|

) <

The University of Osaka
Institutional Knowledge Archive

Title NA Ty FREREREEZAVCKEES AR I

Author(s) |#, =5h; EE, EHBI; =ik K&

Citation E;&%W?%Eﬁiﬁ AfE. 1999, 65(630), p. 210-

Version Type|AM

URL https://hdl. handle.net/11094/89239

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



NATYy FEREREZHAVWERERT AE I 21— g 7

oo AT EE BT, Joon Chul CHOT™, = gk % #™

Large-scale simulation of Lamb wave propagation by Hybrid Boundary Element Method

Takahiro HAYASHI™®, Shiro BIWA, Joon Chul CHOI and Shigehisa ENDOH

*SNational Institute for Resources and Environment, Onogawa 16-3, Tsukuba Ibaraki, 305-8569 Japan

The simulation of Lamb wave propagation is an efficient tool to improve the accuracy of
non-destructive inspection of metallic plates by ultrasonic methods. However the widely used
modeling techniques such as FDM, FEM and BEM require too much computation time. Since the
Lamb wave technique is often used for large structures relative to the ultrasonic wavelength (e.g.
fluid pipes, storage tanks etc.), its computing requires a huge number of nodes or elements which are
nearly proportional to computation time. This study is therefore focused on the Hybrid BEM
(HBEM), which is the combination of exact Lamb wave theory and BEM for two-dimensional
elastodynamics. In HBEM much less nodes should be considered in the calculations, and it results in
much shorter calculation time. A description of HBEM used for Lamb wave simulation is given in
this paper. The parameters for the exact solution of Lamb wave propagation were optimized to
achieve the shortest calculation time. Finally, an effective simulation of a large structure is

presented under pre-determined conditions.

Key Words: Ultrasonic Inspection, Boundary Element Method, Computational Mechanics, Lamb

Wave, Large-Scale Simulation
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A =0% 7= & X BT EBRE Do S
y=0 IZxF L CIHXNHRTH Y IEXNHE—RFEHEITN,
Ay =0% 74 & X (5 I W I E M y=0 1o % L < %t
MTHOOYXHBRE—FEFEND. EXFHRE— FLEY
HHE— FOREBEBITIERICHEMET 20T, —K&
IREXRBE O T — F S IEICIESHE— K
A0, A1, A2... & 72 13 xR E — RIZ §0,S.,S2... L it 5 %
3. F 7 B X

TR, MHEEERERICSESE— NEA O®HE S
RO

x,y FMOEMIZIKOXNTEZLND.

U, = S (5)
2T out, uSIEENEN i(=x,y) WO IR FR KD
ﬂ%%b‘}*\@%ﬁ’f‘i})@ RANPLELNLD. 2B,
exp(—it) I LT X TCIWCHBEBOHEELTHFLDOTLUFTT

ILEMT 5.
ul, = ZVIAjﬁij ................................ (6+a)
$=Sy
uAy — ZV]AjﬁAJy ............................... (6-b)
§=§q
ud, = ZV]SJ'”ASJX ................................. (6-¢)
fzfy
uSy — ZV]SJ&SJ)/ ................................ (6-d)
§=§$
&—OﬂmiyRﬁﬂm@ﬁ%W&) """" (7-a)
iy = (&, cos&,y—R,i&cosé,y)exp(idy) -+ (7+b)
TR :(ifcosfay+RS§ﬂ cos&yy)exp(idx) -+ (7+¢)
MA y = (_é:a Sin éay - RSlg Sin é:ﬂy) eXp(léx) .... (7 : d)
ZZ 7T
R, = _2215503 COS(é:a d/2) ..................... (8-a)
&> =&, Jeos(&, d/2)
RS — 2155«1 Sin(ga d/2) ..................... (8 . b)

(&2 &, Jsin(¢, d/2)

Thd. 2L ¥
§=§Aj

jICBT DA, =00 &, KFDSITRALL

X j(=0l...0)%F B DI EXFFHFE — K



EokfmzERL, Y FIAHBE—FTORMTH D
&=Ly

VI, VIgi4E— K= %% i % e+ 5 5706 %

BThy, BRARENPORESIND. ETLEMNND
T A T OIS J) 3
1 ou Ou
— o x4 e 9.
T ﬂﬁ& 7®] (9-a)
0
T, =U ﬂ_‘_% ............................ (9-b)
¥ ox Oy
Ou, 1 ou,
— B 9.
Ty =HY o ﬂ ayj (9-¢)
IB:(CT/CL) , 7,:1/13_2 ....................... (10)

CkoTsRkRdDoND., piIMEEEETH 5.
BERE&MHELE L TR Db Y I

—J. Elexpli(& —wt)ldé  y=+d/2 -+ (11-a)

r, =0 y=-=d/2 -~ (11-b)
7, =0 y=%d/2 -~ (11-¢c)
EWV O MMIRE Ao REICHML S E, K7D

RIERBIT XKD L S ITRESND D,

V[Aj = _1 iZ(f)(éjz _ §ﬂ2 ’)COS(é:ﬂ d/z) ....... (12 . a)

H A,

vy =% iZ(e)e - CfﬁZ,)sin(fﬂ d2) .

