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Abstract

This paper is concerned with defects detection and evaluation of heat affected zone (HAZ) in
austenitic stainless steel type 304 by ultrasonic wave and neural network.

In experiment, the reflected ultrasonic defect signals from artificial defects (side hole, vertical
hole, notch) of HAZ appears as beam distance of probe-defect, distance of probe-surface,
depth of defect-surface on CRT. For defect classification simulation, neural network system was
organized using total results of ultrasonic experiment.

The organized neural network system was learned with the accuracy of 99%. Also it could be
classified with the accuracy of 80% in side hole, and 100% in vertical hole, 90% in notch about
ultrasonic pattern recognition. Simulation results of neural network agree fairly well with results
of ultrasonic experiment.

Thus we think that the constructed system (ultrasonic wave - neural network) in this work is
useful for defects dection and classification such as holes and notches in HAZ of austenitic
stainless steel 304. '
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Fig. 6 Configuration of test block

Fig. 7 Photograph of standard test block and test
block
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Table 1 Structure of neural network for training

Parameters Structure

Number of input units 4
Number of hidden units 9
Number of output units 3
Number of hidden layers 1

Learning rate (1) 0.7
Momentum rate () 0.9

Shape factor (6y) 1.0

Table 2 Relation of defect and defect type

Defect Defect type
* #3mm side hole 1
¢ 3mm .vertical hole 2
Notch 3
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Table 3 Learning condition and results

NARE o] &8 Q28 o] EA 26227 304 7] 2% HE % 37t 71

Defect type of learning results

o |lo|o |||l |lec|lCo O

ocolo|loljlo|lo|loleo|lo|lo|locololo O
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oc|lo|lo|loc|lo|©

Experimental conditions Actual defect types
Bem | e ;2‘}23 B
istance
0.107 0.225 0. 107 1.00 0
0.113 0.237 0.113 1.00 0
0.119 0. 250 0.120 1.00 0
0.131 0. 275 0.131 1.00 0
0.137 0. 288 0.137 1.00 0
0. 781 0. 369 0. 781 0.25 0
0.787 0. 336 0. 786 0.30 0
0.798 0.332 0.799 0.30 0
0. 811 0. 307 0. 811 0.25 0
0. 829 0. 266 0. 830 0.25 0
0.221 0. 463 0.221 0.35 0
0.233 0. 487 0.233 0.32 0
0. 263 0. 550 0. 263 0.30 0
0. 466 0.976 0. 466 0.30 0
0. 477 1. 000 0. 487 0.37 0
0. 585 0. 780 0. 585 0.35 0
0. 602 0.744 0. 602 0.35 0
0. 621 0. 704 0.622 0.30 0
0.769 0. 393 0.770 0.17 0
0. 950 0.014 0.95 0.10 0
0. 890 0.141 0. 890 0.30 0 0
0. 901 0.117 0. 901 0.28 0 0
0.913 0.192 0.193 0.28 0 0
0.925 0. 067 0.925 0.28 0 0
0.937 0. 041 0.938 0.28 0 0
0.955 0.005 0.955 0.25 0 0
0. 968 0.022 0.968 0.22 0 0
0. 986 0. 060 0. 986 0.20 0 0
0. 990 0.070 0.991 0.17 0 0
1. 000 0. 090 1.00 0.15 0 0
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Table 4 Test results of side hole

Experimental conditions Defect type of test results Actual

Beam Probe- Echo defect

distance Depth defect height 1 2 3 types
0. 352 0.737 0. 352 0.70 0 1
0. 364 0.763 0. 364 0.80 0 1
0.376 0.787 0. 376 0.85 0 1
0. 387 0.812 0. 388 0.90 0 1
0. 400 0. 838 0. 400 0.85 0 1
0.412 0. 863 0.412 0.80 0 1
0.423 0. 887 0.424 0.77 0 1
0. 436 0.913 0. 436 0.70 0 1
0. 537 0. 880 0.537 0.35 0 1
0. 549 0. 844 0. 554 0.30 0 1

Table 5 Test results of vertical hole

Experimental conditions Defect type of test results Actual

Beam Probe- Echo defect

distance Depth defect height 1 2 3 types
0.179 0.375 0.179 0.10 0.01 0 2
0.197 0.415 0.197 0.30 0 0 2
0.292 0.613 0.293 0.38 0 0 2
0. 448 0.938 0. 448 0.28 0 0.0 2
0. 466 0.976 0. 466 0.40 0 0 2
0. 483 0. 994 0. 483 0.35 0 0 2
0. 495 0. 968 0. 496 0.35 0 0 2
0.519 0.919 0.519 0.35 0 0 2
0. 530 0.894 0.531 0.35 0 0 2
0. 548 0. 856 0. 549 0.35 0 0 2

Table 6 Test results of notch

Experimental conditions Defect type of test results Actual

Beam Probe- Echo defect

distance Depth defect height 1 2 3 types
0.430 0. 900 0. 430 0.22 0 0.04 3
0. 448 0.938 0. 448 0.18 0 0 3
0.471 0. 986 0.471 0.18 0 0 3
0. 495 0. 968 0. 496 0.15 0 0 3
0. 525 0. 905 0. 525 0.15 0 0 3
0. 901 0.117 0.901 0.28 0 0 3
0.925 0. 067 0. 925 0.28 0 0 3
0.955 0.005 0.955 0.25 0 0 3
0. 986 0. 060 0. 986 0.20 0 0 3
1. 000 0. 090 1. 000 0.15 0 0 3
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