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Tém tit

Bai bdo thiét 1ap 15i giai giai tich phan tich tinh tim composite 16p ciu hinh phan xiing vuéng géc c6 gan 16p
kich thich 4p dién, chiu tac dung dong thdi clia tai ¢ hoc va dién truong. Ly thuyét tim bién dang cit bac cao
ctia Reddy dudc st dung dé khao sat ting x{ udn ctia tim composite ap dién. Dién thé 4p dit dugc gia thiét bién
ddi tuyén tinh theo chiéu day ctia 16p 4p dién. Két qua dudc so sanh véi Iy thuyét bac cao 12 4n chuyén vi va
v6i 16 giai chinh x4c va cho thiy su tuong dong véi két qua clia cac tac gia khac da cong bo.

Tir khod: tim composite 16p; ap dién; phan tich tinh; 1y thuyét tim Reddy; phuong phdp gidi tich.

ANALYTICAL SOLUTIONS FOR THE STATIC ANALYSIS OF LAMINATED COMPOSITE PLATES
WITH PIEZOELECTRIC LAYERS BASED ON REDDY’S HIGHER-ORDER SHEAR DEFORMATION
THEORY

Abstract

An analytical solution for static analysis of cross-ply composite laminates integrated with piezoelectric fiber-
reinforced composite (PFRC) actuators under electro-mechanical loadings is presented in this paper. Reddy’s
higher-order shear deformation theory is used to analyze the bending behavior of the hybrid laminates. The
electro-static potential is assumed to be linear through the thickness of PFRC. Results are compared with 12-
unknown higher-order shear deformation theory and exact solution. It is found that there is good agreement
among the present results with those obtained by other authors.

Keywords: composite plate; piezoelectric; TSDT theory; PFRC actuator; electromechanical loading; analytical
solution.
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1. Gidi thiéu

Vat liéu ap dién 1a loai vat liéu c6 kha ning tu thay doi hinh dang, kich thudc khi dit ching dudi
tac dong clia dién trudng (trang thai kich) hodc tu sinh ra dién trudng khi ching bi bién dang (trang
thai cdm bién). Tinh tuong tic giifa trudng bién dang va trudng dién sé tao nén hiéu ing cam bién
hoic hiéu ting kich thich tiy thudc muc dich diéu khién ctia ngudi sit dung. Két cAu composite 16p c6
gan 16p dp dién dugc st dung rong rai trong cong nghiép hang khong, giao thong vén tai va nhiéu linh
vuc ky thuat khac, thudng chiu tic dung dong thdi ciia dién trudng, nhiét do va tai trong co hoc.

*Tac gia chinh. Pia chi e-mail: tpnt2002 @yahoo.com (Td, T. M.)
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Cic nghién citu vé két cAu composite c6 gin 16p ap dién thudng sit dung cic tiép cén theo: ly
thuyét don 16p ‘tuong duong, ly thuyét nhiéu 16p lién tiép, 1y thuyét ziczag, 1y thuyét 16p roi rac. Loi
giai giai tich vé phan tich tlnh va dong céc két cAu composite 16p hon hop nay da dugc kha nhiéu tic
gia cong b trong thdi gian gan ddy. Lee [1] tinh todn bién dang udn va xoan ciia tim composite ap
dién du6i tac dung cida trudng dién theo ly thuyét tim c6 dién (CLPT). Wang va Rogers [2] thiét 1ap
161 gidi giai tich cho tAm mdng composite c6 16p bé mit 1a vat liéu 4p dién. St dung ly thuyét bién
dang cit bac nhit (FSDT), Jonnalagadda va cs. [3] phén tich tinh tim composite c¢6 16p 4p dién dudi
tac dung dong thdi ctia tai co-nhiét-dién. Mitchell va Reddy [4] st dung ly thuyét bién dang cit bac
cao tinh todn do vong do tii cd hoc clia tim chit nhat bon bién tua khdp. Shiyekar va Kant trong [5]
da tinh todn két cAu tAim composite cé gan 16p ap dién theo ly thuyét tim bac cao 12 4n sd, két qua
s6 dugc so sdnh véi nghiém chinh x4c [6]. Cac két qua nghién ctiu trong nudc vé két cau tim, vo
composite c6 16p 4p dién chi yéu st dung phuong phap phan tif hitu han [7-9].

