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Abstract: To identify the minor defect echo from ultrasonic testing signals containing the noise of
metallic materials, an ultrasonic echo signal model was established and a minor defect echo
identification method was put forward. The composition of ultrasonic pulse echo signals with minor
defects obtained from metallic materials was analyzed, and then optimized ultrasonic echo model was
established based on the Gaussian echo theory and a scattering sound field. The identification method

for echo locations of ultrasonic minor defects was designed. By proposed method, the ultrasonic pulse
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echo signal was first denoised. Then the pulse signal from a probe was taken as the reference signal
and the correlation coefficient between reference signal and denoised signal was piecewise calculated.
Finally, the correlation coefficient sequence was processed by threshold method and the location of
flaw echo in the ultrasonic echo signal was obtained. The simulation signal and frequency spectra
generated by the optimized ultrasonic echo model were compared with those of experimental ultrasonic
signal. The experiment results show that the time and frequency domain features of the two signals
are in good agreements. When the threshold is set as 60 percent of the max value of the correlation

coefficient sequence, the minor flaw echo can be accurately identified from the ultrasonic echo signals

of metallic materials.
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Fig. 1 Diagram of scattering acoustic field with cylindrical flaw
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Fig. 2 Simulated ultrasonic echo signal without non-
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Fig. 3 Completed simulated ultrasonic signal and its spectrum
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Fig. 5 Experimental signal of region A and its spectrum
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Fig. 6 Transmission pulse signal of probe and its spectrum

Bl 7 ) g 22 W 5 0 0 BLAE 5, AT LLAR B, M
K 3Ca) TR S A L 4 25 W 5 0 BLAE 5 P Al
MR O R LR R B UM E S F
R 574 T 90 R 55 A B0 SF [ pe  BG . 33X T HA 3EE T  E
VI E A R /NI 2 5 3k AT LA R B e R G
8] 35 R e R 18] 7 (b) S 22 M 0 BLAE S 0 R
WAHSE R EE . BT LA B, 2 0 A 5 FU
8130 15 5 Ak i AH O R B K IR AR 3 0E T 1, 4%
XEAE S I HOCREOA S — R, 3 A
B2 A 5 5 1 R DG 28 B0 1 e 35 KL T LD B
130 15 5 X 7 9 R OC R EOH R B8 BB EE . Ikt
SEAEECT5 5 R T A 2k M TS A OC R Boe]
PLE R 5 = BB R .

H A 5 A B0 485 SR AT T, B — B B A OC R B0
BRAEA 0. 97,7 3 Ab i A £ 2 19 5 — BB BEAH G &R
R 0.74~0. 80, HAF 5 AHC R B I KAE N
0. 48, ZTTFEAT LIS B, 55 — 6 B A OC 2 B0
BU S b B A G R B e /MEL R 3156, T HE S =



oM

W, 45 2 Jm Ak e B P S 84 5 el 8 R U 2641

Tofs 85 AH G R AU e KAE K 1020, DALt ot 38 o2
A RO A, 7T LA SR BBk B A5 5 08 A0 OC R 5L
WA DG R B B E Ry B — B R OC R BUIR
LAY 60 % , BIE 2 SRR AN &1 7 (b) v (14 218 Ji 2
JIE 73 CT T T R OG22 500 (B 1 B 7R 5 A [)
B LTI TR0 . 7 (o) B /R R 28 B (B Ak Ak 3
(07 BLEE 75 5 5 A O R B . I el LR
B FF O AE 5 A O R R AE RSB 2 300
K22 800 FiPA K3 500 mZEA AN AN, X 3 4k
AN B TR G55 KT IO R 1 1) 3 AL Bk B [ 38 A 5

s

Normalized amplitude
=

1
=

1000 2000 3000 4000 5000
Sampling points

() KMEJ5 {55

(a)Denoised signal

Correlation coefficient

0 1000 2000 3000 4000 5000
Sampling points
(b) JEL U HH 5¢ R %K
(b)Original correlation coefficient
| :
E il REHIER
(=1
=
8
=0.5
8
=
o
s
[
% 1000 2000 3000 4000 5000

Sampling points
(o) 2 B {E Ak AL 31 F I AH 26 R 5L
(o) Correlation coefficient after thresholding
K7 B A{E 5 AL

Fig. 7 Processing images of simulated ultrasonic signal
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