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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to an eddy current sensor
used for eddy current measurement that is performed in
order to inspect the surface texture, cracks, and the like,
of a steel product by utilizing eddy current, and also to
an inspection method using the eddy current sensor.

2. Description of the Related Art

[0002] In an existing art, for the purpose of nondestruc-
tive inspection on the surface texture, cracks, and the
like, of a quench-hardened layer, or the like, in a steel
product, eddy current measurement has been conduct-
ed. The eddy current measurement is a measurement
utilizing eddy current. The eddy current measurement is
conducted using an excitation coil and a detection coil.
The excitation coil is used to apply an alternating-current
excitation signal to the steel product. The detection coil
is used to detect a detection signal, generated by eddy
current, from the steel product to which the alternating-
current excitation signal is applied by the excitation coil.
That is, in the eddy current measurement, a target steel
product is magnetized by the excitation coil, and an in-
duction magnetic field induced by the thus generated ed-
dy current is detected by the detection coil. Thus, for eddy
current measurement, the configuration that includes the
excitation coil and the detection coil is used as a sensor
(hereinafter, referred to as "eddy current sensor") includ-
ed in a measurement system.
[0003] A technique related to eddy current measure-
ment is, for example, described in Japanese Patent Ap-
plication Publication No. 2008-134106 (JP-A-
2008-134106). JP-A-2008-134106 describes a tech-
nique for inspecting a quenching pattern (quench-hard-
ened layer) formed in a surface portion of a quenched
component, such as an automobile component, by
means of eddy current measurement. Specifically, in the
technique described in JP-A-2008-134106, to determine
whether the quenching pattern of a work piece (target
steel product) is acceptable, a tolerance zone is set as
a criterion in advance. Measured points of acceptable
products are present in the tolerance zone within a plane
in which a measured point determined by a value based
on the phase difference of a detection signal from an
alternating-current excitation signal and a value of the
magnitude of the detection signal. Then, on the basis of
whether a measured point regarding an inspection region
of a work piece measured using the eddy current sensor
falls within the tolerance zone, it is determined whether
the quenching pattern of the work piece is acceptable.
[0004] Of course, with the technique described in
JP-A-2008-134106, 100 percent inspection may be per-
formed by means of in-line nondestructive inspection in

terms of the quenching quality (quench depth, quenched
hardness) of a component quenched by induction
quenching, or the like. The quenching quality has been
assured only through cutting inspection, or the like, by
sampling. However, the eddy current measurement de-
scribed in JP-A-2008-134106 has the following problem
in terms of the structure of the eddy current sensor.
[0005] That is, as shown in FIG. 21A, in
JP-A-2008-134106, a through-type coil 110 is used as
an eddy current sensor. The through-type coil 110 is
formed so that an excitation coil and a detection coil are
accommodated in a case 111 made of synthetic resin,
or the like, in a state where the excitation coil and the
detection coil are arranged coaxially. The through-type
coil 110 has a through hole 111a defined by the case
111. The through hole 111a is provided at a portion (inner
peripheral portion) corresponding to a coil hollow portion
of the excitation coil and detection coil that are accom-
modated in the case 111. That is, in the through-type coil
110, the excitation coil and the detection coil are provided
so that the position of the common central axis substan-
tially coincides with the position of the central axis of the
through hole 111a.
[0006] The through-type coil 110 is used so that a shaft
portion 112 of a work piece, which is a shaft-like (colum-
nar) component, is inserted through the through hole
111a of the case 111. That is, with the through-type coil
110, in a state where the shaft portion 112 of the work
piece is inverted through the through hole 111a, eddy
current measurement for inspecting the quenching pat-
tern is conducted on the shaft portion 112.
[0007] With the thus configured through-type coil 110,
a sufficiently strong magnetic field tends to be obtained
in eddy current measurement. In addition, with the
through-type coil 110, because of the distribution of mag-
netic flux densities, there is a small influence of a variation
in distance between the measurement portion of a work
piece and the through-type coil 110 (distance in the radial
direction (for example, the direction indicated by the ar-
row X1) of the coil) on a measured value, so it is possible
to obtain a stable measured value.
[0008] However, in the eddy current measurement
conducted using the through-type coil 110, a measure-
ment target will be only a shaft portion of a shaft-like
component, such as the shaft portion 112 of the work
piece. That is, in the eddy current measurement conduct-
ed using the through-type coil 110, only the shaft portion
of a shaft-like component, which may be inserted through
the through hole 111a, can be a measurement target.
Thus, the through-type coil 110, which serves as an eddy
current sensor, cannot accept a portion, which cannot be
inserted through the through hole 111a, as a measure-
ment target. The portion that cannot be inserted through
the through hole 111a, for example, includes a journal
portion and pin portion of a crankshaft, and a curved por-
tion formed between a shaft portion and proximal portion
of an outer race that constitutes a bearing.
[0009] On the other hand, the eddy current sensor
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used in the existing art includes a probe-type coil 120 as
shown in FIG. 21B. The probe-type coil 120 is formed so
that a coil, such as a solenoid coil, is provided inside
along a shaft-like (columnar) case 121, and has a detect-
ing portion 122 at one end thereof. With the probe-type
coil 120, the detecting portion 122 provided at one end
of the columnar probe-type coil 120 is brought close to
a measurement portion to conduct eddy current meas-
urement. Thus, as shown in FIG 21B, with the probe-type
coil 120, a journal portion 123a or pin portion 123b of a
crankshaft 123, which cannot be measured by the
through-type coil 110 shown in FIG 21A, may be set as
a measurement target.
[0010] However, in the case of the probe-type coil 120,
the strength of a magnetic field is lower than that of the
through-type coil 110, so it is difficult to obtain a magnetic
field having a strength sufficient for eddy current meas-
urement. In addition, with the probe-type coil 120, be-
cause of the distribution of magnetic flux densities, there
is a large influence of a variation in distance between the
measurement portion of a work piece (crankshaft 123)
and the probe-type coil 120 (distance in a direction (see
the arrow X2) in which the detecting portion 122 is
brought close to the work piece) on a measured value.
Therefore, with the probe-type coil 120, a measured val-
ue is extremely sensitive to a variation in distance be-
tween the measurement portion and the probe-type coil
120, so it is difficult to obtain a reproducible and stable
measured value. For these reasons, the probe-type coil
120 is currently not practical for inspecting the quenching
quality.
[0011] Note that, in order to increase the strength of
the magnetic field generated by the probe-type coil 120,
it is conceivable that the number of turns of the coil is
increased or an electric current that flows through the
coil is increased. However, an increase in the strength
of the magnetic field through these methods is limited
because of a resistance in the coil.
[0012] As described above, in the foregoing descrip-
tion, practical eddy current measurement that enables
100 percent inspection by means of in-line nondestruc-
tive inspection is a measurement only on a shaft portion
of a shaft-like component using the through-type coil.
That is, currently, it is desired to implement an eddy cur-
rent sensor that allows eddy current measurement on a
component having a relatively complex shape, such as
a journal portion or pin portion of a crankshaft (other than
a shaft portion of a shaft-like component). The next com-
ing prior art document US 3 241 058 discloses a flaw
detection apparatus having null plane positioned sen-
sors. Two electrically energized coils act as exciter coils
and establish a null plane between themselves which
extends through the sample. Sensing coil means are lo-
cated on the opposite side of the sample from exciter
coils in order to detect signals such as eddy current flows
within the sample.
Document US 6 952 095 B1 discloses inductive sensors
for the measurement of near surface properties of con-

ducting and magnetic materials using winding ge-
ometries and methods for forming eddy current sensors
for imposing magnetic fields into a test material. For sens-
ing the response of the test material periodic magnetic
fields are detected by sensing elements which are locat-
ed within a primary winding:
Document EP 1 674 860 A2 discloses eddy current array
probes with several drive coils carrying currents which
induce eddy currents within a test specimen, by virtue of
generating a primary magnetic field. Said induced eddy
currents generate in turn a secondary magnetic field,
which induces a potential difference in the sensing coils.
The drive coils have alternating polarity with respect to
neighboring drive coils which are configured to generate
a field in a vicinity of the sense coils.

Summary of the invention

[0013] The eddy current sensor and the inspection
method of the present invention can be gathered from
claim 1 and claim 12.
[0014] The invention provides an eddy current sensor
and an inspection method using the eddy current sensor,
which allow a portion having a shape, other than a shaft
portion of a shaft-like component, to be set as a meas-
urement target and are able to extend the range of ap-
plication of eddy current measurement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The foregoing and further objects, features and
advantages of the invention will become apparent from
the following description of example embodiments with
reference to the accompanying drawings, wherein like
numerals are used to represent like elements and where-
in:

