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L(P(KS?+ 1)) - S99~ PyP= 0,
L(PS)+ (P)7P= 0

P= r/a, W= J2(1-= V)% ho, ¢°= W', Py = 2hia’qv D,

0 2h1(12 0 SQ 2]11(12 0 lzil_ \/2

p O S0= Tpon K= 05 Po= TSy de
, a T , hi , ho
, 40 , q1 , [4],
((-).0/0), ¢

S

P=1: W'= 0, (KS'+ )&+ KPo= 0, S°=— P,
P=0: (KS'+ )= 0, S'< oo

L6l

3 1

J‘zj;(rmw, vi— 2hi(rSow ), r— Gaho(r( ¢+ w, ,)), ;) Gu=2Tdrds = O,
tl

D((rd) /7). +— Gorho( ¢+ w )= O

((r26)../r) .+ Ew’/(2r) = O
Po P, wo,

(9 11) (60 (8 .,
w= W(r)(&+ coswx), b= &(r)(E+ coswx),
o

r= S(r)(&+ coswx) + T(r)(&+ cos(ﬂt)zy

—

(4)
(3)

Hamilton

(10)
(11)

(12)
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3 :

“© o ,© W(r) Hr) S(r) T(r)
(L*+ K&'L - &)W == KL (f(P)+ f.o(P)/P, (13)
a+ aiS+ 28+ a3& = 0, (14)
L( )= (P ).0).0/O L = (Q((-).0/P).0).0/ P
f(P) = BWo+ BWot f1(EOWT+ WoS)+ f2(E) PW. T,

28+ 38 88+ 2484 3
S8 = Y 28 = 8T+ 4
ap= - J;( Wl + W pS), WdP,
ar= - L[W(W)— [QVQW,M BWoo+ %prw,% F]de
) ’ (15)
Ko
[ikcocrcen). o o). avap- e, [oow o) ovae

ar= 2ao, a3z = - ﬁ)(qu),deQ
L(PS) = - 2BWoW o/ P, (16)
L(PT)=- BWo/P (17)

P=1
W= 0, Ko %Jﬁpwam K(S%+ S+ Sb)+ ¢= 0, S= 0, T= 0; (18)
P=0
W= W, Koﬁlpj:pwm K(S%+ S+ Sb)+ &= 0, S< oo T< oo (19)
Wo= W(P) |po, Wn= Wo(l+ &), Wau = Wo(l- &)

s Wi Wn .

P= r/a, = W.o, W= W/ho, W = w%ho, ©= o(ma'/D)"’,

T= haT/D, S= hid®S/D, $%= ha®0%/ D, (20)

K = D/(Gahoa®), B= 2(1- V)e

(3) (20
W= W' J2(1- V), $%= s%2 (21)

SP= Duai P, (2)
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sza 1 (23)
i=0
az = 4L(L+ 1) < szm-%-leL—Zn— (i= 1,2 ..,
baiv 1= Ka01+ 1 4L(L + 1) Zflzmbzt m-1— K Zazmbz,_ 2m+ 1 (24)
(i= 23 ),
by = 8—(Ka;+ [((a0- 8az) b+ Po)e
, ao by , ) :
1 a b (Po=2V=0.3)
K= 0.0l K= 0.0 K=0.10
n a, b, ag b, ag b,
1 —0.9% B1 - 0.263645 - 0.998414  —0.291047 - 0.98247 - 0.243 769
2 - 1.9 582 - 0.257 510 - 1.998 341 -0.32484 - 1.97 934 - 0.265 856
3 ~29® 61 - 0.251591 - 2998253  —0.357083 - 2.9748% - 0.292 310
4 - 39% 678 - 0.245881 - 3.998149  -0.3%5107 - 3.96823 - 0.3 163
5 - 4.998 722 - 0.240 377 - 4.998 23 —0.436 787 - 4.95750 - 0.365 126
6 - 59% 764 - 0.23507 - 599780  -0.482290 - 5938% - 0.418 187
7 - 69% 805 - 0.2996 - 699832  -0.531665 - 6.989840 - 0.494 47
8 - 798 843 - 0.25082 - 7.99749 - 0.58%763 - 7.978817 - 0.5% 871
9 - 89% 80 - 0.20325  -8997153  -0.641143 - 8.921400 - 0.710 31
10 - 9.99% 915 - 0.215781 - 9.996 771 - 0.69 984 - 9.908 541 - 0.85 812
2 w b (Po= 4V=0.3)
K= 0.0l K= 0.0 K=0.10
Pl
a, b, ag b, ag b,
1 —0.9% %5 - 0.28516 - 0.99405  -0.39655 - 0.95227 - 0.349 (37
2 - L 9% 720 - 0.517418 - 1.993 781 - 0.39 257 - 1.95 067 - 0.390 02
3 —20M 888 - 0.506700 - 2.993409 - 0.418460 - 2.94878 - 0.449 075
4 ~ 3995 046 - 0.496357 - 3.99296 - 0.449093 - 3.9465 - 0.509 138
5 - 4995198 - 0.48637 - 4.992434  —0.485256 - 4.943% - 0.58 106
6 - 5995342 - 0.47676] - 5991788  -0.58423 - 594101 - 0.678 %3
7 - 6995480 - 0.4674%5 - 6.99094  -0.58627 - 6.9380 - 0.78 43
8 - 7995612 - 0.458575 - 7.99006  -0.64724 - 7.93600 - 0.920 81
9 - 8995 37 - 0.49995 - 8988753  -0.7%4854 -89 1% - 1.170 %3
10 - 9.9% 856 - 0.41748 - 9.987 130 - 0. 827 204 - 9.988 632 - 1.364 501

