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Resonant ultrasound spectroscopy (RUS) is widely used to evaluate the characteristics of small solid specimens of

single crystals or anisotropic materials. The elastic moduli of the solid body can be determined by measurement of

the natural frequencies exited by a pair of piezo-electronic transducer. In this paper, a numerical technique for the

determination of the elastic constants in RUS testing is discussed. An alternative evaluation function for the search

algorithm of the elastic moduli is suggested, and boundary element analysis is applied to calculate the eigenvalue of

the 3 dimensional vibration of the isotropic and anisotropic solid body. Some numerical simulations for steel block

are conducted to demonstrate the effectiveness of the present method.
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Table 1 Specification of mild steel

Young’s Modulus E = 199.6 [GPa]
Density p=T7.898 x10°  [kg/m?]
Poisson’s Ratio v = 0.290
h=13.95 [mm)]
Dimension w=10.005 [mm)]
d=4.994 [mm)]
[mm]
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Fig.1 Analyzed Model : Mild Steel

Table 2 Resonance Frequency of Steel Block
Mode  [kHz] | Mode [kHz]

80.846 11 223.08
99.103 12 238.29
136.10 13 259.75
161.13 14 260.88
167.76 15 267.80
169.82 16 268.77
174.37 17 277.70
187.82 18 281.21
212.85 19 295.52
220.04 20 300.76
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Table 3 Search range and increment in the first search
Search Range [GPa]
190.0 < E < 210.0

0.27 <v <0.31

Increment [GPa]
AE =20
A v =0.004

Table 4 Search increment in the second search

Increment

AE = 0.1[GPa] A v = 0.001

E[GPa] v
Fig.2 Solution space estimated by Eq.(8) (Conventional
method, Example 1)

E[GPal v
Fig.3 Solution space estimated by Eq.(11) (Present method,

Example 1)

Table 5 Identified elastic moduli (Example 1)
First Search

Second Search

E [GPa] v E [GPa] v
Conventional 200 0.294 199.6 0.29
Present 200 0.294 199.6 0.29
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Fig.4 Solution space in the sum to the 5th order (Ex-
ample 2)
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Fig.5 Solution space in the sum to the 10th order
(Example 2)
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Fig.6 Solution space in the sum to the 15th order
(Example 2)
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Fig.7 Solution space in the sum to the 20th order
(Example 2)
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Table 6 Identified elastic moduli (Example 2)

Young’s Poisson’s Number of

Modulus Ratio Iteration
5th order 199.6 0.29 5
10th order 199.5 0.29 6
15th order 199.5 0.29 6
20th order 199.5 0.29 6

E[GPa] v
Fig.8 Solution space with 3 effective digits of input data (Ex-
ample 3)

log, o ®

E[GPa] v
Fig.9 Solution space with 4 effective digits of input data (Ex-

ample 3)
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Table 7 Identified elastic moduli (Example 3)

Effective First Search Second Search
digits E [GPa] v E [GPa] v
3 198 0.278 199.3 0.29
4 200 0.294 199.6 0.29
[mm] 1

14 ‘f’
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[mm]
Fig.10 Analyzed model with coordinates inclination
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Table 8 Identified elastic moduli (Example 4, Case A)
o E [GPa] v
0.1 % 199.5 0.291
0.3 % 199.5 0.294
0.5 % 199.3 0.295

Table 9 Identified elastic moduli (Example 4, Case B)
0 E [GPa] v
1.0° - -
0.5° 197.2 0.272
0.1° 199.1 0.286
0.05° 199.6 0.290
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Table 10 Specification of ‘Si’ Single Crystal

C11:165.7 [GPa]
Elastic Moduli  c12=63.9 [GPa]
Cc44=79.6 [GPa]

Density 2.34 x10%  [kg/m3
h=5.0 [mm)]

Dimension w=7.0 [mm]
d=10.0 [mm)]

Fig.11 Analyzed model : ‘Si’ Single Crystal

Table 11 Scheme of Two Step Search

Search Range [GPa]  Increment [GPal

¢11=160.00 170.0 Ac11=1.0
1st Search c12= 60.0 O 70.0 Ac12=1.0
caq4="75.0 0 85.0 Acga=1.0
c11=162.00 166.0 Ac11=04
2nd Search C12= 61.0 O 65.0 A012:0.4
caq4="79.0 O 81.0 Acyy=0.2
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Table 12 Identified elastic moduli of Si sigle crystal

C11 [GPa} C12 [GPa} C44 [GPa}

1st Search 164.0 62.0 80.0
2nd Search 165.6 63.8 79.6
Exact 165.7 63.9 79.6
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