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A Sound Velocity Measurement System for Thin Steel Sheet Based on Ultrasonic Interferometry

Fumihiko Icuikawa, Hajime Taxapa, Kazuya Asano and Kenichi SapanIrRo

Synopsis : A measurement system has been developed in which the sound velocity of thin steel sheet is measured quickly and

displayed as a two-dimensional distribution. In the system the velocity is obtained from the peak amplitude of
ultrasonic wave (multiple interfered echo reflected from the specimen). This system is characterized by the use of
ultrasonic tone burst wave being transmitted through specimen to eliminate the disturbance of the first surface echo.
This measurement system was applied to the observation of the growth of secondary recrystallized grain in grain-
oriented electrical steel sheet. The results were as follows.

1) The amplitude of multiple echo increases with the number of burst waves up to about 50 waves.

2) The relation between the amplitude of multiple echo and the sound velocity shows a typical resonance curve in
which half-width is about 450m/s and the maximum inclination is 0.34% per 1m/s.

3) The two-dimensional display of the secondarv recrystallized structure by the ultrasonic wave method shows a good
agreement with that by the conventional macro-etching technique.

4) This ultrasonic wave method is applicable for the observation of the growth of secondary recrystallized grain in grain

-oriented electrical steel sheet.
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Fig. 1. Expression of longitudinal sound velocity
(V) of Fe on the stereographic projection of
crystal orientation.
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Fig. 2. Schematic representation of interference of
ultrasonic multiple echo for thin steel sheet.
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22mm, f=14.09MHz, m=40.
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Fig. 5. Block diagram of ultrasonic interferometric
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Table 1. Equipment specification of the developed

system.
Ultrasonic Function generator |Frequency range:0.3~35MHz
interferometric Amplitude Modulation
measurement RF power amp. Frequency range:0.3~35MHz
system Power output:150 watts
Reciever Frequency range:0~50Miz

Gain:60dB

Gated peak detector|Delay time:0.2~800us
Gate width:0.1~800us

Center frequency:25MHz
Point focus type
Focus range:l inch

Transducer

Image processing

VME BUS computer

MPU 68000, 2MBRAM

system Image memory 512x480x4Frame
A/D 0~5V, 12bit
PI0 16 channel
Mechanical Scaning stroke X+400mm, Y: 300mm, Z : 200mm

scanning system

Step increments

X, Y,Z:5um
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Fig. 7. Example of ultrasonic burst wave form.
(a) exciting wave (m=40)
{(b) interfered wave of multiple echo.
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Fig. 9. Microscope image of primary recrystallized part (a) and secondary recrystallized part (b).



FH T, ABIFRREE 2 H W TLB iR 2 E L 72 Fig. 9 3,
e RELO LS hlHE % = v F 02" L ICBREE 5T H OB %
TRT . KT SEA I G ZERETDH Y, R

Wik, WEHmCE KRS Liba

ol T 5 DH%)

5, ARFEFHC TBETROBRREPESE T, TH
DI 53 PHELIHEESFigl0RT, KR HITE

X ORI o s e pIes R E O LT v B,

s 4
H

Ly LIRERICHUE b 200 b 6§, IR REL Y,

FEEPHLI LS5, ZOWRBRKEHC (L)X

1 O

o
o

e
(P)

(o]
¢
[=;]

e
>
T

e
)

Relative amplitude of Pmax

(=]

—
o

12 14

Frequency (MHz)

16 18

Fig. 10. Resonance curve obtained by experiment,
(P) : primary recrystallized part, (S) : secon-
dary recrystallized part.
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Fig. 11. Secondary recrystallized structure image
obtained by the ultrasonic method (a) and
those by the conventional macro-etching
technique (b).
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17

243 HE



Ml 250 &% > #@Vol. 83(1997)No. 4

1
x 0.9 | o -Experimental
o.8 | —:Calculated
’ Alm=40
0.7 } B:m=20
0.6 I C:m=10

0.5 |
0.4 |
0.3 ¢+
0.2 }
0.1

Relative amplitude of Pma;

10 11 12 13 14 15 16 17 18
Frequency (MHz)

Fig. 14. Comparison of resonance curve obtained by
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