Slgen loalasl> 6&3@14@

% Caze 60y dmine iy s ots 555032
heilyiss SYslee g30e (65 SR Cgar (A5 IS Sl ;55
amio by, [1] Wl axwg Fp 5 Jiiwe So¥lpé olge p (Sl
SRS IS (bl oS ol (285 Sl 0 )81 Sy eoaes oy
oz S iile b peitie dnslos 43 g el Loanil s SYoleo 7 0
sl polae 2,5 e S sl Jl 25557 j5mils 5 o35 L
2,5 o il Slawlxe jo jmals g Solw 4 les o 59, ol Ll dlex
Slgo p WSl Suillege i SYolas goue (6,5 YLKl 6l lin cpl o
sl 00 4335 0,1 gy ol 51 loalisls 5LIT
ala ) Joalidlo LT s oSl e¥olas (sl 8 jshiie cal sl
AT =T =Ty ] 0 a5 09 0 ativg (17) alal, & g0 ((-7)
de = d(S:0) + daAT + adT + det (17)
95k (18) & g0 4 (17) alal; (2) alal) 5 b y> 3 Jleel b
D9 o0
de = S:do + adT + (AS: 0 + AaAT + A)dé (18)
aolys (19) aal; &jpon (15 5l (wiliss o8 ululenl
D
do = S71:[de — adT — (AS: 0 + AaAT + A)d¢] (19)
el 550 (19) sl (16 5 14) Ly, L (19) el alis L

S5d o sl (20)

Y 0@ §>0
do =571 (ds —odT — dé {_aG(p f - 0) (20)

5500 Sy 3l 0 4 s Jl b Sy Fie 0D ] jo &S
(21) abl; 5,550 by bl
d® = 0,®:do + 9,;®:dT + 0 0:d¢ =0 (21)
T 4 o Jaml b Sz litin i a0 P 5 07 P o] o a5
S Jeilins (21) abal; o (20) akl, ISl b aea €
Alos Cewdey (22) abaly &) g08 o35 ke o>

d¢ =
(0,D:571:de + (0;D — 9,P:SL:a)dT

= >
0,P:571:0,D — 0P ¢=>0
| 0,@:571:de + (07 — 0,0: S~ a)dT
e §<0 29
\ —0,®:S71:0,@ — 0;® (22)

el sl S Gl @uze ok Ao (AT SIS 55l
0 3ilg oo (&, €Y) Ao cdlo sl e ] (b 40 a5 Col 0igi )l ,SS
pobae (13,5 jomil 5 Lo o slilay (g )90 Sloj o3l Sl alad e
Sl cdls le st Glai 0 g0 adasd jo jelaie b (gl ] Canog
2 Bpesie (b adsl Guas Glsied iy Oloj 4 bgipe oad Sen
polie wgi Loyl (@ <0) Las S .&gd o oolital 555 ol
g aalgs ol adgl uas polie b yols oleg o J5ls cls sla posiie
U 08 &0 51,50 wb caib (@ >0) a5 Sloj s Sy ol e 0
93 )i (@ S0) Lo s b

sl [tg tgen] Sloj osl o Sl 058 g5 2,8 pipssl al o
S dalys (23) ablaly © g0 pl k1SS

4- rate-independent
5- convex cutting plane return mapping

7 D)Lcui) 15 ©)93 1394 MR ()0 i_CuKn oWy

ét:Aé (10)

3 & .

21z <20
A: t .

g ¢<0 (12)
o 5 a EY G 8L G 6 pmmen el Jil 25,5 aneS H o] o oS

QS oo e |y JUESL (25,5 slil) 5uils (]

abdi ;o d9zge JUSI A5 fhe 5 (Bl A el SLa
Sy abi ol o phe JEI 25T g g9 51 U js 5l (225
An oo cansa (12) ala, 5 gt 90 O .ot

1 -_ 3.,
0—0—§tr(0)l, g = E(O‘.O’)
gt = E(st:st) (12)

aol, 13 b ol 6 ele b sl Slea ,ouil | o Lo oS
35800 (gl (13) alal) & jg0ds SO = ugs IS (5lasls (9)
(G:A—pZ—C;)E':‘I’E'ZO (13)

Y rizman S5 se oapel | Jl e Jeuily WE o le a5
Sgdie i x5 (14) alaly g0 5 ol (S Sealinsga i (590

Y(o,T,é)=0:A+ %O‘ZASZ o+o:Aa(T —T,)

—pAc [(T —Ty)—TIn (%)] + pAs,T — pAugy — % (14)

@ Seoludgey Gop &5 w30 9y Sboy sl B Jul
9 52 (6l S = o S (glnl a5 Sl 5l s, Sl sl
3B Jl sl Wams )0 el Lo)l wb gy 9 9p8e 6 JUES) e
oS (€ <0) gpy 3B JUl sl 5 e a8 € >0) 5y
5 (V) 50t e sl2 (Senlizdse 5 (550 Sl i 0y amlss i
Sl &8 coal Jos sloyial )b 51 (Y sl (2F) g e sl
5 095 31 s pl (5 LS lag S Dl s 51 (L3U (LSS al e ol
oo a0 glalazaiz £o 5l (Saigis Jinl o ol el o
B9 oo drmilos (15) ala,

1
Y =2 phso(Ms + M = A¢ = A;) (15)

Syign iy a3 (16) daly 2590 4 (@) Janl b lulinl
(¥-v £>0/(A->M)
_{—sv—y §<0,(M> A) (16)
aalgs Lo (D = 0) by gy g 55y 58 JUsl P 0 ool by
Ol o a5 Cupiile 5 cositnl SeiVlge 5 (S pln cnl ogdle 0l
A (@ <0) Loyt (§ = 0) im0 o S35 o o oS
&y 0 S5 4 L 2b - 0asS Lulyh wadoly Lulyd 4y o salys
S a0 Ol |y mhaw 99 9y 9 90 5B JUiST Sl sl Jlsl &6
Pl ;0 5 Col Jal5 2o sle 5 ol o] clo @ bgpe ol (sloj 5
lpie Cod byl ol adiley (B ol nlp ol Lo g 25 Gl Ul
5 Jies )18, (558 L a5 39800 e (@ = 0) &)90n 36)@}L~’ byo

