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Description
Title of Invention
DEFECT MEASUREMENT METHOD, DEFECT

MEASUREMENT DEVICE, AND TESTING PROBE

Technical Field
[0001]

The present invention relates to (i) a method and a
device for measuring a defect of a member made of a magnetic
material and (iii) an inspection probe for use in measurement

of the defect.

Background Art
[0002]

As an inspection method for investigating the
presence/absence of a defect in a magnetic member such as
thinning or crack, a magnetic flux leakage (MFL) and the like
disclosed in Patent Literature 1 and the like have been
conventionally known.

[0003]

For example, according to Patent Literature 1, an
inspection pig including an electromagnet and a magnetic
sensor determines the presence/absence of a defect in a pipe
portion by (i) magnetizing the pipe portion, which is an object

to be inspected, so that the pipe portion reaches magnetic
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saturation and (ii) detecting, with use of the magnetic sensor,

a leakage flux which is leaking from the pipe portion.

Citation List
[Patent Literature]
[0004]
[Patent Literature 1]
Japanese Patent Application Publication Tokukai No.

2004-212161 (Publication date: July 29, 2004)

Summary of Invention

Technical Problem
[0005]

However, although the presence/absence of a defect is
determined on the basis of a leakage flux which is leaking
from a pipe portion according to the magnetic flux leakage, a
leakage of a magnetic flux occurs only at portions where a
shape of the pipe portion is discontinuous, such as an end
part of the defect. Therefore, a leakage of a magnetic flux
does not occur in a case where (i) thinning is occurring over
an entire circumference of a pipe or (ii) thinning is occurring
gradually. This unfortunately makes it impossible to detect a
defect. In addition, although the presence/absence of a
defect can be determined on the basis of a leakage of a

magnetic flux according to the magnetic flux leakage, the
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magnetic flux leakage unfortunately does not make it
possible to quantitatively measure a depth or the like of the
defect.
[0006]

The present invention has been made in view of the
problems, and it is an object of the present invention to
quantitatively measure a defect in a magnetic member.

Solution to Problem
[0007]

A defect measuring method in accordance with an
aspect of the present invention is a method of measuring a
defect of a magnetic member so as to inspect the defect,
including the steps of: measuring an output from a magnetic
sensor with use of an inspection probe including a magnet
and the magnetic sensor which is provided on a magnetic
circuit formed by the magnet and the magnetic member and
which detects a density of a magnetic flux flowing through
the magnetic circuit; and based on the output from the
magnetic sensor, (i) determining whether or not the magnetic
member has a defect and (ii) calculating a depth of the defect
in directions in which the magnetic member and the magnet
face each other.

[0008]
A defect measuring device in accordance with an aspect

of the present invention is a defect measuring device
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including: an inspection probe including a magnet and a
magnetic sensor which is provided on a magnetic circuit
formed by the magnet and a magnetic member and which
detects a density of a magnetic flux flowing through the
magnetic circuit; and a defect depth calculating section
which, based on an output from the magnetic sensor, (i)
determines whether or not the magnetic member has a defect
and (ii) calculates a depth of the defect in directions in which
the magnetic member and the magnet face each other.
[0009]

An inspection probe in accordance with an aspect of
the present invention is an inspection probe which inspects a
defect of a magnetic member, including: a magnet; and a
magnetic sensor which is provided on a magnetic circuit
formed by the magnet and the magnetic member and which
detects a density of a magnetic flux flowing through the
magnetic circuit.

Advantageous Effects of Invention
[0010]

With a defect measuring method, a defect measuring
device, and an inspection probe in accordance with an
embodiment of the present invention, it is thus possible to

quantitatively measure a defect of a magnetic member.

Brief Description of Drawings
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[0011]

Fig. 1 is a view schematically illustrating a
configuration of an inspection probe for use in a thinning
measuring device in accordance with an embodiment of the
present invention.

Fig. 2 is a view schematically illustrating a state of the
inspection probe of Fig. 1 during measurement of thinning.

Fig. 3 is a view illustrating a relationship between (i) a
voltage outputted from a Hall element included in the
inspection probe of Fig. 1 and (ii) a thinning rate of a
magnetic pipe.

(a) and (b) of Fig. 4 are views illustrating a relationship
between (i) an external magnetic field H, (ii) a magnetic flux
density B applied to a magnetic pipe located in the external
magnetic field H, and (iii) a relative permeability p of the
magnetic pipe obtained from a relationship, B=pH.

(a) and (b) of Fig. 5 are views illustrating a plurality of
test pieces each of which is thinned. (a) of Fig. 5 shows test
pieces each of which has an entire surface thinned. (b) of Fig.
5 shows test pieces each of which locally has a thinned
portion.

