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Availability Verification of Feature Variables for Pattern Classification on Weld Flaws

Chang-Hyun Kim*, Jae-Yeol Kim**, Hong-Yeon Yu*, Sung-Hoon Hong"

I Abstract I

2), Pattern Classification( = &1 55%)

In this study, the natural flaws in welding parts are classified using the signal pattern classification method. The
storage digital oscilloscope including FFT function and enveloped waveform generator is used and the signal pattern
recognition procedure is made up the digital signal processing, feature extraction, feature selection and classifier design.
It is composed with and discussed using the distance classifier that is based on euclidean distance the empirical Bayesian
classifier. Feature extraction is performed using the class-mean scatter criteria.

The signal pattern classification method is applied to the signal pattern recognition of natural flaws.

Key Words : Non Destructive Test{B]3}3] ZA}), Ultrasonic Test(Z-2T1EHY), Welding Flaw(-2-8HZ2 ¢, Feature Variables(E73H
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Table 1 Specimen configuration of weld flaws

- Distance
Joint | Groove Flaw Name Lex?wh from
Method| Type (Specimen No) g Datum
[mm]
[mm]
Porosity (90) 19 10
}3‘.1“ Porosity (88) 20 | 250
ot |y Groove
Slag Inclusion (89) 25 66
T Slag Inclusion (85) 23 64
Joint | g Groove | Lack of Penetration (86)| 20 | 15
Lack of Fusion (91) 11 30
Side Crack (91) 21 69
B1‘1tt V Groove Center Crack (94) 22 25
Joint
Toe Crack (93) 25 45
Root Crack (92) 26 47
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Fig. 2 Feature variables on porosity (#90 : Volumetric flaw)
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Table 2 Feature variables in each domain

o7 3o E4Ws Y 2R
H @77} A4wolo} gt}
5 2 8

time / Fall slope—— AQskl RS

o $REES Belaloc)

Fio] Aol GlofAl TS n

Welding Flaw Rise Time |Rise Slope| Fall Time | Fall Slope |Pulse Duration {Band-width | Center Frequency
fusec] |[mV/usec]| [usec] | [mV/usec] [usec] [MHZz] [MHz]
Porosity Inclusion (90) | 0.375 0.504 0.495 -0.725 0.773 0.660 0.800
Porosity Inclusion (88) | 0.370 0.522 0.450 -0.827 0.710 0.800 0.800
Slag Inclusion (89) 0.375 0.483 0.468 -0.667 0.748 0.720 0.800
Slag Inclusion (85) 0.350 0.437 0.458 -0.623 0.740 0.740 0.800
Lack of Penetration (86)| 0.558 0.196 0475 -0.512 0.928 0.500 0.400
Lack of Fusion (91) 0.430 0.302 0.588 -0.414 0.895 0.420 0.400
Side Crack (91) 0.510 0.302 0.595 -0.503 1.075 0.360 0.400
Center Crack (94) 0.550 0.273 0.505 -0.596 0.970 0.380 0.400
Toe Crack (93) 0.510 0.235 0.658 -0.434 1.033 0.340 0.400
Root Crack (92) 0.525 0.269 0.560 -0.534 0.965 0.420 0.400
Table 3 Results of classification
Feature Variables Intra Class Distance | Inter Class Distance | Rank Value |Classification Rate| Rank

Rise Time / Rise Slope 0.075702 0.005524 0.072970 0.927033 2

Rise Time / Pulse Duration 0.082627 0.008343 0.100972 0.899028 4

Rise Time / Bandwidth 0.135193 0.008742 0.064663 0.935334 1

Fall Time / Fall Slope 0.067435 0.016015 0.237488 0.762514 6

Fall Time / Pulse Duration 0.072455 0.011228 0.154965 0.845029 5

Fall Time / Bandwidth 0.125021 0.011628 0.093008 0.906993 3
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Fig. 4 Cluster plot of feature variables