1- transformation dissipation potential
2- Kuhn-Tucker conditions
3- consistency condition



BHa pRolAe 9 )9 0 Slayd

0lo) 9 Ulke b suuiio HIALS Hlixd s Saian Yl pgm Hlakisls SWT Guin j Glaslgiaml dimgy Sod s & bal woliblas )l

lJﬂé Alwgy ‘5)933—1—3
S (5,985 o (M ! 2 JSW) abii ;o obul> sloadse

[14] S5 o iy 5 (29) abayly & jg0ay il dingy JSCo yunss

ow

u (x,y,z,t) =ulw,y, t) — Zg_x
w

u,(x,y,z,t) =v(w,y,t) — Za—y

u3(x,y,z, t) = W(X, Y, t) (29)
bl elad 5 owlon (Jsb obnl> csisaw gV @ ol o &

ou 0w ov 9w w
1T oy oz 2Ty, %92 TR
2¢ :0_u+@_2262W €
1270y ox dxady’ 33
€33 = &3 = &3 =0 (30)
2 ogisos Job-2-3

[15] sysilad Lol 5l aimgy o8 > c¥oles zlsial (gl dllie ol o

Dgd o0 oo (31) alasly &y g0t 45 ol 0y oslal

ft((?K —6U—-6V)dt=0 (31)

($55 e iz 551 e i i OV 58U SK 1 55 5
ol il (653 ol s g 23,5
Do ge iy a3 (32) alal, &, g0as iz §5 1 Dl s

5K = w pu S dv, =123 (32)

Jol e Byxe (1) cadle g oo ity 5l Sledl pzx dV ] o o
adal, (32) akal, ;0 (29) Laly, Jleel b cwl floj a4 Comd oS

5K = j ] [1, (61 + 950 + W)

ow d ow 0
-1 (—6u+u—6w+—6v+v—6w)

dx d0x ay dy
ow ad . GW d

ol I; 9w1 R gw colus (dA = dxdy) o] o o5

“)“‘9“:%5"’ iy 5 (34) alaly &0 a5 Sl g0 2 gyl

(Iy, 1, 1,) = f p(1,z,2z%)dz (34)

7 ‘NI=‘

35) d.b.") s_))j.»ad..a st.a; 6))"‘ u‘).....u u.:‘ij)'LC

o e

(36) akl, o904 (30) Lulg, 5 oolizwl b 9i,j =1,23 a5

B ou d2%w
U= ff M116 (5) ~ Mir8 gz

.09.3 A.Q‘P

Y (66v+c')w>

22 dy R
d0%w ou ov
_M226W+N12<6@+6a)

1- Donnell shell theory
2- Hamilton’s principle

5

At = pg(0 A (23)

q+1 q+1 q+1
polre (gwyy Oy90 a0 (5,5 9l g Les aScpl (ggloly L
Sogon Sloj ojl nl 4 barye pl 1SS (6l (25 )5l 503 o

Dy oo aiigs (24) ala,
st = -z ([0, £70)
05y § <0 (24)
IS5 s, ) esliial b alhe ST sl JUinl mb siledas U
555 sl el 3 JIE b o i by el 5 g = i
by u‘&*gs" (25) ak,
o 19,09 20%). + 0,00 2e® = (25)

q+1 q+1- q+1 q+1- q+1
oz S gei (25) doles o (24) dolas )L»’LSL? L ooplplo
Bed o dmbre (26) abal; &0t o35 e

f o0 |
>0
k) . ) (k) (k) ¢
(k) _ 0 ¢Q+1 Dq+1 d ¢q+1 af¢q+1
f‘1"'1 d)(k)
q+1 é<o
~9,0%,:0%) 10,0 —a;0%) (26)

q+1’ ~q+1’ q+1 q+1
. , . 1 A
Sy e slp ol o cwl Saw el D =870 ol s oS

oolictul (27) Ly, 5l (a5 jomil g Cujiiyle gommm S (Jlaml 25,5

IR PES
t(k+1) _ t(k) t(k)
q+1 €q+1 Ag q+1
(k+1) _ (k) (k)
€q+1 €q+1 + A€q+1
(k+1) _ () (k)
Og+1 =~ Og+1 + AO-q+1 (27)
o B &5 -3

SLIT i ) o slailgin] atwgs SO ansbly clols )l @lie ol o
Sgo,le Jlid ¢ yao adgl bl cov ool lelBass L jloaksl>
2 JSs e | Job g h culies R lawgio glais glyls adllas 5,50 S50
S e Loyl 1, (/R <1/20) 3 (R KR A KI) Lals o5 el
&S Cowl Glaze Slo (X,Y,2) 0gd 0 cdnlin Ko ,0 a5 j5bles
(z2=0) olo v » diwgy Lame 5 Job slaiel 5 cosgay ox

el (28) abyl, O ygody A3l jlid ien y = RO g oiiin
P(t,x) = PyP,(x)P,(t) = P, sm( l )sm(a)t) (28)
_1335.@)& Oy guody Ql LgsLo)' ERCTRUIWESIP LS PR W &TJl?L':J‘ 6“‘-’95“-3
(bl Slols )l ) n ln p s )0 Jgene jobar 1 il
Sl 325 O @b (255l 0 3 pgo 098 00 a8 a0 Seige lo S 25

D9 3)ls ey sl alazd ya yo (alide blE jo  Jalie sla,lis b

i gl ol ol yas (gl gl atgy 2 JSCi

7 D)Lcui) 15 093 1394 MR (R0 Jul;n Sy



GHha polhe 9 Y9 rd Hlsyd b)) 9 UKo b pudiio A1 HLikd i StV pgaw Jl3aadl SWT Guia Sl laslgimwl dlumgy Hhod put bl wsbibles )l
A1 phvou w Zw
— — —_ 36
TR (1 an (=) (27TR6[3 R)] ZMlz‘saxay]dA (36)
_Aiph 5 @l anly glogys 3 S illas i oy My s Nij o] 0 &5

B [AT (1 +v) + veb, + (1 — v)el, + vels]
Ayyh(1—2v) 1 Ou ov
+— + —(1- t
) [ 2 (ZRRQB lan") S Zv)slz]
u U
10W+11(T'n+ ’ﬁ)_

w w
(% _WeB ):
27R 2( 12 (2nR)?