Fig. 6 is a view illustrating relationships between (i)
output voltages of Hall elements of the test pieces illustrated
in (a) and (b) of Fig. 5 and (ii) respective thinning rates and

corresponding thinned ranges of magnetic pipes.
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Fig. 7 is a view illustrating relationships between (i)
output voltages of Hall elements which are included
respective inspection probes such as that illustrated in Fig. 1
and which are in the test pieces illustrated in (a) and (b) of
Fig. 5 and in magnetic pipes used in actual production
models and (ii) corresponding actual values of thinning
depths.

Fig. 8 is a view illustrating relationships between
thickness evaluated values and thickness actual values in
inspection probes such as that illustrated in Fig. 1.

Fig. 9 is a block diagram illustrating a configuration of
a processing section which is included in a thinning
measuring device in accordance with an embodiment of the
present invention.

Fig. 10 is a flow chart illustrating a flow of a process
carried out by a thinning measuring device in accordance
with an embodiment of the present invention.

Fig. 11 is a view illustrating a relationship between a
voltage of an output from a Hall element and a thinning rate

of a magnetic pipe during a magnetic flux leakage.

Description of Embodiments
[0012]
A magnetic member in accordance with an embodiment

of the present invention is a member made of a magnetic
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material. Examples of the magnetic member encompass a
cable, a wire, a plate-like member, and various structures,
each of which is made of a magnetic material. Examples of a
defect of the magnetic member encompass a thinned portion
(hereinafter referred to as "thinning") and a crack. The
thinning is a phenomenon in which a thickness of a member
or the like is thinned by mechanical abrasion and/or
chemical corrosion.

[0013]

The following description will discuss an embodiment
of the present invention. According to the present
embodiment, thinning of a magnetic pipe, which serves as a
magnetic member to be inspected, is inspected with use of a
Hall element serving as a magnetic sensor. However, the
present invention is not limited to the present embodiment,
and can be applied to more than a magnetic pipe and an
inspection of thinning.

[0014]

According to the present embodiment, (i) a depth of a
defect extending in directions in which a magnetic member
and a magnet according to an embodiment of the present
invention face each other will be referred to as "thinning
depth", (ii) presence/absence of a defect is determined
according to an output from a magnetic sensor in accordance

with an embodiment of the present invention, (iii) a defect
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depth calculating section, which calculates a depth of a
defect extending in the directions in which the magnetic
member and the magnet face each other, will be referred to as
"thinning depth calculating section", and (iv) a defect
measuring device in accordance with an embodiment of the
present invention will be referred to as "thinning measuring
device".

[0015]

(1. Configuration of inspection probe 100)

Fig. 1 is a view schematically illustrating a
configuration of an inspection probe 100 in accordance with
the present embodiment.

[0016]

According to the present embodiment, thinning of a
magnetic pipe is inspected by the Magnetic Flux Resistance
(MFR) (described later) through inserting the inspection
probe 100 into the magnetic pipe and moving the inspection
probe 100 in the magnetic pipe. Examples of the magnetic
pipe to be inspected encompass pipes made of magnetic
materials such as: carbon steel; ferritic stainless steel; and
two-phase stainless steel having two phases which are a
ferrite phase and an austenite phase.

[0017]
As illustrated in Fig. 1, the inspection probe 100

includes a magnet 2, a Hall element 3, and a yoke 1.
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[0018]

The yoke 1 is a hollow cylindrical member made of a
magnetic material. Examples of the magnetic material of
which the yoke 1 is made encompass high permeability
metals such as carbon steel and low alloy steel. A shape of
the yoke 1 is not particularly limited, and can be, for example,
a rod-like shape, a plate-like shape, or a circular columnar
shape.

[0019]

The magnet 2 is provided along an outer
circumferential surface of the yoke 1. The magnet 2 is
arranged so that magnetic poles of the magnet 2 are in line
with radii of the magnetic pipe such that in a case where the
inspection probe 100 is inserted into the magnetic pipe, (i)
one magnetic pole of the magnet 2 faces the yoke 1 and (ii) the
other (opposite) magnetic pole faces the magnetic pipe. That
is, the magnet 2 is polarized in a direction in which the
magnet 2 faces the magnetic pipe. Fig. 1 shows an example in
which an N pole and an S pole of the magnet 2 are provided so
as to face the yoke 1 and the magnetic pipe, respectively.
However, the present invention is not limited to this example,
and can be configured so that the S pole and the N pole are
provided so as to face the yoke 1 and the magnetic pipe,
respectively.

