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Detection of Alumina Non—metallic Inclusion and Void in Steel by Ultrasonic

Testing Method

Junichi MURAIC Takashi IDA and Toshio SHIRAIWA
Abstract

Detection of alumina non—metallic inclusions and voids in steel have been studied theoretically and
experimentally by the ultrasonic testing method using a focussing transducer with high

frequency and short pulse characteristics.

The reflectivity and phase change of ultrasonic wave at the boundary of steel and alumina
were investigated by calculating for inclined incidence corresponding to the focussing beam.
The results showed that the phase of reflected pulse from alumina is — 180 degrees for normal
incidence, but this changes to 0O degree with increase of incident angle then it again decreases over the
critical angle of total reflection of longitudinal wave. in contrast, the phase of echo pulse from a void is

always — 180 degrees regardless of the incident angle.

From this result, it is concluded that the echo

pulses from alumina inclusions and voids are distinguished by their Phases, when the proper incident angle is
used. The methods of measuring phase and experimental results of as cast steel slabs are also reported.

Ultrasonic testing. Non—metallic inclusion,

Focussing transducer,
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Table 1  Acoustic impedance®
Acoustic impedance Velocity Density
Material
10° Ko/ s Kin/s Ko/

Steel 45 5.9 7.7

Alunina 43(32t043) 11(9tol1)

3.95(3.6103.95)

Void(air) 0.0004 0.3 0.0013
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Table 2 Notations in equations and figures

@, Incidert L -wave a, : Incident angle.
(@, Reflected L -wave a, ‘Refledtionangleof L - wave
(pl ‘Reflected T-wave ar: Reflectionangleof T -wave
(p2 ‘Refleted L - wave aZ,L : Refractionangle of L - wave

Lﬂz ‘Reflected T-wave Q, ; - Refractionangleof T - wave

RL : Reflection coefficient of Incident L —waveasL —wave
RT : Refledtion coefficient of Incident L —waveas T —wave
DL : Transmission coefficient of Incident L —waveasL —wave.

DT : Transmission coefficient of Incident L —waveas T —wave

Cl L : Velodity of L —waveinmedium 1
ClT : Velodity of T—wavein mediumil.
C,. : Velocity of L —wavein medium2.
Cz T Velodity of T—wavein medium2.

p1 : Density of medium 1. /_11 : Shear modulus of medium 1.

[0, : Density of medium?. [12 » Shear modulus of medium 2.

Gc : Critical anglefor totd reflection of L —wavefromsted todumina
91: Incident angle a which the phase of echo changes from 180 degress to 0

degreea sted —aduminaboundary.
¢ : Angle between centrd axis of sonic flux and nomd of reflection

boundary.
9W : Incident anglefrom water to stedl.

6 : indident anglefrom sted todlumina

L —wave: Longitudind wave T-wave Transvaewave
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C-scope color image in ultrasonic testing for a low carbon

Al-killed slab obtained buy continuous casting
(@ Intensity of echo in ultrasonic testing

®

Phase of echo in ultrasonic testing where blue color
shows alumina inclusion and red color shows void in
steel. A-scope iimage is an echo from an inclusion at the

intersection of cursor lines

(c) C-scope is same as (b)-A-scope image is an echo from a
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Fig.7

C-scope color image in ultrasonic testing for a low carbon Al-killed slab obtained by continuous casting
(@) Intensity of echo in ultrasonic testing, (b)Phase of echo in ultarasonic testing where blue color shows
alumina inclusion and red color shows void in steel. A-scope image is an echo from an inclusion at the
intersection of cursor lines, (c)C-scope is same as (b).A-scope image is an echo from a void at the intersection
of cursor lines (0O 50200000)
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