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Chaotic Evaluation of Slag Inclusion Welding Defect Time Series
Signals Considering the Hyperspace

Won Yi*, In-Sik Yun**

ABSTRACT

This study proposes the analysis and evaluation of method of time series of ultrasonic signal using the
chaotic feature extraction for ultrasonic pattern recognition.

The features are extracted from time series data for analysis of weld defects quantitatively. For this pur-
pose, analysis objectives in this study are fractal dimension, Lyapunov exponent, and strange attractor on
hyperspace.

The Lyapunov exponent is a measure of rate in which phase space diverges nearby trajectories. Chaotic
trajectories have at least one positive Lyapunov exponent, and the fractal dimension appears as a metric
space such as the phase space trajectory of a dynamical system.

In experiment, fractal(correlation) dimensions and Lyapunov exponents show the mean value of 4.663,
and 0.093 relatively in case of learning, while the mean value of 4.926, and 0.090 in case of testing in slag
inclusion(weld defects) are shown. Therefore, the proposed chaotic feature extraction can be enhancement
of precision rate for ultrasonic pattern recognition in defecting signals of weld zone, such as slag inclusion.

Key Words :Hyperspace(Z&zt), Chaos(7}22), Ultrasonic Wave(Z53), Weld Zone($3+), Slag Inclu-
sion(&d 2 £4), Time Delay(AZt A Q), Strange Attractor(ZE#HAA AEHH), Fractal
Dimension(Z#g 24), Lyapunov Exponent (2] o} =X x|4)
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Fig. 2 Schematic for lyapunov exponent calculation
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Fig. 3 Configuration of welding defects

Table 1 Property and configuration welding defects
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Fig. 4 Schematic of data acquisition and processing

3.2 Yiy| 8FRo) 220 S Az (221 £2)
A NEE Ashshe STl QApel WFol she] 21

B Py 2 Fusl nie A3 Bego] $39 Yot

slod, Askse Adel 27 2 B4 B 840 2

230

B,
F9e) ¢4 C3 939l 84 CE 4(9)9% 4102
2 ekl + 4o,

E (-v K+(4/3)G
| = = (9)
p d+v)(1-2v) P
C, = }5 L. /9 (10)
p2al+v) p

714 Ex 84 AF, Ke A3 @4 A%, 6= 3
S A B AY @Y A, PeUE, ve Fd4
Bjojc},

A A28 5322 A8He 289 AAUE o
A 2458 23 Yo ZFo 2V WAl oag
A "o}, $3F 2%E ddez e S, €249
247t g Y3t AH S F48 & Qi

AR 502 AANE APshe H2-G289 2
S 2 Y40 B RS 24 F§9, @A) de o
51 € A-scanB I 2L Aee ARSI A2
of o=29 A= vehlA "} oldF oz
2 29 g4e ) 4i@ME scand 3t 2
& 2L ¥ Ao AZowvE 50% Fe AEL 7)E
22 EE¥(tilting) S 3t F 23 H/IE sojo} @},
a2y 718de RERe FEAo] ¥3d e
3 AEZS stebvlE2 grletn 9lon], BalA 6dB
dropidl & 239 J3E ) AEL sjFoz
Azd XFAFE A A% 4L sotsin 2A s}
<l dids] a3,

Ao AHE AAY ATe oA @i 43
2o 2 g dE Ag Agoln, QR ZRE
0.5 23} A (skip distance) ~ 1.0 27 AW E o
FoHEA QAZAFLR EF Ao Fig 5k o
Uehdth. A3 A5 oA 3 AF 25 ~30 point
o tistdd 10ns9} 100MHz2 HZPstgdon, & dlo]
B9 A7) 50008 0t (a)& 48RS &2 &
Y Al distd 0.5 23] olUg b 7e AdY,
(b)x 0.5 23] AgdA, ()& 1.0 27 AgdA] 2
& ASE JeT 35 Al HEAE S5 Hu)
& 2HAA scandtBAM AF NILE H53ld Zzte
pointel 3t HAe 54 &% 22 sigdh



AL EE A A15A A123 (19989 124)

2000 3000
Point per i0ns

4000

(a) Defect signal within 0.5 skip

a 1000 2000 3000

Point per 10ns

4000 5000

(c) Defect signal within 1.0 skip

Fig. 5 Time series signal from weld defects(slag inclusion)
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Fig. 7 Strange attractor analysis within 0.5 skip
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Table 2 Fractal dimensions & Lapunov exponent of signals in
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