MA-v)(o'w 9
12 “on*  (2mR)*9p*

Ah3(1—v) 20%w

12 [12(2mR)203% 0n?
Aihwou A;h(1—v)dv

Rl o R(2nR) 9B
A;h(1+v)aAT
L Ah(1+) L PO
Aih
+ = [vely + (1 - v)eh, +vels]
Ay [(A=v)R3 02w vh3 OZW]

+
2 |” 1212 on? @ 12(2nR)? 02
Aj pp [vh3 0w . (1-v)hd 62W]

+

~ (2nR)%|1212 992 " 12(2rR)? 082

Ay ph(1— 2v) 0w
612(2nR)? _ 0n0p (39)
Jdlajfawwsa&uﬂlbﬁ——lejn 7QT)Q45

so9; oole (slacaS 51A; = % elesdle (0 <71, B < 1)
Gadlie &) rizman ol (jguslyy S 5 Sk Jooo gV g E a5
1,2,3) a5 sl Jsl L5, gl
ol o3y gx @b s JEl i)S sleadye (ooled (o)
)5 dalllas 5,50 loalisl LT onle Sy L3, L5 ool pogdle
ol AT =0 g oals a8 )5 s 0T > Ap 9,00 5l &5 cenl a8 3

ol e el ol w ey (i) =

aS Cewl oolu LgLQolfduS.’ u)9.«a4; ‘6‘“‘5“"*" sSl.a 4;2.»:5.’ 6)).4) .E.").w
298 ole (40) alal; & )90
atx =0,x =1 (40)

Lulpl g ansie )0 0gzge ) Lo 4 lie (pl o uisren
ad,S i oy 4 Cawd D sl S Oliiin alies )35

u=v=w=My; =0,

VU sl slral> (s 5,85 0 a5 Sl imen Sl sais
2y50 diwgy b plralr ki alply [14] sie oS L
RSOV PRV M;J.la.o)é 9 gl g ol jl g aid )3 )1)8 asllas
A il 5 gl iy srerk SlalS B % b ]
5 gy g0, L;)uw Sy aalsl j0 a5 sud s (o pianns)
oas oslitwl loyl GBlbl o s & gincw il )8 zwl addllae 5
b lply sl ho plpy CosEile ez S S nl e ol
90, 2,8 LAl dlys Bl S > SYolee yo Jlall 16,5 sleaalbe
P8 o) Led Bas b g [17] lamio s 5 Glamio 55 Il
E=EA ol 5o aS oog (41) Ly, &)pea oS > Yol AR T
Eh (3%u

. 1-vdiu
1—v?2\0x? 2 0y?
Eh (1+v 0%v vow
+ + ——

1—-v%2\ 2 0xdy RoOx

Ioi/.l - 11W|x =

7 D)Lcui) 15 093 1394 MR ()0 \_:ulxn oWy

h

(N11,Njp, Nyp) = (011:(7221012)dz

_h
zﬁ
(My1, M35, My3) = h(01110221012)ZdZ (37)
OV = —=6Weoye = HP(x t)éwdA
(N116u + N12517 - M115W,x - M126W’y) dy
r,
d — — —~ —~
(N225U+N125U—M225W,y _M125W,x) d.x (38)
Iy

$Bjye ol Glaglos 5 gy 5l 20 5T 5500 JLSS 0T 50

SIS lr b iclagl polio (o5 polae ;Kb aisl slaglos 5 bag s
aid el wdloz 5,08 1,550 (31) b, o (38) 4 (36) «(33) Luis,
ST olse oSl Layly, 5l eolizl o [16] Tolss Slas uslad
O ypods anlllas 3,00 loaliils ST aiwgy 5 oSl E¥oles o oabiil>

I, .  Ah(l—-v)o*u A h(1-2v)0%u
Iou__W - +

[ 12 a2 2(2mR)? 0B
Ah 0%v Alhvaw
2l(27tR)6178,8 Rl on

Ak (1 —v) def, . voez,  voey . (1—2v)adel,
on L don | oy 2nR  dp

A177 (1—v)6u+v( v +K)]

an 2RI R

[aAT(1+ v) + (1 — v)el, + vel, + vels]

A ghfl—2v); du  dv .
TR [ (ZnRaﬁ N zan) —- 2”)’512]
L A 1h(1—v) 62v+A1h(1 2v) 0%v
2R = T (2nR)? 9p? 212 on?

Ah 0%u A h(1—v)ow
T l(2nR)an9f T R(2nR) 0B
—Alh[ v dely . (1-v) 6852]

A1,nh

I, b —

2nR 08 = 2mR 0B
v del, (1—2v)6ef2]

_Alh[

+
21R 0p [ oy

WGLDQLQA96:LM& ng).u GLQMT).:L:O‘).Q& A.A.MJQJ L)LA-”3 JS.MA

1- fundamental lemma of variational calculus



G am piuolhe 9 )9 »d Hlayd Ole) 9 Ule by juaiiio AIS HLikd wuaxs Suimw Y pygm plaakadls SWT yuis Hl slaslgiaml diwgy (o3 jué sl wbibles)l
L = Eh 82v+1—v82v
B = - z BO), fori=1,..,N,, VT ST 2\0y2 T T2 o
m=1m#i (43) + Eh 1+v d%u +16w
l=sr=N.-1 1—v2\ 2 0dxdy ROy

