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4.1 WS
T BRI B B AR DT I M, N AL R 9 R BT 95 B 190 S o B (X 45 R B4 R R A AR K A R i), AR
UM S A3 BT T X LA B BN B R AT 358 FHARTE Mindlin OB SEARSHO . K a W 1 m, 58 b H 1 m,JERE
h=0.1 m, 3 2 45t P4 H i 5RO R ARETIUE M, N X R T 10 B [ A R
*2 M EsART Mindlin 48 75 B9 B4 57 R BE & W TR0 T 4L

Tab.2 Change of natural frequency of Mindlin rectangular plate with the truncation under the free boundary condition

Hz
5183 M=N=12 M=N=13 M=N=14 M=N=15 M=N=16 FEM

1 316.35 316.35 316.22 316.22 316.14 316.84
2 472.36 472.35 472.35 472.35 472.35 471.89
3 581.44 581.43 581.43 581.42 581.42 581.03
4 794.62 794.35 794.26 794.12 794.07 795.20
5 794.62 794.35 794.26 794.12 794.07 795.20
6 1 380.54 1 380.49 1 380.48 1 380.46 1 380.45 1 378.90
7 1 380.54 1 380.49 1 380.48 1 380.46 1 380.45 1 378.90
8 1 386.31 1 385.38 138535 1 384.84 1 384.83 1 387.80
9 1 510.67 1 510.65 1510.18 1510.17 1 509.89 1 510.40
10 1 685.98 1 685.95 1 685.58 1 685.56 1 685.33 1 685.80

22 B LI BT IR M N BIASWTEEIN, Mindlin F5TE AR 6925 1 B IR 3 A AR T e,
M=N=14 B} , AR I L C S IR,
TERLAN I 301 L S5 AR I | A I 220 S S 3R B Ry e 55, (B2 70 5 133 B I 12k BTG 55 T 7 2228 L
— NKAERE, %3 M, N B 14 15, HETE Mindlin A2 545 4505 BE 355 W0 R 500 A8k (B0 K=k (N/rad) ,
K=k (N/rad) ,k=k(N/m)) .,

*3 WBEXHBFET Mindlin EF R E B A EMAFEENEHETWL
Tab.3 Change of nature frequency of Mindlin rectangular plate with the stiffness of the boundary spring

H
(1833 k/G,=10° k/G,=10° k/G=107 k/G=10° FEM
1 805.83 807.50 807.67 807.69 810.36
2 1 530.72 1 536.55 1 537.15 1 537.20 1 546.2
3 1 530.72 1 536.55 1 537.15 1 537.20 1 546.2
4 2 142.40 2 153.06 2 154.14 2 154.25 2 166.9
5 2 520.93 2 536.50 2 538.07 2 538.22 2 554.2
6 2 545.58 2 560.32 2 561.80 2 561.95 2578.6
7 3 049.13 3 069.21 3071.25 307145 3 069.7
8 3 049.13 3 069.21 307125 307145 3 069.7
9 3 697.57 3 729.75 3 732.99 373331 3 088.6

10 3 697.57 3729.75 3732.99 3 733.31 3 088.6
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16 GB RAM i 75 31| A5 Sy a0 fife 1) K At i [ AL S 50 s Z2 47
42,1 PIEHIEAR S E RS0

ARATHE AR R LA A T W HTE Mindlin ACGEEA T3P 00T, HABERIZ BN . K a=1 m, 98 b=1 m ,MJE h=
0.1 m, PEICE ik T8 5 SCRR[ 12147 6 b OB sk i 5 5 5 A BR T A AT Xk, 19813k 4 %
5, RN N

ref ) Matlab

x100% (22)

Error=

ref

F4 BEXARFHTHEERREAFRE

Tab.4 Natural frequency of rectangular Mindlin plate under the condition of clamped boundary

(515 R 3L /He SCHR[12)/Hz Error/%
1 3.293 3.292 0.06
2 6.279 6.276 0.03
3 6.279 6.276 0.03
4 8.800 8.792 0.01
5 10.366 10.356 0.00
6 10.465 10.455 0.00

x5 AMBBEX-—KODBH-—KBBEEEFGETERREFME

Tab.5 Free vibration natural frequency of trilateral elastic boundary triangle plate

k/(N/m?) i e 1 2 3 4 5 6
A /Hz 512.32 596.24 957.30 1 305.16 1412.84 1 703.40
10° FEM/Hz 514.33 598.84 960.77 1315.10 1 423.60 1707.50
Error/% 0.39 0.43 0.36 0.76 0.76 0.24
AR /Hz 515.74 604.19 963.21 1 306.83 1416.19 1 706.68
108 FEM/Hz 517.69 606.61 966.54 1316.70 1 426.80 1 710.80
Error/% 0.38 0.40 0.34 0.75 0.74 0.24
AR /Hz 534.81 769.79 1323.43 1 332.00 1 555.64 2 015.37
10" FEM/Hz 536.97 772.37 1 325.00 1 342.00 1 565.90 2 025.00

Error/% 0.40 0.33 0.12 0.74 0.66 0.48
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SCRIPIETH AR B FEIE Mindlin A A 9005 5 SCERES R W& R 4F,  BLiE T X800 52 2% i i i i B¢