ao b1, (22) (23) , (15) ao b1
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JJ

AfY = m—rﬁ%7+1h%%%%,c=o&K+ [KP+ 4/ 3)/2,
2(j!1)e 27(j1)

W(i=1,2) \ - (32

(30a, b)

Zazi =- Py, (25)

i=0

Z{K @omb2i- 2 1+ b2£+l]+ KPo= 0 (26)

=0 m= 0

N ewton Po P ao b1, [ 5]

: [5], 1 3
3 w b (Po= 6V=0.3
K= 0.01 K= 0.0 K=0.10
Py
ay b, aq b, aq b,
1 - 098802 -0.79332  -0.987027  -0.421556 - 0.985510 - 0.502 336
2 - 1.98 403 - 0.777 39 - 1.986 307 -0.513322 - 1.984 023 - 0.567 007
3 - 298878 - 0.761813 - 2985455  —0.69874 - 2.98044  — 0.648 736
4 - 3989 M6 - 0.74683 - 3.98441  -0.93211  —3.977946 - 0.7% 692
5 - 4.98 418 - 0.732 381 - 4.983 202 - 1.050 021 - 4.974 811 - 0.8% 630
6 - 59975 -0.718447 - 5981743 - 1.182868 - 5.970930 - 1.089 038
7 - 6,90 189 - 0.705 021 - 6.979026  -1.265009 - 6.9%6648 - 1.364 501
8 - 799208 - 0.6020%6 - 7.97761  -1.361041 - 7.9%62321 - 1.6% 140
9 - 89%5%5 - 0.69662 - 8974789 - 1.474429 - 8.9%586% - 1.9 83
10 - 9.99% 819 - 0.6067 712 - 9.971 066 — 1. 609 842 - 9.952 951 - 2.268 472
3
) )
. (13)  (16) (19 . )
(13) , £E=0

(L*+ K9L - ) Wi= 0, (27)

L(P*S1) = - 2BWoW, o/ P (28)

L(PTy) =~ BWio/ P ()
P=1

> 1 (°

Wi= 0, Kw 6I0W1dp+ ¢1=0 S1=0, T1= 0, (30a~ d)
P=0

Wi= W, K(*)(z) %JEPW1dp+ b = 0, Si< oo, T1< oo (3la~ d)

(27)
Wi= Wo 2P, (2)

(31a)
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Al = 0, (33)
1 1 -1

b=/ M 1y A= |an an O],
all an

we S e SN

& T &

< o K} < (- 1)d] K&}
a21=Z- ; 0+2j,(122= ZL% O+2j‘
J=

A2 g+ 2 #2712+ 2
u , A 0,
detA = 0° (34)
(34) Wy, aj(i= 0,1,2;j=1,2) , (33) by by,
Wi . Sy Ty (32 (28) (29 :
(30c, d) (3¢, d)
sV = wo DBV, (35)
j=0
TV = W DV, (36)
“

HLJ_L
BBU Z 2+ 1 B(U

7

chy - _ _LZJ‘F_U—_ ()
> ,

j
(y _ _ B 2:_ ‘ (y . -

BJ = ](]+ 1) < J 1)[)21+ ]A]—L (] = 17 27 : )7 (37)
(1 B < (Vg (1)

