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2-D elastodynamic time-reversal analysis using topological sensitivity
and its application to ultrasonic linear array testing
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This study conducts 2-D elastodynamic time-reversal analysis using topological sensitivity. The
time-reversal method is one of the effective inverse scattering technique to detect a defect in elastic
solids. The topological sensitivity is utilized to determine the convergence area of time-reversed
waves from a linear array transducer. The convolution quadrature time-domain boundary element
method(CQBEM) for 2-D elastodynamics is used to obtain scattered and time-reversed wave fields.
Some defect detection results obtained by using this approach are demonstrated to investigate the

performance of the present method.
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Fig. 1 Problems (a) design domain (b) topologi-
cal sensitivity.

THMMEA L RE SRS, 22T, KA L &
4&% L f:i%/aaﬁ’ Lo Pl 7 DR EBR SO0 LD

TB U BRMEIEEIE uo (2™, 1) & EBOREIK
Bnm ﬁra“at% DT — 2 ub* (2™, 1) DFETH D
LR O H I J(Q0) 2BA L, IREITHIT 2 Hil
PESE DB X NG b ED Y —REI £ D, KO
R, PR R T B

M T
:;m;‘l /0 plug(z™ 1),2™ Hdt  (4)

0<t<T)
pluo(z™,1), 2™, 1) = [ug (2™, 1) —u™ (2™, 1)]*  (5)

X (4) O HAPLBEE T(Q) AL, IREITHIAT 2 H
PR E D EHEINE bRB Y —BE LY, Ruli7 R
bz, 8, IR ERES .
3. HREREEE MROY—RE

Fig. 1( ) D& S 7, REGDAFAE U 2N Qg WD
IR 12, 3772 2 N 0D 22 (B e) BFEEL 72D
EE’\JYILB%I%: J(Q) &9 e, R, PR Y-
B, 22T D EE’J?FLE@%&@’E%‘Z%%, FEHE U 7222

= INANEEER - P01-01 -



OATUFEALARE

PO1-01

HOHBETHRUZETERIN, LFOATHERZ 6N 5.
J(€) — J(Q0)

Tlo) = Iy = ©

K (6) &0, EBOEFME ¢ © b KoY — g
&, HEGIRBIEANEA 35 Ji1A (J(Q2:) < J(Q0))
)é@“ié'czbb RKERfzE>2LEZ N5, A (4)-
£, AHEHTCIIN S b AT S — I T () 1 ZBAF DA
?526%6

T () = <g-[ﬁ0] x (A ofug)) + Pt * ﬁo) (x,T) (7)

A

1—v 1
Aijii = e {(5%53‘1 +6udjk) — W5ij6kl] (8)

Z 2T, dg(z, ) 1E MR Y —&E T (x) % MR i <
7= Z*ibf»%ﬁﬁ(ﬁiﬁ%@ﬁquab D, ZDORDILIE
o 95, it, 1L BIAATET, §lk 1% Kronecker @
TNRERT. ZOMEREYS %, JILEFEEI%E@% ug (2™, t)
EEBOEFIZE VRSN ET — X ugbs (2™, t) O
ZEREE U, M 2™ 2R E T 5 AR %= R X
X852 K’C“ﬁ?&bé. Z DR NERIRE & [Fkk iz, HERRAE
HEEET 5. EMEE RN EIETHES ?HZJ YR
FGOME 0, X (7) O RO Y —RRE T (x) %2 M5R4H
% Qo V\]%@%V\]ﬁfﬁ&)% & T, il 2B RO E,
5, Wk 2 RET 5.

4. BUEREHE

figthr € 7V, Fig.2(a) O & 5 72, MR Qr AERIZ
4 DOMEAEN (CE2 a) B3, £Ji 100 OHFETEES
BDETNAEZZD. EHITALET D 2 DDZEHDHLH
5 xo Jill 250 BN AMIEIZT LA BT 2 RE L, F
T % % A 0° TEfE L, Fig.2(a) D& 57 64 fHDFE T
z™(m = 1,2,...,64) TERAF U BELEIE» S, RAID
24 DALE, EE, AR %2 RE S 2 ik 217 > 7=
(1) ZRFTEMSRENERMT (IRRENT)

AN TG T 2 Ik, Bl 71 S™ RIS
2" (m=1,2,-- ,64) MSEDEA Y FY—ADY v /1—
?&@E@Aﬂbﬁt%i WA TH A .

L(x, t) Z Gm " t) x qrj(2™,t)dS. (9)

qr;(2™,t) = %52jA0(a —0.5) exp(—a) (10)

rEL [z;p(ttstmﬂg (11)

Z 2T, Gz, 2™ t) [ oM R EI 8 1 5 1§
M RHIR D BEA MR, Ag 13HRIE, w, (00 JEBE f, (o
IS AAEEWE, t, 1Z) Yy IO - RLTH S,
X)) &0, BT VARTFIZT VIR, 2525
YT EREDOAMIIARNEEZ5ERAHZLNTES. &
B, ML, IRIE Ag = 100, HOEEE foa/c = 0.5,
E— Wl ty = 1/f, & UTH R 7. BERERM T,
2B DB DEFERE 72, KA T Y TN %
N = 512, K345 cp At/a = 0.346 TH A 7=. £7=, it
(&ﬁg CL, *ﬁi/&ﬂiﬁ cT 0)]:[3 =8 CL/CT = \/3(37) n R KT
YUl vidv =025 & U7, Fig2(b)-(c) &, O ZEh
v — AXTYU/?T% L& THEOSND FHIFED
)\%Tﬁaefaxa—oo B D cpt/a = 24.22,41.52 (2B}
(DHJEOD#{?(E%E(EZ%%%Tb’CL\é nh, 5
%@t , 28 &AM TRLUTHS. Fig.2(b)-(c) i3 ,

UF

TARZR E23EMBANEY VR U LEEMES (2020458)

Arr ay . Observation
tr. msdm er ®*  point

=¥—Incident wave

Ty T 0=07) %

z1/a
()

Fig. 2 Numerical examples (a)analysis model, (b)
total wave fields at cpt/a = 24.22 (c)cpt/a =
41.52 (d)topological sensitivity in Qr.
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