Ly thuyét tim c§ dién chi phit hop véi thm mong, véi tim day cac 1y thuyét bién dang cit da dugc
phit trién theo nhiéu gia thiét khac nhau. Nhudc diém chung ctia céc 1y thuyét ndy 13 khong théa man
diéu kién tng suét tiép theo phuong chiéu day bing khong tai mit trén va dudi cia tim. D& khic
phuc nhugc di€ém nay Reddy [10] da dé xuit ly thuyét bién dang cit bic ba dua trén ly thuyét bién
dang cit bac cao khong day di v6i 9 4n sd chuyén vi dong thdi thda man diéu kién ving sult tiép triét
tiéu tai mit trén va dudi cla tAm. Ly thuyét ndy da dudc nhiéu tic gia st dung dé tinh todn két cAu
composite 16p.

C6 nhiéu phuong phdp tinh toan dudc sit dung trong tinh toan két cAu composite néi chung va két
cAu composite 16p c6 gan 16p ap dién néi riéng. Phuong phap sb véi loi thé giai quyét dudc nhiing bai
toan phtc tap v6i hinh dang, diéu kién bién khac nhau, cAu hinh bat ky, ... Tuy nhién tiép cn giai tich
van 12 mot trong nhiing lua chon tin cay khi cho 16i giai dang hién c6 thé du doan dudc quy luat ing
Xt ciing nhu két qua s6 c6 thé kiém sodt dudc, mic dui chi han ché cho nhiing bai toan dic thi. Trong
bai bdo nay, céc tic gia sit dung phuong phap giai tich, 1y thuyét bién dang cit bac cao ctia Reddy dé
phan tich tinh tim composite 16p c6 gin 16p dp dién, lam phong phd thém cac nghién citu cho loai két
cAu nay. Két qua sd dudc so sanh véi [5] st dung ly thuyét bac cao 12 an chuyén vi va 1di giai chinh
xac theo [6].

2. Co s6 Iy thuyét va mé hinh tinh
2.1. Truong chuyén vi va bién dang theo ly thuyét bién dang cdt bic ba (TSDT)

Xét mot thm composite 16p cAu hinh vudng géc (cross-ply) kich thuéc (a x b x h), bdn bién tua
khép, mit trén tAm c6 gan 16p ap dién (PFRC) déng vai tro kich thich. Hé truc toa do Pé-cic xyz dudc
chon nhu hinh vé (Hinh 1). L6p dp dién PFRC c6 chiéu day ¢,,.

ey

Lap ap di¢n - PFRC / v
(Actuator)

g Composite lop

Hinh 1. Két cAu tAm composite c6 16p ap dién PFRC
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Theo ly thuyét bién dang cit bac ba Reddy (TSDT) [10] trudng chuyén vi ctia tim dudc gia thiét:
(X, y,2) = g + 25 = €12 ($x + Iwo/Ox)
V(6 Y,2) = Vo + 28y — €12 (fx + Iwo/Dy) M

w(x,y,z) = wo

trong d6 ug, vo, wo 14 cac thanh phan chuyén vi ctia diém bat ky trén mit trung binh clia tim theo céc
phuong x,y, z; ¢y, $y 12 goc xoay clia phdp tuyén mit trung binh quanh truc y, x;

c1 = (4/31%)
Céc thanh phan bién dang dudc suy ra tif trudng chuyén vi theo quan hé chuyén vi - bién dang:
0 1 3
Exx 8%) 8%;2 X 85c3x) y 7/(0) ) 7(2)
oy (= e bl o bt D {2 L a2l o
& ©) (€))] 3) Xz Yz Yz
Xy Exy Exy Exy
trong do
Oug 0 0 n aZWO
0 Ox ) X 3) dx  Ox?
g 3 O T O O R O B 3 N B
S o I ()., 1B @ e [
oo Jup  Ovo | \ex' ) | B¢ 09y | ey 0ds 09y | Pwo
dy ~ ox dy  Ox dy  Ox 0xdy
©) b, + o @) b, + Iwo
Yy | _ Y 9y ) Yy c Y 9y
©) owo [’ 2) 2 Owo
)/XZ ¢x + ’)/XZ ¢X + —
0x 0x

3)

C6 thé thdy ring néu ¢; = 0 va ¢, = —Awo/dx, ¢y = —Owp/dy ta nhan dugc trudng chuyén vi va

bién dang ctia ly thuyét tim cd dién; khi ¢; = 0 ta nhan dugc trudng chuyén vi va bién dang cta ly
thuyét bién dang cit bac nhit.

