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Abstract

A Chebyshev spectral method without both stiffness and mass matrices is proposed. Free vibra-
tions of rectangular thin plates with clamped boundaries are researched by Chebyshev spectral
method. Based on the partial differential equations of thin plates for free vibrations, the equations
of eigen frequencies are educed by separating variables. Relationship between frequencies and
physical parameters of materials is established. Referring to Chebyshev spectral method, high or-
der derivative matrix is obtained which is a power operation of first order derivative matrix. The
eigen frequency matrix equation of free vibration of thin plates is derived, but there is no stiffness
matrix and no mass matrix. An example of clamped rectangular thin plate is solving by two me-
thods. Compared with finite element method, efficiency and convergence of spectral method are
verified. Comparing results by two methods, the frequencies and modes of the plate are basically
consistent.
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Figure 1. Rectangular plate
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Figure 2. Distribution of Chebyshev points (N = 8)
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Table 1. Frequencies and errors calculated by spectral method and FEM

=1 BFENBRIAETRENMERRIRE

LIS 7% (Hz) H IR TT(Hz) RIE(%)
1 22.493 22.475 0.08
2 45.877 45.829 0.10
3 45.877 45.829 0.10
4 67.643 67.558 0.13
5 82.248 82.135 0.14
6 82.638 82.526 0.14
7 103.137 102.971 0.16
8 103.137 102.971 0.16
9 131.592 131.363 0.18
10 131.592 131.363 0.18
11 137.537 137.282 0.19
12 151.364 151.065 0.20
13 151.983 151.683 0.20
14 185.232 184.812 0.23
15 185.232 184.812 0.23
16 193.087 192.651 0.23
17 193.250 192.814 0.23
18 212.888 212.363 0.25
19 212.888 212.363 0.25
20 232.118 231.496 0.27
21 245.507 244 .821 0.28
22 246.217 245.532 0.28
23 267.127 266.365 0.29
24 267.127 266.365 0.29
25 286.428 285.544 0.31

EAR. B 4 arEn, SEE AT 12 1, 9 BrAl 10 Fri g s i s, A, 2Hid (A
HOKT 14 1, 24 BrAn 25 Bl (g P e ss, BAANEAR . HREEREY], RHVIHE RIETET T
SBIRIHT 25 Bz, RHT 15~25 /NI S FAd (B 07T DAGRIIE THE 45 R il sl .

DOI: 10.12677/ijm.2019.81007 59 VAEZT T


https://doi.org/10.12677/ijm.2019.81007

Bl &

4.3. B4

TEARZ S A RO EA b, SR VIH S Il v AG IR 7%, BE9E T BBIRT 25 Bl R HRAL . n
S5()~E 525w, & FEEMNDILS KIEENITTRESR, A0 ERTEmIT RS R, 56
1~25 MR E I AR A 1) YIS R MG BRI VETHEL A 1~25 BriR 7 4 SR AS A — %,
{EARZEAAE . WR TR 1~7. 11~131 164 17, 20~22. 25 IriRBIFEAKE, 8~10. 14, 15, 18,
19, 23, 24 REFAE—E 0. 2) ZHIREK B EE AR BIIREL. 7 A 8 By 9 Bl 10 iy 14
BrAn 15 By 18 Bl 19 Biry 23 [l 24 BirdR 28y #5 B S A0 (B ) R AR AR 28, 1y L R S A0 A %) 2 ) e 2
I PO RR R (R4 2 B AN 3 B (B0 B B ) o SR YD EG S R I VARG BR T 720 SR Y,
B ZRAFET 8 M REL. 8 B Al 7 IR AN B AR AR TR, PIFETHE 7 B RBY M 45 R — 30
ERPIFN T2 AR 1) 8 BrRTL AN AR X P RAEAET 18 B AT 19 B aRZY M THELS5 R o Sizhr I,
7 A8 B 18 A 19 BN E S AR AR X B R B SR A BR e ik v B, SRR 8, RRREA
SRl R T 90 o HUZ 7 BRI 8 By 18 AT 19 [k EE AT AT AR . () 4R B A SR F U B R A T vk
T, SREA—B. 2 EATR, TEVH5 Y [ SO T AR IR T, SR VIS Kl /A Ry
HEHIL T ARG R, R

140 1 145
138 -
. ,n
136 \ 140 I\
'\ |
— \ I
N 134 [ ~
T | N |\
i A z A
ﬁl-'E;g 132 f \w, /.\-—-~l—l~l—I—I—I—I—I—I~l—l—l Jg:i 1351 | \\
T 130+ Y P [
[ " z L S ——
— | | \/
& 128+ | & 1301 |
=)
[ = [
126 - , r
| |
|
124+ r‘ 125 “
|
|
122 A " [ ]
120 T T T T T T T T T T 120 T T T T T T T T T T
6 8 10 12 14 16 18 20 22 24 26 6 8 10 12 14 16 18 20 22 24 26
B A2 B S 2L
600 600
1 u
5504 .1 550 \
\ ] |
. 500 \ . 500 ,
z g £ | |
vl ot |
§ 450 | $ 450 \
X S \
T o \
400+ \ 4004 \
& &
& 3504 \ &0 350 |
| q ! "
| L] /
4 | 4
A0l ‘l\ P S0 \\./ \ g E-E-E-E-E-E-E-E-E-E-E
"\ "y s mmEEEEEEEE 1 -
250 . 250
200 T T T T T T T T T T 200 T T T T T T T T T T
6 8 10 12 14 16 18 20 22 24 26 6 8 10 12 14 16 18 20 22 24 26
B S 2L B S 2L

Figure 4. The relationship between frequencies and the number of interpolation points
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