Vol.4 No.3
2006 9 JOURNAL OF DYNAMICS AND CONTROL Sep. 2006
415000
L-P
L-P
1
.
g x yt =kw-G6Vw-kw
kG, k,
8§ ~9
Win-
1 2
ler Low+ VM +kw- G Viw -
(72
kyw” + ph 1;) =L w @
- Jit
L,®+ VN’ -
3 2
./ ? 9 ? P ? 9
- axz E)yz - axay axay + E)yz E)xz
L-P 24 9 9
L =D, —+2D, ——— + D, —5
1 e + 3 axzayz + U, 9y4
L AN 7 TN
45 6 2 = L, P + G~ E, 3x29y2
1
E, 9y
- PM,  IPM,
v Ix’ ay’
2 T 1 QZNE aszi 1 asz;v,
V4 =E (?yz - M e +E PP
P’ N'
223 -
ay’
2006-03-14 1

2006-04-13




273
3
D, = ¢ wxyt =T, t sin AL sin 22 11
21 - um b
b E, W 3
2 = 95 1 _
121 = g hT,, E,n’a’  2mmx
D x yt = 0 35— COS
D, = pu,D, +2D, m”b
Gh’ i M2 E, m’ b’ 2nry l 2 i 2
Dk_ﬁf;_fz et +2ny +2P,.x
D, D, D, E, E, m M2 12
x y G
0 h w p E h m*b’ + p,n’ad® T,
o M N ' 81— pyp, a’b’ B
Eh a, + poa, Ty + Tyh*/12
L=y
0 2w T E,h n*d + )almzb2 T,
v= a W= 12 T 8 1 — 1y a’ b’ -
N,=0A4A, =0 4 E,h a, + pa, Ty + Tyh*/12
2w 1 - pypy
y =00 w o= 3
y 2
N,=0A =0 5
&7, 2 3
, e + wo Tl + BT, =0 13
A - LJQJH L La o)) &a o)) 13
b 0Jo h 1 9}’2 Ez X
1w, 11 o o 7 Dim' 42D, m a2+ Dynt2t
> 9. th EINX - EZN}. dxdy w, = oha’ +
6 k, G, m* + A’
+ : -
Ll nzg 1w, o oha
T )y h B, 9 TE 9y T2 9y T T, + T,h*/12 P
(D BN A L= pal |
— =+ N N, dxad 7
hoE,V TR e Y toas Ev+ n*At ay + pya, E,
6 B =
E ki’ m + ;zznz/lz + B’ 72 n’A% + ;1,m2
0 E, o + pia, 172 $1-mm ‘Oha4
NFI; = —J T x y z dZ 4 4 4 444
= L — pypn - w2 9k, +E|mn' + E,n" 7 A
0 8 160k 6pad
m Ey ay + pyay (12 o o
gy, = I—J T x y z dz a
- MM - k2 A = ?
Oy, E, a) + pia, Jh/z
M, = ———M—— ZT «x z dz
E I - J2awys - k2 ¥ 2
a
EMT E, ay + pya, Jh/z IT 1
S e NI ok el B 13
™ 1—/11/12 - W2 ¥y aas '8
9 13 T = wt
13
AT, ;
Txyz =T+ Tz+ T2 10 “ T4 + @yl + BT, = 0 14



2006 4

w = wy + Pw, + Fw, + 15
e = P 16
w, + fw,
16 15
CU2
w2:1_€1+eza2+eza3+ 17
w_w01+%e+ez%+%+ 18
14
dr, 0
r=0T, =A —— =0 19
dr
T, t = Acosr+€Tml" T +é T,:” T o+
20
17 19 14
&I, . o Lo
ST = Tl - T 21
T, 2 &7, .
v + Tmn = - dTZ + Tmn
i Tll())/l : T"llll 22
w,

- oo

1 . -

T. T = By + E B;cosit + E B sinit
i=2 =1

23
23 21

%

BO+Z 1-4° Bicosir+2 1-i* B sinit =

1=2 =2
3a’ COST @’ cos3t 24
T bw, T 4o,
24
347 A
wl = 4 B3 = ﬂ. 25
T! z = 2A4 cos37 — costT 26

» »

2 1 . Y e

T, = = Cy+ >, Ccosit + > C; sinit
=2 i=2

27
27 22

Al .2 . Al 2 ® ..
Co + L 1 -1 C,cosit + L 1 -1 C;sinit =
[ =2

a,Acost + % cos3t — cost -
A
oS T cos37t — cosT 28
28
1 A
a == 5 Cs = 576 29
T 7 = A cos5t — cost 30
mn 5’76
13
v = w, 1 +¢e/2 + 17¢°/48
|:| 2 2 2
(g = 3pA"/ 4w, + 3PA
O s
gw Xyt = ZZ Acoswt + A cos3wt —
m=1 n=1
O
O coswt /24 + A cosSwt — coswt /576 x
O
E sin mmcsin nTrry
31
3
T, =