2.2. Phuong trinh vdt Iy ciia Idp vdt liéu dp dién

Quan hé ing suit - bién dang ctia 16p composite ap dién thi k trong hé truc toa do tim (x, y, z)
dudc bi€u dién dudi dang [5]:

(k) (k) (k) (k)

O | Qn le Q:16 &x 0 0 e3 E,
oy =| Q2 On 0O &y -0 0 exn E,
Oxy | O16 Q2 OQes Exy 0 0 ez E,
(k 4)

® [ A = 1 () _ E,

{ Oyz } — Q44 Q45 } { Eyz } _[ €14 €24 0 ] E

O xz | Q45 Oss Exz eis és 0 Ey

Z

trong d6 Q;; 1a cac hé sb trong ma tran do cting vat liéu chuyén ddi va g, j cde mo dun dan hoi vat liéu
ap dién chuyén ddi dudc tinh theo [10]; (0',- i Eijs Ei) 12 c4c thanh phan ting suét, bién dang co hoc va

cac thanh phan dién trudng.
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Cudng d6 dién truong E tinh todn thong qua trudng dién thé & (x, y, z) clia 16p ap dién thi k [5]

(E) = . W gk = 9y, W gy = %, W )
o ox Y dy P 0z
2.3. Cdc thanh phdn ni luc
Tich phan céc thanh phan ting suét theo chiéu day ctia tAm ta nhin dugc cic thanh phan noi luc
cd, nhiét va dién ctia tAim composite c6 16p 4p dién:

© P
{N} ) [A] [B] [E] {8(1)} ) [Np] (1o _[1A1 (D] (7O (10"
M}, =|[B]l [D] [F]|{{e"} [MF] ¢ ® [~ o1 tF1 [ @) (RP) (6)
{P} (E] [F] [H]||{®} [PP] Y

trong do

o Am 23 4 6
(Aij,B,-j,D,-,-,E,-,-,F,-,-,H,»,-):Zf 001,2,2,2,24,0dz (i,j=1,2,6)
k=1 Y%k

1 (7N
Tk+1 _
(AIJ’DU’F ) Z Qﬁf)(l,zz,z“)dz (i,j=4,5)
k=1 v
Nf n k0 0 es ® E, )
(NP, MP PPy =1 NP = Z 0 0 & E, b (1zdz ®)
Ny, k= 0 0 e E,
(k)
Qyz ey 0 * .
{ xz ; es 0 Y dz;
) )

2.4. Phuong trinh cdn bdng
Hé phuong trinh cin bang tinh dudc thiét 1ap theo nguyén ly cuc tiéu thé ning toan phin va c6
dang sau [10]:

ONyx  ONyy 0: ONyy  ONyy _ 0
0x dy 7 ox dy
00, 00y, 0 Owo owo 0 owg Owg
+ LN, 2 4, Ny T2 4 Ny
0x ady  0x 0x ) ay|l 7o ) 10
+ aszx + 82ny + 82 yy +g=0 ( )
N2 " “axay a2 )1
oM, OM,  _ oM, OM _
Y _ 9, = 0; y wo 0,=0
0x ay 0x ay
trong do ) )
My = Myx — €1 Pyy; Myy = Myy Pyya Mxy = Mxy - Clny; (11)

Ox = Ox —3c1Ry; Qy Oy —3ciRy
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Tir hé phuong trinh (10), biéu dién cc thanh phan tng luc theo ting suit, roi ting suit qua bién
dang va cudi cling 1a bién dang qua chuyén vi, ta nhan dugc hé phuong trinh cin bing theo cac thanh
phan chuyén vi.

2.5. Loi gidi gidi tich cho tdm composite dp dién st dung TSDT
Xét tAm chit nhat composite 16p ap dién bon canh lién két khdp, diéu kién bién thé hién dudi dang:
- Taicaccanh x =0 va x = a:
vo = 0,wp =0,¢y =0, Ny, = 0, My, = 0,6=0. (12)
-Taicaccanhy=0vay = b:
up = 0,wp = 0,4y = 0, Ny, =0, My, =0,&=0. (13)

trong d6 a va b 1a kich thudc ctia tim theo phuong x va y.
St dung dang nghiém Navier théa min diéu kién bién (12), (13) cho tAm composite 16p cAu hinh
vudng goc, ¢ gan cac 16p dp dién (kich thich) nhu sau:

up(x,y,t) = Z Z Upn(t)cosaxsinBy;  vo(x,y,1) = Z Z Viun(t) sin ax cos By;

n=1 m=1 n=1 m=1

wolx, y, 1) = Z Z Won(®) sinaxsinBy; ¢ (x,y,t) = Z Z Xyun(t) cos ax sin By; (14)

n=1 m=1 n=1 m=1

Py(x,y,1) = Z Z Y,un () sin @x cos By

n=1 m=1

trong d6 a = mr/a,B = nr/b va (Upn, Vi Winns Xpuns Yinn) 12 cdc hé s6 can xac dinh.
Khai trién tai trong tic dung g(x, y) va trudng dién thé &(x, y) dudi dang chdi luong giic kép:

Z Z qzmn sinaxsinfBy; &(x,y,2) = Z Z Emn (2) sin ax sin By (15)
n=13,5m=13,5 n=13,5m=13,5
V6i tai trong ngoai tac dung dang hinh sin (xét v6im = n = 1): ¢}, = qo.

Pién thé dugc gia thiét bién d6i tuyén tinh theo chiéu day ctia 16p ap dién [5]:

V, Vih .
Emn = (t_t) — (j) (V; 1a gia tri dién the ap dat 1én 16p kich thich) (16)
P P

Thay céc biéu thic (14) + (16) vao hé phuong trinh cin bﬁng theo chuyén vi, ta nhan dugc hé
phuong trinh dai s tuyén tinh ¢ dang:

S11 S12 8513 S14 S15 Unn 0 Vi
$21 8522 523 S 825 Vinn 0 Va
$31 S32 833 S34 835 Wi ¢ =3 ~@on ¢ — Vi V3 (17)
S41  S42  S43  Sa4  S45 Xonn 0 Vs
$51 852 553 S54 S855 Yinn 0 Vs
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Céc hing sb s;; ma tran do cting dugc bi€u dién theo (18), cc hé s6 A;; + H;; xdc dinh theo (19).

s11 = — (41107 + AgeB’) s 512 = = (A12 + Ags) af; 513 = [E11a2 +(Enp + 2E66),82] cra;
sia = (c1E11 — Bi1) @ + (c1E¢6 — Boo) B 515 = [(Ee6 + E12) ¢1 — Bio — Be | af;

- (A66a2 + Azzﬂz) ;823 = ((2E66 + Epp) fa’* + E22ﬁ3) C1; 524 = 5155

525 = (EesC1 — Bes)a” + (Exac1 — B)B%; s33 = ((=2H1z — 4Hes — Hyofp*)ci>+

+2Dss5¢y — Fssch — Ass)a® + (—Fasca® + 2Dyscy — A44)ﬁ2) ;834 = (—Hucf + F1101) a’+
+(((=H12 = 2Hee) ¢f + (2F 6 + F12) 1) B + 2Dssc2 — Fssc3 — Ass) (18)
535 = ((—le — 2Hgg) 3 + (2F g6 + Flz)Cl)ﬁaz + (F22C1 ~ szc%)/ﬂﬁ'*‘

+ (—F44C§ + 2Dy4cr — A44)ﬁ; s44 = (=D11 — Hy1 ¢ + 2Fyjc)a’+

+(=De6 — HooCT + 2F6c1)B> — Ass + 2Dssca — Fsscy;

sas = (=Hes — Hia)cT + (2F 12 + 2Fg6)c1 — Do — D12)af

sss = (—=De6 — HooT + 2F66¢1)” + (—HaacT + 2F25¢1 — D) — Faac + 2Dascsr — Aua

$22

Diéu kién dé ton tai nghiém Navier trong trudng hdp tim c6 cAu hinh phan xiing vudng géc:

A6 = Az = Ass = Big = Bog = D1 = D2 = 0

19
Ei16 = Exg = F16 = Fos = Hig = Hyg = Dys = F45 =0 (19

Céc thanh phan véc to dién thé V; dugc xdc dinh trong (20)

V1 = et V2 = e, V3 = 7T2 (—36322‘ a2h2 - 631h3b2 - e32h3a2 - 3631l b2h2 +
a’ b’ 6a2b2h? P P
Beistab’h + 6eistyb” — destyb’h — 2es b + Beqtia’h + beutya® — dexytra’h — 2extyd’);

7T(—2€31l12,h + 4615l§h + 38151‘137 + 631]’13 - 6311‘13,).