[0020]
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As indicated by arrows in Fig. 1, the magnet 2 and the
yoke 1 form a magnetic circuit. The Hall element 3 is provided
on the magnetic circuit. Fig. 1 shows an example in which the
Hall element 3 is provided at an end part of the magnet 2
along an axial direction of the magnetic pipe. The Hall
element 3 is also provided so that an output voltage of the
Hall element 3 decreases in a case where a magnetic
resistance decreases and consequently a density of a
magnetic flux passing through the Hall element 3 increases.
[0021]

(2. Overview of Magnetic Flux Resistance)

Fig. 2 is a view schematically illustrating the
inspection probe 100 during measurement of thinning of a
magnetic pipe P. (a) of Fig. 2 shows that thinning of the
magnetic pipe P is not occurring, and (b) of Fig. 2 shows that
thinning of the magnetic pipe P is occurring. In a case where
the inspection probe 100 in accordance with the present
embodiment is inserted into the magnetic pipe P, a magnetic
circuit is formed by (i) the magnet 2 of the inspection probe
100, (ii) the yoke 1 of the inspection probe 100, and (iii) the
magnetic pipe P. In a case where thinning of the magnetic
pipe P is not occurring as illustrated in (a) of Fig. 2, a
thickness of the magnetic pipe P is large. This causes a
magnetic resistance in the magnetic circuit to be small, and

therefore causes a density of a magnetic flux passing through
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the Hall element 3 to be large. In contrast, in a case where
thinning of the magnetic pipe P is occurring as illustrated in
(b) of Fig. 2, the thickness of the magnetic pipe P is smaller in
comparison with the state illustrated in (a) of Fig. 2. This
causes the magnetic resistance in the magnetic circuit to be
large. Therefore, the density of the magnetic flux passing
through the Hall element 3 is smaller in comparison with the
state illustrated in (a) of Fig. 2. Note that an output voltage of
the Hall element 3 varies according to a quantity of the
density of the magnetic flux passing through the Hall element
3. Therefore, the output voltage of the Hall element 3 is
measured while the Hall element 3 is arranged so that the
output voltage of the Hall element 3 decreases in a case
where the density of the magnetic flux passing through the
Hall element 3 is large. In this way, the presence/absence of
thinning of the magnetic pipe P is determined, and a
thickness and a thinning depth of the magnetic pipe P are
calculated. Note that the thickness of the magnetic pipe P in
the present embodiment is a thickness of the magnetic pipe P,
which thickness extends in directions in which the magnetic
pipe P and the magnet 2 face each other.
[0022]

Fig. 3 is a view illustrating a relationship between (i) a
voltage outputted from the Hall element 3 and (ii) a thinning

rate of the magnetic pipe P. In Fig. 3, an output voltage of the
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Hall element 3 in a case where the magnetic pipe P is intact
so that thinning of the magnetic pipe P is not occurring is O V.
For comparison, Fig. 11 illustrates a relationship between a
voltage of an output from the Hall element 3’ and a thinning
rate of a magnetic pipe P during a magnetic flux leakage.
[0023]

As illustrated in Fig. 3, in a case where the inspection
probe 100 is in mid-air, that is, in a case where the magnetic
pipe P to be inspected is not present in a magnetic circuit, a
magnetic resistance in the magnetic circuit is large. This
causes a density of the magnetic flux passing through the
Hall element 3 to be small, and therefore causes a value of an
output voltage of the Hall element 3 to be large. In contrast,
in a case where the inspection probe 100 is located in the
magnetic pipe P and where thinning of the magnetic pipe P is
not occurring, a magnetic resistance in a magnetic circuit is
small as described above, and therefore a value of an output
voltage of the Hall element 3 is small. In a case where the
thinning of the magnetic pipe P is occurring, the Hall element
3 outputs a voltage according to the thinning rate. For
example, in a case where thinning of the magnetic pipe P is
occurring at thinning rates of 25%, 50%, and 75%, the Hall
element 3 outputs voltages according to the respective
thinning rates. Note that "thinning rate" according to the

present embodiment is a value of a ratio of a thickness of a
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magnetic pipe P which is intact to a depth of a thinned
portion extending in directions in which the magnetic pipe P
and a magnet 2 face each other. For example, in a case where
the thinning rate of a magnetic pipe P is 75%, the thickness
of the magnetic pipe P is 1/4 of that of the magnetic pipe P
which is intact.

[0024]

In contrast, according to the magnetic flux leakage
illustrated in Fig. 11, leakage of a magnetic flux occurs only
at portions where a shape of the magnetic pipe P is
discontinuous. This causes an output voltage of the Hall
element 3’ to vary only at the portions where the shape of the
magnetic pipe P is discontinuous. In addition, the thickness
and the thinning depth of the magnetic pipe P cannot be
calculated from the output voltage of the Hall element 3.
[0025]

Fig. 4 is a view illustrating a relationship between (i) an
external magnetic field H, (ii) a magnetic flux density B
applied to a magnetic pipe P located in the external magnetic
field H, and (iii) a relative permeability p of the magnetic pipe
P obtained from a relationship, B=pH. (a) of Fig. 4 illustrates
the relationship where the horizontal axis shows the external
magnetic field H and the vertical axis shows the relative
permeability p and the magnetic flux density B. (b) of Fig. 4

shows the relationship where the horizontal axis shows the
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magnetic flux density B and the vertical axis shows the
relative permeability p.