FIG 1 is a graph that shows the relationship among
the state of a layer, hardness and magnetic perme-
ability of a quenched component in the depth direc-
tion;
FIG. 2 is a schematic view that shows the system
configuration for conducting eddy current measure-
ment according to an embodiment;
FIG. 3 is a graph that shows the relationship between
an alternating-current excitation signal and a detec-
tion signal in eddy current measurement;
FIG 4 is a view that shows the configuration of an
eddy current sensor according to a first embodiment
of the invention;
FIG. 5 is a view that shows the configuration of an
excitation coil according to the first embodiment of
the invention;
FIG. 6 is a view that shows the configuration of a
detection coil according to the first embodiment of
the invention;
FIG 7A is a view that shows a first alternative con-
figuration of the eddy current sensor according to
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the first embodiment of the invention;
FIG. 7B is a view that shows the configuration of a
detection coil in the first alternative configuration of
the eddy current sensor according to the first em-
bodiment of the invention;
FIG. 8A is a view that shows a second alternative
configuration of the eddy current sensor according
to the first embodiment of the invention;
FIG 8B is a view that shows the configuration of a
detection coil in the second alternative configuration
of the eddy current sensor according to the first em-
bodiment of the invention;
FIG. 9 is a view that shows a third alternative con-
figuration of the eddy current sensor according to
the first embodiment of the invention;
FIG 10 is a view that shows a fourth alternative con-
figuration of the eddy current sensor according to
the first embodiment of the invention;
FIG. 11A is a view that shows a fifth alternative con-
figuration of the eddy current sensor according to
the first embodiment of the invention;
FIG. 11B is a view that shows a sixth alternative con-
figuration of the eddy current sensor according to
the first embodiment of the invention;
FIG. 11C is a view that shows a seventh alternative
configuration of the eddy current sensor according
to the first embodiment of the invention;
FIG. 12 is a view that shows an eighth alternative
configuration of the eddy current sensor according
to the first embodiment of the invention;
FIG. 13 is a view that shows an application example
of the eighth alternative configuration of the eddy
current sensor according to the first embodiment of
the invention;
FIG. 14 is a view that shows the configuration of an
excitation coil of an eddy current sensor according
to a second embodiment of the invention;
FIG 15 is a view that shows the configuration of a
detection coil according to the second embodiment
of the invention;
FIG. 16 is a view in the arrow X direction in FIG 14;
FIG. 17 is a view in the arrow Y direction in FIG 14;
FIG 18 is a view that shows an application example
of the eddy current sensor according to the second
embodiment of the invention;
FIG. 19 is a view that shows an application example
of the eddy current sensor according to the second
embodiment of the invention;
FIG 20 is an enlarged view of a relevant portion in
FIG. 19;
FIG 21A is a view that shows the configuration of an
eddy current sensor according to a related art re-
garding a through-type coil; and
FIG 21B is a view that shows the configuration of an
eddy current sensor according to a related art re-
garding a probe-type coil.

DETAILED DESCRIPTION OF EMBODIMENTS

[0016] The invention is directed to extending the range
of application of eddy current measurement in such a
manner that an excitation coil and detection coil of an
eddy current sensor used for eddy current measurement
(hereinafter, referred to as "eddy current sensor") each
are formed of a plurality of coils and the arrangement of
those coils, a method of coupling those coils, and the
like, are devised. Hereinafter, embodiments of the inven-
tion will be described. Note that the embodiments of the
invention mainly describe a case where eddy current
measurement is conducted using an eddy current sensor
for inspecting the quenching quality (quench depth,
quenched hardness) of a component quenched by in-
duction quenching, or the like. That is, in terms of the
quenching quality, the eddy current sensor is used to
conduct eddy current measurement to thereby inspect a
quenched component, which is a measurement target
component.
[0017] FIG 1 is a graph that shows the relationship
among the state of a layer, hardness and magnetic per-
meability of the quenched component, which is a steel
product (S45C, or the like) subjected to quenching, in the
direction of depth (distance from the surface). As shown
in FIG. 1, in the quenched component, a hardened layer
1 and a base layer 2 are formed in order from the surface
side via a boundary layer 3 as the schematic texture con-
figuration of the quenched component. The hardened
layer 1 is a portion subjected to quenching. The base
layer 2 is a base material portion. By referring to a hard-
ness change curve 4, the hardened layer 1 and the base
layer 2 have different hardnesses, and the hardness of
the hardened layer 1 is higher than that of the base layer
2. In the boundary layer 3, the hardness gradually reduc-
es from a side adjacent to the hardened layer 1 toward
the base layer 2. A specific example of the hardness in
Vickers hardness (Hv) is such that the hardened layer 1
has a hardness of 600 to 700 Hv, and the base layer 2
has a hardness of about 300 Hv.
[0018] On the other hand, by referring to a magnetic
permeability change curve 5, a variation in magnetic per-
meability against a distance from the surface of the
quenched component is substantially inversely propor-
tional to a variation in hardness against a distance from
the surface of the quenched component. That is, the mag-
netic permeability of the hardened layer 1 is higher than
that of the base layer 2, and gradually increases in the
boundary layer 3 from a side adjacent to the hardened
layer 1 toward the base layer 2. In the eddy current meas-
urement according to the present embodiment, the rela-
tionship between a hardness and a magnetic permeabil-
ity against a distance from the surface of the quenched
component is utilized.
[0019] The schematic system configuration (principle
of measurement) for conducting eddy current measure-
ment according to the present embodiment will be de-
scribed with reference to FIG. 2. As shown in FIG. 2, in
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the eddy current measurement, an eddy current sensor
9 having an excitation coil 7 and a detection coil 8 is set
at a predetermined position with respect to a measure-
ment portion 6a of a work piece (magnetic material) 6,
which is a measurement target component. In the above
configuration, as the excitation coil 7 is supplied with elec-
tric current, a magnetic field appears around the excita-
tion coil 7. Then, eddy current is generated in proximity
to the surface of the measurement portion 6a of the work
piece 6, which is the magnetic material, through electro-
magnetic induction (see the arrow C1). As eddy current
is generated on the surface of the measurement portion
6a, a magnetic flux penetrates through the detection coil
8. Then, an induced voltage attended with generation of
eddy current on the surface of the measurement portion
6a is measured by the detection coil 8.
[0020] Both ends (both terminals) of the excitation coil
7 are connected to an alternating-current power supply
10. The alternating-current power supply 10 applies a
predetermined alternating-current excitation signal (ex-
citation alternating-current voltage signal) V1 to the ex-
citation coil 7. Both ends (both terminals) of the detection
coil 8 are connected to a measurement device 11. The
measurement device 11 detects the magnitude of a de-
tection signal (a voltage signal regarding the induced volt-
age) V2 obtained from the detection coil 8 when the al-
ternating-current excitation signal V1 is applied from the
alternating-current power supply 10 to the excitation coil
7 and a phase difference (phase delay) Φ (see FIG. 3)
of the detection signal V2 with respect to the alternating-
current excitation signal V1. Here, in order to detect the
phase difference Φ, the measurement device 11 is sup-
plied with the alternating-current excitation signal V1
(waveform) as an amplified phase detection signal.
[0021] The detection signal V2 detected by the detec-
tion coil 8 reflects the magnetic permeability of the meas-
urement portion 6a (work piece 6). That is, as the mag-
netic permeability of the measurement portion 6a in-
creases, a magnetic flux attended with generation of ed-
dy current as described above increases, so the magni-
tude of the detection signal V2 increases. Conversely,
as the magnetic permeability of the measurement portion
6a decreases, a magnetic flux attended with generation
of eddy current reduces, so the magnitude of the detec-
tion signal V2 decreases. In order to quantify (digitize)
the detection signal V2 based on the eddy current, as
shown in FIG. 3, an amplitude value Y that is a value of
the magnitude of the detection signal V2 and a value X
(= YcosΦ) that is a value based on the phase difference
Φ of the detection signal V2 with respect to the alternat-
ing-current excitation signal V1 are focused, and the fol-
lowing findings are known.
[0022] First, the amplitude value Y of the detection sig-
nal V2 may correlate with the quenched surface hardness
(hardness of a quenched portion). That is, as is apparent
from a comparison between the hardness change curve
4 and the magnetic permeability change curve 5 shown
in FIG. 1, there is a relationship that the magnetic per-