V4= 2 ;
T (—2e32t§h + 4ez4l‘§h + 38241‘13, + €32h3 - €32tz)
Vs =
> 3bh?

(20)

Giai hé phuong trinh (17) ta nhan dugc cac hé s6: Upun, Vinns Winns Xpns Yinn, 101 thay vao biéu thiic

(14) d€ c6 cac thanh phan chuyén vi ug, v, wo, tif d6 dé dang xac dinh cic thanh phan bién dang va
ting suét tuong ting.

3. Két qua sb

Xét thm composite ap dién ciu hinh [p/0/90/0], bén bién tua khép. TAm chiu tai trong co hoc
(g7 =40 N/m?) va dién thé ap dit 1én mit trén 16p PFRC véi cdc trudng hop: V, = 0 V; V, = +100 V;
V, = —100 V phan bd dang hinh sin (m = n = 1), chiéu day méi 16p composite 1a i = 0.1 mm, 16p
ap dién ¢ chiéu day 7, = 0.25 mm.

Ciac thong s6 vat lidu clia 16p vat liéu composite [6]: E; = 172.9 GPa, E|/E, = 25,G»
0.5E2,G23 = 0.2E2,V12 =0.25.

Cic thong sb vat lidu ctia 16p vat liéu ctia 16p 4p dién PFRC [6]: C;; = 32.6 GPa, Cj; = Cy;1 =
4.3 GPa, C13 = C31 = 476 GPa, C22 = C33 =172 GPa, C23 = 3.85 GPa, C44 = 1.05 GPa,
C55 = C66 =1.29 GPa, €3] = -6.76 C/mz, ni=n»= 0.037e-9 C/Vm, n33 = 0.037¢-9 C/Vm.

Xét tAm chiu tai trong co hoc (q; =40 N/mz) va dién thé 4p dit 1én miit trén 16p PFRC véi cic
truong hap: V; =0V; V, = +100V; V, = —100 V.
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Cac dai lugng khao sat khong thit nguyén tinh theo [6]:

_ b h E> _fa b 100E,
|0, =, = |= u, wl|=,=,0]= w;
2°2) gqoS3h 2°2 qoS*h
_ a Oy _ [a h Ty _ h Txy
_’ _’i_ :_; ) _’ _’i_ =_; O’O’i_ :_; 21
Uxx(z 2 2) q0S? U)y(2 276/ qoS? Txy( 2) q0S? @b
T b
%)'Z(gao’o):qoi‘;; 7_—XZ(O’ E’O):;)L‘;

3.1. Két qud chuyén vi

Chuong trinh tinh to4n cdc thanh phan chuyén vi va ing suét ctia tAm composite 4p dién dudgc viét
trén nén Matlab dé€ tinh toan dong thdi theo ba Iy thuyét CLPT, FSDT va TSDT. Bang 1 va Bang 2
trinh bay céc két qua s6 dudc kiém chiing v6i nghiém chinh xdc [6] va nghiém gidi tich [5] theo ly
thuyét bién dang cit bac cao day di 12 dn s chuyén vi véi cic ti s6 a/h = 10;20 va 100.

Bang 1. Chuyén vi mang va do vong khong thd nguyén i, w clia tAm composite [p/0/90/0] chiu ubn béi tai
trong cd hoc va dién thé 4p dit phan bd dang hinh sin tai mit trén ctia 16p PFRC

al/h =10 alh =20 a/h =100
V=0 V=+100 V =-100 V=0 V=+100 V=-100 V=0 V=+100 V=-100

Theory

i (0,b/2, +h/2)

CLPT (B3 b 0.0063  —2.8886 29012  0.0063  -0.7174 0.7300  0.0063  —0.0227 0.0352
(Baibdo) 503 0.8828 ~0.8953  —0.0063 02160  -0.2285 —0.0063 0.0026  -0.0152
ESDT (Bai b 0.0071  —2.7969 28110  0.0064  —0.6962 07090  0.0062  —0.0220 0.0343
(Baibdo) 074 0.8795 -0.8942  —0.0067 02162  -0.2296 —0.0064 0.0025  -0.0154
TSDT (Bii ba 0.0065  -2.9159 29290  0.0063  —0.7191 07318  0.0063  —0.0227 0.0352
(Baibao) _) )65 0.9101 -0.9231 -0.0063 02177  -02303 -0.0063 0.0026  -0.0152
HSDT [5] 0.0063  -3.1184 31311 0.0062  —0.7147 0.7271  0.0061  —0.0219 0.0342
~0.0069 0.8789 -0.8927  -0.0066 02168  —0.2299  —0.0065 0.0025 0.0154
Exact [6] 0.0066  —3.1410 31542 0.0063  —0.7229 07356 0.0062  —0.0223 0.0346
~0.0070 0.8897 —0.9038  —0.0067 02213 -0.2346 —0.0065 0.0026  —0.0157

