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1
= C, (D
( i, 2, 3, 23, 13, 12), ( I, 22 33,2 2,
2 3,2 12 = (wij+ w,i)/2 w ,i=1,23),C ( Cj,

cj= ¢i,i,j= 1,2, ,6)

j.j Tt bi = u;+ cu;, (2)
bi(i= 1,23) , ceif(i=1,2,3) 3
, Ui , Ui

, (1)
D, ~ {Kn K12:| P ;
P | Kz K»n||D)’ (3)
P = [ xz ¥z zz]Ty P2= [ xx yy x)']Ta

T T
Di= [w,x‘l‘ U,z w,y+ v,z w,z] N D = [u,x U,y u,y+ U,x]

Hellinger Reissner) H_R) Hamilton [148]
= (PO~ H)dV-  T'QdS-  T'(Q- Q)ds, (4)
Q=[u v w/, T= [T Ty T:], Q= [u v w],
H  Hamilton
P'Q..-H= P (Di- KiDy + %DEKzzDz— %PTKHP— %QT 0- Q'F,
(5)
0 0 , e 0 0
= — 0 ; 0 -
0 0 t2+ ¢y ;
0 0 0 0 ¢
D = 0.+ GO, D= G20, (6)
0 0 0 0
Gi= |0 0 , Gp= |0 of , = —, = —
x y
0 0
(6) 49 , P Q0 . (4 .

Q{P} {GT+ GiKy  GKnGa- Hp} {F} -
= N + 2
dZ Q Kll - (Gl+ Kéle) Q 0
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0o 0 - a b 0
- (Gi+ KnG)=| 0 0 - |, GK2G:- =|b d 0,
i Cs 0 0 0 e
c; 0 0
Ki=|0 Cs 0f,
0 0 C
2 2 2 2 2 2
a=- Cy "= Ce "+ 7+c,(—t,d:—C4 - Cs "+ 2t o)
e= %+ e b=-C - Co . Ci=- C/Cxn C2= Cu- CiyC,

Ci= Cpn- Ci3Cx/C3 Cs= Ce, Ci= Cn— C3/Cyy Cs=- Cn/Cx,
Cr= 1/Cxn, Cs= 1/Css, Co= 1/Ca, F= [b, b bJ]"

, G G G\ G
(3) P2 P 0
P>= KxP+ K»n(G20) (8)
1 ,
{ x= 0, a w= w= v=0; 9
y= 0, w=w=v=10 (%)
(9
(wow)= (w(z)ulz))eos( x)sin( y)e,
(yeov)= ) ((=(z),v(z))sin( x)cos( y)e", (10)

m

(=w)= ( =(z)w(z))sin( x)sin( y)e’,
=m/a, = n/b 0

10 . .

}
H
( ) L
di{l’mn(z)}: K{pmn(z)}’ (11) h /
o) lene)

(11)
R(z)= T(z)R(0), z [0 k], 1
(12)

K
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R(z)= [P™(z) Q"(z)]'. T(z) = "*, R(0)= [P"(0) Q"(0)]"

(2 R
R(h) = T(h)R(0), (13)
T(h) - R(0)
n , (13) h= h J
{P""(z)}: {Tu TuHP’""(O)} "
g"(z) Iy Tl | Q™(0)
, P(z)= P(0)=0, (14
T»Q(0)= 0 (15)
(15) ,
| Tpl=0 (16)
) (16) , m n
Muller '? (16) , , c
3
1 ( ), a= b= 1, H : H/a= 0.1,
H/a= 0.2, Ch= 21.0GPa, = 800kg/m’, c= 0; :C/Cu= 0.23319, Ci3/Cni

= 0.010 776, C»/Cii= 0.543 103, Co/ Ci1= 0.098276, C3/Ci= 0.530 172, Cu/Cy1=
0262931, Csy/ Cii= 0.159 914, Ce/ C11= 0.266 81

1 3 Wm=n=1, 1 Hz
H/a = 0.1 H/a= 0.2
1 2 3 1 2 3
2 435.0 11120.7 2 23.7 4346.9 11 117.7 20232. 6
[6] 2 432.8 11114.6 2 021.2 4343.2 11 114. 4 20 230. 3
2 3 n i(m= n= 1,H/ a= 0.2, 2) Hz
1 2 3
¢/ (N s/m) 1 82 nod 51282 n d 51582 nd
0 4 332.81 4332.8 10 639. 31 10 639.3 19 342. 51 19342. 5
2E+ 5 -206.2 437.9 4327.9 -20.2 10637 31 10 637.3 - 212.2 19 341. 51 19341.5
3E+ 5 -300.3 4321.8 4321.8 -313.7 10 634. 51 10 634.5 - 318.3 193 40. 3i 19 340. 3
4E+ 5 -412.5 4313.3 4313.3 - 418.2 10 631. 31 10 631.3 —424.4 193 38. 51 19338.5
2 3 H, hi ho hs  hi= hy= 0.2H, hy=
0. 6H 1 1 3 .2 1
1 (2 1 2)
ciV/7cid = 4, /2= 3¢ ¢l 1 2 Ci , 1 2 1

2 Ci= 21.0GPa, = 800 ke/m’ i 3
g



235

’ d -
c
m= n= R a = . 2,
8 ( LH/a= 02, 2
¢/(N s/m) s 5
4.197 340 19E+ 6 ~ 4332.8 _43%.8
SE+ 6 - 23%8.4 _ 7081
G+ 6 - 1769.0 - 10662.2
TE+ 6 - 144.1 - 13083.8
3 S1 S$2
n ’ S1 S2 , c
> S1 5 82
1x10°7
6x10°* c=1x100N-o/m c=6x10 N's/m
N
T 2x10°*
Q
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Q -2x107%
~
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0
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o 120
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z %
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o
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R(x,y,z,t)= Xe "i'sin( 4 t+ ), (17)
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s s = nl,
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State Vector Equation With Damping and
Vibration Analysis of Laminates
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Abstract: Based on the modified mixed Hellinger_Reissner (H R) variational prindple for elastic bod-
ies with damping, the state_vector equation was directionally derived from the principle. A new solu-
tion for the harmonic vibration of simply supported rectangular laminates with damping was proposed
by using the precise integration method and Muller method. The general solutions for the free vibra-
tion of underdamping, critical damp and overdamping of composite laminaes were given simply in
terms of the linear damping vibration theory. The effect of viscous damping force on the vibration of

composite laminates was investigated through numerical examples. The state vector equation theory
and its application areas are extended.

Key words: laminated plates; damping; vibration; H R variationa theorem; state vector equation



