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(57) Abréegée/Abstract:

This Invention Intends to provide a method for inspecting an inner state of an object by determining whether or not any foreign
matter Is generated inside the object material without beling affected by any outside state of the object. This method comprises
Irradiating waveform of ultrasonic wave to an object whose inner state is desired to be inspected from outside, extracting waveform
of a reflected wave traveling inside the object, detecting a difference of acoustic iImpedance of the foreign matter from the waveform
of the reflected wave by extracting a deflection of the waveform and detecting for presence/absence of the foreign matter inside the
object or presence/absence of the foreign matter and a quantity of the foreign matter.
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ABSTRACT OF THE DISCLOSURE

This invention intends to provide a method for inspecting
an inner state of an object by determining whether or not any
foreign matter is generated inside the object material without
being affééted by any outside state of the object.;' This method
comprises irradiating waveform of ultrasonic wave to an object
whose inner state is desired to be inspected from outside,
extracting waveform of a reflected wave traveling inside the
object, detecting a difference of acoustic impedance of the
foreign matter from the waveform of the reflected wave by
extracting a deflection of the waveform and detecting for
presence/absence of the foreign matter inside the object or

presence/absence of the foreign matter and a quantity of the

foreign matter.
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SPECIFICATION
TITLE OF THE INVENTION
METHOD FOR NON-DESTRUCTIVE DETECTION FOR FOREIGN MATTER IN

MEDIUM USING WAVEFORM OF ULTRASONIC WAVE

BACKGROUND OF THE INVENTION
l. Field of the Invention
The present invention relates to a method for accurately
detecting an existence of a foreign matter generated in material
(medium) which is homogeneous initially with a passage of time
and an existence of a foreign matter which cannot be visually

recognized from outside in a non-destructive method.

2. Description of the Related Art

It has been well known that if metallic material such as
alloy material for use in industrial part, equipment part or
the like, preliminarily adjusted to homogeneous state and
formed in a predetermined shape like a rod, sheet or the like
1s 1mmersed in water during use, hydrogen compound is generated
gradually i1n the composition of that material.

Further, it has been known that hydrogen compound
generated in the composition of such a metallic material makes
the material brittle. If whether or not hydrogen compound is

generated in metallic material on use or how much hydrogen
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compound 1s generated can be detected accurately, it is possible
to prevent destruction due to brittleness. However, detection
for an existence of the hydrogen compound has been recognized
to be impossible by a conventional method based on non-
destructive'inspection using ultrasonic wave, bebause of an
influence of oxide film generated on a surface of metallic
material by such a foreign matter and because the size and mass

of the generated hydrogen compound are small.

SUMMARY OF THE INVENTION

In the conventional non-destructive inspection using a
non-contact means such as ultrasonic wave, 1f the surface
condition of an inspection object is not homogeneous, whether
or not an inner state of the material is still homogeneous like
an initial state or whether or not any foreign matter 1is
generated so that the material state 1s changed cannot be
determined. Accordingly, in views of this problem, the present
invention intends to provide a method for inspecting an inner
state of an object by determining whether or not any foreign
matter is generated in an inner structure of the material
reqardless of the outer surface condition of the object.

To achieve the above object, the present invention
provides a method for non-destructive detection for foreign

matter in medium using waveform of ultrasonic wave, comprising:
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irradiating waveform of ultrasonic wave to an object whose inner
state 1s desired to be inspected from outside; extracting
waveform of a reflected wave traveling inside the object;
detecting a difference of acoustic impedance of the foreign
matter ffom.thewaveform.of the reflected wavéby extracting
a deflection of the waveform; and detecting for
presence/absence of the foreign matter inside the object or

presence/absence of the foreign matter and a quantity of the

foreign matter.

