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Fig. 1 Laminated plates

X T HE R B — A R A, 275 3OS, 8
=11 ] 04 1] [) 1 | TE 58 S Pk B 4% 1] 5k
M, B IEJ5 ) Hellinger — Reissner 742 73 JiUBH 0] 3671
H

_ 190 Tu+T
T = MV(P -V - ﬂsa[Txu + T+

iw]dS —ﬂSU[TI(u —u) + T, (v-0) +



2011 445 9 %

T.(w-w)]dS (1)
(D) PSS HEAIEES % OIS, 7],
FUFH = B BT EAT LA 2 PR R oG o8 R I USSR

JNHY TG HE YT SOC BA R IECR , A S5 A

¥, LA 2.
|V

ARSI

ni=l

2 AWR%EST

Fig.2 8 - node isoparametric element

(1-8)(1+nm)/2;
1=2,6(F LR )
(1+&8) (1 -7")/2;
i =4, 8(CHZEMB )
(L+&E) (L+mm) (££ +mm —~1)/4;
1=1,3,57( U
(2)
AR AR A AR AR AR Fly S JRFEBALAR & Al g
AT G R .
x=Nx, + Nyx, + Nyxy + Nyx, + Nyxs +
Nexg + Nox; + Ngag

Ni(‘f’n) =

(3)
y =Ny, + Noy, + Nyys + Nyyy + Noys +

Neys +Noy; + Nyyg

R4S WA BT oK SO I
N(x,y) 0 0
N(,”{ 0 N(x,y) 0 } (4)
0 0 N(x,y)
K

N(x,y) =[N, (&,m) Ny(€,m) N,(&,m) N,
(é,m) Ns(&,m) Ne(&,m) N,(&,m) Ny(€,m) ]
PR AR 2 Hamiltonian 252 50137 sR BN
w(x,y,2) =N Uy (2) (7. (x,y,2) =Nyme i (2)
v(x,y,2) =N, Vo (2) 57, (x,y,2) =Ny, u(2) (5)
w(x,y,z) =N, W, (z) =N,0. ()
f(‘:fj

0-z<x?y’z)

U (2) =[1,(2)+0,(2) 5V ()
Wt (2) =106, 2102 37 (1) =70 ()72
7 (D) =70 750 0,0 (1) = [0, () 0(2)]
i (2) FIA(3) T PRI Q 5 MY
A
P=NP,
{Q=NQ
H(6) H Fh e JoR— i, FEA TSR , B
FHF AR

C 0y, (P A Bj[P, =4
P 2 P P P S A
0 Cloz|Q, F DIl|Q, 0

K(7) M C. A B F.D Fl Z BTN L3

HRL6 |, 451230 2 b i) B AT A% R AT B2, B R] 7%
I BRI 7 AR

2 EAmBERTRE

XEFBZ LT 2GR 3 (a) K 3(b)
JI KR B 2 07 RS J2 A AR O R ST
B, 38 T2 A AR B — SRR R A A Hamilton 5
ZOUESHCT T, 2512 A S o0 S 46 i i 5 8 2
HAR, I B = 2 ﬁ%ﬂﬂi’ﬂliﬁv%?
?L?*)iiﬂb)"ﬁkﬁlﬂ)%&%)?,i‘EEﬁ?Eé
PR ICHE — A FROT T ik D 2 IR 45 21 1 J2 i 4%
il 75 e

:[1}1<Z)“7}8(z)];

(6)

®)

K3 JREWZE =R
Fig.3 3D models of delaminated plates

(a) 1D throughout model; (b) 2D internal model
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NATRUAL FREQUENCIES ANALYSIS OF DELAMINATION PLANES
WITH FINITE ELEMENT METHOD
Dan Min Qing Guanghui
(College of Aeronautical Engineering, Civil Aviation University of China, Tianjin
Abstract

By combining the modified H-R variational principle for elastic material with the quadratic interpola-

tion functions, the formulation of isoparametric element with 8-node for Hamilton canonical equation in the plane-

coordinate was derived. The continuity of stresses and displacements on the interface between layers was applied

to separate into top/bottom layers. By using the separating-combiaing method, the state equation with delamina-

tion situation was established. The natural frequencies of delaminated plate were studied and the numerical exam-

ples show that the method presented is correct. The method of using isoparametric element with 8-node for Hamil-

ton canonical equation reduces the number of nodes, and improves the efficiency.
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