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A METHOD OF DETECTION FOR SURFACE-BREAKING CRACKS
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A neural network is used to determine the depth of surface breaking cracks in
plates. The cracks are insonified from the opposite plate face using 45 degree
transverse waves. The back scattered ultrasonic signal is employed for neural
network training and recognition. A three-layered perceptron type network is
utilized. The learning mechanism is the back-propagation algorithm for error
correction. The network is trained by using results from a theoretical and
numerical analysis which is based on an application of the boundary element
method. The boundary element calculations are verified using experimental
results. wave scattering data in both the time and frequency domains are used
in the network for crack characterization. The performance of the network is
discussed for an input of experimental data.
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Fig.1 Surface-breaking crack in a plate
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Fig.3 General crack confignration Fig.4 Surface-breaking crack
for BIE formulation model in a half-space

—469—



cw, Hyy BROX>ThHY,

H;ﬂé = /\605575(7th57 + (epe 05 + €ac Ugﬁ)
Higs = Mapudyny + plufang + ufna)
(19)
Eap 1k 2 MTOBELETH 2. RUNOEFRHILBVT, BEEXLTRBEEZNZFICETNICES %
EFLTBLIEIT S, COBREORII, BBEx,—xeT2ily, BHRKMAEU0):
th(xy) +125(x;) =0, x, €T, i=1,2,---,N
(N = N1+ N2) (20)
EHOWT, BANEBAHFREAREES. B, HEBITE 275 7TRRDI 5 v 7BHREBALT
w3,
Aus = Cs(a — 1:1)1/2
(21)
FWEFHECBOTR, —IT7 5y /WP SBOVATOREABOFESLEELLS. X1 OMIERS
REE L, REBER Ts OM0FickFzT 3. FFREBO Ts ~0kEEERE, BITHEEZ7 5
s &RE I EEFTRETHTLIVEIC, ROLEEE ., RUD-QDEAVTER LOERERD
BOMEABORRICIR, FERER LOBRAFERET 2 LREEDO 7Y — VBB 055, VD,

ulf(x 2/ 38, (% %,)Aug(%)figds
¥ ») r+ ,87( ») (%)ng (22)

555, BT AEMIZC O TERGT B4, FAITHS LY. ERQ)EFHVCERRBIc BT 3
BAHILE RS o%, BERICBY 2R EHEBERD i, FFTBRIATE 5.

4. BT OEREC L RS

Hifiscl~7f, EBOARA, FEDOZ S5 v 7O, FEOHARK>DVTRIT2BETICBNT,
EROBIT TR, Fig 4R &5 45° CAHET 2 ELHB(IVE, 75 » 7 FERBRRF cH LEEH, 8
A AHEO AR FE (BABEOFR) LEBERELL. 75y 70%ETa bl Ca=1.49mEa=2.19
mD2EHEERY, BINEOERBECIIBELEML YT, MELLB LI bO%Fig. 5 &Fig. 8 IT/RT.
Fig.5 2% a= 1.49m®iPE, Fig.62%a=2. 19m DFETH 3. FXO LE(a) 2B fehs, THI (o) H
EHRBoREThS. £, EESERE, SRAVPERETH 2. EREEALAIS YR F2a -9 -08
Frop o Ak Eid 2.25 MHz TH 5.

5. A9y by -2 bv—=v7r

CCTRAT A= a5y by - JOHEA S =X A}, KOS REHEER Y (Fig.7 BH)
&332,
IJ); — ZWI:-‘-I kjok—‘jl
i (23)
CTiT, Rz A S bU -2 ORER, FHERS2=, b ERT. £, I, O , W BROE
RETH 3.

—470—



I : HxEOH 2=y b OAS
Ot B (k1) BOK i 2=y b2 SOHT

WHIE D B (k-1) EOF i 2=y PEH k BOK § 2=y PHOES (REQCKS)

Fig. TiEART % » b7 -2 D AH(DNBOZ 2=y bBHBEISNE L, RENOTATY XLEE-T,
BB, BB~ EEEREESNE, W, B K EBOE j 2= FERQOREWE I} ZA
HELTRBIM-Te b &, 0=y FREDOCRF 15 7 AliKBEW, AT IF 2WS O g
5b0ET 5.