37T, a =20m T, = 3T, p = 2.5 x 10" kg/m’ E,
=2.1x10°N/m* E, =4.2x10°N/m’ G = 0.82
x 10° N/m* 4, =0.28 p, =0.56 a, = 12.7x10°°

C a, =6.8x10°<C 1 2
3 4
1 2
l
2 k, G, k,
3 A



3 275
L-P
4 L-P
L-P
I A =1
Table 1 ~ The natural thermal vibration frequency of rectangular orthotropic plates when A = 1 unit Hz
Characteristic T, C
parameter A m

of foundation 0 8 12
k=0 0.025 4.6602 4.6602 4.6206 4.6206 4.5807 4.5807 4.5404 4.5404
Gp = 0.05 4.6688 4.6688 4.6292 4.6292 4.5894 4.5894 4.5491 4.5491
ky =0 0.075 4.6830 4.6830 4.6436 4.6436 4.6038 4.6039 4.5637 4.5638
ky o= 3 x 10 0.025 173.2678 173.2678 173.2667 173.2667 173.2656 173.2656 173.2646 173.2646
Gp = 0.05 173.2687 173.2684 173.2669 173.2669 173.2659 173.2659 173.2648 173.2648
ky =0 0.075 173.2684 173.2684 173.2673 173.2673 173.2663 173.2663 173.2652 173.2652
ko= 3 x 10 0.025 178.8731 178.8731 178.8721 178.8721 178.8711 178.8711 178.8732 178.8756
Gp = 4x 10 0.05 178.8734 178.8734 178.8723 178.8723 178.8713 178.8713 178.8703 178.8703
ky =0 0.075 178.8737 178.8737 178.8727 178.8727 178.8717 178.8717 178.8706 178.8706
ko= 3 x 10 0.025 178.9321 178.9321 178.9311 178.9311 178.9359 178.9359 178.9295 178.9294
Gp = 4x 10 0.05 179.1093 179.1091 179.1085 179.1081 179.1072 179.1073 179.1059 179.1062
ky = -8 x 107 0.075 179.4035 179.4037 179.4024 179.4027 179.4014 179.4017 179.4004 179.4007
ky = 3 x 10 0.025 179.4616 179.462 179.4606 179.4609 179.4596 179.4599 179.4585 179.4589
Gp = 4x 10 0.05 181.2131 181.2189 181.2121 181.2179 181.2111 181.2169 181.2187 181.2159
ky = -8 x 10° 0.075 184.0819 184.1148 184.0809 184.1138 184.0799 184.1128 184.0789 184.1118

2 A=1
Table 2 The natural thermal vibration frequency of rectangular orthotropic plates when A = 1 unit Hz
Characteristic T, C
parameter A m

of foundation 16 20 24 28
ky =0 0.025 4.4997 4.49969 4.4587 4.4587 4.4172 4.4172 4.3754 4.3754
Gp =0 0.05 4.5086 4.5086 4.4676 4.4676 4.4263 4.4263 4.3846 4.3846
ky =0 0.075 4.5233 4.5233 4.4825 4.4825 4.4413 4.4413 4.3997 4.3997
ko= 3 x 10 0.025 173.2635 173.2635 173.2625 173.2625 173.2614 173.2614 173.2603 173.2603
Gp =0 0.05 173.2638 173.2638 173.2627 173.2627 173.2616 173.2616 173.2606 173.2606
ky =0 0.075 173.2641 173.2641 173.2631 173.2631 173.2623 173.2623 173.2616 173.2617
ky o= 3 x 10 0.025 178.8692 178.8695 178.8687 178.8685 178.8679 178.8673 178.8659 178.8659
Gp = 4x 10 0.05 178.8692 178.8692 178.8682 178.8682 178.8672 178.8672 178.8662 178.8662
ky =0 0.075 178.8696 178.8696 178.8686 178.8686 178.8676 178.8676 178.8665 178.8665
ky o= 3 x 10 0.025 178.9283 178.9285 178.9269 178.9272 178.9259 178.9259 178.9249 178.9249
Gp = 4x 10 0.05 179.1049 179.105 179.1039 179.1039 179.1029 179.1029 179.1018 179.1019
ky = - 8 x 107 0.075 179.3994 179.3996 179.3983 179.3986 179.3973 179.3976 179.3963 179.3966
ky = 3 x 10 0.025 179.4575 179.4579 179.4565 179.4568 179.4555 179.4558 179.4544 179.4548
Gp = 4x 10 0.05 181.209 181.2149 181.208 181.2138 181.207 181.2128 181.206 181.2118
ky = -8 x 107 0.075 184.0779 184.1108 184.0769 184.1098 184.0759 184.1088 184.0749 184.1078
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3 2=2
Table 3 The natural thermal vibration frequency of rectangular orthotropic plates when A = 2 unit Hz
Characteristic T, €
parameter of A m
foundation 0 4 8 12
ky =0 0.025 17.8378 17.8378 17.8103 17.8103 17.7828 17.7828 17.7551 17.7551
Gp =0 0.05 17.8601 17.8601 17.8326 17.8326 17.8051 17.8051 17.7775 17.7775
ky =0 0.075 17.8972 17.8972 17.8697 17.8698 17.8422 17.8423 17.8147 17.8148
ky = 3 x 10 0.025 174.1212 174.1212 174.1184 174 .1184 1741156 174.1156 174 .1127 174.1127
Gp =0 0.05 174.1235 174.1235 174.1207 174 .1207 1741178 174.1178 174 .1151 174.1152
ky =0 0.075 174.1273 174.1273 174 .1245 174 .1245 174.1216 174.1216 174.1188 174.1188
ky = 3 x 10 0.025 187.7575 187.7575 187.7549 187.7549 187.7523 187.7523 187.7497 187.7497
Gp = 4 x 10 0.05 187.7596 187.7596 187.7576 187.7575 187.7544 187.7544 187.7518 187.7518
ky =0 0.075 187.7632 187.7632 187.7606 187.7606 187.7579 187.7579 187.7553 187.7553
ky =3 x 107 0.025 187.8137 187.8137 187.8111 187.8111 187.8085 187.8085 187.8059 187.8059
Gp = 4 x 10 0.05 187.9842 187.9842 187.9816 187.9816 187.9796 187.9794 187.9763 187.9764
ky = -8 x 10 0.075 188.2679 188.2681 188.2653 188.2655 188.2627 188.2629 188.2601 188.2603
ky =3 x 107 0.025 188.3183 188.3186 188.3157 188.3159 188.3131 188.3133 188.3104 188.3107
Gp = 4 x 10 0.05 189.9903 189.9953 189.9878 189.9928 189.9852 189.9902 189.9826 189.9876
ky = -8 x 10° 0.075 192.7338 192.7619 192.7313 192.7593 192.7287 192.7568 192.7262 192.7542
4 2 =2
Table 4  The natural thermal vibration frequency of rectangular orthotropic plates when A = 2 unit Hz
Characteristic T, €
parameter of A m
foundation 16 20 24 28