[0026]

As illustrated in (b) of Fig. 4, a region where the
magnetic flux density B is small (region a in (b) of Fig. 4) is a
region where magnetic noise occurs so that the relative
permeability p is unstable. In addition, a region where the
magnetic flux density B is at a moderate level (region  in (b)
of Fig. 4) is a region which is unsuitable for measurement of
a thinning rate of the magnetic pipe P with use of the Hall
element 3 because, in the region, although magnetic noise is
suppressed, a variance in the relative permeability p is small
despite an increase in the magnetic flux density B.

[0027]

In contrast, a region where the magnetic flux density is
large (region y in (b) of Fig. 4) is a region which is suitable for
measurement of the thinning rate of the magnetic pipe P
because, in the region, an increase in the magnetic flux
density B is directly proportional to a monotonic decrease in
the relative permeability p. In particular, in a region where
the magnetic flux density B is large approximately to an
extent at which the magnetic pipe P does not completely
reach magnetic saturation, an increase in the magnetic flux
density B is directly proportional to a linear decrease in the

relative permeability p. Therefore, in a case where the
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thinning rate of the magnetic pipe P is measured with use of
an inspection probe 100 which is configured so that the
magnetic flux density B in this region is applied to the
magnetic pipe P, there is a linear relationship between the
thinning rate of the magnetic pipe P and an output voltage of
the Hall element 3. Hence, the magnet 2 to be used for the
inspection probe 100 is preferably a high-performance
magnet which generates a strong magnetic field. Examples of
the high-performance magnet encompass rare earth magnets
such as neodymium magnet.

[0028]

It should be noted that since the inspection probe 100
is to be inserted into the magnetic pipe P, an inner diameter
of the magnetic pipe P is small, so that there is a restriction
on the size of a magnet 2 which can be provided in the
inspection probe 100. Therefore, with only a single magnet 2,
it may not be able to achieve the magnetic flux density of the
region y illustrated in (b) of Fig. 4. In such a case, a desired
magnetic flux density B can be achieved with use of, for
example, a method in which a plurality of magnets 2 are
arranged in a Halbach array.

[0029]

Fig. 5 is a view illustrating a plurality of test pieces

each of which is thinned. (a) of Fig. 5 shows test pieces each

of which has an entire surface thinned. (b) of Fig. 5 shows
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test pieces each of which locally has a thinned portion.
[0030]

12 types of test pieces, which are thinned as illustrated
in (a) and (b) of Fig. 5 were, prepared, and then an output
voltage of a Hall element 3 of each of the test pieces was
measured. That is, [thinned range, thinning rate] of the test
pieces prepared were [45°, 25%], [45°, 5S0%], [45°, 75%], [90°,
25%], [90°, 50%], [90°, 75%], [135°, 25%], [135°, 50%], [135°,
75%], [360°, 25%], [360°, 50%], and [360°, 75%]. It should be
noted that "thinned range" is a range of a thinned portion
along a circumference of a <cross section which is
perpendicular to an axis of a magnetic pipe P and which
range is expressed in an angle. For example, a thinned range
of 360° indicates that thinning is occurring over an entire
circumference of the magnetic pipe P.

[0031]

Fig. 6 is a view illustrating relationships between (i)
output voltages of the Hall elements 3 of the test pieces
illustrated in (a) and (b) of Fig. 5 and (ii) respective thinning
rates and corresponding thinned ranges of the magnetic
pipes P.

[0032]

As illustrated in Fig. 6, in the case of any of the thinned

ranges of 45°, 90°, 135°, and 360°, there is a linear

relationship between an output voltage and a thinning rate of
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a Hall element 3, but slopes of lines vary depending on the
thinned range. Specifically, a wider thinned range is directly
proportional to a smaller slope. This is because a narrower
thinned range causes a magnetic flux to be more likely to
avoid a thinned portion so as to flow into a portion which is
intact. Specifically, in a case where a thinned range is narrow,
a magnetic resistance does not increase even if a thinning
rate is increased. Therefore, even if the thinning rate changes,
a density of a magnetic flux passing through a Hall element 3
does not change considerably. Therefore, in a case where a
thinned range is narrow, a variance in output voltage of a
Hall element 3 relative to a variance in thinning rate is small,
so that a slope of a line, which indicates a relationship
between the output voltage of the Hall element 3 and the
thinning rate, shows a large value.