meability increases as the quenched surface hardness
decreases. As the magnetic permeability increases, a
magnetic flux generated when the alternating-current ex-
citation signal V1 is applied to the excitation coil 7 in-
creases, so eddy current induced on the surface of the
measurement portion 6a also increases. In accordance
with this, the amplitude value Y of the detection signal
V2 detected by the detection coil 8 also increases. Thus,
conversely, a magnetic flux that penetrates through the
measurement portion 6a at which eddy current is gener-
ated, that is, a magnetic permeability, is derived from the
amplitude value Y of the detection signal V2 detected by
the detection coil 8. By so doing, the quenched surface
hardness is obtained from the relationship between the
hardness change curve 4 and the magnetic permeability
change curve 5 that are shown in FIG. 1.
[0023] Next, the value X based on the phase difference
Φ of the detection signal V2 with respect to the alternat-
ing-current excitation signal V1 may correlate with the
quench depth (the depth of a hardened layer). That is,
an increase in the quench depth, that is, an increase in
the hardened layer 1 quenched in the quenched compo-
nent, means an increase in the low magnetic permeability
range in the depth direction, so the phase delay of the
detection signal V2 with respect to the alternating-current
excitation signal V1 increases. Thus, the degree of the
quench depth is obtained from the magnitude of the value
based on the phase difference Φ.
[0024] In the eddy current measurement for inspecting
the quenching quality of a quenched component on the
basis of the above principle of measurement, the eddy
current sensor having the excitation coil and the detection
coil are used as described above. Hereinafter, the con-
figuration of the eddy current sensor will be described as
the embodiments of the invention.
[0025] A first embodiment of the invention will be de-
scribed. As shown in FIG. 4 to FIG. 6, an eddy current
sensor according to the present embodiment has an ex-
citation coil 20 and a detection coil 30. The excitation coil
20 is used to apply a predetermined alternating-current
excitation signal (see the above alternating-current exci-
tation signal V1) to a work piece 15. The detection coil
30 is used to detect a detection signal (see the above
detection signal V2), generated by eddy current, from the
work piece 15 to which the alternating-current excitation
signal is applied.
[0026] Then, as shown in FIG. 4 and FIG. 5, the eddy
current sensor according to the present embodiment in-
cludes a plurality of solenoid coils 21 as the excitation
coil 20. Specifically, the eddy current sensor according
to the present embodiment has the ten solenoid coils 21
(see FIG. 5). Each of the ten solenoid coils 21 has sub-
stantially the same length, diameter, number of turns,
and the like.
[0027] The plurality of (ten) solenoid coils 21, which
serve as the excitation coil 20, are arranged in parallel
with one another. That is, the plurality of solenoid coils
21 are arranged side by side so that the central axes
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(cylinder axis directions of cylindrical shapes, hereinaf-
ter, referred to as "coil central axes") are substantially
parallel to one another. Note that, in the following de-
scription, the vertical direction, which is a direction cor-
responding to the coil central axis direction in FIG 4, is
defined as the vertical direction of the eddy current sen-
sor.
[0028] In addition, the plurality of solenoid coils 21 are
configured so that the winding directions are alternate.
Here, the phrase that" the winding directions are alter-
nate" means that the directions (rotating directions) in
which electric current flows along the solenoid coils 21
are opposite between the adjacent solenoid coils 21. That
is, in the adjacent solenoid coils 21, the directions of mag-
netic fields generated inside the respective solenoid coils
21 (see the arrows A1 in FIG 4, hereinafter, referred to
as "vertical magnetic fields") in accordance with the cork-
screw rule are opposite to each other.
[0029] The plurality of solenoid coils 21 are arranged
in parallel with one another so that the winding directions
are alternate, and the adjacent solenoid coils 21 are cou-
pled to each other. In the present embodiment, as shown
in FIG 4, the plurality of coupled solenoid coils 21 are
formed in such a manner that a single continuous lead
wire is wound so that the upper or lower ends of the ad-
jacent solenoid coils 21 are alternately coupled to each
other.
[0030] Thus, as shown in FIG 4, in the excitation coil
20, solenoid coils 21a and solenoid coils 21b are alter-
nately present as the solenoid coils 21. In each solenoid
coil 21a, the vertical magnetic field is generated in a
downward direction when electric current flows in a pre-
determined direction (see the arrow B1). In each solenoid
coil 21b, the vertical magnetic field is generated in an
upward direction when electric current flows in the pre-
determined direction.
[0031] Here, in FIG. 5, a marked portion indicated by
the reference sign D1 or the reference sign D2 in each
solenoid coil 21 indicates the direction of the vertical mag-
netic field in each solenoid coil 21. The reference sign
D1 indicates that the vertical magnetic field is directed
toward the far side in the vertical direction with respect
to the sheet of FIG. 5. The reference sign D2 indicates
that the vertical magnetic field is directed toward the near
side in the vertical direction with respect to the sheet of
FIG. 5. As indicated by these reference signs D1 and D2,
the directions of the vertical magnetic fields are alternate
(opposite) between the adjacent solenoid coils 21.
[0032] In addition, in the excitation coil 20, electric cur-
rent flows to cause interaction between the adjacent so-
lenoid coils 21 to thereby generate revolving magnetic
fields (see the arrows A2 in FIG. 4). That is, the revolving
magnetic fields are generated in such a manner that parts
of the vertical magnetic fields generated in the respective
adjacent solenoid coils 21 reinforce each other. Each re-
volving magnetic field is an annular magnetic field that
penetrates through the adjacent solenoid coils 21 and
that extend along the direction to revolve through the

insides of both adjacent coils.
[0033] As described above, in the excitation coil 20,
the magnetic fields generated by the flow of electric cur-
rent include the vertical magnetic fields (see the arrows
A1) generated inside the respective solenoid coils 21 and
the revolving magnetic fields (see the arrows A2) gener-
ated by the interaction between the adjacent solenoid
coils 21. The vertical magnetic fields and revolving mag-
netic fields are generated in the excitation coil 20 in this
way, and are applied to the work piece 15 to generate
eddy current. Then, the generated eddy current is de-
tected by the detection coil 30.
[0034] In the eddy current sensor according to the
present embodiment, the detection coil 30 is arranged
on one side (lower side) of the excitation coil 20 in the
coil central axis direction. The detection coil 30 is sensi-
tive to at least any one of the vertical magnetic fields and
revolving magnetic fields generated in the excitation coil
20.
[0035] When the detection coil 30 is sensitive to the
vertical magnetic fields, the detection coil 30 is sensitive
in the coil central axis direction (vertical direction), which
is the direction of the vertical magnetic fields on one side
of the excitation coil 20 in the coil central axis direction.
In addition, when the detection coil 30 is sensitive to the
revolving magnetic fields, the detection coil 30 is sensi-
tive in the direction of the revolving magnetic fields on
one side of the excitation coil 20 in the coil central axis
direction.
[0036] Here, the direction of the revolving magnetic
fields on one side of the excitation coil 20 in the coil central
axis direction is parallel to a plane perpendicular to the
coil central axis (horizontal direction with respect to the
vertical direction). That is, when the direction of the ver-
tical magnetic fields is a z direction, the direction of the
revolving magnetic fields on one side of the excitation
coil 20 in the coil central axis direction is parallel to an
x-y plane.
[0037] Thus, the detection coil 30 is sensitive to at least
any one of a vertical magnetic field (Hz) that is a magnetic
field in the vertical direction and a horizontal magnetic
field (Hx or Hy) of a revolving magnetic field. That is, the
detection coil 30 detects a variation in a vertical magnetic
field (Hz) when the detection coil 30 is sensitive to a ver-
tical magnetic field (Hz), and detects a variation in a hor-
izontal magnetic field (Hx or Hy) when the detection coil
30 is sensitive to a horizontal magnetic field (Hx or Hy).
[0038] The vertical magnetic fields (Hz) and horizontal
magnetic fields (Hx or Hy) that are generated in the ex-
citation coil 20 respectively have the following character-
istics in eddy current measurement. The vertical mag-
netic fields (Hz) have an advantage such that the
strengths of the magnetic fields are relatively high and
sufficiently strong magnetic fields may be easily obtained
in eddy current measurement. Conversely, the vertical
magnetic fields (Hz) have a characteristic such that, be-
cause of the distribution of magnetic flux densities, there
is a relatively large influence of a variation in distance
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between a measurement portion of the work piece 15
and the excitation coil 20. Therefore, a measured value
in eddy current measurement is sensitive to a variation
in distance between the work piece 15 and the excitation
coil 20.
[0039] On the other hand, the horizontal magnetic
fields (Hx or Hy) have an advantage such that, because
of the distribution of magnetic flux densities, there is a
relatively small influence of a variation in distance be-
tween the measurement portion of the work piece 15 and
the excitation coil 20. Therefore, a measured value in
eddy current measurement is rarely influenced by a var-
iation in distance between the work piece 15 and the
excitation coil 20. Conversely, the horizontal magnetic
fields (Hx or Hy) have a characteristic such that the
strengths of the magnetic fields are relatively low and it
is difficult to obtain sufficiently strong magnetic fields in
eddy current measurement.
[0040] In addition, in the eddy current sensor according
to the present embodiment, the plurality of solenoid coils
21 that constitute the excitation coil 20 are annularly ar-
ranged. That is, as shown in FIG. 5, in the eddy current
sensor according to the present embodiment, the ten so-
lenoid coils 21 of the excitation coil 20 are arranged an-
nularly in position such that the coil central axes of them
are substantially parallel to one another.
[0041] In the eddy current sensor according to the
present embodiment, the plurality of solenoid coils 21
that constitute the excitation coil 20 are supported by a
first housing 23 in the above described arrangement and
coupled state. In the present embodiment, the first hous-
ing 23 is formed of a resin member having a predeter-
mined shape.
[0042] Then, in the excitation coil 20, the first housing
23 is formed so that the plurality of solenoid coils 21 are
buried by resin. That is, for example, resin is poured into
a die that has a predetermined shape and in which the
plurality of solenoid coils 21 are set in the above de-
scribed arrangement and coupled state, and then the res-
in is cured, thus forming the first housing 23. Therefore,
the plurality of solenoid coils 21 are buried in the resin
first housing 23.
[0043] In the case of the present embodiment, the plu-
rality of solenoid coils 21 are supported in a state where
they are buried in the first housing 23. This prevents ox-
idation of the solenoid coils 21 due to contact with air, so
it is desirable in terms of durability of the excitation coil
20. Alternatively, the first housing 23 may be formed as
a hollow case member having a space for accommodat-
ing the plurality of solenoid coils 21. In this case, the
plurality of solenoid coils 21 are accommodated in the
space inside the first housing 23, and are supported in
the above described arrangement and coupled state. In
addition, the material that constitutes the first housing 23
is also not specifically limited as long as the material does
not influence the magnetic fields generated by the sole-
noid coils 21 (or the material has a negligible influence
on the magnetic fields).