According to the present invention, the waveform of the
reflected wave 1is processed by the processing portion composed
of mainly the waveform filter so as to make the feature of an
extracted waveform appear explicitly. Further, thedeflection
of the phase is converted to numeric value according to the

waveform processed by the processing portion and then a quantity

of the foreign matter is quantified according to this numeric

value so as to detect an existence of the foreign matter.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a schematic view of a section of an alloy wall

which is a test piece, as an example of application of the present

invention;

Fig. 2 is a wave form diagram showing schematically a

reflection wave form of a high frequency ultrasonic wave
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generated in a section of a test piece of Fig. 1;

Fig. 3 is a wave form diagram showing an example of a
reflection wave formof ultrasonic wave projected to adifferent
test plece;

“Fig. 4 1s a wave form diagram showiné an example of a
reflection wave formof ultrasonic wave projected to adifferent
test piece;

Fig. 5 is a schematic diagram showing a relation between
a density (particle density) of medium and sound pressure; and

Fig. 6 1s a schematic wave form diagram showing

schematically a deflection of phase obtained according to the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of the present invention will be described
with the accompanying drawings. Flg. 1 1s a schematic view of
a section of an alloy wall which 1s a test plece, as an example
of application of the present invention. Filig. 2 1s a wave form
diagram showing schematically a reflection wave form of a high
frequency ultrasonic wave generated in a section of a test piece
of Fig. 1. Fig. 3, 4 are a wave form diagram showing an example
of a reflection wave form of ultrasonic wave projected to a
different test piece. Fi1ig. 5 1s a schematic diagram showing

a relation between a density (grain density) of a medium and
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sound pressure. Fig. 6 is a schematic wave form diagram showing
schematically a deflection of phase obtained according to the
present 1invention.

Assuming that, for example, an alloy wall body adjusted
té a homogeneous state shown 1in Fig. 1'is provided as a test
piece 1, and impurity 3 (or foreign matter 3) or hydrogen
compound in this case, exlists in medium 2 such that it is
incontinous therein, the present invention intends to make
clear a correlation between a quantity of the impurity 3 and
quantity of irreqular reflection of ultrasonic wave from
standpoint of transient phenomena.

If the medium 2 is even, reflection 1s generated evenly
so that no conceivable phenomenon 1s found in 1its observation
result on the change of a waveform of a reflected ultrasonic
wave. However, 1f the impurity 3 1is generated inside the medium
2 such that it is not continuous, there is generated a difference
in the waveform of the reflected wave depending on a frequency
of reflections on the impurity 3 as the incontinuous point and
diffracting interference. Thus, quantifying the quantity of
the impurity 3 in the medium 2 by observing this difference is
a basic standpoint of the present invention.

However, even 1f a change of thedifference in the waveform
of the reflected wave 1s graphed by processing based on fast

Fourier transformation method like the conventional method, the
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aforementioned change does not always appear on the positive
slde because that change is a minute change which always moves
1n a cycle of the fast Fourilier transformation computation and
due to Haworth effect by 1rradiated wave and its reflection wave
of high~frequency ultrasonic wave go&.ng in the medium. Thus,
the change in the waveform of the reflected wave is very
difficult to observe.

In views of the above problem, the present 1nvention
intends to grasp a change of the frequency as a deflection of
the phase of the waveform of the reflected wave so as to observe
the change of the frequency in a minute time interval and then
convert this change to numeric values. Because, according to
the present invention, a change of the frequency in the waveform
of areflectedwaveor its deflection is manifested and observed,
a filter characteristic is set up corresponding to a deflecting
band and then a motion of zero crossing of a waveform extracted
through a filter is defined as a deflection of the frequency
in the waveform of the reflected wave. By graphing how much
deflection component 1s contained in the waveform of the
reflected wave after passing the filter by using standard
deviation system and observing its change, whether or not the
impurity exists 1n a constant medium and how much impurity 1is
contained therein are determined. Therefore, according to the

present invention, the waveform of a reflected wave of an
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irradiated high-frequency ultrasonic wave is subjected to
digital signal processing and setting on a filter condition in
that processing is indispensable to manifest the deflection in
the waveform of the reflected wave.

Referring to Fig. 1, a pﬁlsewlike ultrasonlic wave 1is
generated to the test piece 1 from a ultrasonic generator 4.
This waveform is reflected irreqularly by an oxide film 5 on
an outer surface la of the wall of the test piece 1, hydrogen
compound 3 and an inner surface 1lb of the wall so that those
reflected waves are synthesized, and as a result, waveform
continuous with respect to a time axis is detected as shown in

Fig. 2. As the high-frequency cycle, for example, a cycle of

80 MHz-100 MHz 1s used.

A waveform shown 1n Fig. 3 is obtalned from a test piece
(a) 1n which some extent of the hydrogen compound 3 is contained
in the medium (wall) and a waveform shown in Fig. 4 is obtained
from another test piece (b) containing more hydrogen compound
3 than the aforementioned test piece (a). As evident from both,
the more hydrogen compound 1s contained, the larger the
deflection of the waveform 1s and correspondingly, the
deflection of zero crossing interval becomes larger. That 1is,
the ultrasonic wave 1is reflected irreqularly by the hydrogen
compound and 1t 1s made evident that the content ratio of the

hydrogen compound is proportional to a quantity of the irreqular
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reflection of the ultrasonic wave.