AR

4.2.2 =f{IE Mindlin #2925 i A iR 3h 20 A

S UEA SO T R M 5 2 0 R A I R AR IR S RE A HERG M, XN [R)3 FEA5 4T = A JE Mindlin AR

PEATIHA MRS RN =M N SFIE =M PRI K s=2 m, & =1 m,JEJE h=0.1 m,

AR S IR 370 167 S P MR 8] S RS 0 181 S I 1 o ) 2L 3

1w A it o 5S4 IS 8 A R U AR 7 95 X S 2 R AR R IR AR R R 6,R T
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Tab.6 Natural frequency of triangular Mindlin plates
%k A /Hz FEM/Hz Error/%
1 371.10 372.97 0.50
2 822.69 829.22 0.79
3 1 025.81 1 032.90 0.69
4 1 428.86 1 445.00 1.12
5 1 631.05 1 650.00 1.15
6 1 987.54 1.990.10 0.13
7 2 162.68 2 196.80 1.55
8 2 339.55 2 380.50 1.72
9 2 679.35 2 714.80 1.31
10 2 980.84 3 041.00 1.98
x7 FWRBEZRDEESET =/ Mindlin 17 B & 55 2%
Tab.7 Free vibration natural frequency of trilateral elastic boundary triangle plate
k/(N/m?) i 1 2 3 4 5 6
Matlab/Hz 345.12 723.27 999.85 1 255.16 1 546.92 1921.56
10° FEM/Hz 346.08 727.10 1 004.00 1 264.50 1 559.50 1 939.20
Error/% 0.28 0.53 0.41 0.74 0.81 0.91
Matlab/Hz 370.54 738.73 1 007.46 1264.76 1 553.61 1 927.20
10* FEM/Hz 370.94 742.17 1011.40 1273.70 1 565.80 1 945.10
Error/% 0.11 0.46 0.39 0.70 0.78 0.92
Matlab/Hz 771.28 1237.75 1 504.63 1779.48 2 006.50 232573
10 FEM/Hz 772.60 1242.10 1 506.50 1 787.60 2 013.60 2 334.50
Error!% 0.17 0.35 0.12 0.45 0.35 0.38

AR CTT L =AY Mindlin Are b8 0 54 PF T 89 1A TR A5 A BROC DT B (Ansys) THE 45 R W) &

RAF  RZE A B 5% , ik T A SO B AR T S 2 10 25 0T REJ AR B4 U 3l 1) R Ao Yk o
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4.2.3  WRIEDE S AR A 25 i A R iR 3 A

Sk B0 R AR SC T AR SR AN R 320 5 S F T il A A Bh R R RIS R, AN TR B AR A [RDE
Mindlin # B PR B0 FEVE , ELSEAT KA a=4 m, 5 6=2 m,#JE h=0.1 m,

T8 TR S A [ S R A X A0 [ Al T A AR A T 3108, S5 BR T O B4 BT 4 SR %t b A5 313 8 Rk 9,

*8 HXBFREZFHTHEHEBIREFME x99 EXHRFZFHGTHEHEBIREFME
Tab.8 Natural frequency of Mindlin elliptical plate Tab.9 Natural frequency of Mindlin elliptical plate
under simply supported boundary conditions under clamped boundary conditions
fiij 52 Ifil 2
B % B %
7R3 /Hz FEM/Hz Error/% A3 /Hz FEM/Hz Error/%
1 84.32 82.54 2.16 1 167.99 170.22 1.31
2 147.62 146.45 0.80 2 240.99 243.04 1.09
3 239.69 235.98 1.57 3 352.16 342.53 2.81
4 280.33 285.30 1.74 4 424.40 424.57 0.04
5 354.44 351.51 0.83 5 469.92 466.94 0.64
6 376.96 383.23 1.64 6 522.19 529.47 1.38
7 500.76 492.16 1.75 7 653.60 615.80 0.08
8 503.99 501.45 0.51 8 791.93 654.12 1.37
9 597.85 598.66 0.13 9 791.93 781.21 0.49
10 632.24 640.28 1.26 10 915.84 788.06 0.03

8RB IR T I SR G R BRZE AR 3%, 11 2 45 T SO0 AR HI Y R S
X AR B R, AT AR AR SOk 15 A5 00 25 5 iR R A BRI 5 12 BT A 4 R B A AR s i W 45 B2, AT i B

SCrp AR T A Mindlin B EOA A 1

® o
@@ W I

B2 @XafREETRERE R RE ] E
Fig.2 Comparison of the first four modes of Mindlin elliptical plate under simply supported boundary conditions
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Free Vibration Analysis of Mindlin Plates with Arbitrary Shapes

Guo Wenjie

(Engineering Research Center for Railway Environmental Vibration and Noise of the Ministry of Education,
East China Jiaotong University, Nanchang 330013, China)

Abstract: The improved Rayleigh—Ritz method was extended to the analysis of bending vibration characteristics
of Mindlin plates in arbitrary shapes. The domain of displacement test function was extended to the rectangular
region outside the curve region, and the improved Fourier series was selected as the test function. The complex
boundary conditions were simulated by adopting the linear springs whose stiffness is adjustable. The numerical
method was introduced to disperse the boundary edges and by summing up the elastic potential energy of each
micro section the elastic potential energy of the whole boundary was obtained. Then, the problems of complex
boundary conditions of curved edges brought by arbitrary shape problems can be solved. The equation was es-
tablished based on the energy variation principle and Mindlin theory. By comparing the results of present method
of the straight edge and curved edge plates with the results of the reference and the finite element results, the
accuracy of this method is proved, which provides reference for the practical engineering problems.

Key words: improved Rayleigh—Ritz method; arbitrary shapes; complex boundary conditions; energy variation
method; Mindlin theory