[0033]

Fig. 7 is a view illustrating relationships between (i)
output voltages of Hall elements 3 in the test pieces
described above and in magnetic pipes used in actual
production models and (ii) corresponding values, which were
actually measured (hereinafter referred to as "actual value"),
of thinning depths. Note that the actual values of the
thinning depths were measured by use of an ultrasonic
thickness meter or a submersion rotary ultrasonic thickness

measuring method.
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[0034]

Unlike test pieces, magnetic pipes used in actual
production models are subjected to thinning in various forms
such as gentle thinning and pitting corrosion-like thinning.
However, even in the cases of the magnetic pipes used in the
actual production models, as illustrated in Fig. 7, there were
correlations between the output voltages of the Hall elements
3 and the actual values of the thinning depths, which
correlations were approximately so much that a coefficient of
determination, R?2 which is a square value of a correlation
coefficient R, was around 0.72.

[0035]

Therefore, with use of the magnetic pipes used in the
actual production models as magnetic pipes for calibration, a
relational formula between an output voltage of a Hall
element 3 and an actual value of a thinning depth of a
magnetic pipe was calculated. Specifically, an approximation
line L (Y=aX) was calculated with use of a least squares
method. Then, thickness evaluated values were each
calculated by (i) calculating a thinning depth of a magnetic
pipe from (a) the approximation line L thus calculated and (b)
an output value of a magnetic sensor in the magnetic pipe
which output value is measured by an inspection probe 100
and (ii) obtaining a difference between a thickness of a

magnetic pipe which is intact and the thinning depth thus
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calculated.
[0036]

Fig. 8 is a view illustrating relationships between
thickness evaluated values and thickness actual values. In
Fig. 8, (i) a solid line indicates a relationship of "thickness
evaluated value = thickness actual value", (ii) a broken line
indicates a relationship of "thickness evaluated value +0.2
mm = thickness actual value", and (iii) a dashed dotted line
indicates a relationship of "thickness evaluated value - 0.2
mm = thickness actual value". As illustrated in Fig. 8, there
are good correlations between the thickness evaluated values
and the thickness actual values. The differences between the
thickness evaluated value and the thickness actual values
were approximately £0.2 mm in terms of a thickness. Note
that the thickness actual values were measured by use of an
ultrasonic thickness meter or a submersion rotary ultrasonic
thickness measuring method.

[0037]

By calculating a relational formula between an output
voltage of a Hall element 3 of an inspection probe 100 and an
actual value of a thinning depth with use of magnetic pipes
used in actual production models and then wusing the
relational formula, it is thus possible to obtain a thinning
depth and a thickness of a magnetic pipe from an output

voltage of a Hall element 3 which output voltage is measured
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in an inspection probe 100.
[0038]

(3. Configuration of processing section 20)

Fig. 9 is a block diagram illustrating a configuration of
a processing section 20 which is included in a thinning
measuring device 200 in accordance with the present
embodiment. Note that the thinning measuring device 200 in
accordance with the present embodiment includes an
inspection probe 100 and the processing section 20.

[0039]

The thinning measuring device 200 in accordance with
the present embodiment is configured so that the processing
section 20 quantitatively evaluates thinning of a magnetic
pipe with use of the Magnetic Flux Resistance according to an
output voltage of a Hall element 3 included in the inspection
probe 100.

[0040]

As illustrated in Fig. 9, the processing section 20
includes a detecting section 21, a storage section 22, and a
computing section 23. The computing section 23 includes a
detected position identifying section 24 and a thinning depth
calculating section 25.

[0041]
The detecting section 21 obtains an output voltage

value of a Hall element 3, and then controls the storage
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section 22 to store the output voltage value and a detected
time (detected timing) such that the output voltage value and
the detected time are associated with each other.

[0042]

A configuration of the storage section 22 is not
particularly limited. Examples of the storage section 22
encompass storage media such as (i) tapes such as a
magnetic tape and a cassette tape, (ii) disks including
magnetic disks such as a floppy disk (Registered Trademark)
and a hard disk and optical disks such as a CD-ROM, an MO,
an MD, a DVD, and a CD-R, (iii) cards such as an IC card
(including a memory card) and an optical card, and (iv)
semiconductor memories such as a mask ROM, an EPROM, an
EEPROM (Registered Trademark), and a flash ROM. The
storage section 22 also stores a relational formula that
indicates a relationship between an output voltage of a Hall
element 3 and a thinning depth of a magnetic pipe, which
relationship is calculated in advance with use of magnetic
pipes for calibration.

