N RN )5, 28 30 B 5 1 Applied Mathematics and Mechanics
2009 %1 A 15 Hit Vol. 30, No. 1, Jan. 15, 2009

: 1000-0887(2000) 01-010-08 [ 2 A0 07 2 2R 43, ISSN 1000-0887

HHE, TR

(2 TR #2 R, B0 430033)

FE T Reddy 73 )2 B FFAE NS J7 1 MU = 0L 7% 47 (L B8 BOR HE T HORG 5 2 & AR 930 2 7
FE, A3 2 7 ] SORT 3 J2 2 A AR R SR, AU 5 QU Sk E He v & 3 4, HLRE W8 1S 1 i
ORI g FEARAI A R BN, R B N )52 I ORS LR S B2 1) I A v I, A ) IR
B2 AERUR A TR EZAE T M 7 ORGSR AL RE BRI A AR 17 S ) B R W LB B 1R R
KAE ST AN e KA BB 45 SRR I R AT I 5808 S 5 (M R 1 2 TS 1)
Mt o EEWR; BRI RAR
0661. 44 DA

5 E

STl 0 2 G5 RIS IR B TSR AT 20 4D 50 4E AR, B 1S ik KB BT 5t )2
G (7 V2 B GBI BRI (CLT) — BB P17 J 30 16 (SDT) « = 46386 . i I8y ¥ A5
UG, SRR EIR O SIS T Kirchhoff 558, S 76 1 HE S M B ES
BN AN AR, 5 B ph T 2 W T S O 1 D) A ) TR AR — I B A
R 23 Sy 5 B 1110 BT D) AT 30 A A, T LS R SR (H R A A5 B R 1 R
R J3; = Bg ) BETT SR BT, (E R B T SEBRR R 2 A b D) AR S
RS FET S 7 T A4 10— VR s TR 2 T HE AT SR A, R B S e R R A, (S & T4
BRI, T ISRARKE S PRI, DR R 0 Tk et ke, il A PR e ™ A
SRR 432 B FE BRI JELRE T v B Y {1 R B SR A AN 2 A L B I R T 73
PR, e S RS 2 A BRI B0 7 2507 12, HE A SR 24 0 thRE i e — k2
R R BOIEAT TR0 B, 15950 7 15 SCHR] 14] Wi R SR S RIUREDR T, ELAS T B
() J2 B 57 901 218 1E S A7, Sl B Ak et B 1) 2 77 (05 WAIHE AT 77 4907, T 77 T P2
SR ) R A L

1 {7 #

RHEMLIRR  x, v,z 2 BIFRBAR BRTE AR ARELTT AR ARFR  w, v, w RIORHAN
iz n & HESWREAERME L Fros BRI 7 iR R e A2 1 Sk

20071+ 21; 1 2008 10-31
FE K B R K 55k 4 5 B I H (10572150)
B B(1977 ), 5, B AE(BA A, Email: shuai humingyong @ 163. com) .

101



102 13} A CE x G &

fF o ABCEHI JEEETT ) BN DN EUEZ, H

-1 N — o
2 M u, v, w 5k
% e N

2%-1 u = Ui(x,y, t) i(z)»
i=1

S i=

37

=

2=

[

\‘f
[FIES
=

v Vil yt) H(5), (1)

i=

1 N
w= Wilxy, 1) '(z),
i=1

i=

Heb, (U, Vi Wo) N(w, v, w) BITTSAE “(z) NMRERIEETT A kG E s N
TR ES T B AN = 2N+ 1

(z)= 1V(z), P

Zi(z)= £i)(z)a Z2i-1 2 22+,

2k 1 _{ gi)(z)» Z22-1  z  Z2+1,

(z) = ﬁ” 1)(2), z2i+1 2 Z2i+3,
Mez)y= Y(z), ZN-2  z  zN,
(2)
5“—4;_]{ l—hz_k, 0 =z hk,
oo _ 2l &
hi hi |’

