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91 R <, 0B R L BNER Lz, Rifsd, R E2 6 3 2 i % b o EMHER{L 7 7 X F v 7 (Carbon Fiber
Reinforced Plastic, CFRP) DN # a3 2 ik o ZB@ic o W9 cd 5. [EEME 2 a3 2 ki, &85
TN ZRIEIEREZIZI LD L T2 TENFHICHE T, K AHIN TS, HHMME 2 G 2 kR EEcE s 2 %<
OHFRIZBICHE I T3, $72, B, OERIZIROWIESE b > CFRP % {ailtd 2 ik ehic B+ 2 HiHicowT b B
S hCwa, chickL <, EEEZET MM (LT, difft) %> CFRP Z{niitd 2 Bk ENIc B3 2 Mmic o
WCRBEEINTEL T, TORMRLELN TV, X HICIEETIE, 3D 7Y v M ic X 2EkiHHE CFRP ok IcB$ 3
T - FRBEAICTbRATHE T e b, S&RITEBAMHMERMZ > CFRP sz 2 c e R TFillldhs, Z0zd
e CFRP % {ofi 3 2 b 0288 2 B O 2 ic L, Z oMER%E RS 2408085 2. D EoWlREL» S, dhigif CFRP ol
BACHRZEB) 0 fRH] & B ORGSR, HESR L Z2B5R0ICHBI 2R3 2 L 2EHI L L.

B2E THEY I 2L —v a VIC X 2RSS o v L) <id, it CFRP 1< 51 2 Wikl o 2 Rtz sh % v]
LT 2 7zoic, ARENMEEZHCREIEY I 2L —v a ¥ %175 7. CFRP O EMIZIRCTH 2354 i, HHIZRHE
HWEDROIRE —BT 5 L 2HER L 72 LT, il <d 2 548101338, MRS Aiicwsrt 2 & 2
LT L7z, & bicilifiiiE CFRP ISR % 15 L2356, WHAMEE 2 ZE 2 A0l L Tl 2 e %R L.

% 33 [T LEEE I X 2 e B o vt <k, BhigiE CFRP BBiA # a3 2 ik 2, v —¥ -
WAMEALEEE (LUVID) 23 2 & CEBRIICAEILLZ. Thick - THE2EOREY 3 21— a3 VIEROWIF 21T\,
T HIC 3 RITHICIE L 25 A 0EIBIRICOWT I FEE L 2. MHEEHEEL —ETH L 2 L EOKET T, @i
CFRP 3 EHMERHME CFRP & A0 PR i fifii # 5> CFRP ofiaabe & LCERIBIcE 3 2 & 2f5h L, dhifftitohc
b FELOHERENSHEICEH T2 22 L L7z 3D 7Y v 2 2RI L CERLL 7 [HL.O IR highifE CERP 3B& R o Pk o 2 K
TCEMZER % LUVIIC L > CTR[RILL, B2ECEEY 12l — v a VIERBZYTH L2 RLE 3bic, EIMNERLS
FL.O MR EhgkiE CFRP RERA 2 HE L, 2 FhoRERA Cow Ttk o EiED 2 v g+ 3 2 & <, RSO M
TR ihRAE CFRP % 3 XOCHICGIR T 2 3540Cid, ZOWHEERA 7 07 v v HEICw AL & & 2R L 77,

B4 THHMIRO W2 A% Tl 2 Stip LK <1, dhfiE CFRP H % 8tk 23 2 XoThicialit L 25 A 1o n T,
Z OWEIGIRO 03B % TMT 2720 DT IEERE L. T ORE L 7= AR MR i X% (Stip 7% © Shortest time path
distribution method) (%, Pk} DREHE AR AR % W CEIEIBIR % Ko 2 5ETH O, PRI ER & RO S EED,
D EEERBBROFERBARBICT 2L ICT 22 L CHEHRERD 20D TH 5. Stip K THEE L 72 HEIK &
LUVI CEHI L 2 WEBIRA BT 2 2 L 2R L, RETFEOFIEZW L2 ITL 7.

% 5 5 [RLO MR EhHE CFRP o ik (Rl ghic B3 2 BN <k, FLOHREREHE CFRP % (Rl 3 2 Btk ok
HTZRICE T 2 BN D W OR U 7z, B, EREEREE, dhp G & OBl & 74 2 Rt EFR L, ZhniFfEo
SMFETIE, HERIRSEMEICHHBIEIC A2 L 2FR L2, ChiCo2WT, 2RICS L O 3 RITWICElT 2 50 7 i
DWC, ZEFRAICE WA EBEN ARG E TV, FLOMEIREREHE CERP 23458 M a1 2 5 ARl DR T H 5 &
Bl EBEAIC, ZOMBAIAKIT S 2 2R L. 72, LUVIIC X 2 AL ERZ 1TV, EREO RO MR i CFRP
AR IC B CH MBI T 2 2 L R L 7.

W 6 = [t CFRP (B 2 BiVEI o 258) & BsR 0 G ] <3, BiEE $ <@ L 7 ki CFRP th o i mik e §) &
PREL 2B ICHEI % R U7z, BRI E K ORI 2 V) 0 B x 2 REFHRE A4 v F~oJsHfl &, dhighit CFRP
KCBWIET7a—RT74v 7« T3IvyaVEOMBEERME~DISHBNICOWT, AFLER T > GEHORREREE R L 72,
$ 72, HBRHE CFRP 1B 2 7 = — X F 7 LA GO FIEICN T 2 @A REM: 2, By 12—y a Vit > TRL.

W7 E ] Ci, AMMEORECHEONERELRIEL TR Z & L bic, KT O L 72 ihiiliit CFRP oiitlivis
BB+ 3 A HERICOWTE L D 7.

5« FMSCE IR, FISC 2000 2 & B30 300 5% 1 ET T 52, b LI 800 8% 1 HHEH LT 72& W,
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This paper describes a study for the elastic wave propagation in CFRP (Carbon fiber reinforced plastic) with curved
fibers.

In chapter 1, it is described that the behavior of elastic wave propagation in CFRP with curved fibers needs to be
clarified and formulated for engineering fields such as non-destructive testing and ultrasonic device.

In chapter 2, 2D elastic wave propagation in CFRP with curved fibers was visualized by the numerical simulation with
finite difference method. It was realized that the wave front shape was distorted in the fiber direction.

In chapter 3, the results in chapter 2 was confirmed by the visualization experiment for 3D printed CFRP specimen with
concentrically curved fibers. Furthermore, it was shown that the wave front shape was distorted in a croissant shape when
elastic wave propagates three-dimensionally through the specimen.

In chapter 4, the method, Stip (shortest time path distribution method), to estimate the two-dimensional wave front
distortion of CFRP with curved fibers was proposed. Using this method, wave front distortion can be obtained only from
group velocity distribution curve of the materials. The utility of the proposed method was proved by showing that the
estimated wave front shape matched to that from the experiment.

In chapter 5, the dimensionless number consisting of propagation time, representative group velocity and distance from
the center of the curvature was defined, and the similarity law for elastic wave propagation in CFRP with concentrically
curved fibers was described based on this number. It was found that the wave front shape of elastic waves with the same
dimensionless number becomes geometrically similar. This similarity law was proved mathematically from governing
equation, and verified by conducting experimental visualization for 3D printed CFRP specimen.

In chapter 6, the application examples which are applying characteristic elastic wave behavior in CFRP with curved
fibers and the theories proposed up to the previous chapters are introduced.

In chapter 7, the results obtained in each chapter of this study was summarized.
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