[0043]

Based on an output voltage value of a Hall element 3
and a corresponding detected time which are stored in the
storage section 22, the detected position identifying section
24 identifies a detected position in a magnetic pipe which

detected position corresponds to the output voltage value of
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the Hall element 3.
[0044]

The thinning depth calculating section 25 determines
the presence/absence of thinning and calculates a thinning
depth of the magnetic pipe, based on the output voltage of the
Hall element 3 and the relational formula indicative of the
relationship between an output voltage of the Hall element 3
and a thinning depth of the magnetic pipe, which output
voltage and the relational formula are stored in the storage
section 22.

[0045]

Note that the computing section 23 can be an
integrated circuit (hardware logic) such as an ASIC
(application specific integrated circuit), or can be achieved
by a computer executing software, which computer includes a
processor such as a CPU. Alternatively, the computing
section 23 can be achieved by a combination of such an
integrated circuit and software execution of such a computer.
[0046]

Furthermore, the computing section 23 can be included
in a housing in which the detecting section 21 and the
storage section 22 are included, or can be included
separately from the detecting section 21 and the storage
section 22. In the latter case, the computing section 23 (i)

obtains information, which is stored in the storage section 22,
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via, for example, wired communications, wireless
communications, or a storage medium which can be attached
and detached and then (ii) carries out a computing process.
[0047]

(4. Process of measuring thinning)

Fig. 10 is a flow chart illustrating a flow of a process of
measuring thinning according to the present embodiment.
[0048]

First, the inspection probe 100 is inserted into a
magnetic pipe to be inspected, and thinning is measured by
the Hall element 3 while the inspection probe 100 is being
moved axially in the magnetic pipe (S1).

[0049]

Then, based on information stored in the storage
section 22, the detected position identifying section 24
identifies a detected position (position along the axial
direction of the magnetic pipe) corresponding to an output
voltage value of the Hall element 3 (S2).

[0050]

Then, the thinning depth calculating section 25
determines the presence/absence of thinning and calculates
a thinning depth of the magnetic pipe, based on the output
voltage of the Hall element 3 and the relational formula
indicative of the relationship between an output voltage of

the Hall element 3 and a thinning depth of the magnetic pipe,
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which output voltage and the relational formula are stored in
the storage section 22 (S3). Then, the thinning depth
calculating section 25 associates the thinning depth with the
detected position identified by the detected position
identifying section 24, and the process of measuring thinning
ends.
[0051]

(5. Variations)

According to the present embodiment, the Hall element
3 is used as a magnetic sensor for detecting a magnetic flux
which flows through a magnetic circuit. Alternatively,
various magnetic sensors can be used for detecting a change
in density of a magnetic flux passing through a magnetic
circuit.
[0052]

According to the present embodiment, the Hall element
3 is provided at the end part of the magnet 2 along a
longitudinal direction of the magnetic pipe. However, a
position at which the Hall element 3 is to be provided is not
limited to such an end part. The Hall element 3 can be
provided at any position, provided that the Hall element 3
can detect a density of a magnetic flux flowing through a
magnetic circuit which is formed by the magnet 2, the
magnetic pipe, and, as necessary, the yoke 1. That is, the

Hall element 3 can be provided at any position, provided that
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the Hall element 3 is located on the magnetic circuit.
[0053]

According to the present embodiment, the inspection
probe 100 includes the single Hall element 3. However, the
number of Hall elements 3 is not limited to one. Alternatively,
an inspection probe 100 can include a plurality of Hall
elements 3. In a case where an inspection probe 100 includes
a plurality of Hall elements 3, a yoke 1 has a form of a
cylinder or a circular column, and a plurality of magnets 2
are provided at regular intervals along an outer
circumference of the yoke 1. Then, the plurality of Hall
elements 3 are provided on respective magnetic circuits
formed by the plurality of magnets 2 and the yoke 1 so that
each of the plurality of Hall elements 3 outputs a large
voltage in a case where a density of a magnetic flux flowing
through the corresponding magnetic circuit is small. By thus
configuring the inspection probe 100, it is possible to obtain
an output voltage from each of the plurality of Hall elements
3. Therefore, it is possible to detect thinning and evaluate a
thinning rate even in a case where a thinned range is small,
so that the thinning occurs locally, so that a magnetic flux
avoids the thinning and flows through a portion which is
intact. In a case where the inspection probe 100 thus
includes a plurality of Hall elements 3, it is possible to

evaluate a thinning depth and a thickness more accurately by
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evaluating the thinning depth and the thickness with use of,
of all of output voltages of the respective Hall elements 3, an
output voltage which has a largest value.

[0054]

According to the present embodiment, the magnet 2 is
provided in the inspection probe 100 so that the magnet 2 is
polarized in a direction in which the magnet 2 faces the
magnetic pipe. However, a direction in which the magnet 2 is
polarized in the inspection probe 100 is not limited to such a
direction, provided that it is possible to achieve the magnetic
flux density of the region y illustrated in (b) of Fig. 4 as
described above. For example, the magnet 2 can be provided
so that the magnet 2 is polarized in a direction extending
parallel to an axis of a magnetic pipe. In such a case also, a
Hall element 3 and a yoke 1 only need to be provided on a
magnetic circuit formed by the magnet 2 and the magnetic
pipe.