[0044] As shown in FIG 5, the first housing 23 has a
through hole 23a at a portion surrounded by the plurality
of solenoid coils 21 that are annularly arranged. The
through hole 23a is formed by a cylindrical inner periph-
eral surface. The through hole 23a allows part of the work
piece 15, which will be measured by the eddy current
sensor according to the present embodiment, to be in-
serted therethrough.
[0045] In addition, the outer peripheral portion 23b of
the first housing 23 has a wavy shape that is formed along
the outer shapes of the solenoid coils 21 arranged an-
nularly. That is, when viewed in the coil central axis di-
rection as shown in FIG 5, the outer peripheral portion
23b of the first housing 23 has a regularly concavo-con-
vex shape such that, in the circumferential direction (a
direction along the annular shape in which the plurality
of solenoid coils 21 are arranged; the same applies to
the following description), portions corresponding to the
solenoid coils 21 are protrusions and portions between
the adjacent solenoid coils 21 are recesses. In this way,
the first housing 23 has a revolver shape of which the
rotating direction is the circumferential direction.
[0046] As shown in FIG 4 and FIG 6, the eddy current
sensor according to the present embodiment has pan-
cake coils 31 and horizontal solenoid coils 32 as the de-
tection coil 30. Each of the pancake coils 31 is formed
so that a lead wire is circularly wound in a substantially
single layer. Each pancake coil 31 is sensitive to a vertical
magnetic field (Hz) formed by the excitation coil 20. That
is, in the eddy current sensor according to the present
embodiment, each pancake coil 31 functions as a first
coil that is sensitive to a magnetic field (vertical magnetic
field (Hz)) in the coil central axis direction.
[0047] Each horizontal solenoid coil 32 is a solenoid
coil of which the central axis is aligned in the horizontal
direction. Each horizontal solenoid coil 32 is sensitive to
a horizontal magnetic field (Hx or Hy) formed by the ex-
citation coil 20. That is, each horizontal solenoid coil 32
functions as a second coil that is sensitive to a magnetic
field (horizontal magnetic field (Hx or Hy)) that is formed
between the adjacent solenoid coils 21 and of which the
direction is substantially perpendicular to the coil central
axis of each solenoid coil 21.
[0048] The pancake coils 31 and the horizontal sole-
noid coils 32 that constitute the detection coil 30 are re-
spectively arranged as follows with respect to the exci-
tation coil 20. That is, each pancake coil 31 is arranged
so that the position of the central axis substantially coin-
cides with the position of the central axis of a correspond-
ing one of the solenoid coils 21. That is, each disc-shaped
pancake coil 31 is arranged coaxially with the solenoid
coil 21 on one side (lower side), in the coil central axis
direction, of each solenoid coil 21 that constitutes the
excitation coil 20. In this way, each pancake coil 31 is
arranged so as to be sensitive to a vertical magnetic field
(Hz).
[0049] The horizontal solenoid coils 32 are arranged
so that the central axis direction set in the horizontal di-
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rection substantially coincides with a direction in which
the adjacent solenoid coils 21 are adjacent to each other
(arrangement direction). That is, each horizontal sole-
noid coil 32 is arranged in position such that the central
axis is aligned in the direction of the horizontal magnetic
field (Hx or Hy) along the revolving magnetic field formed
between the adjacent solenoid coils 21. Thus, in the eddy
current sensor according to the present embodiment in
which the plurality of solenoid coils 21 are arranged an-
nularly, the horizontal solenoid coils 32 are arranged so
that the central axes are oriented in substantially tangen-
tial directions of a circumferential shape that is aligned
along the annular shape. The annular shape is the ar-
rangement shape of the plurality of solenoid coils 21. In
this way, the horizontal solenoid coils 32 are arranged
so as to be sensitive to a horizontal magnetic field (Hx
or Hy).
[0050] The pancake coils 31 and the horizontal sole-
noid coils 32 are arranged with respect to the excitation
coil 20 (solenoid coils 21) in this way, and are alternately
arranged in the direction in which the plurality of solenoid
coils 21 are arranged. In the eddy current sensor accord-
ing to the present embodiment in which the ten solenoid
coils 21 are arranged annularly, ten pancake coils 31 and
ten horizontal solenoid coils 32 are alternately arranged
annularly along the arrangement of the solenoid coils 21.
[0051] Then, when focusing only on the pancake coils
31, the ten pancake coils 31 are formed so that the wind-
ing directions are alternate. That is, as shown in FIG. 4,
in the detection coil 30, a pancake coil 31a for a downward
vertical magnetic field (Hz) and a pancake coil 31b for
an upward vertical magnetic field (Hz) are alternately
present as the pancake coils 31.
[0052] Similarly, when focusing only on the horizontal
solenoid coils 32, the ten horizontal solenoid coils 32 are
formed so that the winding directions are alternate. That
is, as shown in FIG 4, in the detection coil 30, a horizontal
solenoid coil 32a for a horizontal magnetic field (Hx or
Hy) of one orientation (rightward in FIG. 4) in the direction
in which the adjacent solenoid coils 21 are arranged side
by side and a horizontal solenoid coil 32b for a horizontal
magnetic field (Hx or Hy) of the other orientation (leftward
in FIG 4) in the direction in which the adjacent solenoid
coils 21 are arranged side by side are alternately present
as the horizontal solenoid coils 32.
[0053] In this way, the pancake coils 31 and the hori-
zontal solenoid coils 32 are arranged so that the winding
directions are alternate, and the adjacent coils are cou-
pled to each other. In the present embodiment, as shown
in FIG. 4 and FIG 6, a single continuous lead wire is
wound so that the pancake coils 31 and the horizontal
solenoid coils 32 are alternately arranged and the adja-
cent coils are coupled to each other. By so doing, the
plurality of alternately coupled pancake coils 31 and hor-
izontal solenoid coils 32 are formed.
[0054] In addition, in the eddy current sensor according
to the present embodiment, the plurality of pancake coils
31 and horizontal solenoid coils 32 that constitute the

detection coil 30 are supported by a second housing 33
in the above described arrangement and coupled state.
The second housing 33 is formed of a resin member hav-
ing a predetermined shape as in the case of the first hous-
ing 23 of the excitation coil 20. That is, the plurality of
pancake coils 31 and horizontal solenoid coils 32 are
buried in the resin second housing 33. Note that as in
the case of the first housing 23 of the excitation coil 20,
the second housing 33 may be formed of a hollow case
member, and the material that constitutes the second
housing 33 is not specifically limited.
[0055] In addition, as shown in FIG 6, the second hous-
ing 33 has a through hole 33a at a portion surrounded
by the plurality of pancake coils 31 and horizontal sole-
noid coils 32 that are annularly arranged in correspond-
ence with the plurality of solenoid coils 21. The through
hole 33a is continuous with the through hole 23a of the
first housing 23 of the excitation coil 20. That is, the
through hole 33a in cooperation with the through hole
23a of the excitation coil 20 allows part of the work piece
15, which will be measured by the eddy current sensor
according to the present embodiment, to be inserted
therethrough. In addition, as in the case of the first hous-
ing 23 of the excitation coil 20, the outer peripheral portion
33b of the second housing 33 has a wavy shape that is
formed along the outer shapes of the solenoid coils 21
arranged annularly.
[0056] The second housing 33 of the detection coil 30
is integrally formed with the first housing 23 of the exci-
tation coil 20. Both housings 23 and 33 may be formed
separately or may be formed integrally.
[0057] When the first housing 23 of the excitation coil
20 and the second housing 33 of the detection coil 30
are formed integrally, for example, an integral housing
23 shared by the excitation coil 20 and the detection coil
30 are formed as follows. That is, resin is poured into a
die that has a predetermined shape and in which the
plurality of solenoid coils 21, the pancake coils 31 and
the horizontal solenoid coils 32 are set in the above de-
scribed arrangement and coupled state, and then cured.
Thus, the integral housing 23 is formed. In this case, the
plurality of solenoid coil 21, the pancake coils 31 and the
horizontal solenoid coils 32 are buried in the integral
housing having the through hole 23a and the outer pe-
ripheral portion 23b.
[0058] The thus configured eddy current sensor is used
to conduct eddy current measurement for inspecting the
quenching quality of the work piece 15. The inspection
method using the eddy current sensor is as follows. That
is, to conduct eddy current measurement, the eddy cur-
rent sensor is brought close to the measurement portion
of the work piece 15 from the detection coil 30 side. For
example, it is assumed that the work piece 15 is a com-
ponent that has a shaft portion protruding from a prede-
termined proximal portion and a coupled portion between
the proximal portion and the shaft portion is a measure-
ment portion. In this case, the eddy current sensor is set
to the work piece 15 in a state where the shaft portion is
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inserted from the detection coil 30 side through the
through hole 23a of the first housing 23 (and the through
hole 33a of the second housing 33). Then, the eddy cur-
rent sensor is brought close to the coupled portion be-
tween the proximal portion and the shaft portion from the
detection coil 30 side to thereby conduct eddy current
measurement on the coupled portion. In this way, the
eddy current sensor is used to conduct eddy current
measurement to thereby inspect the quenching quality
of the coupled portion of the work piece 15.
[0059] With the eddy current sensor according to the
present embodiment, in the excitation coil 20, it is possi-
ble to enhance an exciting magnetic field as a synergistic
effect caused by the interaction between the adjacent
solenoid coils 21. By so doing, it is possible to easily
obtain sufficiently strong magnetic fields in eddy current
measurement.
[0060] In addition, in the excitation coil 20, a revolving
magnetic field is generated between the adjacent sole-
noid coils 21, so it is possible to utilize the total of both
the vertical magnetic fields (Hz) and the horizontal mag-
netic fields (Hx or Hy) for measurement. By so doing, the
respective features of the vertical magnetic field (Hz) and
the horizontal magnetic field (Hx or Hy) are utilized, so it
is possible to widen the width of variation in magnetic
field identified through eddy current measurement, and
it is possible to extend the range of application of eddy
current measurement. Particularly, it is advantageous
that an exciting magnetic field of the horizontal magnetic
field (Hx or Hy) that receives relatively small influence of
a distance between the measurement portion of the work
piece 15 and the excitation coil 20 and that has a relatively
low strength of magnetic field may be enhanced by a
revolving magnetic field.
[0061] In addition, in the eddy current sensor according
to the present embodiment, the plurality of solenoid coils
21 are arranged annularly, so it is possible to equalize
variations in distance between the excitation coil 20 and
the measurement portion of the work piece 15.
[0062] In addition, in the eddy current sensor according
to the present embodiment, the detection coil 30 is
formed so that the pancake coils 31 sensitive to a vertical
magnetic field (Hz) and the horizontal solenoid coils 32
sensitive to a horizontal magnetic field (Hx or Hy), includ-
ing the winding directions, are alternately arranged and
coupled. By so doing, it is possible to enhance the de-
tection sensitivity of the detection coil 30 and improve
the detection efficiency of the detection coil 30.
[0063] In addition, the pancake coils 31 and horizontal
solenoid coils 32 that constitute the detection coil 30, as
in the case of the solenoid coils 21 that constitute the
excitation coil 20, are arranged annularly, so it is possible
to equalize variations in distance between the detection
coil 30 and the measurement portion of the work piece 15.
[0064] Note that, in the eddy current sensor according
to the present embodiment, the pancake coils 31 and
horizontal solenoid coils 32 of the detection coil 30 are
formed of a single continuous lead wire; however, the