5o a8 wiloads 48,8 o goluwe alold L Sl bl yies
S winlys (44) alal; & jp0a X sl
i—1
LLi=1..,N 44
N —1"" x 44
oolaiwl § g Cov  SLSS
L gy b A SRS L;?15 bla olaws (SaSS ol o .[18] AW
Sire bbb e dighie a8 L6 = 1070 S Lol
Sy W=My; =0) i bys 9o (44) aknl, b ol Guiss
120 0929 (1= Ny 91 =1) Slesl 50 blis 0 bt plral>
i=) 5 ((=2) p o byl 51 S8y (Soop 0 ahis S olpbs
50 2Bl bl ¢ ulal ply casl oo 48,8 a5 5 § alol b (N, — 1

X; =

Wbz e blys Jleel sl

g ainlys (45) alal, #1284 X bl

x1:0,x2:5,xN_1:l—5,xN:l OSxSl
i—1
xi:Nx_ll, i =3,...,Ny—2 (45)

abis ez oalply ol Glas 1) gl plgiee 5w o 4 oS
Slp b ple g 550 Ll p Jlosl sl i 9590 03 2lel 5 (2o
g o 00y Sa S > s oS alolas Jlac]

o ke Aolae (40-39) ¥olee yo (il s o (g, Jleel b
] oo Cansas (46)
MA+KE=F, +F, ET=[aHan (49

A 5Dy oo loy Jols bl don el sloals Jop A o1 5 a8
ealr by g e bla 4 by slal> by o a5 cul
Oloy 4 Cons pgd i Silo (1) codle situn bl plo 4 by
§ ol o st s 5 p 2 Sl S K g M (rimen
o P g 51 JLas oy Py it o (g oole S unis plan 5 03,
s Ul S 5l sk

oo 48 5 0500 S Jlagss by, 5l (46) dolas Slej (6,5 1Sl (s
Moys (Aq+1) s s 105 (Aq+1) ealr oy (i) cnl po ool
5 o Ol (8g) T 5o &5 (Lgen = £ + AL) loj o (Kq+1) Sl
18 s ot (A7)l 0] 6 09

qe1= Bg + ByAt+ [(1 P)Bg +yRe411(A0)

q+1—A +a1A +a2Aq+1

q+1— a3 (Aq+1 - q) —a,A, — ash, (47)
5 (tg = qAL) &5 GlassSar cul pl @ Sloj o5 B yxo @ mrgin; &S

Sk g oo S Glp Grelh ¥ e (tger = (@ + 1)AY)
O a; w‘fo el 00l 44_9; ).L:; 3 0/5 J.g‘).g [20] d“'b aS ool u*’ﬁ)
Ngd oo iy (48) abal) g0

> Bl Bl

a, = (1 —y)At, a, = yAt
2 2

_ _ _1-v
et (48)
Rq+1Aq+1: I:q,q+1 (49)

(50) alx, 1ol a8

Iow+ 1 (i + D) — (W +Wy,) =

Eh3 64W+64W+ 20*w
12(1 —v?)\ ox* OJdy* 0x20y?
Eh (vou 1lov w A;h(1+v)aAT
SN ) @
1—-v2\Rox RJy R? R

Sdue Sy gy -4
009y 99 clalginl aing olad Olils )l a4 olicws Gl asdlas ol o
e U sl dlas muy g, el el 00y Ay (goue
gy e 9y Ol el ool oolaiwl Sl L 5l oS > (WS Yol
WS SIS Ll oloss 4 w0 0,90 aiald ] o 4 sl 585 g &
polis cas g (g DYool | lacgame a4 il o SYolee g 00l
onlpogdle [18] 0ot oo bows blas
[19.20] ol ous ooliciasl dlians o (6565 JLES gl -5 loged o,

Ol 50 Sl b yiie atenS

bdye Gt Oloy po b @ b o5 leg po mel by, cnl 5o
D9 g0

ELWUWINE CRNU E-54 IPY OWe| V- YO DU S PP IO P S RPN L SWE
5 X olael yo alads Ny Jolis a5 cuwl L[5 5,90 ainly gl blaS 5l coslio
a0 ol blE olaws jl Ygeme .ol y slael jo akais N,
P adye S Gote s (N =Ny S N) (i 3980 oolia
2 g(x,Y) olgzds by a4 Cas plS Ab e Sy Frie 9 X & Cad
[18] 55800 (yke (42) Luly, &g (X1, ¥)) oaisoly aSis 5| glakais

T &
g
oxT B(r)gk]
x (x,y)=(xi,y,) ~
S Ny
0°g
y (xy)=(xi,y;)) k=1
o+ g Z B Z 9y,
axrays
) (xLYJ) k 1
i=1..,N,.j=1,. (42)
- C(S) B(T) .| ) Sl g o oS
%"-.‘.-’)"d“ ik u.u.’fm.éb Qo) g(xl,y,) )i’...gl] J e

oY g oo 00l Qsﬁ)" &y oS siia Y g X olael jo S e
D8 (S 000l (G35l pd DBl 4y Ghgy l cdo &S el S
s JEsl 5,5 wly qesled glals ol Gl ouyp onl  [21]
oslizi sl @5 il o (slabon wiz 05T 5 31 Ay sole el
el (43) alal, &0 lyls a5 ou

B(l) [1(x;)
(x; = xk) [1(x)

[ oo = ]_[ (s — %),

m=1m=i
(r-1)

k=1, N, &k=#i

(r) — (r-1) p(1) _ B . S
Bik —T'(Bil- Bik —xl%xk),forl,k—l,...,Nx,
k#i,2<r
<N, -1