w(a/2, b/2,0)
CLPT (Baibdo) —-0.3999  120.0470 —120.8469 -0.3999 297118 -30.5117 —0.3999 0.8045  —1.6044
FSDT (Baibdo)  -0.6248 1107076 —111.9572 —04578  28.5823 -29.4979 —0.4027 0.7763  —1.5817
TSDT (Baibdo) -0.6644  130.9680 —132.2968 -0.4688  30.3444 -31.2820 -—0.4027 0.8029  —1.6083
HSDT [5] —0.6681  129.0550 —130.3910 -0.4711  29.7724 -30.7146 —0.4043 0.7753  —1.5840
Exact [6] —0.7100  132.9000 —-1343000 -0.4866  30.3370 -31.3100 —0.4089 0.7873  —1.6050

Trong Béang 1, két qua chuyén vi i va do vong w dudc tinh toan khi tim composite chiu dong thoi
clia ti trong co hoc va dién thé theo céc ty sd a/h khac nhau. Trudng hop tAm chiéu day trung binh
(a/h = 10) chuyén vi i tinh todn theo HSDT [5] cho két qui gin véi nghiém chinh xac (sai s6 0.72%)
trong khi sai s6 gitta TSDT va nghiém chinh xic 12 7.17%. Do vong w tinh theo TSDT va HSDT [5]
lai cho sai s6 so vdi nghiém chinh xac gan nhu nhau. Trudng hop tim mong (a/h = 100), cac két qua
tinh theo cac ly thuyét CLPT, FSDT (hé sb hiéu chinh cit k = 5/6), TSDT, HSDT gan nhu trung khép
v6i nghiém chinh xac.

Do thi trén Hinh 2 biéu dién bién thién clia d6 vong khong thid nguyén theo ty sb a/h véi trudng
hop chi chiu dién thé dp dit V = +100 V (khdng c6 tii trong cd hoc). Pudng bién thién do vong - ti
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s6 a/h theo ly thuyét tim cd dién (CLPT) la dudng cong cho thiy do vong khong thd nguyén tai tim
ctia tAm phu thudc vao ti s6 a/h trong khi néu chi chiu tii trong co hoc thi dudng bién thién nay la
dudng thang [10] (khong phu thudc vao a/h). Khi tim day cac dudng biéu dién cach xa nhau, khi tim
cang méng cac dudng biéu dién cang gan nhau hon. Piéu nay cho thy su can thiét phai st dung céc
ly thuyét tim thich hop khi tinh todn.

@ CLPT
=P FsOT
—g—TsDT
—=-=-HSDTla)

we-lktn* 100
wi-Ktn

10 20 30 40 50 60 70 60 90 100
S=alh S=ah

Hinh 2. Bién thién do vong w theo ty sb a/h clia tim  Hinh 3. Bién thién d6 vong w theo ty sb a/h clia tim
composite dp dién [p/0/90/0] tinh theo cac ly thuyét composite ap dién [p/0/90/0] dudi tac dung cuia céc
CLPT, FSDT, TSDT va HSDT mic dién thé 4p dit phan bb dang hinh sin

Chénh léch do vong w ctia tAm trong trudng hdp c6 dién thé kich thich (V = +100 V) so véi khi
khong c6 dién thé 1a 450 1an khi a/h = 10, 116 1an khi a/h = 20 va 6 lan v6i a/h = 100. Diéu nay
cho thiy vai tro kich thich cta 16p 4p dién véi cac két chu thm c6 do day khac nhau (Hinh 3).