aspect of the invention is not limited to this configuration:
That is, the pancake coils 31 and horizontal solenoid coils
32 that constitute the detection coil 30 may be respec-
tively formed of separate lead wires, each coupling the
pancake coils 31 or the horizontal solenoid coils 32. In
addition, the pancake coils 31 and the horizontal solenoid
coils 32 that are respectively formed of separate lead
wires may have a multi-layer structure such that both
coils are overlapped in the coil central axis direction on
one side of the excitation coil 20 in the coil central axis
direction. Here, when the detection coil 30 is formed of
separate lead wires, the coils formed of the respective
lead wires are connected to separate measuring units
(measurement devices), respectively.
[0065] In addition, in the eddy current sensor according
to the present embodiment, the first housing 23 (and the
second housing 33) that constitutes the eddy current sen-
sor has a revolver shape; however, the shape of the first
housing 23 (and the second housing 33) is not limited to
the revolver shape. That is, the shape of the outer pe-
ripheral portion of the housing that constitutes the eddy
current sensor may be, for example, a simple cylindrical
shape, a prism shape, or the like.
[0066] In addition, in the eddy current sensor according
to the present embodiment, the detection coil 30 may
include any one of the pancake coils 31 and the horizontal
solenoid coils 32. That is, the eddy current sensor ac-
cording to a first alternative configuration of the first em-
bodiment may have a configuration such that the detec-
tion coil 30 includes any one of the pancake coils 31 and
the horizontal solenoid coils 32 to thereby detect any one
of the vertical magnetic field (Hz) and the horizontal mag-
netic field (Hx or Hy) (hereinafter, referred to as "unidi-
rectional detection configuration").
[0067] In the unidirectional detection configuration,
when the detection coil 30 includes only the pancake
coils 31, the eddy current sensor is configured, for ex-
ample, as shown in FIG. 7A and FIG. 7B. That is, in this
case, as shown in FIG 7A and FIG. 7B, the plurality of
(ten in this embodiment) pancake coils 31 are arranged
so as to be sensitive to a vertical magnetic field (Hz) with
respect to the solenoid coils 21 that constitute the exci-
tation coil 20, and are arranged and coupled annularly
so that the winding directions are alternate.
[0068] That is, in this case, a single continuous lead
wire is wound so that the winding directions are alter-
nately arranged and the adjacent pancake coils 31 are
coupled to each other. By so doing, the plurality of cou-
pled pancake coils 31 are formed. In this way, when the
detection coil 30 has a coupled structure of only the pan-
cake coils 31, the eddy current sensor has a configuration
exclusive to detection of a vertical magnetic field (Hz).
Note that, for the sake of convenience, FIG. 7A shows
the pancake coils 31 so that the central axes of the pan-
cake coils 31 that are actually aligned along the central
axes of the solenoid coils 21 (vertical direction) are per-
pendicular to the sheet (the same applies to FIG. 9 to
FIG. 13 and FIG. 16 to FIG 20).

15 16 



EP 2 401 605 B1

10

5

10

15

20

25

30

35

40

45

50

55

[0069] In addition, in the unidirectional detection con-
figuration, when the detection coil 30 includes only the
horizontal solenoid coils 32, the eddy current sensor is
configured, for example, as shown in FIG 8A and FIG
8B. That is, in this case, as shown in FIG. 8A and FIG
8B, the plurality of (ten in this embodiment) horizontal
solenoid coils 32 are arranged so as to sensitive to a
horizontal magnetic field (Hx or Hy) with respect to the
solenoid coils 21 that constitute the excitation coil 20,
and are arranged and coupled annularly so that the wind-
ing directions are alternate.
[0070] That is, in this case, a single continuous lead
wire is wound so that the winding directions are alter-
nately arranged and the adjacent horizontal solenoid
coils 32 are coupled to each other. By so doing, the plu-
rality of coupled horizontal solenoid coils 32 are formed.
In this way, when the detection coil 30 has a coupled
structure of only the horizontal solenoid coils 32, the eddy
current sensor has a configuration exclusive to detection
of a horizontal magnetic field (Hx or Hy).
[0071] As described above, in the eddy current sensor
according to the present embodiment, the detection coil
30 may include at least any one of the pancake coils 31
for detecting a vertical magnetic field (Hz) and the hori-
zontal solenoid coils 32 for detecting a horizontal mag-
netic field (Hx or Hy).
[0072] Then, with the configuration (see FIG 4 and FIG.
6) that the detection coil 30 has two types of coils, that
is, the pancake coils 31 and the horizontal solenoid coils
32, it is possible to detect both a vertical magnetic field
(Hz) and a horizontal magnetic field (Hx or Hy). The
above configuration is employed, for example, when it is
desired to detect variations in magnetic fields as much
as possible for the work piece 15.
[0073] In addition, within the unidirectional detection
configuration, with the configuration that the detection
coil 30 includes only the pancake coils 31 (see FIG. 7A
and FIG. 7B), it is possible to detect only a vertical mag-
netic field (Hz). The above configuration is employed, for
example, when it is desired to use the eddy current sen-
sor similarly to a normal probe-type sensor (see the
probe-type coil 120 shown in FIG. 21B). That is, the ver-
tical magnetic field (Hz) is relatively susceptible to a dis-
tance from the work piece 15. From the above, the con-
figuration that the detection coil 30 has only the pancake
coils 31 is employed, for example, in detection of cracks,
which has a relatively high S/N ratio for a measured value
and which is generally conduced using a probe-type sen-
sor.
[0074] In addition, within the unidirectional detection
configuration, with the configuration (see FIG 8A and
FIG. 8B) that the detection coil 30 has only the horizontal
solenoid coils 32, it is possible to detect only a horizontal
magnetic field (Hx or Hy). The above configuration is em-
ployed, for example, when a variation in distance be-
tween the eddy current sensor and the work piece 15 is
relatively large. That is, the horizontal magnetic field (Hx
or Hy) is relatively insusceptible to a distance from the

work piece 15, and is robust against a distance from the
work piece 15. That is, the horizontal magnetic field (Hx
or Hy) is insusceptible to foreign matter, or the like,
present on the surface of the work piece 15. From the
above, the configuration that the detection coil 30 has
only the horizontal solenoid coils 32 is employed, for ex-
ample, in inspection of surface texture, such as inspec-
tion of quenching quality, which has a relatively small S/N
ratio for a measured value.
[0075] In addition, in the eddy current sensor according
to the present embodiment, the detection coil 30 may be
detachable with respect to the excitation coil 20. In a third
alternative configuration of the first embodiment, the con-
figuration that the detection coil 30 is detachable with
respect to the excitation coil 20 (hereinafter, referred to
as "detachable configuration") is implemented in such a
manner that the second housing 33 that supports the
pancake coils 31 and horizontal solenoid coils 32 of the
detection coil 30 are detachable with respect to the first
housing 23 that supports the solenoid coils 21 of the ex-
citation coil 20.
[0076] That is, in the detachable configuration, the sec-
ond housing 33 of the detection coil 30 is configured to
be attachable to and detachable from the first housing
23 of the excitation coil 20. Then, the second housing 33
of the detection coil 30 is attached to the first housing 23
of the excitation coil 20, so both housings 23 and 33 are
integrated, and the excitation coil 20 and the detection
coil 30 are assembled as the eddy current sensor. In
addition, the second housing 33 of the detection coil 30
is detached from the first housing 23 of the excitation coil
20, so the excitation coil 20 and the detection coil 30 are
separated from each other.
[0077] The configuration for attaching and detaching
the first housing 23 of the excitation coil 20 to and from
the second housing 33 of the detection coil 30 is not spe-
cifically limited as long as it is possible to easily attach
and detach the second housing 33 of the detection coil
30 to and from the first housing 23 of the excitation coil
20. The configuration for attaching and detaching both
housings 23 and 33, for example, includes a configura-
tion that uses a fastening device, such as a bolt, a chuck
mechanism that allows attaching and detaching with a
single motion, and a fit that maintains an integral state
of both housings 23 and 33.
[0078] In this way, when the detachable configuration
is employed in the eddy current sensor according to the
present embodiment, the detection coil 30 is supported
by the second housing 33 that is a member detachable
from the first housing 23 that is a member that supports
the plurality of solenoid coils 21. Then, in the eddy current
sensor having the detachable configuration, an inde-
pendent two-layer structure is implemented in which the
excitation coil 20 and the detection coil 30 are respec-
tively formed as modules (an excitation module and a
detection module).
[0079] Thus, with the detachable configuration for the
eddy current sensor according to the present embodi-
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ment, it is possible to replace part of the detection coil
30 in accordance with the purpose, application, and the
like, of eddy current measurement conducted using the
eddy current sensor. Specifically, as shown in FIG. 9, for
example, a first detection coil 30A, a second detection
coil 30B and a third detection coil 30C that are respec-
tively configured as the above described three types of
detection coils 30 (detection modules) are prepared for
one excitation coil 20 (excitation module).
[0080] That is, in this case, as shown in FIG. 9, the first
detection coil 30A is a detection coil 30 that has the pan-
cake coils 31 and the horizontal solenoid coils 32, and is
a detection module that is able to detect a vertical mag-
netic field (Hz) and a horizontal magnetic field (Hx or Hy)
at the same time. In addition, the second detection coil
30B is a detection coil 30 that has only the pancake coils
31, and is a detection module exclusive for a vertical mag-
netic field (Hz). In addition, the third detection coil 30C
is a detection coil 30 that has only the horizontal solenoid
coils 32, and is a detection module exclusive for a hori-
zontal magnetic field (Hx or Hy).
[0081] Then, any one of the detection coils 30 (detec-
tion modules) is used in accordance with the purpose,
application, and the like, of eddy current measurement
conducted using the eddy current sensor. That is, any
one of the detection coils 30 (detection modules), that is,
the first detection coil 30A, the second detection coil 30B
and the third detection coil 30C, is attached on one side
(lower side) of the excitation coil 20 (excitation module).
By so doing, the eddy current sensor in conformity with
the purpose, application, and the like, of eddy current
measurement is appropriately configured.
[0082] In addition, in the detachable configuration, the
detection coil 30 is attached to the excitation coil 20 in
correspondence with magnetic fields formed by the plu-
rality of solenoid coils 21 of the excitation coil 20. That
is, the detection coil 30 is attached to the excitation coil
20 in a state where the second housing 33 is positioned
in correspondence with magnetic fields in the excitation
coil 20 in the circumferential direction with respect to the
first housing 23 of the excitation coil 20.
[0083] Specifically, when the detection coil 30 has the
pancake coils 31, the detection coil 30 is positioned in
the circumferential direction with respect to the excitation
coil 20 so that the pancake coil 31 of which the winding
direction corresponds to the direction of the vertical mag-
netic field (Hz) formed in each solenoid coil 21 is located
coaxially with that solenoid coil 21. In addition, when the
detection coil 30 has the horizontal solenoid coils 32, the
detection coil 30 is positioned in the circumferential di-
rection with respect to the excitation coil 20 so that the
central axis of the horizontal solenoid coil 32 of which the
winding direction corresponds to the direction of the hor-
izontal magnetic field (Hx or Hy) formed between the ad-
jacent solenoid coils 21 substantially coincides with the
direction in which those adjacent solenoid coils 21 are
arranged side by side.
[0084] The revolver shapes of the housings 23 and 33