R(2) P, b TR ERBENIEE 2= 2 20, 3 HA FoR5E E AN BRI A 0 (1) 1R
UNIRCPSE s

N
U i
t T =1 X% 7
N
— Vi
y - ]
=1 X
N i
. gl
b4 i L dZ 9
3)
N ; N (
= Vi d_ + Wi
Yz i )
i= 1 dz =1 Y
N ; N
d’ Wi
x = UL + 5
i= 1 dz i=1 X
N N
B U Vi,
—
! i=1 y i=1 X

2 BFTRRRHES
PR APRHI D7 FORIASKR AR I B0 WSS i 2 IEAC 1 SRR )+ RIS S RA



o 2 A AR B b IR 3 AR R R 7 103

N Tefd cd e o o o[ )
Ol et o ¢ o o o]
{7 cs ¢ ¢y o o ol Y
G710 0o o ¢ o ol W )
& o 0o o0 o c¥ ol ¥
i o 0 0 0 0 ¢l W

N

;macw%~wkﬁﬁﬂM%ﬁ%ﬁ b P R S R SRR, AR R

%%%ﬁ@MMMbﬁI¥%mﬁﬁ%KMQ%%EmﬁﬁﬁﬁﬁMEﬁﬂ%%@%ﬁmu
55 r SR AR OB M BN TRL BB € = [ C 1+ i), e Ak

Mﬂ%m%l%
H%EFAmm@ﬁﬁ&ﬁm%mﬁﬂﬁ?ﬁ%%ﬁ%Hmmm%%E@%&

0( U- V- K)dt= 0, (5)
Hrb, U RNARERAS, VK 35208 5N DA 53 UL Bhag AL 73
U= V( v oxt oy oyt oz ity owt et ox o)dudyds,
V= VFi uidxdydz + ST)’L- uids, (6)
K = v (9 u; uidxdydz,

Heh, F RoRE A5 T FREE J i, w R B AR 2R TR, B R (1)~ R
(4) RN 6) , FARAI(5) TS BREHAE R SR (0Eh 7 T RE:

3 3

3 2 2
; Uaiic 1wk, ¢ ; Votic sk, ¢ ; Wotic sk, (i
C(lf) %LAJ(A«” n C(lé) _ZLLAJ(};)+ Cgé) AQCILBJ(A}) +

k=1 X k=1 Xy k=1
3 2 2
i Usgi tjr i Vai- i)
L) [ 2( 21)+k+ X 1)+k}AJ(k)_
k=1 y Xy
lw
; i~ Utk i
CsY %LB(I,;)+ Uy i- 1)+ij(k) +
k=1
3
b [ (i)yr .
gx il j1+ gx N, j3— U210k = 0, (7a)
’ U2( )+ k ’ Vz( D+ k ’ Woi- 1)+
; - 1+ i- 1)+ ; i- Dk i
Cgi) YA Ak (l) C(t) —A(”+ C%) ) Bj(kt)
k=1 Xy k=1 y k=1
3 2
; Uniic 1)+ k V i— 1)+ k
ce [ (et 20 ”]A“
k=1 Xy x
3
(i Woric ik i
C44)k l[—Q(TLB(z,s)+ Vai- 1)+kD_/(k)] +
3
qv i1+ gy N, j3— Vo ysn= 0, (7b)

k=1
3 3

; Uniic s by ; Voric sk ; ;
- ¢y —;LB(;;,')— cy’ —LBij)— C Wae i+

k=1 k=1 k=1



104 ! i 5 O

3 (2
; Wori 1wk (i Vacc i b (i
o | Hasinty g, Vuelesyy

3 (2
; TV T Uaric 1)e by (i
Cgs) —(szAj(k)'F _(TLB}k) +

3

q? it g oW, - - j(ki)Wz(i- yek = 0 (7c)
X, BRBEEg S, | WBUEEEA = 1,23, |, Nej REGNEUEZE AT
Mgi5,j = 1,23 MBS Ni Hj= 3RMESHN i+ 1 Hj= 18, LFRRE— 5 H

