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Estimation of Modulus of Elasticity of Elliptic Plates Using In-Plane

Natural Frequencies
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Abstract
This paper proposes a novel formula which can predict the Modulus of Elasticity (MOE)
of Elliptic Plates. To start with, two of the in-plane flexural modes were carefully
selected from Finite Element Model. Each of their mode shapes was approximated by
a simple shape function. The potential and kinetic energies were integrated over the
whole area, and the equations of their natural frequencies were derived by Rayleigh’s
quotient. Finally, a formula for estimating MOE was constructed by properly
rearranging the two frequency equations. The newly developed formula was a product
of mass and two frequencies. Different Poisson’s ratios were then used to evaluate the
formula. Satisfactory results verify that the estimation produces relatively small errors

for various axis ratios as well as Poisson’s ratios.

Keywords: elliptic plate - vibration mode - Rayleigh’s quotient ~ Modulus of

Elasticity ~ Finite Element Method
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n=0 E
r(zalb) fi",Hz fi,Hz ", Hz f, ,Hz E™(MPa)
10 2630 2927 2980 2027 8.97
11 2483 9727 2819 286.0 8.97
12 2328 5586 2752 2803 8.95
1.3 2181 9415 2706 2753 8.94
14 2047 2291 2672 2710 8.92
15 1925 92182 2646 267.2 8.90
16 1816 2086 2626 2639 8.89
1.7 1717 2001 2610 26009 8.87
18 162.8 1924 259.6 258.2 8.86
19 1547 1855 2585 2557 8.85
20 1474 1793 2576 2535 8.84
*FE @y 7 @ * (19

n=0 E(MPa)
r(=alb) (11) (16) (19)
1.0 8.071 10.018 10.078
11 8.291 9.715 10.070
12 8.279 9.641 10.055
13 8.157 9.659 10.034
14 7.986 9.720 10.015
15 7.783 9.804 9.992
16 7.578 9.904 9.979
1.7 7.364 10.010 9.964
18 7.157 10.111 9.949
1.9 6.953 10.217 9.937
2.0 6.761 10.324 9.932




n=0.3

r(=alb)

fl, Hz

fz,HZ

E(MPa)

(1)

(16)

(19)

1.0
11
1.2
1.3
14
15
1.6
1.7
1.8
19
20

2315
220.2
209.4
199.2
189.4
180.2
171.6
163.5
156.0
149.0
142.6

341.8
326.4
313.8
303.6
295.4
288.9
283.6
279.2
275.5
272.3
269.3

6.254
6.520
6.698
6.805
6.837
6.820
6.766
6.678
6.572
6.450
6.328

13.632
13.024
12.535
12.158
11.879
11.687
11.551
11.454
11.387
11.337
11.283

10.349
10.340
10.313
10.282
10.244
10.213
10.184
10.149
10.118
10.082
10.045
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