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Evaluation of Small Defects by Wavelet Analysis of Scattering Ultrasonic

Seiichi NISHINO**, Kazuaki SHIOZAWA, Kouzi MIYANAGA,
Hiroyuki SHINJIN, Tomoki KAWAKAMI and Yoshitada HAYASHI
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Nondestructive evaluation method of the density and mean diameter of small defects in the
material using wavelet analysis of scattering ultrasonic waves was developed. The relationship
between scattering ultrasonic frequancy characteristics (noise energy and center of the frequency)
and defects characteristics (diameter and volume density) was determined by numerical calculations.
Scattering ultrasonic was detected using 50 MHz forcused transducer for Al-Si sintered materials ;
relative density were 99.569, 99.529 and 99.229%, mean pore diameter were about 2 pm. From the
experimental results, it was found that the defects characteristics can be evaluated from the wavelet
analysis of scattering ultrasonic.
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Table 1 Chemical compositions of tested material (wt.%).
Si Cu Fe Zn Al
10.45 | 2.13 | 0.775 | 0.534 | bal.

Table 2 Relative density, mean pore diameter and
volume density of sintered Al-Si alloy.
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Fig.2 Numerical solution of the scattering spectrum for

various density and diameret of pore.
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Fig.3 Relationship between nois energy and pore

Fig.1 Typical example of pore in the material (99.52%). diameter of scattering ultrasonic.

— 107 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1774 BERBARIEDO Y = —7 vy MEVTC X 28R EFHE _
BEA ERGEEN OBRERRATEML 2RO JARLFRNFYE ERMGEE N BRI RIGERE 4 &
BB aBEOIEE D & x EOBBER 5ITRT. DOBBRIIRANTEI LN TES.

A'eaxb ................ (4) —(d—l.OleO"N“””)z

R DK a BEUb & N EOMIEEREErE  © OV ‘ew{

Ho5N., FRENZEYNT S I EICEDARER/L.
a“UAb”52?“"6)
b =-2.09x +0.556 ZIZT, D DEREREREOMIENS 564X101
PEXD, ROKRQR),@,G)ERATHIEITKD sl
—%, BAHBELEOE LB ERIXRMEROEM
WHEWETLE. B 6 KEFBEEOELEIKEK &
KERFNBEOZTNEDEAG ERIGEREE OBFRER
7. M&OmERIENES 57 LTIEIZEKRERIZ
HBEIEME, AG ERMER 4 BLEN EOBR

2.59 x10 7 N 0

—n4u+1%}-~-w)

ZRATHEMLZ.
> AG =33.75x102N*%g* .- (7)
8 s | L t
19507 m“1%mp“1w 10%® PlE&xy, ABEALKERBEEENTS I &ICK
@A DELNB A XTRNF EBLAEEDSR(6)&
10° . . . ROE O RGEOERCHEREEORENTETH
104 3. s, REBLUOR@)EFBEREROELR
© 105?‘*~—c»__\ﬂ}‘;“g-‘\*%\ﬁ\;
10 1
101011 1b|2 1'013 _1'014 1'015 10%® 10 -
N, m? N L
°° =5
10® . T T - V0
100} o
1070 N
101k © 8mm] |
© 10-12h\9\9\°\@\( AA
107 1 3 456
10“;0'1 1'012 1‘013 1b14 1'015 10'6 Diameter d, um
N, m*
©cC

Fig.6 Relationship between variation of center frequency
of scattering ultrasonic and pore diameter for

Fig.4 Relationship between coefficient 4, B, C and Rt .
various pore density.

volume density of pore, N.

0.1 T T T T T v
0 oyt s Do VA i orgn oo e

0.56 0.1
| 0

Volt, V

5.20

200 400 600 600 1000 1200
Time, ns

5.18

10.55
5.16
01

5.14 2
40.54 5 0.05 15500
5.12 S L
0 RS R S [ 50
5.10 0.53 0 20 400 800 800 1000 1200 Scale a

Time, ns

X, mm

. . . . . Fig.7 Example of scattering ultrasonic waveform and the
Fig.5 Relationship between coefficient a, b and dintance result of wavelet transformation of sintered

from specimen surface, x. material (99.52%).
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Fig.8 Relationship between diameter, volume density relative density and distance from specimen surface for various

relative density.
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Fig.9 = Comparison between estimated value and measured value.
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Fig.10 Scattering wave and wavelet transformation for
diffusion bonded sintered material.

(b) Diameter

Fig.11 Valiation of pore diameter, volumedensity and
distance from specimen surface for difusion
bonded sintered material.
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