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APPLICATION OF BOUNDARY ELEMENT METHOD FOR RESONANT
ULTRASOUND SPECTROSCOPY
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Resonant ultrasound spectroscopy (RUS) is widely used to determine the elastic moduli of small solid specimens
like superconductor of a single crystal. The variation of elastic moduli can be related to the microscopic
structure or defect of the solids. In this paper, an alternative numerical method based on boundary element
method is discussed acquiring and analyzing the resonant ultrasound frequencies of anisotropic solid. The
resonant frequencies derived by present formulation of BEM are comparable to those obtained from other
more conventional technique and those derived from experiment of RUS. Some numerical simulations for the
steel and Si single crystal are conducted to demonstrate the effectiveness of the present method.
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Fig.1 Schematic of resonant ultrasound spectroscopy method
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B: Quadratic Interpolation

A: Linear Imterpolation

Fig.3 Interpolation of fundamental solution on 6,-82 plane

Table 1 Specification of analyzed model : Mild Steel

Young's Modulus  199.6 [GPa)
Density 7.808 x 103 [kg/m3]
Poisson’s Ratio 0.290

h = 4.994 [mm]

w = 10.005 [mm]
d=13950 [mm]
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Table 2 Resonant frequencies of steel block estimated by BEM analysis [Hz)

BEM : 81Nodes BEM : 208Nodes BEM : 425 Nodes
Mode 24 Boundary Elements 54 Boundary Elements 96 Boundary Elements
8 Volume Elements 27 Volume Elements 64 Volume Elements
A B C D A B [¢] D A B (o] D
1 81.97 81.97 92.93 81.97 81.07 81.07 82.29 81.07 80.85 80.85 82.12 80.85
2 109.27 | 109.27 | 110.90 | 109.28 | 100.58 | 100.58 | 102.22 | 100.58 99.10 99.10 | 100.79 99.11
3 143.25 | 143.25 | 143.94 | 143.25 | 137.25 | 137.25 | 137.95 | 137.25 | 136.10 | 136.10 | 136.82 | 136.10
4 170.24 | 170.24 | 170.15 | 170.24 | 164.44 | 164.44 | 165.51 | 164.44 | 161.14 | 161.14 | 162.39 | 161.14
5 177.10 | 177.10 | 177.00 | 177.10 | 168.62 | 168.62 | 168.59 | 168.62 | 167.76 | 167.76 | 167.75 | 167.76
6 182.99 | 182.99 | 183.73 | 182.99 | 171.63 | 171.63 | 172.57 | 171.63 | 169.83 | 169.83 | 170.79 | 169.83
7 187.99 | 187.99 | 189.11 | 187.99 | 174.93 | 174.93 | 174.82 | 174.93 | 174.37 | 174.37 | 174.26 | 174.37
8 199.24 | 199.24 | 199.55 | 199.24 | 191.98 | 191.98 | 193.02 | 191.99 | 187.83 | 187.83 | 188.99 | 187.83
9 225.40 | 225.40 | 226.13 | 225.39 | 220.94 | 220.94 | 221.55 | 220.93 | 212.85 | 212.85 | 213.86 | 212.85
10 234.71 | 234.71 | 235.84 | 234.70 | 222.04 | 222.04 | 223.10 | 222.04 | 220.05 | 220.05 | 220.62 | 220.04
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Table 3 Resonant frequencies estimated by FEM, Ritz
Method, and experimental values(9 [Hz)

Mode | Experiment | Ritz Method | FEM : 270 Nodes

8x8x8 4x5x%x8

Polynomials Elements
1 80.93 80.62 81.81
2 98.06 98.25 102.15
3 134.53 135.42 138.55
4 158.50 158.94 164.12
5 165.83 167.22 170.47
6 168.71 168.48 174.09
7 173.42 174.08 175.62
8 - 184.88 192.68
9 209.20 208.47 220.61
10 221.18 219.16 223.41
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Table 4 Dimension of Si specimens (length = [mm)])

3.037 x 3.664 x 3.738
3.040 x 3.628 x 3.635
5.141 x 5.632 x 6.137

Silicon 1
Silicon 2
Silicon 3

Table 5 Elastic constants of Si single crystal

Cn  165[GPal
Ci2 64[{GPa]
Caa  79.2[GPa)
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Table 6 Resonant frequencies of Si single crystal by BEM analysis and RUS test [Hz]

Fig.4 A picture of RUS test equipment
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Silicon 1 Silicon 2 Silicon 3
Mode
RUS BEM RUS BEM RUS BEM
1 676.10 | 667.47 || 694.75 | 685.30 || 429.60 | 424.66
2 765.10 | 755.73 || 785.10 | 775.00 || 480.90 | 477.01
3 841.60 | 831.57 || 847.90 | 855.18 || 502.35 | 497.26
4 847.00 | 853.20 || 866.30 | 857.27 || 514.20 | 514.22
5 883.05 | 857.66 || 885.45 | 857.80 || 558.256 | 551.12
6 897.90 | 888.64 || 915.20 | 906.02 || 563.00 | 554.30
7d 927.25 | 915.35 || 950.85 | 937.23 || 592.30 | 586.73
8 956.75 | 947.85 970.20 | 962.23 600.40 | 594.07
9 991.65 | 964.28 || 993.35 | 982.19 || 610.30 | 605.85
10 991.65 | 991.76 1001.2 | 1000.9 610.90 | 611.75
11 1031.9 | 1027.6 1047.6 | 1032.9 632.55 | 625.75
12 1036.3 1017.8 1052.3 1033.0 642.55 631.61
13 1109.0 1099.5 1123.4 1114.1 670.35 663.59
14 1115.3 1103.9 1125.7 1114.4 686.85 680.67
15 1150.5 | 1136.6 1189.6 1174.2 689.90 | 682.95
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