1- Newmark method
2- Test function
3- polynomial

7 D)Lcui) 15 093 1394 MR (R0 \-gul&n oWy



BHa pholAe 9 )9 0 Slayd

Olo) 9 Olke b suuiio HIALS Hlixd s SaianVlpagm Hloakisls SWT Guin j Glaslgianl diwgy Slod s & bal woliblas )l

polisi= IS loakidl 5Ll oole (olss 1 Jguer

[1] Jace (ag) ools _olg>
0/056 H
270 As(K)
280 A¢(K)
245 M,(K)
230 M¢(K)
0/3 v
6500 p(kgm~3)
55 “)EA(GPa)
46 “)EM(GPa)
226-6 a (K1)
714E6 ch= oM=L (ké—K)
0 Ac

el 35l g ol 6 &) bogy e o M g A sl

b s ilS 3wy p 0 N =30 slows ¢ atsbly olals )| Jdoo
g5 ool s oabags oS 5l oylimedsl (gl paiomed «ansl o ool
St glabeo 4 bgyje (55 - 5 @l s amio (85 IS
g 0ol Cawsdy ool S 5l ooliiwl b (gomcSs cl> o (6 950 (6,135 ,L
dlio slS 328 (slos 45 [1] LolssSY 5 505l Lamwgs eabadl) gl |
[ el g0 @ bgye (25,8 = 2 loges 5 Glamslio 4 Ko ol o0l
L ooadol oS 5l alol> ases 090 o cdmlice a5 o jlen ol oo ol
el odaie alS o8] | x> o dzess

Jalod 50 oadosy B4 emiVgep Como (cwyp ln cnlpegdle
sgamma ledl 33l Limgs elS il 5B o L5 350 Alias <oy
2 b ol plalr 5 b G652 @l g ead siledae wsSLI
obedl o jo el ouds aunlie yols> dlas (o cabddl)l g,y 3l Jol>
b Gl uils 35 S Ll sas ol daiwg slagledl 5l dg0me
S 4 byye e 30 cap CasS (Job 3ge o ) dng
Sgui g0 0dlive a5 job Lo (20 o lid cabol gy 90 (gl p ¢ slads
w1, oaadl,| s, Cono ol ol 45 Aited 305 /500K & s b
83 oo GLIS (295

ol plralr 5 (1S - 4 baye @l 6 S Gaizes
g acls 0072 Cgls 090 b 5l i cos lo Job abaii ol

800
600
<
[
2
o 400
200 XXX L] )‘él} AJL&A
— [Me-
0 T T T
0.00 0.02 0.04 0.06 0.08

&

sl 328 sled 4o oy Cl jo 55,8 - a5 leges 4 Sl

7 D)LA.G) 15 ©)93 1394 MR ()0 i_CuKn oWy

Kg+1 = asMgi1 +Kgiq

—
=

I:q,q+1 = (Fl + I:2)q+1 + Mq+1(a3Aq + a4Aq + asAq) (50)
o9 pybre b gl Sl alind 2 8 alraly oy (49) akal; (ulol
dle BB ot Oloj @ bgrpe QLD 5 Sy plalr ol
ous oolaiwl 0aigd ST anld SOl e 5l alaxd e o dtwgy Ol
polae Copile gam> S g Jll 55 el anld cnl el
Kl il aruloee S adsl oo Glear oty Gloj 4 by
s alrale oy 5 o ooliiul L 5,50 ley 3 Fyp oy oM
blie 55,5 el e ] oo Camdds S logus b, 5l eolatul b 1SS
odls dewlore ool - 15 )5 Lalg ) sl eslatwl L alols> olaals> jls o L
= = . = t . 1
Sl o ysSl (goae gy S S bE 5§ wax polie ol el
).)»)LQ.O )‘ oolawl l.: JL‘> s.\Jj.uJLSA d.a.wL?m TGN VRN Ao LS"W'?)"
5 t
oolaul Ls 9 ol LS’L“) 394 Fl )b).g 9 M 9 K LgLCDu».!).)Lo & 55 Q>
a> L .AJLSA Cawdds 1SS g 4 by yo bals o LQQT 5!
ol lade SIS s 5 LSS eegs glrale by olis
wlrals sy s ool Glgie LS5 anld il eS 107 Jie aseis
oy OF bl o8 25500 a28)5 L 0 ol geoly Slsis @ alol>
),..c 5o ..b»))f‘so ML‘?M J)Lo&u u.ug) )‘ oalazl L> t..:Lw 9 &y
Hhade sl gloals> Jolas aS wb oo anlol Sley U 1,55 ail,8 &Oyg0 04!
Dgd eS ol a8 5 lai o il
A caial B e atug o] slo S 3 awle slp e
w3 Sl s (01) akly &jgon plraly sleailie (s eiuew)

[22] wgi s
u = u,(x)cos(1,y) et (n=0/1,...)
v = v, (x)sin(1,y) etnt
w = w,,(x) cos(1,,y) et (51)

n

'A”:E Gi2= =1 5 oo e slaoge slows ] o o

Loty Jloel 5 (Lewilyins @oy by, 5l oslinwl (41) alal, 5o (51)
g F1 0oy 99 52 ()] )0 a8 058 00 (omsish ) & )90 (46) ) (55,0
o uilS 13 gl s yile lime o ols S8 Lao b 5 wiledds i Fy
[K — 02M]A= {0} (52)

g sed 9 «J> P 50 g 039 Dgliis

Com 9 (SO -5

e sld She b slalginl SU aing (goue s i ol

Jodlsslo ST oy il 53 el s 1) (=100, = 20)

[1] castoas &il,l 1 Jga jo o] Lolgs a5 o soliinl pauilis = IS5
oS ozl 5B o lawl jo addllas 0,90 Sloalabl> 5LIT atwg

&l 155 sbadie coled e . Cuol Af 5l 5YL oole plos 4y a>gs

Oy M‘? (Z = 0) dg.my ‘S:L_A Ao 6‘)4 AW



BHa pholAe 9 )9 0 Slayd

Olo) 9 Olke b suuiio HIALS Hlixd s SaianVlpagm Hloakisls SWT Guin j Glaslgianl diwgy Slod s & bal woliblas )l

s e i g ol pRals wgaoe lell (hg) 4 Cod sl
Sy ooz azlad b (6568 s oo S 5l oolazul
o S sl lraly Jiged cuie T b GHT S
S S ol S 53 1y Aoy Jsb Bl S Jpe 5 Cjile
&S yebolen 20 o lis Py calite polas g 4l 0/02 Csbs 0,90
by slbals (e b posie L3 jLid Jleel Jo 4y 048 0 conlive