3.2. Két qud iing sudt

Bang 2 trinh bay két qua tinh to4n tng sut khong thii nguyén khi tAm composite chiu dong thai
clia tai trong co hoc va dién thé theo cac ty s6 a/h khic nhau. Céc gia tri &, 0y, 0 xy dudc xac dinh
tit phuong trinh (4), &y, 0y, xdc dinh tif cdc phuong trinh can bing cla ly thuyét dan hdi [10] theo

biu thiic (22).
0o 8Txy ) f ((90'y 0ty )
- : - dz (22)
Z f h/2 ( dy Z n2\ 0y  Ox

Hinh 4 biéu dién bién thién ctia ing suit khong thi nguyén &, theo ty s6 a/h. Két qua trén Bang 2
va do thi trén Hinh 4 cho thiy su tuong dong gitta cac ly thuyét khi tAim mdng. Vé6i tAm c6 chiéu day
trung binh (a/h = 10) két qua tinh theo TSDT cho sai léch nhé so véi tinh theo 15i gidi chinh x4c. Céc
Hinh 5, Hinh 6, va Hinh 7 cho thiy néu cuc cda dién ap thay ddi, 16p PFRC gay ra su ddo chiéu ctia
cac Ung Suit &y, Ty, O y. Cac dd thi nay ciing chi ra rang khi dp dat mot dién thé kich thich lam thay
d6i cac thanh phan ting suit mang trong tim so v6i trudng hdp chi c6 tai trong cd hoc. Ung suit cit
ngang &,;, &, theo phuong chiéu day tai bé mit trén cla I6p tiép xic véi 16p dp dién khong con bing
khong nhu & bé miit dudi clia tAm.
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Bang 2. Ung suit khong thit nguyén (o‘-xx, Fyys O xys Oz o"yz) ctia tim composite [p/0/90/0] ap dién chiu udn béi
tai trong cd hoc va dién thé ap dit phan bd dang hinh sin tai mit trén ctia 16p PFRC

Theory a/h =10 alh =20 a/h =100

V=0 V=+100 V =-100 V=0 V=+100 V=-100 V=0 V=+100 V=-100

T xx (a/2,b/2, £h/2)

o —04996 228.8587 -229.8578 -0.4996  56.8400 —57.8392 —0.4996 17940  —2.7932
CLPT (Bai bio) 04996 —71.0573 720565  0.4996 —17.3896  18.3888  0.4996  —0.2160 1.2152

o —04633 2252644 -226.1911 -0.4816 554269 —56.3902 —0.4882 17406  —2.7170
FSDT (Bai bio) 0.4850 —74.4478 754179  0.5044 —17.6749  18.6837 05114  —0.2078 1.2306

o —0.5203 231.0224 -232.0630 -0.5045  56.9723 -57.9814 —0.4998 17940  -2.7936
TSDT (Baibao) 5203 -73.2210 742617  0.5045 —17.5220  18.5311 04998  —0.2160 1.2156

HSDT [5] -0.5075  247.5430 -248.5580 —0.4933 56.7572  -57.7437 -0.4887 1.7380 -2.7154
0.5516  —70.7688 71.8720 0.5239  -17.4131 18.4609 0.5144 -0.2048 1.2336
Exact [6] -0.5281  248.7600 —249.8200 —0.5035 57.2690 582760 —-0.4948 1.7549 —2.7445
0.5623 -71.6660 72.7900 0.5305 -17.8100 18.8750 0.5193 -0.2181 1.2566

Ty (a/2, b2, £h/6)

—0.1665  44.0862  —44.4193 -0.1665  10.8967 —11.2297 —0.1665 02760  —0.6091
CLPT (Bai bio) 0.1665 —55.8858 56.2188  0.1665 —13.8465  14.1796  0.1665  —0.3940 0.7271

—02284 343220 —34.7788 —0.1806 9.8205 —10.1818 —0.1635 02562  —-0.5831
FSDT (Bai bio) 0.2404  —47.9839 484647  0.1897 —13.3148  13.6942  0.1715  —0.3896 0.7325

—0.2481 427177  -432138 -0.1894  10.7919 —11.1706 —0.1675 02749  —0.6099
TSDT (Baibao) 2481 -545173 550134  0.1894 —13.7418  14.1205  0.1675  —0.3929 0.7279

HSDT [5] -0.2373 39.4075 -39.8821 -0.1811 9.9600 -10.3222 -0.1600 0.2478 -0.5679
0.2626  -56.2713 56.7966 0.1996  -14.0978 14.4970 0.1761 -0.3971 0.7492
Exact [6] -0.2571 42.5320 —43.0460 -0.1901 10.4590  -10.8400 —0.1643 0.2596 —-0.5882