1
Of = fI¥) = ———f—
;=5 1+ esp(—IF +6%) (24)
a
0.1 - (a)
4]
s 0.0 ~
> A
-0.1 7
T T T T T T 1
0.8 10.0 12.0 14.0
Time (Is)
1.6+
1T M
2
o 0.8
>
0'0 T T T ] 1 1]
0.0 2.0 4.0 6.0

Frequency (MHz)
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Fig.7 Layered feed-forward neural network

i, RS RHEIIBIcBWToAEH& N, Fig WCRLEIBR Y b7 — 7 DIBE, n=3TdDH,
Yi BWEEESTH 2. HABUA, HE0EA0BIEQSN)RAVIEFEE IR (B)EHVS. i,
O ReEYRF 40 7BKRQOOINKRCHET A THD, KROS5,

1) =051 -0) (254)
K@) EBVWT, t BBEORKERT A -5-ThD, ¢ & o BWHEAREOKTH 3.
AFFEicBWT, L v b7 —2D v —=r 73, Fifil. ~4 TRXEEBEHRICBS T BBITEZHVT
TV, BEoEAEZRFE L., BENK, AHOREREFig 5&6icRLAES L mE2 19md 2 J » 7 i
X3 2 RAMEIB D, BT L 2RMEE EARBBCEI2EETS 3.

6. X b7 =7 « 7 3 —2 R

&S OFIFIKEY, BITEZEZHOCTEEHEZET LRy b7 -2 D7 3 — <2 v RE2HERT B0,
L&, EREECOXy b7 —2iANLTA S, Fig.8ic, 2.19 mDO XA 7 5 v 7 ioxtd 2EMH O EHE B
¥ (Pig.6(a) DELH) 2ANLABEOR»y P -2 ORBHERERT. COBE, EREEIMEOAS
2z, bTHYTY v rEN, Ry bY - RAHENE, 200FLFH2 5 » 7 OES, L4mE2 19m%E
BT A DOBEMETRROL I KB LT,

=y b =9 b
1.4%m2 3 » 7 ( 1 , 0 >
2,19m27 3 » 7 ( 0 , 1)

Fig.8oHifiz =y Froiicid LiLdi, COXy b7 —212(0.03,0.97) BT, ANiR2. 19mD s 3

—473—



y VT B3R THEEHELTOWBE I EBbh b, 2» b7 -2 OXIMBELZHERT b, &2
=y MNAOHADEAOKEZ %, BOKETERLTVE, KWBREGOESDEMENKEWI EEE
BRd b, £/, BVWEBRIEOEAZE, AVWEHRAOELLEKT 2. FIAE, KSEVWEHITFED (M
XENT) REVWEAZEKRLTVS, ] (Bh) Bo&a =y M, £Da=y MNEETIEEGCES
ORNEHATEEOHMT I 2T -To0, FAE, Gllodla=y FiE, AFESBREVELS
HREE2BHET L2229 VTHBZIENDbM B, CD2=y ME, FAE, 1l.5usec. FHIEDEDE — 7 %5
KHEELAZLAImD 7 59 706D EHKRLT, 0. NOBRTREVWEEBLTVE, AHEEOWL 2
DREIBITZARPEBICERBEZIAVELES, CORy b7 -2, CITAHIRALEES2L.19mDY 5 5
7 xiGd 2R TH B EHFELT WS,

B#IK, =a-350%2y b7 -0, 353BRTHVEVIERF>F-—s -k br—=vrE2giti
L&, FPOLIRBUETHIDICOVWTELF, TR, BIEOCFDLIT, ZOEEERZG 20.3 &¥F
&9, EHEKERWTa=1. 49m, a=2. 19mZHEFhoD s 5 » 7 LEOF -5 —%2fEo L, &
OEHINEOF~ 5 —FHWTE»y b7 — 27O L — =Y PAEFF LA, Fig dic, BEEEcsI3 0o

Volts

1
Time (ps)

Input vaits

Hidden 0.17 ® 0.72

units D<]
Output units  0.03 O ® 0.97
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