of the respective excitation coil 20 and detection coil 30
are utilized for positioning the detection coil 30 in the
circumferential direction with respect to the excitation coil
20. That is, in the excitation coil 20 in which the outer
peripheral portion 23b of the first housing 23 has a wavy
shape that is formed along the outer shapes of the sole-
noid coils 21 arranged annularly as described above, the
arrangement of the plurality of solenoid coils 21, that is,
the distribution of the vertical magnetic fields (Hz) and
the horizontal magnetic fields (Hx or Hy) formed in the
excitation coil 20, may be easily identified by the outer
shape of the excitation coil 20. In addition, as in the case
of the excitation coil 20, the detection coil 30 also has
the second housing 33 of which the outer peripheral por-
tion 33b has a wavy shape that is formed along the outer
shapes of the solenoid coils 21 arranged annularly.
[0085] Then, the fact that "the wavy shapes of the outer
peripheral portions 23b and 33b coincide with each other
in the circumferential direction of the housings 23 and 33
of the respective excitation coil 20 and detection coil 30"
is used as a guide to a state where the detection coil 30
is positioned in the circumferential direction with respect
to the excitation coil 20. By so doing, in the detachable
configuration, it is possible to obtain the accuracy of ar-
rangement of the detection coil 30 with respect to the
excitation coil 20, and it is possible to ease replacement
work of the detection coil 30 that serves as a detection
module. Note that positioning criteria that are separately
provided for the housings 23 and 33, and the like, are,
where necessary, used for the correspondence relation-
ship between the winding directions of the pancake coils
31 and horizontal solenoid coils 32 and the magnetic
fields formed in the excitation coil 20.
[0086] In addition, in the detachable configuration, the
plurality of detection coils 30 (detection modules) of dif-
ferent types or the same type may be stacked on one
side of the excitation coil 20 in the coil central axis direc-
tion. That is, in the eddy current sensor according to the
present embodiment, the second housing 33 of the de-
tection coil 30, which is a member detachable with re-
spect to the first housing 23 of the excitation coil 20, may
be a member stacked on the first housing 23 of the ex-
citation coil 20.
[0087] In the eddy current sensor according to the
present embodiment, when the configuration that the
second housing 33 of the detection coil 30 is stacked on
the first housing 23 of the excitation coil 20 (hereinafter,
"stacking configuration") is employed, the eddy current
sensor may be, for example, configured as follows (fourth
alternative configuration).
[0088] That is, as shown in FIG. 10, in the present al-
ternative configuration, among the above described
three types of detection coils 30 (detection modules), the
second detection coil 30B having only the pancake coils
31 and the third detection coil 30C having only the hori-
zontal solenoid coils 32 are stacked on one side (lower
side) of the excitation coil 20 in the coil central axis di-
rection.
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[0089] Specifically, the second housing 33 of the sec-
ond detection coil 30B is attached to one side of the first
housing 23 of the excitation coil 20 in the coil central axis
direction, and the third detection coil 30C is attached so
as to be stacked on the second detection coil 30B. That
is, the second housing 33 of the second detection coil
30B is attached so as to be sandwiched between the first
housing 23 of the excitation coil 20 and the second hous-
ing 33 of the third detection coil 30C.
[0090] Thus, in the stacking configuration, the stacked
second housings 33 of the detection coils 30 are detach-
able from each other. The configuration for attaching and
detaching the second housings 33 of the detection coils
30 to and from each other is not specifically limited as in
the case of the relationship between the first housing 23
of the excitation coil 20 and the second housing 33 of the
detection coil 30 in the above described detachable con-
figuration. For example, a configuration that uses a fix-
ture, such as a bolt, is employed where necessary.
[0091] With the stacking configuration of the eddy cur-
rent sensor according to the present embodiment, the
advantageous effect in terms of cost may be expected.
That is, with the stacking configuration of the second de-
tection coil 30B having only the pancake coils 31 and the
third detection coil 30C having only the horizontal sole-
noid coils 32 as shown in FIG. 10, detection signals from
the respective detection coils 30 are synthesized to there-
by make it possible to obtain a detection signal substan-
tially similar to a detection signal obtained from the con-
figuration (see the first detection coil 30A) in which the
pancake coils 31 and the horizontal solenoid coils 32 are
alternately arranged and coupled. In addition, the con-
figuration of the detection coil 30 that has only any one
of the pancake coils 31 and the horizontal solenoid coils
32 is lower in cost than the configuration of the detection
coil 30 that has the pancake coils 31 and the horizontal
solenoid coils 32 that are alternately arranged and cou-
pled.
[0092] Thus, with the stacking configuration of the sec-
ond detection coil 30B having only the pancake coils 31
and the third detection coil 30C having only the horizontal
solenoid coils 32, it is possible to obtain a similar function
to that of the detection coil 30 (first detection coil 30A)
having both the pancake coils 31 and the horizontal so-
lenoid coils 32 at a relatively low cost. However, in the
stacking configuration of the eddy current sensor accord-
ing to the present embodiment, the number, type, or the
like, of the stacked detection coils 30 is not specifically
limited.
[0093] In addition, in the eddy current sensor according
to the present embodiment, the detection coils 30 may
be provided on vertically both sides of the excitation coil
20. That is, in the eddy current sensor that serves as fifth
to seventh alternative configurations of the first embod-
iment, the detection coils 30 may be arranged on both
sides of the excitation coil 20 in the coil central axis di-
rection.
[0094] In the eddy current sensor according to the

