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Resonant ultrasound spectroscopy (RUS) is widely used to evaluate the characteristics
of small solid specimens like ceramics, single crystal, and In RUS, the elastic moduli of
the solid body can be determined by measurement of the natural frequencies exited by a
pair of Piezo-electronic transducer, where harmonic vibration is applied on the surface of
the specimen and the output response of the displacement is measured to find its natural
frequencies. From the data of the natural frequencies, the elastic moduli of the solid can
be determined. In the present study, a numerical technque to identify the viscoelastic
property of the CFRP laminate by RUS was considered. The unknown parameters of the
viscoelastic solids were estimated by search calculation minimizing the objective function
with genetic algorithm. 3 dimensional vibration on the CFRP specimen was analized by
finite element method for steady state vibration. Through some numerical demonstration

about determination of viscoelastic parameter of the CFRP, the effectiveness of the present

approach was confirmed.
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Fig.2 Storage elastic modulus of Epoxy resin.
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Fig.4 FEM model for CFRP.

Table 1 Resonance frequency of CFRP obtained by RUS.

fikHz]  folkHz]  falkHz]  falkHz] fslkHz  folkHz]

192.00 372.05 395.66 433.23 440.31 478.15

Table 2 Search range of elastic moduli Er,, vy and vrr.

Ep [GPa] 125.0~145.0
VLT 0.30~0.40
vrr 0.45~0.55

Table 3 Search range of viscoelastic modulus(E7).

A1 [8] 1.0x1071~3.0x1071

A2 [s] 4.0x1073~6.0x1073

A3 [s] 0.1x1073~2.1x1073

A4 [s] 7.0x1075~9.0x10~°

X5 [8] 0.2x1075~2.2x107°
Es [GPa] 8.50~10.00

Table 4 Search range of viscoelastic modulus(G7r).

A1 8] 1.0x1071~3.0x10~1

A2 [s] 7.0x1073~9.0x1073

A3 [s] 0.3x1073~2.3x1073

A4 [8] 7.0x1075~9.0x10~°

s [s] 0.1x1075~2.1x107°
Goo [GPa] 3.10~3.60

AR WVTFITAVFITRL, R OBEEEAT brE
FHL 7.

RUSVEIZ W72 CFRP BB i, — 7 1Ak SR i 2 pt &
B AL PERIE 2 RO OB & L CEZEBHIE & B (VaRTM) 12
KO Ef STz, —HmRBEBELEMICIT = E/ERD Y
~F—7 MRK-M2-40 %, ~ R U 7 2 ftI5IcixF &7 A
7 v 7 %o DENATOOL XNR6809(3:#1)-XHR6809 (1L
#) & 72 HE O RS A A I3 60%, #6113 1435 kg/m?
ThHbd. VaRTM IZ XV SN TR LY, 3IBOREN
1.620mm, 2.497 mm, 3.566 mm O E 7K % 5] 0 H L TR
e L.



3.7 T T T T

Sl
g PR EC ity ;"'-----:-.
g 360 . ; 1
g | =
e Dol — s
8 i Seed 1
‘ """" Seed 2
34 Seed 3 ]
Seed 4
33 . ) ‘ ‘
" 2 40 60 80 100
Generation

Fig.5 Generation v.s. fitness function (CFRP).

Table 5 Elastic moduli Er, vrr, vrr of CFRP estimated
by GA.

Er  125.5[GPa]
vyt 0.31
vTT 0.49

Table 6 Visco-elastic parameter of E% and G of CFRP
estimated by GA.

Ep LT
Ais] 1.45x 107 251 x 107!
28] 547 x 107*  7.32 x 1073
As[s] 1.77x 1073  6.53 x 107*
Aals] 7.68x107° 8.91x107°
As[s] 1.84 x 107°  1.57 x 107°
E+[GPa) 8.89 3.22
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Fig.7 Loss modulus E7 of CFRP estimated by GA.
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