[0055]

According to the present embodiment, the inspection
probe 100 includes the yoke 1. However, the inspection probe
100 does not necessarily need to include a yoke 1.
Specifically, the inspection probe 100 does not need to
include a yoke 1, provided that the magnetic flux density of

the region y illustrated in (b) of Fig. 4 is applied to a magnetic

pipe.
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[0056]

According to the present embodiment, (i) the inspection
probe 100 is inserted into the magnetic pipe to be inspected
and (ii) the determination of the presence/absence of
thinning and the calculation of a thinning depth are carried
out by the Hall element 3 carries out a measuring process
while the inspection probe 100 is being moved axially in the
magnetic pipe. However, it is unnecessary to determine the
presence/absence of thinning at a single point of a magnetic
pipe to be inserted. In addition, in a case where a thinning
depth is to be calculated, it is unnecessary to move an
inspection probe 100. That is, it is possible to carry out
determination of the presence/absence of thinning and
measurement of a thinning depth at any position of the
magnetic pipe by (i) inserting an inspection probe 100 into a
magnetic pipe to be inspected and (ii) measuring an output of
a Hall element 3 at any position.

[0057]

(Recapitulation)

A defect measuring method in accordance with an
aspect of the present invention is a method of measuring a
defect of a magnetic member so as to inspect the defect,
including the steps of: measuring an output from a magnetic
sensor with use of an inspection probe including a magnet

and the magnetic sensor which is provided on a magnetic
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circuit formed by the magnet and the magnetic member and
which detects a density of a magnetic flux flowing through
the magnetic circuit; and based on the output from the
magnetic sensor, (i) determining whether or not the magnetic
member has a defect and (ii) calculating a depth of the defect
in directions in which the magnetic member and the magnet
face each other.

[0058]

With the method, it is possible to quantitatively
measure a defect of a magnetic member by (i) using an
inspection probe, which includes a magnet and a magnetic
sensor that is provided on a magnetic circuit formed by the
magnet and a magnetic member and that detects a magnetic
flux flowing through the magnetic circuit, in order to
measure an output from the magnetic sensor, (ii) determining
the presence/absence of the defect according to the output
from the magnetic sensor, and (iii) calculating a depth of the
defect.

[0059]

The defect measuring method can be configured so as
to further include the step of: obtaining, before the
measuring, a relational formula indicative of a relationship
between an output from the magnetic sensor and a depth of a
defect of the magnetic member to be inspected, the obtaining

being carried out by associating, with use of a calibration
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magnetic member, an actual value of a depth of a defect of the
calibration magnetic member with an output from the
magnetic sensor, in the calculating, the depth of the defect of
the magnetic member being calculated, based on the
relational formula, in accordance with the output from the
magnetic sensor.

[0060]

With the configuration, it is possible to accurately
measure a depth of a defect by calculating the depth of the
defect of the magnetic member with use of a relational
formula indicative of a relationship between an output from
the magnetic sensor and a depth of a defect of the magnetic
member to be inspected, which relational formula is obtained
with use of the calibration magnetic member.

[0061]

A defect measuring device in accordance with an aspect
of the present invention is a defect measuring device
including: an inspection probe including a magnet and a
magnetic sensor which is provided on a magnetic circuit
formed by the magnet and a magnetic member and which
detects a density of a magnetic flux flowing through the
magnetic circuit; and a defect depth calculating section
which, based on an output from the magnetic sensor, (i)
determines whether or not the magnetic member has a defect

and (ii) calculates a depth of the defect in directions in which
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the magnetic member and the magnet face each other.
[0062]

With the configuration, it is possible to quantitatively
measure a defect of a magnetic member by (i) using an
inspection probe, which includes a magnet and a magnetic
sensor that is provided on a magnetic circuit formed by the
magnet and a magnetic member and that detects a density of
a magnetic flux flowing through the magnetic circuit, in order
to measure an output from the magnetic sensor, (ii)
determining the presence/absence of the defect according to
the output from the magnetic sensor, and (iii) calculating a
depth of the defect.

[0063]

The defect measuring device can be configured to
further include: a storage section in which a relational
formula indicative of a relationship between an output from
the magnetic sensor and a depth of a defect of the magnetic
member to be inspected is stored, which relational formula is
obtained by associating, with use of a calibration magnetic
member, an actual value of a depth of a defect of the
calibration magnetic member with an output from the
magnetic sensor, the defect depth calculating section
calculating, based on the relational formula, the depth of the
defect of the magnetic member in accordance with the output

from the magnetic sensor.
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[0064]

With the configuration, it is possible to accurately
measure a depth of a defect by calculating the depth of the
defect of the magnetic member with use of a relational
formula indicative of a relationship between an output from
the magnetic sensor and a depth of a defect of the magnetic
member to be inspected, which relational formula is obtained
with use of the calibration magnetic member.