H Ag

!

SITA,, AEERENA,, A D EICET B EME K

RT. Tl R IXEREM4R

?mwpm@x WﬂIJii —4dj2-- (13-)
=0
0

y=-=d/2-- (13-b)
y=+d/2 - (13-¢)

&N D R O R i R T R 72 3R R 4R Bh = B S ) &
MLEHBEE, ()7 — ) 2 EHBOKTH Db Z(€)

L7 — U BRI E - TRD B 1,
1 = .
7€) = 7,y explilge - oniix

_ 9 sin(&, —&)b
”(0_5)

En. RAHEHWEEE, KA)EFXA)DOE TE
ERTILENTED. LERs TEREEXRU)YD S X
O AL B RR ok LT, X (GB5)~HK(12) Iz k- T
EEROEMBE RIS N ERDD LB TED.
2.2 BREFZICED2RATHEMEMBEDOW
LR QAR RANE S 1) NS s RPN 4 1) D =W

2 2
(CL —Cr )u”j ey +a)2uj =() eceecceccscce (15)

Tohbv, FRmHX7 b
Py S T L, e (16)

A}

(n, 3ERTOHEMEES2 bL) LB, 20Ok

JUV = AANLEPNLERES TRAIRTERS
nd.

¢, (V)u, (r IPU r' r)4 NI = J. (r r)pj(r’)dF

CZTrIIEEARZ bV, rIEERT EOMESRY b
NERL, c,TrBBoNREREDO L EIIMAERIC
12 DfEERAHEEEFF>T YLV THD. iz, EAR
7wy, p il

(c," —c; Wi + e’ u ju + @u'y ==5,6(r' )

ecccccccccee (138)
BIXoXo),Xge)yrokwoonzs oy r<chd
B ZM). T 2 T 0o, Kronecker 7 /L4 TH Y, 5(r'—r)
I Dirac DT VX B TH 5.

RANOEABE TS, ZNETNER I &I
BEME O " bn 25, r=f-rf-50I1C 8\ T
uy=00/r), pi=00/r DR EZET DD, O
FEREMBO T2 N TET, Fo kN EO L ARM®
w iy B ptMy BB NT 5 00N — R T H D
uy—u Tyl py - p T IIERITH 0, F T I R R

PERFGI W=D, T HIEFDOFEE Gauss D 2 - T
A ENTE S, £ p™ 0 R Ry LTV g

cizﬁ%®EW%\wgwm%m%#%@ofﬁﬁé
N5 20X HICH/ SRR (170 8L BRI

EWVWIHALESN. FRNE RS, u, plEENE A H A
TDx,y T DEN, R Z2HEFITHHOXT ML, H,
GixzhZhpy, u*,j@iﬁﬁ%év\%gggkﬁ“éﬁﬂf‘
D ERAERETIHEE, aE 7213 pD RHE 2K (19)
DHFBABICFLWZORMBEOELRD LD Z LN T
5. —RIEERMPIRICR L TERE S ER I
MERLZHWTEAPBEBRIMENRRDBNLD. AHIC
BWTIL, MBEEFOR TR LM 2KRERLY, £
SRS L LT, Gauss D 4SS EH W, 2 h b
ERWEHERERBICL B0 ELEIZ SN TIE, M
R P HE R0 P HE 22 3R Ay B o 3 T K o HEL PR G A O L
kg5 Z iz ko CTHERLE.

23 N TYy FREAEZEFRZEDERXL 20k

C KRB DAFAET D M B2, KD ok e
BREAMERERICSELTERLD. Z0LE, T
zTh



TEI 4 A~ LAMB fH3% 1, BEM §6 I , LAMB fH3K I &,
EHRAED, , [y, Ty, T 20 X924 3T 5.
BEM il M2 W\ TiX, kO MMEE BEM O X 91
KANDITHHE GEFMANTHZ ENTEH. /75 H
G%i@%&,%@ﬁN&%wmp®5%ﬁﬁFwF

CHIRT BT B LR P EZE N TR AT 1

~4TRYT L,
H=[H, H, H, HJ] - (20-a)
G=[G, G, G, G, -----nnnnn (20-b)
u=lu, u,” u,’ lhTT ............... (20 ¢)
o b p p 20-4)

7y, K(19)F
H,u, + H,u, + Hyu, + H,u,

— G]p] + G2p2 + G3p3 + G4p4 .................... (21)

THRIND. /[ I1TH eDIEEITHI TH 5.

Fig.2 Hybrid Boundary Element Method

for Lamb wave propagation.
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Fig.9 Comparison between (a) Lamb wave theory and (b)HBEM

without cracks. 6, =6, =57.3° (A0 mode generator and receiver).
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Fig.10 A signal of (a) A0 mode receiver 6, =57.3°
and (b) SO mode receiverd, =25.7".
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