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IDENTIFICATION OF ELASTIC MODULI BY RESONANT ULTRASOUND
SPECTROSCOPY USING SHARPNESS OF THE SOLUTION SPACE
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Elastic moduli of the solid body were identified with the resonant frequencies obtained by resonant ultrasound
spectroscopy (RUS). In the calculation to identify the elastic moduli, iterative analysis is applied to minimize the
evaluation function varying the elastic moduli. In the present paper, an evaluation function based on determinant
of matrix is proposed, which does not require the order of the resonant frequencies in the numerical identification
process. Furthermore, sharpness of the solution space was employed additionally for the search algorithm in order to
overcome the problems owing to multimodal distribution of the evaluation function. Boundary element analysis was
applied to compute the 3-dimensional steady state vibration of the solid body. Numerical demonstration for the Si
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single crystal are conducted to illustrate the effectiveness of the present method.
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Fig.1 A picture of RUS equipment.
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Fig.2 Solution space for the two dimensional search.

Diz =0 (9)

b LEMLIC BV CIRE S W - HIEERHERII—BTnid, &
ROBHT M) 27 D; OFTFIRIL 0 L 252 s h
5, FZC, 75 det D; 22 TEME LB LIZEST,
DTk AR EE#RT 5.

n 2
P = Z{Widet(pi)} (10)
i=1
CCTCHEBERIIBIATHNRANMEERLT H700, DT
DRTEEE NS EREE W, L HALL.

1
Y = Gt D (I

3T, BAFER (10) THERHNIFMPBIRNE 258
BOMMERY, KOLREWHERE LTHESNS, L
LD OMEMOMEIEL, Fig2 ICREND L) IHEET
REBEMPENTVS L) RHEITIE, BEMICBIT A
IMEASRME L %2 63, FEEZEMORE (FAH) OMIRES
RELTHESATLED.

DXy ICBMEYRAMEIC - L 2 VWERIIE, BHEsE
RIHRAE RO EREL L, Hi4OHBPELLNDEN, »
FRIZLTH, BEHRICBWTHRLIB/MEO L, T, B
FTAHFMEAKDMBE DEIHMEBIIKELRLD, Thbb#E
LRAADEESHKE LB/MENPBOER L 2 5HENF WL
#BSh3,

FITERXTIE, BREMOB/MEDER LIFET, BE
BB 2B/MEDEALOBE L FHIC AL L E2ERS.
ABXTEHET I ECOWE LI, BMIEHIIBV THRE
A3 < A O mE (2 KEMK) TH5.

BRI, KmE 25 £MMEERIC X b K (10) O FHEM
BrxBENICERSL, ThotMAebEesl LildoT,
BEMIIBITA2BOHEX, TobbREELERTS.

2

e=)" Ac?jg—cg (12)
B, EREHEHBIBWTRAL 22 TRTOBEER
CELTRMEL b0 EHRT S, o, BUERHBELT
i3, Bt S ERLE LT, BREIC 2 KM EA L TRERE
DHFEFT 7. PO Acy; 1FERTALEITH LODOFEHT
Y, RATEHSNI S L) LEHEMEEREBOEREL LT

Aci; = cij(max) — ci;(min) (13)

21
BEM Model , Earg
for Si Single Crystal [z f~

150 Boundary Elements T
125 Volume Elements

g

e

B

Fig.3 BEM model.

Table 1 Specification of Si single crystal.

width : 4.995
depth : 6.992
height : 9.851

Dimension|[mm]

Mass|g] 0.8001

c 165.7

Elastic Moduli® [GPa] | ¢12 : 63.9
C44 79.56

Table 2 Resonance frequency f measured by RUS and ref-
erence value f computed with the reference data(®).

Mode | f[kHz] | f[kHz] | Error[%)
1 250.10 | 252.56 -0.97
2 257.49 | 257.90 -0.16
3 296.03 | 296.19 -0.05
4 367.24 | 366.77 0.13
5 420.90 | 432.75 -2.74
6 433.01 | 433.01 0.00
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Table 3 Search condition for the Si single crystal.
Search Range Increment

c11{GPa]  163.0~168.0 0.625
c12[GPa]  61.0~66.0 0.625
cua|GPa]  77.0~82.0 0.625
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