0.06 —eo Po=10MPa
0. Po=15 MPa
I -v-  Po=20 MPa
Ky
V) 0.04 A
4
i\ 0.02 -
0.00
ok o5 o)led
oo o5 oot~ eles bl g0 =
0.6 - —e— Pp=10 MPa
**0+ Po=15 MPa
- Po=20 MPa
0.4 1 /r"'\‘\
v /// \V\\
//'/ ..O“.O.."O.. V\\
0.2 1 // ..Cf. .’O... N
/V .O.. .Q \\
PR .\
X /. ’.O. .Q° o \\V\
0.0 Seessgpeend 9 , , , . Caliguae
2 4 6 8 10 12 14
JBL’ °)f °)L°-*f’
b o5 o lei = & Jogai =
58
—— Po=10 MPa
*«0e«  Po=15 MPa
56 - ~¥-  Po=20 MPa

50 T T T T T T T

Jﬁ-‘o °)f °)L°-3‘

b o5 0)lelm Kb Jsie Jlosei -
cs59 Sl S ol 2 53 €y o bl & Lgyyn sl g 7 JS

60

—— b an i i,
50 1 == ssUl

sl s 550 5 (Al ol 6 9 sy nnilo sla S 3 5 S

2 &S jeblen aes ol Sewpd S5 0 |, Pp =5 MPa 5
Sl (Gaz 50 oabobl (A3ls jLad Gad gd oo samlie kD S
3850 liced oole Azl 10 g el onuid oole o 3B o Ao A
@L».s O w)f O ygo MLO.A u‘6 Jiu ‘.)"‘)"oﬁ)l'c ] J.olS MT
&S jebolen ams co Hlis |, ol by, g weSLT 5l alol> olral>
HB Dglas cons 00 54 go0e by, yo Dolas o a4 04l 0 camlie

&y by 5l eolatul (sblse alex 5l riman .0 lo 0929 @l o (o8

600
— Po=5MPa
500 -
< 400 -
=
~ 300 -
N
N
o)
200 ~
100 +
0 -
0.000 0.002 0.004 0.006 0.008
€22
ks G5~ arme (AT logei = I
0.014 A i

RSV IN SUR TS

0.04

oloj = fled glral> jlogel &
54l 01072 Cglis 0,90 b Jsls Jlid cov She Job alais slajloges 6 JSi
Py =5MPa ., ,s

7 D)Lcui) 15 093 1394 MR (R0 \-gul&n oWy



BHa pholAe 9 )9 0 Slayd

Olo) 9 Olke b suuiio HIALS Hlixd s SaianVlpagm Hloakisls SWT Guin j Glaslgianl diwgy Slod s & bal woliblas )l

gl Jo orimres g ol il )| asls Galidl 4z Py 38l
Slolezsl Py = 10MPa jLid o yo 4y by je zuly ot Sige)lo
et & bge @ e 598 oo Sily 45) o8 JSE o a8 0 l0 0524
b 50 50 Soym uilS 5 bl o lilizi] ol (sl JLid o
.DQ;GA IRV ‘5a3_>

Ole; =8 5 e (3,5 = (oo (15 jlogei i e 10 59 IS
polie g 4l 0002 sl oy90 sl 1) gy Sloe alaii & by
Siol38l gl oo omline 9 JS& j0 4 jebjlen om0 ol Py calise
5% @lme GRIBl A [0 g s S (08 S0 4 e Py
Sl lis s (10 SE 4 argi b Grimes ool o0d sols
oole (s gy g aledon & (lalidl 4 yomie 0 0l oy 51 45 jsbiles
D950

o3 3> diwgy Sl abail & bgypo pies (oll58 ly 11 S
B sty omeb Ll oo Lt 45 1) 5,8 50 5 30 _uils
3 Oed a8 e bis il 35,0 4917 4 34w LA o]
Joblan el o @il [oSie Jblite gla S 5 b & ol eis 12 IS
SlolS 5 GLbI o wersSle blis g e odnlie 11 IS5 o a5

3000
2000 - o
o
T
o 1000 -
=
N—r
N
o 01
-1000 - Po=10 MPa
s - Po=15 MPa
-2000 - P e Po=20 MPa
-3000 : : : ; ;
006 -004  -0.02 0.00 0.02 0.04 0.06

£22

<ol 0,90 (slilay Ay ‘S’L».A alag; G’aam w;'é@‘m S o ged 9 J<
Py cilize polie 4 45l 0102

0.6 - — Po=10 MPa
....... P0:15 MPa
05 - - Po=20 MPa
- - re=
sl I F
] \ ¢ \ ) H r= !
] \ ’ | ’? \ 1 \
1 \ ,' ' ! \ 1 |
03{ | ! ; ' 1 ) | |
N ! 1 ] : i \ i \
] h ] \ [} |
R | L ¢ ! .y ! H
H : s - ] ] . 1] ' PRILITI ) l
i : : : 17 o ' E
’: B ! : F] [ k]
‘l: K 'l 'K 3
' ] i H 3
: : K
! } ) 1
i i b
V¢ 5
0 ’l. %Y

(a:6) (\lo;

).n)l.o.o 9 Ml) 0/02 g.:ﬁLu 0,99 6‘)“‘-’ 4.».».49_» (5>l.~o alags L)l'°) 'f )‘09""’ lO J&»)
PO e

7 D)Lcui) 15 093 1394 MR ()0 i_CuKn oWy

Py il polie sljlay plral> o itin g 009 Dglite ;K005 L Jsbo
Sl sl ol el ool Bl aingy gl aladi o
e i g 00l Fy 5B sy (blE iy o a5 il ooy slaisS A
Copile oz S Py B L &Sl Sl alai 4 b 56
1SS s a5 a ol Gl 4 95800 i eole a0 g adly a3l
Al o 5 e ez S A ly 5 el caalie 6
elals el jo g adl als sole plSouinl Sile 4l ¢ KL Jgoe
D9 s et (]
gy Sloo abail 4y by po (o = (led almlr Jloges WFB S
e A8 co lis Py calidee polie g asl 0102 Sglis 0,90 lslas |,
dgoi gl 8 UKo o coaiol Sloj slagwl Wil 8 saliv g
& Ly 1o903) o slaguly ol 31 (5o & bgiyo s y98 o
o8 USe o a5 jeboles .cwl sai ools olis (Py =10 MPa
S8 gl 8 Ll ol o (fled plaalr 5 05d e caalin
GIF8 S Lubol s 35 i Lo (sl 45 sl 00 sl 35,0 50 __ims
&S 04 oo odalive 8 IS o plpogdle .l Jlade s gl