C' ): - ., (] — IAL A i = 17 29 o)
] i+ l)iZL(J ) (j )

ap a1 a2 as (32) (35 (36 (15)
3 3 4
{ao: ¢ Wo, a1 = QWi+ PWo+ CaWo,

38
ar= 29Wo, as= PsWi, (%)
¢ ° (14)
CWo+ (Pt PGWo+ QW5 E+ 29 W&+ sWFE = 0, (39)
Wo 3 y
2 o
2 w dt( 92
|:L+K2§2+ 1L—2§2+ 1]W:—KI [f(p)]+ (40)
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Wy= 0,
i Lj‘pdem K(S%+ 519) +
2€2+ 1 p 0 2 i ! (4la~ d)
Ki(E)(Sit+ T19") + Kf2(E) Tid+ = 0,
Ti= 0, S;= 0
P=0
Wa= W,
o lJ‘p 0 0
- b ¢
K2€z+ e OszdP+ K(Srti+ S19°) + (423~ d)
Ki(E)(Sib+ Ti9") + Kf2(E) Tid+ = 0,
Si< oo Ti< oo
F(P) = BWio+ BiWie+ f1(E) O WoT1+ WieSt) + f2(E) OWroT1e
(22)  (23) (32 (39 (36) (40) (40)
Wa= Wo DAL+ BY)P + Wi (&) D70+ wiraE) D2, ()
j=0 j=0 j=0
©(43) (4la,b)  (42a)
HS= 0, (#4)
H &) , .
(44)
detH = 0, (45)
Py P1 Wo o, H ,
(44) 61 82’ *
. P
Py °
(Wo= 0) 1 3 , 1 3 ,
10 Py=2 o "~ Po-2 !
-~ Py= —Py=
o 3 ~pe-4 6
8 6 'A"Pu=6 5
6 @ 5 w 4
4 3 \\\ )
2 2 1
NIRRT Y R N 0
2 4 6 810 12 14 1 3 5 7 9
Py Py
1 - 2 - 3 -

(K= 001) (K= 005 (K= 010)
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0f ~« P,=6 0 © Py=6 0 ~ Py=6
- P=4 - P =4 0.01 - Py=4
-0.004}\ ~ Pi=2 1 —0.010 ~ P=2 B e ~ Pi=2 ,
- £ T 5—0.02 e
~0.008 o r’/ ,;// -
& e - -0.020 k-/,/ _ L \‘\_/ -
- "y 0.03 P
~0.012 . , o
S —0.030} -0.04 e
-0.016 - ) ) , . X -0.05 N .
0 0.5 1.0 1.5 2.0 0 05 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0
W() WO WO
4 5 6
(Po= 2K = 0.01) (Po= 4K = 0.01) (Po= 6,K = 0.01)

™

0 0 P =6
\ - Py=4
N Py=2
—0.010} -0.02 \
3 \ ]
-0.04 \ -
-0.020} \%//
I -0.06} \p/
~0.030 , . N
0 0 0.5 1.0 1.5 2.0
Wo
7 8 9
(Po= 2K = 0.05) (Po= 4K = 0.05) (Po= 6,K = 0.05)
T—r . .
6
5_
41
1 w
3
2.
1_
0
3
10 - 11 - 12 -
(K= 001 (K = 0.05) (K= 010
4 9 Po= 2,Po= 4 Po= 6 3
* 2 2 g 2 *

10 12 Po= 4 )
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Nonlinear Vibration and Buckling of Circular Sandwich
Plate Under Complex Load

DU Gue jun, MA Jian qing
(School of Civil Engineering and Mechanics , Yanshan University,

Qinhuan gdao, Hebei 066004, P.R . China)

Abstract: The nonlinear vibration fundamental equation of circular sandwich plate under uniformed
load and circumjacent load and the loosely clamped boundary condition were established by von
K@rmin plate theory, and then accordingly exact solution of static load and its numerical results is
given. Based on time mode hypothesis and the variational method, the control equation of the space
mode was derived, and then the amplitude frequencyload character relation of drcular sandwich plate
was obtained by the modified iteration method. Consequently the rule which the two kinds of load af
fected the vibration character of the circular sandwich plate was investigated. When circumjacent load
makes the lowest natural frequency zero, critical load is obtained.

Key words: drcular sandwich plate; nonlinear vibration, buckling; complex load; amplitude fre-
quencyload character relation