3 LI TFAE BRI AN B0l 2, I (7) rRoet A [ 5 — Xy AR A4 S M, 22
B — AL gL, b g qb gt o FRMEFIEAR b TR A A8 o> B [ B Bt
oo Al BY, D, [ HTFAS

B (9 d (i)
io_ (i) (i) (i) _ (t) k
Al = . (dz, Bl = I &
B0 d (i) d (Ai) ez (8)
i) a5J 494 & (i) _ (i) (i) (i)
D’(k T o0 dz dz e, i’ = 0 ikdz

3 JIRERME A [ BT g T B

STV AT S TR E AR (K
fERE SR TRE( 7) -

a b)) MHAMBEIES), W 1 s KA Navier

Uyi-1p k = Xogi- 1)+ kcos _a sin =, e t,

. m.x ny i
Vafisip k= o= peasin = —cos = e’ (9)
Wi+ k = 2i- y+£sin maxsin _an e,

HA, Xogim ek, 26i-yek,  2i- U+ k om0 B EE AN S IEE  m M 25 53R R
x My Jrm g B(9) AN (7)) H AR — MBI (T

K = lznnM P’ (10)
Hrb, K ZORRIBERE M M on REERE;  Fonf Bk &
= [Xy, 1, 1,X2, 2, 2, ,XN, N, N] (11)

JIFE(10) 42 3N B (8, X RAF—AN(m, n) BME, TTUAMRE 3N MFEE 5., REHEAE W5
FRFPAE S R (10) (4SS SRR A M o ANSLRRAE T B, DAY LAER 28 3R 12) $H55 RS B2 15
HRECT AR LR AR FERR T

= JRe( w)® = I(( wm)Y)/Re( )’ (12)

R SRR AT B AR AR A AR ALE 17 B AN P15 0 R 3K 13) FREAT B 00 32 S e 15 21 st 17 2

(i) (i) (i)

xx " xy + m__ (i) u(i)’

X Yy z

(i) (i) (i)

v xy ¥z . .

w y = (U0 (13)

Yy X z

(i) (i) (i)

2z X Yz (i) (i)
+ + = w

z X Yy




o 2 A AR B b IR 3 AR R R 7 105

4 BUEAR KoM
T B SCE AR R R DU AR Rl SE M, RS IR P 5 7 Gkl 14 H a3 2
R 24 R0 E E R 20 )
a= 0.3480m, b= 0.3048m, h= h3= 0.762mm, hr= 0.254 mm,
Ei= Es= 68.9GPa, 1= 3= 03 1= 3= 2740kg/m’,
2= 999 ke/m’, Ga= 0.869 MPa, ,= 0.4, ,= 0.5
HAR BN B SRI0 22 Je AkE DR A1 STHR[ 14] 73 A @55 AT 17 X0 b, BAREHR W3R 1, FLaT/ B 1t
[N i P 2~ [ 12

1
B E SRR FE R
m/ n YER[ 4] /Hz A /He B e/( ) XEN14] /Hz AKX /Hz e/ ()
/1 60. 3 60. 24 0.9 0. 190 0190 1 0.5
2/1 115. 4 115. 2 1.5 0.203 0.203 4 1.9
/2 130. 6 130. 43 1.3 0. 199 019 1 0.5
2/2 178.7 178. 46 1.3 0. 181 0.180 6 2.2
3/1 195.7 195. 2 1.4 0. 174 0173 7 1.7
MR 1 AT LLUE A SR TG S5 SR FNSC R 14] W&, 156 BAAS SC BT F B S50 O i v DL A B
T p T ETA S
6000 2B+8
4000 o
£ 2000 £
< < 2ET8
® 0 R
£l B -4E+8
-2000
-4000 RS
- . . —-8E+8
60006 55 04 06 08 10 2 o 6 0. 0 02 04 06 08 10
z/h z/h z/h
2 3 4
1.5E+9 6E+8
1.OE+9 4E+8
& S5.0E+8 £ 2B+
~ : ~
0 5 0
R B
Bl-50E+8- -2E+8
-1.0E+9: ~4E+8
~1.5E+9 —6E+8
0 02 04 06 08 10 0