k=0 0.025 17.7275 17.7275 17.6998 17.6998 17.6721 17.6721 17.6443 17.6443
Gp =0 0.05 17.7499 17.7499 17.7222 17.7222 17.6945 17.6945 17.6669 17.6668
ky =0 0.075 17.7872 17.7872 17.7596 17.7596 17.7319 17.7320 17.7042 17.7043
ky =3 x 10 0.025 174.1099 174.1099 174.1071 174.1071 174.1043 174.1043 174.1015 174.1015
Gp =0 0.05 174.1122 174.1122 174.1094 174.1094 174.1066 174.1066 174.1037 174.1037
ky =0 0.075 174.1163 174.1169 1741132 174.1132 174.1104 174.1104 174.1076 174.1076
ky =3 x 10 0.025 187.7471 187.7471 187.7445 187.7445 187.7418 187.7418 187.7392 187.7392
Gp = 4 x 10 0.05 187.7492 187.7492 187.7466 187.7466 187.7440 187.7440 187.7414 187.7414
ky =0 0.075 187.7527 187.7527 187.7501 187.7501 187.7475 187.7475 187.7449 187.7449
ky = 3 x 10 0.025 187.8032 187.8032 187.8006 187.8006 187.7981 187.7982 187.7954 187.7954
Gp = 4x 10 0.05 187.9737 187.9738 187.9711 187.9712 187.9685 187.9686 187.9659 187.9660
ky = -8 x 10’ 0.075 188.2575 188.2577 188.2549 187.9712 188.2523 188.2525 188.2497 188.2499
ky = 3 x 10 0.025 188.3078 188.3081 188.3052 188.3055 188.3026 188.3029 188.3004 188.3003
Gp = 4x 10 0.05 189.9844 189.9850 189.9774 189.9824 189.9748 189.9798 189.9723 189.9773
ky = -8 x 10° 0.075 192.7236 192.7517 192.7211 192.7492 192.7185 192.7466 192.716 192.7441
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NONLINEAR THERMAL VIBRATION OF RECTANGULAR ORTHOTROPIC
PLATE ON NONLINEAR FOUNDATION

Yang Lijun Wu Xiao

Department of Civil and Architectural Engineering Hunan University of Arts and Science  Changde 415000 China

Abstract The nonlinear natural thermal vibration of a rectangular orthotropic plate on a nonlinear foundation was stud-
ied. To get a high-accuracy approximate solution which can’ t be obtained with the normal L-P method the strongly
nonlinear vibration system of the nonlinear natural thermal vibration of the rectangular orthotropic plate on the nonlinear
foundation was changed to a weakly nonlinear vibration system firstly by the parameter transformation and then the
high-accuracy approximate solution can be obtained with the improved L-P method. The effects of temperature charac-
teristic parameter of foundation ratio of length and width etc. on the natural thermal vibration frequency were dis-
cussed. The results showed that the natural thermal vibration frequency decreased with the increase of temperature and

increased with the increase of the characteristic parameter of foundation and ratio of length and width.
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