Fall Time

(f) Fall time / Bandwidth

Volumetric Flaw Planar Flaw
Feature - - -
Variable  |Position X|Position Y Star}dgrd Classification Position X|Position Y Stal}da;d Classification

eviation Value Deviation Value
Rise Time | 03675 | 0.4865 0.0179 0.1158 05138 | 02628 0.0465 0.0872
/ Center Position X Center Position Y Average Center Distance

Rise Slope 0.4407 0.3747 0.1336
Rise Time | 03675 | 0.7428 | 00104 01280 [ 05138 | 09777 | 00406 | 00978
/ Center Position X Center Position Y [ Average Center Distance

Pulse Duration 0.4407 0.8602 | 0.1384
Rise Time | 03675 | 07300 | 0.0210 0158 | 05138 | 04033 [ 00472 | 01318
/ Center Position X Center Position Y Average Center Distance

Bandwidth 0.4407 0.5667 0.1790
Fall Time | 04678 | 07105 | 0.0271 0.0890 [ 05635 | 04988 | 00336 | 0.0825
/ Center Position X Center Position Y Average Center Distance

Fall Slope 0.5156 0.6047 0.1162
Fall Time | 04678 | 07428 [ 0.0124 01144 [ 05635 | 09777 | 00338 |  0.0931
/ Center Position X Center Position Y Average Center Distance

Pulse Duration 0.5156 0.8602 0.1268
Fall Time | 04678 [ 07300 | 0.0220 0.1482 | 05635 | 04033 | 00414 | 0.1288
/ Center Position X Center Position Y Average Center Distance

Bandwidth 0.5156 0.5667 0.1702

69



2E¥ - ANY - 25N - 3HE

o2
A
e

i

(1) International Institute of Welding, 1987, The
Evaluation of Ultrasonic Signals, Welding Institute
for International Institute of Welding, Cambridge,
England.

(2) Brigham, E. O, 1988, The Fast Fourier Transform
and Its Applications, Prentice- Hall, pp. 131~166.

(3) Richard, O. D., Peter, E. H. and David, G. S., 2001,
Pattern Classification, Willy- Interscience Publica-
tion, pp. 20~83.

(4) Chiou, C. P. and Schmerr, L. W., 1991, “A quasi-
pulse-echo technique for ultrasonic flaw classifi-
cation,” Ultrasonic, Vol. 29, pp. 471~481.

(5) Yoon, S. H,, Kim, C. H. and Kim, J. Y, 2006, “The
Performance Comparison of Classifier Algorithm
for Pattern Recognition of Welding Flaws,” Tran-
sactions of the Korean Society of Machine Tool
Engineers, Vol. 15, No. 3, pp. 39~44.

(6) Lee, K. Y. and Kim, J. S., 1995, “Intelligence
Package Development for UT Signal Pattern Recog-

nition and Application to Classification of Defects
in Austenitic Stainless Steel Weld,” Journal of the
Korean Society for Nondestructive Testing, Vol. 15,
No. 4, pp. 531~539.

(7) Krautkramer, J. and Krautkramer, H., 1990, Ultra-
sonic Testing of Materials, 4th Edition, NewYork:
Springer-Verlag.

(8) Gruber, G. J., Hendrix, J. G. and Schick, W. R,,
1984, “Characterization of flaws in piping welds
using satellite pulses,” Materials Evaluation, Vol.
42, pp. 426~432.

(9) Kim, J. Y., Hong, S. J,, Lee, K. T., Kim, B. H,, Kim,
H. C. and Kim, Y. J., 2000, “A Study on the
Application of Digital Signal Processing for Pattern
Recognition of Microdefects,” Transactions of the
Korean Society of Machine Tool Engineers, Vol. 9,
No. 1, pp. 119~127.

(10) Rose, J. L., Nestleoroth, J. B. and Banlas-bramanian,
K., 1988, “Utility of Feature Mapping in Ultrasonics
Non-Destructive Evaluation,” Ultrasonics, Vol. 26,
pp- 124~131.

70