z/h

B m= 1, n= VI, TS T ORGSR A ARET 7S S TR RN BB OS2~



106 [ i H + % Fa
3.0E+6 2.0E+9 1E+10
2.0E+6 o LOEFS-
8 ’ 3 0 0
R 1.OE+6 o = =
& ? = beal
~1.0E+9
0
~5.0E+5 ‘ ‘ ‘ ~2.0E+9 i i ~1E+10
0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10
z/h z/h z/h
8 9 10
SE+I3 12E+11
1.0E+11
o SE+10
I+ (=3
& B 6B+10
S R
R i 4E+10
& g
2E+10f A
4]

-SE+13
B+13

11

-2E+10
0 0

12

z/h

13

K7 7 LAE H, KGR LEIR B Re (B 258 B I IEAE AR AE BRI R 77); WL AP A T
VR IERL 7 R (RSS2 B AL E B T RORME 1 B8 ~ B 13 T LR H, B R BY R 7 (i
{ERHBLERG FUZ I Z 24 A B RS AR R B0 Re, R {8 2228 % H BILIE {8 A0 47 ( BY
PLJERA) 1 B 2~ B 13 77 LIS s R BB AS T, B ) BY N7 g B 5 T R 1 O B Y
WRAEL 1 T FE7SBAABEAS BV BTASE 45, D R ) I 1 i S 2 v 1 v B I A i, £ g 1
WRAEAR Bt R e A5 1 0 3 B ph 2 RDIE S 7 ok T4, 7 v AT RS0 i, L 3ol 8 K Ak 45 15 )
K, B FEUZ A IR F1 K1

Bom=1,n= 1,3} 24&H TZ AW ET7SBIR SRS 158 i KRN R R, fek
(EGOREA

HCHG AT REN (B PERE R By = 6,89 @10°, KT ATEL O Mt £, = 6.89 @107, [
FEafAA RIS Ak, JE MR SEE B THE SRR 31 3R 3 1T LUE Y 24Rh 02 () i A5
SRR /N, U )R R TG 2 2 H i, A 1 7 AR i 1

2 Ry
(VR o/ VRV /(%) (VR W/ VR, J/(%) (LR o/ VR D/ (%)

—I S 0.000 13 0.40 0.35
ZHA 0. 003 0. 036 0.041
=M s 0. 008 292 333

Ve 0. 007 0. 067 0.059
RS 0. 037 0.64 0.56
NS 150 0.26 0.22




o 2 A AR B b IR 3 AR R R 7 107

3
| R /Pa | R /Pa | R_| /Pa
" KRN Rhstaat kO RS REN Fhsas kO RSt REN KaEaE L0
11 5880.6 14 376 2.203 7@10° 4.888 4@10° 2.396 6@ 10° 5.581 2@10°
2/1 13 885 74 611 7.5241@106 2.204 8 @107 4.2953@106 1.258 6 @107
2/2 3 ®8 2.191 7@10° 1. 137 0@10’ 3.730 0@10’ 1.298 1@10’ 4.258 5@107
3/1 0 645 2.72@10° 1.817@107 6.210 6 @10’ 7. 085 3@10° 2.363 5@10’
3/2 1. 109 8 @10° 5.040 4 @10° 2.416 1@107 8.347 1 @10’ 1.8390@107 6.353 3@107
3/3 1.9235@10° 1.026 6@10° 3.293@10’ 1.166 7@10° 3.8012@10’ 1.3321@10°
5 & w

K 2 ZERARHHE T RS HR G R 4 R, MU 1 HERAI SRS AR AR AL T, ik
2N TP R ORE RIS BT o BT R AR, Bk 1) BTN S 2 e TR 1) IR BT, PRI ZE AR B
AT 1AV BY N A s SR 1 S AL R T e A A A ) IR g 2 v TR BTN
B AR TR IR R, J772 2 A AROB 2 10 B SR PR L e A, kb 2 A SR AR S T i, FL A I N )
HDIIEREREDIIN!

