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This paper is concerned with the reconstruction of a defect in bent carbon fiber reinforced plastic

(CFRP). To detect a defect in a bent CFRP, the time-reversal method first proposed by Fink is consid-

ered. The 3-D finite element method (FEM) is utilized to obtain scattered ultrasound wave data from

a defect in the curved area of bent CFRP. The scattered ultrasound waves obtained by the 3-D FEM

are time-reversed and sent back to the defect to identify the defect position using the time-reversal

analysis. The cross-spectrum is used to evaluate the convergence area of time-reversed waves from

an array transducer. Numerical results show that the time-reversal method has the possibility to be a

defect detection method for a bent CFRP.
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Fig.1 Analysis model for bent CFRP (a) 3-D perspective view and

(b) x1 — x2 sectional view.
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Fig.2 Group velocity curves of (a) unidirectional CFRP and (b)

isotropic material.

72U, m I ERER S, IEREE e DER, t; 3R
HeERT. 22T, AW EIYN)IARRT S L

[K{uwi} + [M{ii} —{Ti} =0 Q)

b, K WEEERE< Y 22, [ M X2k ERT MY S
2w} WHIREMNRZ VT EREHRZ bLERT.
ZZT,RG) EUE 2B B {i} A TEMLU,
KRG 2EEETHL. M) ICBRER(LERL, [M] 253
FHERET B, B+l ATy TIZBWVWT, R G) IFLUT
DEIITEES.

{uitnir = = [(A)[M] K]+ 2[E]] {ui}n — {uitn-1 (©)

7L, [E] QBATHITH B, 7.1, 7.2 Hi TR 34 HE, 5157
fED T, R (6) %, BRI T & T, NEMNT, K S s AT
FNENDFE n AT v FIZBF DL {ui}, ZKDZB Z LM
TE5. b, AWM TIE, 2 WocilE % o 7= iiam>x D o &
5 {2 CFRP [ % O RINBE R & 28 A LT v, 7 8T
D 3MITEHR 7 CIVERERMITE 2 BEIZBPIEKTH S
DAL 5T, RINBE R O MG X 512 BRI O KIE 72 8%
720 ThH D, FBRAMEEZER, 2O LSRR EM -7

5. —7/ M CFRP B 2D ETILE
AHi T, JEth CFRP @ & F Uiz e B 7z, bk @ B o e
FFEIZDWTHIB L T <. CFRP D %5V %, #iHE Ol iz
WIFT 5. D0, BHNZIE U TRAMOES VWAL T S
Zrensd, 2 ZTiEEiEmse D FEEE, M S U TR
EREGADHEEIMS. b, Xk ® Tld, FI1E CFRP 12 %)
UTC RABKDHEZE->TH D, L —¥ — 5 i 4R R
R d 22T, RAMOBEEEZERL TS,
JEMER 5 DMEHME S 1, Figl3 =T & 21252 5. BN
D F 1O [l 1, FRlomEREs iRz Hw 2 10,

C'=KCKT %)

(®)

center of rotation

vertical region

Fig.3 Enlarged view of bent CFRP curved area and group velocity
curves for (a) # = 15", (b)# = 45", and (c) § = 75°.
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Fig. 4 Conceptual scheme of time-reversal method (a)scattered
wave forms received by elements of a linear array transducer and

(b)time-reversed waves to a defect.
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Fig. 5 Forward analysis results for (a)-(b) CFRP and (c)-(d)

isotropic material.
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Fig.6 Time-reversal simulation results for CFRP.
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Fig.7 Time-reversal simulation results for isotropic material.
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