Po=10 MPa
"™ Po=15MPa
0041 TN Po=20MPa N

0,06 . . .
0.00 001 0.02 0.03 0.04
(a:6) \Lo;
oo~ ostlat el s = il
20
—  Po=10 MPa
15 A

3
2
N 10 A
é?
1
)

0 50 200 400 600 800

(5,8) oS8
By a9 b el mo
‘-’SL»-S 0,99 &‘)‘du Lwg @L.A alass ULA) _Gcl*‘"’ Lf’l}d“b)b}“-’ -l 8 ]S

oy By 4 bgrye g 4,98 a5 Jloges - Poudlizee lie 5 4 0/02
P, = 10 MPa s

1- Fast Fourier Transform (FFT)

10



BHa pholAe 9 )9 0 Slayd

Olo) 9 Olke b suuiio HIALS Hlixd s SaianVlpagm Hloakisls SWT Guin j Glaslgianl diwgy Slod s & bal woliblas )l

S5 e odaline (SWigle i L8, cosle (wilS 8 Zwly 55 w09l LS Gl o
@ S (U Lws L) b d s (il bl a5 &jpo cnl 4
el sl (Al coatal B slls 5 51 s o) (as pis
7S (b s (gl Gla il 8 5 T S B g 009 G a4,
saiall| ode > slaisbe, 5 orpmVanyd &5 dimd o ol gl el
5o sl SLIT lailgl glaaing oilS 3 g Sloj sl Sl sl
Sl )| B, s 4 g 00g Vb e 5 o gl (i o]
Jsl 5l 6 osle (it e s G288 Jaio b1y lading ez
) Ba Gee¥god K00 Bib S oo (i (S > el
|y oS b it L5l b Jlae alalgts oolo Ka e )55, o 4

LS oo 5l o

AN w58 -7

(m?) o o)L dA

(K) conl GLb sles Ag

(K) ool g9,05 slos Ag
Jae el )by b4

oo sl b™

b by 5o S5 lps Bix
(kg K) o529 sle,S c
sheme L) jo G5 mlys Cik
(Pa) gims jguil D

(Pa) Kb Jgore E
Ssistide Jil g (E)
S S R

Sl jLas sy F,

() e 381 555 G

(M) ceolses H

JUST G255 e S Le H

Sloo H5uils |

sz Sl o I;

S o ile K

() sitme (st (555 5K
(m) Jsb L

P o rle M

o slagles slaasly M;;
(K) <oz be b sloo Mg

(K) oz lo 9,8 sloo M
Ll olass N

wlic slog s slaas!, Ni;
Y5 X skl o bl slas N, N,
(Pa) o JLad col ey P,
(Pa) ls L5 oy o Py(®)
(Pa) sl i oS ab P(x)
(M) Lawgio glas R

(VK) o325 (29551 5 Lo <l 0 0329 (29,51 S350
o5 5B S

11

s Gl Py Gl L E 12 S5 b s 5 35se rale
oole ;o 3B o alawly 4y odigdpy L8, G coaloly i jo a8ly 0

Ll 00l &)

S 5 4o -6

o )l lalginl glaaing olad aliloly olils )l Jdow dlae ol o
G diwly Sigele U3 JLid cov oole sloolFaSs L loalkisl> 5T
S slajlad wal jglate pl gl e85 18 asdllas 0550 (e 5 Lo
Al § 5B s o] b g o Jlesl atng calisee blis 4 glie
285 18 (e 3590 e (a5l L8, 5 00be

3 SHp BU oslail 4y ol (las Jlael b aS aoo oo lis alols> ol
Coyd,le sozm S wlalply a5 weo o 7, 5B Jll ahs SO
chw a0 g ol Jlode b God ol L aS eods Hao el
5 Sb Joe 18l i ol (nl oo (I (@l 5 () teee
abais ] jo ansbly loles )] als (2ol caw g o sole plSoxiul
o> S g8 ol e 51 b (LB jLis as &l?QT 3logd o
Sy g p olily)l pln cole sl Shg 4 0 ¢ ok
EL by &8ly 0 e e lis 0 5l Ko e (LS cole 5 004
el ls wamls Las g5 5l LS ple 4y Cod (55305 5L, « 555
S e o a5 AL oS 4 bl o JBl jlid wal oS K

Po=10 MPa
Po=10.25 MPa
Po=10.5 MPa
Po=10.75 MPa
N Po=11MPa |

0022 7 (XXX XY Y]

(20 ola ool poyjSLo

L]
- \\ .."----". /7 \ “

L d
\\ o -
S

0.016 T T T
30 35 40 45 50

(55,8) o3

P0 izee polie slilay ding gl aads W358 Al 1 J

0.16
0.14 -
0.12 ~
0.10 A S, """-\t"'
et ...-'-'_ -------- -
0.08 -
Po=10 MPa
006 - ——-- P¢=1025MPa
Po=10.5 MPa
0.04 1 — P0=10.75 MPa
------- Po=11 MPa
0.02 -
OuOO T T T T T
30 35 40 45 50

(55,0) 5,5

7 D)Lcui) 15 093 1394 MR (R0 \-gul&n oWy



Syl e 9 g 29 Uapd Vb)) 9 Ulke b juuiio SIS Hlind s Suiw Y agu plsalbdls SWT uia I ldilgim] Aiwgs (o jut s bl wubisles )l
x 4:’ . . . t5;’),? weo 8 d_?_?).,c ,r (s) QLA)’ t
Lo gy ) (m) Job olral> u
obl f Lo Cl> j0 050 (L3I (65 5] Uy
Slo ol o lass q () sslme (52555 55 U
m) Jaxe olbul> v
&g S ( o (2wl
(M?) o> Ll dv
1) silme Jemiliy 5550
&=1y0-8 () 3lome Jomilsy 555 4