From the above, the following matter can be considered.

If when sound wave travels 1n a homogeneous medium, there
1s an impurity or foreign matter which acts as incontinuous
points in the medium and the ihcontinuous points have changes
1n acoustic impedance sufficient for the sound wave, a
reflection of the sound wave occurs at that incontinuous point.
This reflected sound wave 1s accompanied by adeflection in phase
relative to a reflected sound wave which does not pass the
incontinuous point. The reason is that viscosity and inertia
of the medium produce a minute spring constant, which produces
a deflection in the reflection phase of the sound wave. However,
this phase deflection 1s converged within a wave length of a
basic cycle when the number of reflections is small, so that
it hardly appears as a change of the cycle but appears as a
deflection of the zero crossing position. If the number of
reflections 1increases, the deflection of the zero crossing
position (deflection of the phase) becomes violent.

The reason why the deflection of the phase occurs 1is that
1f there is adifference 1n acoustic impedance between the medium
and impurity particle in the medium (hydrogen compound in this
example), the minute time necessary for the reflection differs.
Depending on whether the acceleration of the particle is

positive or negative, the reflecting time is different.
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Although that difference can be considered as a deflection of
the phase, 1t cannot be grasped as a deviation of the cycle
because the positive and negative compensate for each other.
Thus, as compared to a waveform of the reflected wave
directly returning from the' inner surface 1lb of the wall of the
test piece 1 shown in Fig. 1, the waveform of an irreqularly
reflected component by the impurity 3 (hydrogen compound) has
a larger deflection of the phase. If the amount of that
deflection 1s extracted, 1t can be considered that the content

of the i1mpurity or hydrogen compound in this case can be

estimated.

Although there 1s oxide film 5, clad and roughness on the
surface of the test piece 1, because the thickness of the wall
1s much far larger than thickness of each thereof, according
to the present 1nvention, it is considered that a reflected wave
of ultrasonic wave reflected by the oxide film 5, clad or
roughness of the surface appears on the time axis in a shorter
time than the reflected wave by the inner surface of the wall.
Therefore, 1t has been considered that an influence thereof can
be neglected.

Because the method of the present invention can be
testified by a change of particle density due to sound pressure

of ultrasonic wave traveling in the medium, this point will be

described below.

T L P RRIRLY 7 LOP TR Py | FOR - e .. '"‘;'-&mewdhI».N'OLN--" at .



CA 02286501 1999-10-07

When sound wave travels in a medium, a change of density
occurs 1n that medium as shown schematically in Fig. 5. That
is, a change of the density is repeated with a cycle of sound
wave such that the density of the medium is intensified in a
portion having a highrsound pressure and the density thereéf

becomes weak at a portion having a low sound pressure. Now,

assuming that the density of a medium is ©, a mass of a unit
area A x as a minute portion of medium perpendicular to ¥
direction which is a traveling direction of sound wave is ©

- A x.

Next, if the aforementioned 0 A x is substituted for mass

m-a = m-d’x/dt?,

m of Newton’s equation of motion, F
F = ma =mdu/dt’ = (pAx) du/ét?= Pd*u(x) = ox*A x
where u 1s an amount of deflection of medium and P is static

pressure 1n the medium.

If both sides of the aforementioned expression is divided
by A x, p:d*u/ot’=P-d*u/ox*. IfP/p=c is placed, d*u/ot?= g*u/ox>.
Where ¢ 1s sound velocity and this expression is first-order

wave equation.

Next, 1f the above wave equation is solved using angular
frequency w = 2nf, a general solution shown in Expression 1 is

obtained.

[Expression 1]

10
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u ( X,t ) — Ae"j (kx-at) + Bej (kx+wt)
where k = 2xA, A is wave length of sound wave and A, B are arbitrary

constants.