present embodiment, when the configuration that the de-
tection coils 30 are arranged on both sides of the excita-
tion coil 20 in the coil central axis direction (hereinafter,
referred to as "both-sides arrangement configuration") is
employed, for example, a combination of different two
types among the above described three types of detec-
tion coils 30 is used.
[0095] Specifically, when different two types of detec-
tion coils 30 are used in the both-sides arrangement con-
figuration, the eddy current sensor may be configured as
the following three configurations. In the first configura-
tion (fifth alternative configuration), as shown in FIG 11A,
a vertical and horizontal detection coil 30D, which is the
detection coil 30 having the configuration that the pan-
cake coils 31 and the horizontal solenoid coils 32 are
alternately arranged and coupled, is arranged on one
side (lower side) of the excitation coil 20 in the coil central
axis direction, and a vertical detection coil 30E, which is
the detection coil 30 having only the pancake coils 31, is
arranged on the other side (upper side) of the excitation
coil 20 in the coil central axis direction.
[0096] In the second configuration (sixth alternative
configuration), as shown in FIG. 11B, the vertical and
horizontal detection coil 30D is arranged on one side
(lower side) of the excitation coil 20 in the coil central axis
direction, and a horizontal detection coil 30F, which is
the detection coil 30 having only the horizontal solenoid
coils 32, is arranged on the other side (upper side) of the
excitation coil 20 in the coil central axis direction. In the
third configuration (seventh alternative configuration), as
shown in FIG 11C, the vertical detection coil 30E is ar-
ranged on one side (lower side) of the excitation coil 20
in the coil central axis direction, and the horizontal de-
tection coil 30F is arranged on the other side (upper side)
of the excitation coil 20 in the coil central axis direction.
[0097] Then, any one of the detection coils 30 of each
eddy current sensor is used in accordance with the pur-
pose, application, and the like, of eddy current measure-
ment conducted using the eddy current sensor. That is,
between (two type) detection coils 30 on both sides of
the eddy current sensor, the detection coil 30 that is
brought close to the work piece 15 is switched (reversed)
where necessary in accordance with the purpose, appli-
cation, and the like, of eddy current measurement. In this
way, with the both-sides arrangement configuration ac-
cording to the present embodiment, the single eddy cur-
rent sensor may include two types of detection coils 30,
so it is possible to improve the efficiency of work in eddy
current measurement.
[0098] As described above, in the eddy current sensor
according to the present embodiment, it is only necessary
that the detection coil 30 is arranged at least on one side
between the two sides of the excitation coil 20 in the coil
central axis direction. Note that, in the both-sides ar-
rangement configuration, the configuration that the de-
tection coils 30 of the same type are arranged on the
excitation coil 20 (for example, a configuration that the
vertical and horizontal detection coil 30D is arranged on
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each side in the coil central axis direction) may be em-
ployed. In addition, in the both-sides arrangement con-
figuration, the above described detachable configuration
may be employed.
[0099] In addition, in the eddy current sensor according
to the present embodiment, the plurality of solenoid coils
21 that are arranged annularly in the excitation coil 20
may be arranged at an angle so as to converge at the
detection coil 30 side in accordance with the shape of
the measurement portion of the work piece 15. That is,
in the eddy current sensor according to an eighth alter-
native configuration of the present embodiment, the plu-
rality of solenoid coils 21 may be arranged in a state
where ends of the plurality of solenoid coils 21 on the
same side in the coil central axis direction are inclined
toward the inner side of a ring formed of the plurality of
solenoid coils 21 arranged annularly (ring that is the
shape of arrangement of the plurality of solenoid coils
21; the same applies to the following description).
[0100] In the eddy current sensor according to the
present embodiment, when the configuration that the plu-
rality of solenoid coils 21 that constitute the excitation
coil 20 are arranged in a state where the plurality of so-
lenoid coils 21 are inclined in accordance with the shape
of the work piece 15 (hereinafter, referred to as "inclined
configuration") is employed, it may be, for example, the
configuration shown in FIG 12.
[0101] That is, as shown in FIG. 12, in the inclined con-
figuration, the plurality of solenoid coils 21 that constitute
the excitation coil 20 are arranged at an angle with re-
spect to the central axis of the ring (vertical direction in
FIG 12) so that ends on the same side (lower sides in
FIG 12) in the coil central axis direction are directed in-
wardly of the ring (center side of the ring).
[0102] In this way, in the inclined configuration, the plu-
rality of solenoid coils 21 are arranged so that the ring
formed by the arrangement of the plurality of solenoid
coils 21 forms a substantially cone shape that reduces
in diameter toward the detection coil 30 (lower side in
FIG 12). Thus, when the inclined configuration is em-
ployed in the eddy current sensor according to the
present embodiment, the solenoid coils 21 are arranged
side by side in a state where the coil central axes are
inclined with respect to the vertical direction. Then, in the
inclined configuration, the pancake coils 31 and horizon-
tal solenoid coils 32 that constitute the detection coil 30
are appropriately arranged in correspondence with the
directions of the magnetic fields formed by the plurality
of solenoid coils 21 arranged in an inclined manner.
[0103] With the inclined configuration of the eddy cur-
rent sensor according to the present embodiment, by, for
example, adjusting the angle at which each solenoid coil
21 is inclined, it is possible to cause the magnetic fields
excited by the excitation coil 20 to converge at a desired
portion in eddy current measurement. By so doing, for
example, it is possible to easily conduct eddy current
measurement on a curved portion formed between the
shaft portion and the proximal portion, for which it has

been difficult to conduct eddy current measurement using
the existing through-type coil (see the through-type coil
110 shown in FIG 21A).
[0104] Here, an example of a component having a
curved portion may be an CVJ outer race. The CVJ outer
race is a component that constitutes a constant velocity
joint (CVJ). The CVJ outer race is generally a component
quenched by means of induction quenching, or the like.
Then, when the work piece 15 is a CVJ outer race, the
eddy current sensor having an inclined configuration is
used as follows.
[0105] That is, as shown in FIG. 13, the CVJ outer race
16, which is the work piece 15, has a cup portion 16a
and a joint portion 16b. The cup portion 16a is a large-di-
ameter portion (proximal portion). The joint portion 16b
is a shaft portion and is provided on the upper side of the
cup portion 16a. Then, in the CVJ outer race 16, a curved
portion 16c is a coupled portion between the cup portion
16a and the joint portion 16b, that is, a portion of the joint
portion 16b connected to the cup portion 16a.
[0106] In this way, the eddy current sensor is set to the
CVJ outer race 16 having the curved portion 16c in a
state where the joint portion 16b is inserted from the de-
tection coil 30 side into the through hole 23a of the first
housing 23 (and the through hole 33a of the second hous-
ing 33). Then, the detection coil 30 side is brought close
to the curved portion 16c to conduct eddy current meas-
urement on the curved portion 16c. In this way, the eddy
current sensor is used to conduct eddy current measure-
ment to thereby inspect the quenching quality of the
curved portion 16c of the CVJ outer race 16.
[0107] As shown in FIG 13, with the eddy current sen-
sor having an inclined configuration, the plurality of so-
lenoid coils 21 that constitute the excitation coil 20 are
arranged so as to converge toward the curved portion
16c of the CVJ outer race 16. Thus, in the excitation coil
20, a magnetic field (vertical magnetic field (Hz)) that is
formed in each solenoid coil 21 and that is aligned in the
coil central axis direction is formed so as to be directed
toward the curved portion 16c (see the arrows E1). In
other words, in the eddy current sensor having an inclined
configuration, the inclined angle, arrangement, and the
like, of each solenoid coil 21 are set so that the directions
of magnetic fields excited by the excitation coil 20 are
directed toward the curved portion 16c.
[0108] In this way, the eddy current sensor having an
inclined configuration is used, and eddy current meas-
urement is conducted on the curved portion 16c of the
CVJ outer race 16. By so doing, it is possible to cause
the magnetic fields excited by the excitation coil 20 to
converge at the curved portion 16c, and it is possible to
improve the accuracy of measurement. That is, the in-
clined configuration is employed in the eddy current sen-
sor, so it is possible to accurately conduct eddy current
measurement on a portion for which it is desired to assure
the quenching quality because the portion is applied with
relatively large external stress in the quenched compo-
nent as in the case of the curved portion 16c of the CVJ
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outer race 16.
[0109] With the above described eddy current sensor
according to the present embodiment, it is possible to set
a portion having a shape, other than a shaft portion of a
shaft-like component, as a measurement target, and it is
possible to extend the range of application of eddy current
measurement. That is, in the eddy current sensor accord-
ing to the present embodiment, sufficiently strong mag-
netic fields may be obtained by the interaction between
the adjacent solenoid coils 21, and directivity may be
imparted to the magnetic fields, so it is possible to obtain
desired magnetic fields suitable for eddy current meas-
urement by means of the arrangement, coupling method,
and the like, of coils. By so doing, it is possible to imple-
ment wide-ranging eddy current measurement according
to the type and shape of the work piece 15 or the purpose,
application, and the like, of eddy current measurement.
Then, in the eddy current sensor according to the present
embodiment, by appropriately using the above described
unidirectional detection configuration, detachable config-
uration, stacking configuration, both-sides arrangement
configuration and inclined configuration, it is possible to
further extend the range of application of eddy current
measurement.
[0110] Note that the shape of arrangement of the so-
lenoid coils 21 that constitute the excitation coil 20 is not
limited to the annular shape described in the present em-
bodiment. However, when the plurality of solenoid coils
21 are arranged annularly, these are arranged and cou-
pled so that the winding directions are alternate, so the
number of solenoid coils 21 of the excitation coil 20 is an
even number.
[0111] In addition, in the eddy current sensor according
to the present embodiment, instead of the pancake coils
31 used to detect a vertical magnetic field (Hz) in the
detection coil 30, vertical solenoid coils, planar coils, or
the like, may be employed. In this case, as in the case
of the pancake coils 31, the vertical solenoid coils, the
planar coils, or the like, are arranged so that the positions
of the central axes substantially coincide with the posi-
tions of the central axes of the solenoid coils 21.
[0112] A second embodiment of the invention will be
described. Note that like reference numerals denote sim-
ilar components to those of the above described first em-
bodiment of the invention, and the overlap description is
omitted where appropriate. An eddy current sensor ac-
cording to the present embodiment, as in the case of the
first embodiment, includes an excitation coil 40 and a
detection coil 50. The excitation coil 40 is used to apply
a predetermined alternating-current excitation signal to
a work piece. The detection coil 50 is used to detect a
detection signal, generated by eddy current, from the
work piece to which the alternating-current excitation sig-
nal is applied.
[0113] As shown in FIG. 14, in the eddy current sensor
according to the present embodiment, the excitation coil
40 has a plurality of coil rows 45. Each of the plurality of
coil rows 45 includes the plurality of solenoid coils 21