[1] D. C. Lagoudas, Shape Memory Alloys Modeling and Engineering (m) L;Cl*w G,qub w
Applications, USA, New York: Springer, 2008. ] 5 elae s IS

[2] L. G. Machado, Shape memory alloys for vibration isolation and damping, ( ) STOT SR ) Wext
PHD Thesis, Aerospace Engineering, Texas A&M University, 2007. “lass

[3] S. Seelecke, Modeling the dynamic behavior of shape memory alloys, = (x, y’Z)
International Journal of Non-Linear Mechanics, Vol. 37, pp. 1363-1374, ‘5359-’ r°-’y‘-°
2002. -

[4] S. M. T. Hashemi, S. E. Khadem, Modeling and analysis of the vibration (K-l) 63')‘)_, blasl co yo euils A
behavior of a shape memory alloy beam, International Journal of
Mechanical Sciences, Vol. 48, No. 1, pp. 44-52, 2006. _ s o il B

[5] A. A. Jafari, H. Ghiasvand, Dynamic response of a pseudoelastic shape o )
memory alloy beam to a moving load, Journal of Sound and Vibration, Vol. SHlegs g, 4o all alil 14
316, No. 1-5, pp. 69-86, 2008. la:

[6] A. Zbiciak, Dynamic analysis of pseudoelastic SMA beam, International )re [
Journal of Mechanical Sciences, Vol. 52, No. 1, pp. 56-64, 2010. ;

[7] L.-C. Shiau, S.-Y. Kuo, S.-Y. Chang, Free vibration of buckled SMA ( ) 95 g
reinforced composite laminates, Composite Structures, Vol. 93, No. 11, pp. O eess ol A
2678-2684, 2011. N

[8] L. Wang, R. V. N. Melnik, Nonlinear dynamics of shape memory alloy (m/s2) olls g (m/s) ey ‘(m) slal sl A A Z
oscillators in tuning structural vibration frequencies, Mechatronics, Vol. T
22, No. 8, pp. 1085-1096, 2012. O yS gl E

[9] H. Asadi, M. Bodaghi, M. Shakeri, M. M. Aghdam, An analytical approach Gl & t
for nonlinear vibration and thermal stability of shape memory alloy J u‘“’)s 2 €
hybrid laminated composite beams, European Journal of Mechanics- e Jls:...’l N ; 3
A/Solids, Vol. 42, pp. 454-468, 2013 r¥ o €

[10]H. Asadi, M. Bodaghi, M. Shakeri, M. Aghdam, On the free vibration of Ssb am o el b n
thermally pre/post-buckled shear deformable SMA hybrid composite ~ %
beams, Aerospace Science and Technology, Vol. 31, No. 1, pp. 73-86, 2013. 6‘4-3.9‘} EWEVE 6

[11]S. M. R. Khalili, M. Botshekanan Dehkordi, E. Carrera, M. Shariyat, Non- 3
linear dynamic analysis of a sandwich beam with pseudoelastic SMA JLO-J )9-313 A
hybrid composite faces based on higher order finite element theory, b
Composite Structures, Vol. 96, pp. 243-255, 2013. «.J““ LSL‘“JM i Uy, M2

[12]S. M. R. Khalili, M. Botshekanan Dehkordi, E. Carrera, A nonlinear finite T
element model using a unified formulation for dynamic analysis of At C $
multilayer composite plate embedded with SMA wires, Composite (kg/m3) VSO p
Structures, Vol. 106, pp. 635-645, 2013. ’

[13]Y. Bellouard, Shape memory alloys for microsystems: A review from a (Pa) G5 gl ¥
material research perspective, Materials Science and Engineering: A, Vol. ) i
481-482, pp. 582-589, 2008. (Pa) Bl,oul i jguals &

[14]M. Amabili, Nonlinear Vibrations and Stability of Shells and Plates, USA, e -
New York: CAMBRIDGE UNIVERSITY PRESS, 2008. (Pa) 3o i

[15]J. N. Reddy, mechanics of laminated composite plates and shells, 2nd ed., ol s
USA: CRC PRESS, 1945, OF5 e v

[16]J. N. R_eddy, Energy .principles and variational methods in applied JM ).:.al)l; Y
mechanic, USA: John Wiley & Sons 2002. i

[17]J. N. Reddy, Theory and Analysis of elastic Plates and Shells, 2nd ed., USA: JLQ_._J b,l_'; 10))
Taylor & Francis Group (CRC Press), 2007.

[18]C. W. Bert, M. Malik, Differential quadrature method in computational S Seoluoge 5 (5950 Y
mechanics: A review, Appl Mech Rev Vol. 49, No. 1, pp. 1-28, 1996. ) e

[19]J. N. Reddy, An introduction to the finite element method, 3th ed., USA, (rad/s) slagly 5% w
New York: Mc Graw Hill, 2006. e s

[20]N. M. Newmark, F. Asce, A method ofcomputation for structural (radls) &5’“""l° 6“\15‘) U‘“lsfg 'Qn
dynamics, Journal of the engineering mechanics division Vol. 85, pp. 67-94, T
1959, TS 0

[21]C. W. Bgrt, M. Malik, Free Vibration Analysis of Thin Cylindrical Shells by wa.s_;yb
the Differential Quadrature Method, Journal of Pressure Vessel )

Technology Transactions of the ASME, Vol. 118, pp. 1-12, 1996. S| }lé A

[22] A. Nosier, J. N. Reddy, Vibration and stability analyses of cross-ply .

Iminated circular cylindrical shells, Journal of Sound and Vibration, Vol. S5 0us ey k
157,No. 1, pp. 139-159, 1992. o e | o1
S35k 51 M

7 D)Lcui) 15 093 1394 MR ()0 i_CuKn oWy

12