Because E = pv when a particle velocity of medium is

assumed to be v, sound pressure E of the sound wave can be
obtained if the particle velocity v is determined. Because a
general solution of the aforementioned wave equation expresses
a deflection (distance) of the medium, the particle velocity
of the medium can be introduced by differentiating this equation
by t.

Therefore, the sound pressure E of the sound wave is

expressed as shown 1in Expression 2.

[ExXpression 2]

E = pv = pdu/dt = jop{Ae” ™™ + Belt™* *0)

The first term of this expression expresses progressive wave
and the second term expresses regressive wave.

If the medium is uniform, its change occurs relatively
evenly and therefore 1t does not appear as a conceivable
observation result. If there are incontinuous points in the
medium, it 1s assumed that reflection does not occur at the
incontinuous points and there occurs a difference in the
observation result depending on the frequency of reflections.

Considering an influence by the inertia of the particle

upon reflection, an apparent velocity of a particle colliding

11
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with the incontinuous point in the medium drops due to spring
constant (Young's modulus of elasticity) of the medium when the

direction of its force is changed by the reflection.
Therefore, when the sound wave is reflected, w is retarded

relative to t. Fig. 6 shows a change of the sound pressure by

an influence of the spring constant upon reflection.

Although such an ideal waveform is not seen in actual
waveform because of multiple reflections, an entire tendency
of the waveform can be grasped with this Figqure.

Because the Expression 3 is obtained if this is applied
to the aforementioned expression, it is made evident that when
the sound wave is reflected, apparently the frequency is lowered.
Thus, as the irreqular reflection increases, the number of
reflected waves whose frequency is deflected increases.
[EXpression 3]

F = j(x)p{Ae“j“"‘"‘“"“’t} + Beltkx+ (m+n)t)}

However, this transient phenomenon upon reflection
vanishes within a single cycle. Therefore, upon observation,
1t is necessary to see not a change of the frequency
characteristic due to Fourier transformation but a tendency of
a deflection of the phase of each cycle. Thus, the detection
method of the present invention is effective.

As described above, the present invention comprises:

irradiating waveformof ultrasonic wave to an object whose inner

12
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state is desired to be inspected from outside; extracting
waveform of a reflected wave traveling inside the object:
detecting a difference of acoustic impedance of the foreign
matter from the waveform of the reflected wave by extracting
a deflection of”the waveform; and detecting for
presence/absence of the foreign matter inside the object or
presence/absence of the foreign matter and a quantity of the
foreign matter. As a result, a foreign matter generated in a
homogeneous medium, which cannot be found by a conventional
non-destructive detection method using ultrasonic wave, can be

detected accurately even if it is minute or the quantity thereof

1s small.

13



CA 02286501 1999-10-07

What is claimed is:

1. A method for non-destructive detection for foreign matter
in medium using waveform of ultrasonic wave, comprising:

irradiating waveform of ultrasonic wave to an obiject
whose 1nner sfate is desired to be inspected from.dutside;

extracting waveform of a reflected wave traveling inside
the object;

detecting a difference of acoustic impedance of the
foreign matter from the waveform of the reflected wave by
extracting a deflection of the waveform; and

detecting for presence/absence of the foreign matter
inside the object or presence/absence of the foreign matter and
a quantity of the foreign matter.
2. A method for non-destructive detection for foreign matter
in medium using waveform of ultrasonic wave according to claim
1 wherein the waveform of the reflected wave 1s processed via
a processing portion composed of mainly a waveform filter, a
feature of the deflection of the phase of the waveform 1is
extracted from the waveform processed in said processing
portion and a degree of the deflection and a quantity of the
foreign matter in the medium are quantified.
3. A method for non-destructive detection for foreign matter
in medium using waveform of ultrasonic wave according to claim

2 wherein for the feature and degree of the deflection of the

14
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phase, an interval of zero crossing points of the reflected wave
is extracted so as to convert a standard deviation thereof to
numeric value and a quantity of the foreign matter in the medium
and a size of the foreign matter 1s quantified based on said
numeric valﬁe.

4. A method for non-destructive detection for foreign matter
1n medium using waveform of ultrasonic wave according to claim
1-3 whereln a waveform of ultrasonic wave to be irradiated is

high-frequency ultrasonic wave.

15
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