0.2799  -57.6670 58.2270 0.2044  -14.1600 14.5660 0.1758 —-0.3955 0.7470

Ty (0,0, +h/2)

L 00197  —7.3660 74055 00197  —-1.8267 1.8662  0.0197  —0.0541 0.0936
CLPT (Baibdo)  _( 0197 4.4821 -4.5216 -0.0197 1.1057  —-1.1452  —-0.0197 0.0253  —0.0648
L 00229  —-6.7532 67991  0.0204  —1.7458 1.7866  0.0195  —0.0522 0.0912

FSDT (Baibio)  _g 236 4.0441 —4.0913  -0.0210 1.0691  —1.1112  —0.0201 0.0246  —0.0648
- 0.0255  —7.4355 74865  0.0213  —1.8298 1.8724 00198  —0.0541 0.0937

TSDT (Baibao)  _( 255 4.5516 -4.6026 —0.0213 1.1089  -1.1514 —0.0198 0.0252  —-0.0648
HSDT [5] 0.0247  -7.5662 76157  0.0208  —1.7913 1.8329  0.0194  —0.0519 0.0907
—0.0264 45282 -45811 —0.0219 1.1055  -1.1493  —0.0203 0.0246  —0.0652

Exact [6] 0.0261  —7.6960 77480  0.0215  —1.8220 1.8648  0.0197  —0.0527 0.0922
-0.0276 46190  —4.6740 —0.0224 11232 —1.1679  —0.0204 0.0251  —0.0660

Gz (0,0/2,0)
CLPT (Bai bao) —-0.3664 23.4825 -24.2154  -0.3664 5.5958 -6.3287 -0.3664 -0.1280 —-0.6049

FSDT (Bai bao) -0.3637 26.8483 -27.5757 -0.3753 6.0951 —-6.8458  -0.3795 -0.1255 —-0.6336
TSDT (Bai bao)  —0.3357 23.1597 -23.8312  -0.3581 5.5822 -6.2984 -0.3661 -0.1276 —-0.6046
HSDT [5] -0.3530 23.0262 -23.7322  -0.3747 - - —0.3825 —-0.1241 —-0.6409
Exact [6] —-0.3448 23.6090 -24.2980 -0.3833 0.6819 —1.4485 -0.3847 -0.1174 —-0.6520
0y, (a/2,0,0)

CLPT (Bai bao) -0.0764 23.1991 -23.3519 -0.0764 5.7425 -5.8952  -0.0764 0.1564 —-0.3091
FSDT (Bai bdo) —-0.1064 20.4339 -20.6468 —0.0867 5.6121 -5.7855 -0.0796 0.1565 -0.3157
TSDT (Bai bao)  —0.1075 22.7326 -22.9476  -0.0851 5.7061 -5.8762  -0.0767 0.1560 —-0.3094
HSDT [5] —-0.1160 23.9406 -24.1725 -0.0914 - - -0.0823 0.1609 -0.3256
Exact [6] —-0.1211 24.0650 -24.3070  -0.0832 0.8814 -1.0478  -0.0818 0.1593 —-0.3228
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4. Két luan

Trong bai bdo nay, ly thuyet bién dang cit bac cao ciia Reddy dudc si dung dé phan tich tinh

két cAu tAm composite cé gin 16p composite cot soi ap dién PFRC (piezoelectric fiber-reinforced
composite) dong vai trd kich thich. C6 thé thiy ring chidu cta dién thé ap dit 1én 16p PFRC sé& c6 tic
dung ting thém hay giam b6t bién dang gdy ra bdi tai trong cd hoc. Lép PFRC khi dugc kich hoat sé
anh hu’dng dén su phan bd clia ting suit theo chidu day tim. Anh hudng clia dién thé dp dit dén do
vong ctia tAim day 12 16 rét hon so véi tim mong.

Cic vi du s6 ciing cho thiy hiéu qua ctia ly thuyét tim bac ba don gian ctia Reddy véi s6 4n chuyén

vi it hon (5 4n) nhung van cho két qua phut hop véi két qua tinh theo ly thuyét dan hoi [6] va theo 1y
thuyét HSDT - 12 &n chuyén vi [5]. M6 hinh nay s& 12 mot Iua chon t6t cho céc bai toan phan tich va
tdi uu két cAu composite 4p dién.
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