[ ]

[1] Bose P,Reddy J N. Analysis of composite plate using various plate theories, Part +Formulation and
analytical solution| J] . Structural Engineering and Mechanics, 1998, 6(6): 583-612.

[2] Reissner E. The effect of transverse shear deformations on the bending of elastic plates| J] . Journal
of Applied Mechanics, 1945, 12( 2): 69-77.

[3] Mindlin R D. Influence of rotatory inertia and shear on flexural motion of isotropic elastic plates| J] .
Journal of Applied Mechanics, 1951, 18(1):3138.

[4] Awrejcewicz J, Krysko V A. 3D theory versus 2 D approximate theory of free orthotropic (isotropic)
plate and shell vibrations, part1: derivation of governing equations| J] . Journal of Sound and Vibra-
tion , 1999, 226(5) : 807-829.

[5] Reddy J N. Theories and computational models for composite laminate[ J]. Applied Mechanics Re-
views, 1994, 47(6) : 147 169.

[6] Reddy J N. A simple higherorder theory for laminated composite shells[J].Journal of Applied Me-
chanics , 1984, 51(12): 745-752.

[7]  Reddy J N. A refined nonlinear theory of plates with transverse shear deformation[ J] . International
Journal of Solids and Structures, 1984, 20( 9) : 88+ 896.

[8] Reddy J N. A general nos linear thirdorder theory of plates with moderate thickness[ J]. Intern a—
tional Journal of Non-Linear Mechanics, 1990, 25( 4) : 677 686.

[9] Reddy J N. Mechanices of Laminated Com posite Plates[ M].New York: CRG Press, 1997.

[10] Yand HT Y, Saigal S, Masud A, et al. A survey of recent shell finite elements[J] . International Jour—
nal of Numerical Method in Engineering, 2000, 47( 1): 10+ 127.

[11] Hughes T J R, Tezduyar T E. Finite elements based upon mindlin plate theory with particular refer-
ence to the four node bilinear isoparametric element[ J]. Journal of Applied Mechanics, 1981, 48
(10) : 587-596.

[12] Xiao CZ,Lin D X, Ju F. Finite element analysis of modal parameters on anisotropic laminated plates



108 13} A CE x G &

Journal of Vilration, Acoustics Stress and Reliability in Design , 1988, 110( 4) : 473-477.
[13] Reddy J N.Theories and computational models for composite laminate| J]. Applied Mechanics Re-
views, 1994, 47( 6): 147 169.
[14] Cupial P, Niziol J. Vibration and damping analysis of a three layered composite plate with a viscoelas-
tic mid-layer| J]. Journal of Sound and Vibration, 1995, 183( 1) : 99-114.

Free Vibration and Transverse Stresses of

Viscoelastic Laminated Plates

HU Ming-yong, WANG Arwen
( College of Science, Naval University of Engineering, Wuhan 430033, P. R. China)

Abstract: Based on Reddy. s layerwise theory, the governing equations for dynamic response of vis-
coelastic laminated plate were derived by using the quadratic interpolation function for displacement in
the direction of plate thickness. And the vibration frequencies and loss factors were calculated for free
vibration of simply supported viscoelastic sandwich plate, which shows a good agreement with the da-
ta in the reference. And harmonious transverse stresses can be obtained. The transverse shear stress-
es are the main factor that leads to the delamination of viscoelastic laminated plate in lower frequency
free vibration and the transverse normal stress in higherfrequency free vibration. The relationship of
the modulus of viscoelastic materials to transverse stress was analyzed. The ratio of transverse stress
max value to irplane stress maxvalue was obtained. The results show that the method, equations

and programs are reliable.

Key words: viscoelastic; layerwise theory; transverse stress; laminated plate