[0065]

An inspection probe in accordance with an aspect of
the present invention is an inspection probe which inspects a
defect of a magnetic member, including: a magnet; and a
magnetic sensor which is provided on a magnetic circuit
formed by the magnet and the magnetic member and which
detects a density of a magnetic flux flowing through the
magnetic circuit.

[0066]

According to the configuration, since the magnetic
sensor detects a density of a magnetic flux flowing through a
magnetic circuit which is formed by the magnet and the
magnetic member, a defect of the magnetic member can be
quantitatively measured based on a value of an output from
the magnetic sensor.

[0067]

The inspection probe can be configured so that: the
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magnet is polarized in a direction in which the magnet faces
the magnetic member; the inspection probe further includes
a yoke which is provided so as to face a surface of the magnet,
which surface is opposite a surface which faces the magnetic
member; and the magnetic circuit is formed by the magnet,
the magnetic member, and the yoke.

[0068]

With the configuration, it is possible to quantitatively
measure a defect of a magnetic member.
[0069]

(Additional remarks)

The present invention is not limited to the
embodiments, but can be altered by a skilled person in the
art within the scope of the claims. The present invention also
encompasses, in its technical scope, any embodiment derived
by combining technical means disclosed in differing

embodiments.

Industrial Applicability
[0070]

The present invention can be applied to (i) a method
and a device for measuring a defect of a member made of a
magnetic material and (iii) an inspection probe for use in

measurement of the defect.
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Reference Signs List

[0071]
1 Yoke
2 Magnet
S 3 Hall element (magnetic sensor)
20 Processing section

25 Thinning defect depth calculating section (defect
depth calculating section)
100 Inspection probe
10 200 Thinning measuring device (defect measuring
device)

P Magnetic pipe (magnetic member)
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Claims

Claim 1

A method of measuring a defect of a magnetic member
so as to inspect the defect, comprising the steps of:

measuring an output from a magnetic sensor with use
of an inspection probe including a magnet and the magnetic
sensor which is provided on a magnetic circuit formed by the
magnet and the magnetic member and which detects a
density of a magnetic flux flowing through the magnetic
circuit; and

based on the output from the magnetic sensor, (i)
determining whether or not the magnetic member has a
defect and (ii) calculating a depth of the defect in directions
in which the magnetic member and the magnet face each

other.

Claim 2

The method as set forth in claim 1, further comprising
the step of:

obtaining, before the measuring, a relational formula
indicative of a relationship between an output from the
magnetic sensor and a depth of a defect of the magnetic
member to be inspected, the obtaining being carried out by
associating, with use of a calibration magnetic member, an

actual value of a depth of a defect of the calibration magnetic
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member with an output from the magnetic sensor,

in the calculating, the depth of the defect of the
magnetic member being calculated, based on the relational
formula, in accordance with the output from the magnetic

SEnsor.

Claim 3
A defect measuring device comprising:
an inspection probe including
a magnet and
a magnetic sensor which is provided on a
magnetic circuit formed by the magnet and a magnetic
member and which detects a density of a magnetic flux
flowing through the magnetic circuit; and
a defect depth calculating section which, based on an
output from the magnetic sensor, (i) determines whether or
not the magnetic member has a defect and (ii) calculates a
depth of the defect in directions in which the magnetic

member and the magnet face each other.

Claim 4

The defect measuring device as set forth in claim 3,
further comprising:

a storage section in which a relational formula

indicative of a relationship between an output from the
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magnetic sensor and a depth of a defect of the magnetic
member to be inspected is stored, which relational formula is
obtained by associating, with use of a calibration magnetic
member, an actual value of a depth of a defect of the
calibration magnetic member with an output from the
magnetic sensor,

the defect depth calculating section calculating, based
on the relational formula, the depth of the defect of the
magnetic member in accordance with the output from the

magnetic sensor.

Claim 5

An inspection probe which inspects a defect of a
magnetic member, comprising:

a magnet; and

a magnetic sensor which is provided on a magnetic
circuit formed by the magnet and the magnetic member and
which detects a density of a magnetic flux flowing through

the magnetic circuit.

Claim 6

The inspection probe as set forth in claim 5, wherein:

the magnet is polarized in a direction in which the
magnet faces the magnetic member;

the inspection probe further comprises
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a yoke which is provided so as to face a surface of the
magnet, which surface is opposite a surface which faces the
magnetic member; and
the magnetic circuit is formed by the magnet, the

magnetic member, and the yoke.