arranged in a predetermined direction. The plurality of
coil rows 45 may be separately applied with an alternat-
ing-current excitation signal. Each coil row 45 is formed
of the plurality of solenoid coils 21. The plurality of sole-
noid coils 21 are arranged in a predetermined direction
in parallel with one another so that the winding directions
(directions in which electric current flows) are alternate.
[0114] In the present embodiment, the plurality of so-
lenoid coils 21 that are arranged in the predetermined
direction as each coil row 45 are arranged along sub-
stantially a straight line when viewed in the coil central
axis direction (see FIG. 14) of any one of the solenoid
coils 21 that constitute the coil row 45. In this way, in the
present embodiment, the direction of the substantially
straight line along which the plurality of solenoid coils 21
that constitute the coil row 45 (horizontal direction in FIG.
14) corresponds to the predetermined direction regard-
ing the arrangement of the plurality of solenoid coils 21
that constitute the coil row 45. In the following description,
the predetermined direction (horizontal direction in FIG.
14) in which the plurality of solenoid coils 21 that consti-
tute the coil row 45 is referred to as "series direction".
[0115] In the present embodiment, each coil row 45 is
formed of five solenoid coils 21. That is, in the present
embodiment, each of the coil rows 45 is formed of five
solenoid coils 21 that are arranged and coupled in the
series direction. The five solenoid coils 21 are formed of
a single continuous lead wire and are arranged in parallel
with one another so that the winding directions are alter-
nate.
[0116] In this way, the plurality of coil rows 45 of the
excitation coil 40 are arranged side by side so that the
winding directions of the adjacent solenoid coils 21 are
alternate. In the present embodiment, the excitation coil
40 has three sets of the coil rows 45 that are arranged
side by side in parallel with one another as shown in FIG.
14. That is, the five solenoid coils 21 are arranged in the
series direction to form each coil row 45, and the three
coil rows 45 are arranged, so the excitation coil 40 ac-
cording to the present embodiment has fifteen solenoid
coils 21 in total. In the following description, a direction
(vertical direction in FIG. 14) in which three coil rows 45
are arranged in parallel with one another is referred to
as "parallel direction".
[0117] In the present embodiment, three coil rows 45
are arranged so that the solenoid coils 21 that constitute
the respective coil rows 45 are arranged in the parallel
direction. That is, as shown in FIG 14, the five solenoid
coils 21 of each coil row 45 are present in a state where
the positions in the series direction are aligned with re-
spect to the positions of the solenoid coils 21 of the other
coil rows 45. Thus, the fifteen solenoid coils 21 of the
excitation coil 40 according to the present embodiment
are regularly arranged (at substantially equal intervals)
in the series direction and in the parallel direction.
[0118] Then, each coil row 45 is configured so that the
winding directions of the three solenoid coils 21 arranged
in the parallel direction are alternate between the adja-
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cent coil rows 45. That is, the three coil rows 45 are ar-
ranged in a state where the winding directions of the cor-
responding (adjacent) solenoid coils 21 in the parallel
direction are opposite. In other words, the three coil rows
45 are arranged in a state where the winding directions
of the solenoid coils 21 that are closest to each other and
that are side by side in the parallel direction are opposite
between the adjacent coil rows 45.
[0119] That is, as shown in FIG 14, when the three coil
rows 45 of the excitation coil 40 are respectively termed
as a first coil row 45A, a second coil row 45B and a third
coil row 45C in order from the upper side in FIG. 14,
between the first coil row 45A and the second coil row
45B, the corresponding (adjacent) solenoid coils 21 in
the parallel direction have opposite winding directions.
Similarly, between the second coil row 45B and the third
coil row 45C as well, the corresponding (adjacent) sole-
noid coils 21 in the parallel direction have opposite wind-
ing directions. Note that, in FIG. 14, as in the case shown
in FIG. 5 in the first embodiment, a marked portion indi-
cated by the reference sign D1 or the reference sign D2
in each solenoid coil 21 indicates the direction of the ver-
tical magnetic field of each solenoid coil 21.
[0120] In this way, the fifteen solenoid coils 21 of the
excitation coil 40 are arranged so as to generate revolving
magnetic fields by the interaction of the adjacent solenoid
coils 21 in the series direction and in the parallel direction.
That is, the fifteen solenoid coils 21 of the excitation coil
40 are arranged so as to reinforce the mutual magnetic
fields between the adjacent solenoid coils 21 in the series
direction and in the parallel direction.
[0121] The three coil rows 45 of the excitation coil 40
may be separately applied with an alternating-current ex-
citation signal. That is, the excitation coil 40 according to
the present embodiment is configured as a three-channel
excitation coil that is able to set different excitation fre-
quencies for alternating-current excitation signals in the
respective three coil rows 45 (frequencies of alternating-
current excitation signals). Thus, the three coil rows 45
of the excitation coil 40 are connected to separate power
supply units (see the alternating-current power supply 10
in FIG 2).
[0122] As shown in FIG 15, the detection coil 50 of the
eddy current sensor according to the present embodi-
ment has three sets of coil groups 55 provided in corre-
spondence with the three coil rows 45 of the excitation
coil 40. In addition, in the present embodiment, each coil
group 55 has the pancake coils 31 and the horizontal
solenoid coils 32.
[0123] That is, as shown in FIG. 15, the detection coil
50 includes a first coil group 55A, a second coil group
55B and a third coil group 55C. The first coil group 55A
corresponds to the first coil row 45A of the excitation coil
40. Similarly, the second coil group 55B corresponds to
the second coil row 45B. Similarly, the third coil group
55C corresponds to the third coil row 45C. Then, the pan-
cake coils 31 and horizontal solenoid coils 32 that con-
stitute each coil group 55 are arranged in correspond-

ence with the directions of the magnetic fields formed by
the solenoid coils 21 that constitute the corresponding
coil row 45.
[0124] Thus, each coil group 55 of the detection coil
50 has five pancake coils 31 and four horizontal solenoid
coils 32. The five pancake coils 31 are arranged so as
to be coaxially located with respect to the solenoid coils
21 that constitute a corresponding one of the coil rows
45 of the excitation coil 40 (so that the positions of the
central axes substantially coincide with each other). The
four horizontal solenoid coils 32 are arranged so that the
directions of the central axes coincide with the direction
in which the adjacent solenoid coils 21 are arranged (se-
ries direction). Then, the pancake coils 31 and horizontal
solenoid coils 32 that constitute each coil group 55 are
formed of a single continuous lead wire so that the coils
of different types are alternate and the winding directions
of the coils of the same type are alternate, and are ar-
ranged and coupled in the series direction as in the case
of the coil rows 45.
[0125] Each of the three coil groups 55 of the detection
coil 50 is able to detect a detection signal independently.
That is, the detection coil 50 according to the present
embodiment is configured as a three-channel detection
coil that uses the coil groups 55 to make it possible to
detect detection signals corresponding to alternating-
current excitation signals applied by the respective three
coil rows 45 of the excitation coil 40. Thus, the three coil
groups 55 of the detection coil 50 are connected to sep-
arate measuring units (see the measurement device 11
in FIG. 2).
[0126] In addition, the solenoid coils 21 (coil rows 45)
that constitute the excitation coil 40 and the pancake coils
31 and horizontal solenoid coils 32 (coil groups 55) that
constitute the detection coil 50 are supported in the above
described arrangement and coupled state by a first hous-
ing 43 and a second housing 53 that are formed of resin
members having predetermined shapes as in the case
of the first embodiment. Then, when eddy current meas-
urement is conducted using the eddy current sensor ac-
cording to the present embodiment, the eddy current sen-
sor is brought close to the measurement portion of the
work piece from the detection coil 50 side.
[0127] With the thus configured eddy current sensor
according to the present embodiment, because a
three-channel mode is employed for the excitation coil
40, it is possible to carry out separate excitation using
the respective channels (coil rows 45), that is, multiple
excitation. By so doing, for example, when the measure-
ment portion has a partially different quench depth be-
cause of the shape, or the like, of a work piece, each of
the coil rows 45 in the single eddy current sensor is able
to independently select and set the excitation frequency
according to a quench depth for portions having different
quench depths.
[0128] That is, regarding an alternating-current excita-
tion signal generated by the eddy current sensor, as the
excitation frequency decreases, the depth of penetration
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of eddy current to the work piece increases; whereas, as
the excitation frequency increases, the depth of penetra-
tion of eddy current to the work piece decreases. Spe-
cifically, as shown in FIG 1, regarding an alternating-cur-
rent excitation signal generated by the eddy current sen-
sor, for example, when the excitation frequency f is about
30 kHz, the depth of penetration reaches a slight portion
of the surface of the hardened layer 1 formed in the sur-
face side of the quenched component. In addition, when
the excitation frequency f is about 30 Hz, the depth of
penetration reaches the base layer 2 that is not influenced
by quenching.
[0129] Thus, when eddy current measurement is used
for inspecting quenching quality, the excitation frequency
of each coil row 45 is appropriately set within the range
of about 30 kHz to 30 Hz on the basis of the quench depth
of the measurement portion. That is, the excitation fre-
quency of the coil row 45 corresponding to a portion of
which the quench depth is relatively shallow in the meas-
urement portion is set to be relatively high; whereas, the
excitation frequency of the coil row 45 corresponding to
a portion of which the quench depth is relatively deep in
the measurement portion is set to be relatively low.
[0130] In this way, with the eddy current sensor ac-
cording to the present embodiment, the single eddy cur-
rent sensor is able to select and set different excitation
frequencies for the coil rows 45 on the basis of a partial
difference in quench depth in the measurement portion
of the work piece. By so doing, it is possible to conduct
accurate eddy current measurement according to the
quench depth as an inspection for quenching quality.
[0131] In addition, the eddy current sensor according
to the present embodiment has a substantially circular
arc shape that is curved with respect to the series direc-
tion. That is, as shown in FIG. 16, in the eddy current
sensor according to the present embodiment, each coil
row 45 formed of the plurality of solenoid coils 21 ar-
ranged in the series direction is arranged so as to be
curved, so the plurality of solenoid coils 21 are arranged
in a substantially circular arc shape. That is, the coil cen-
tral axes of the five solenoid coils 21 that constitute each
coil row 45 of the excitation coil 40 are arranged so as
to be directed toward the center of the circular arc.
[0132] The detection coil 50 is formed along a substan-
tially circular arc shape (curved shape) in correspond-
ence with the excitation coil 40 in which the five solenoid
coils 21 that constitute each coil row 45 are arranged in
a substantially circular arc shape. That is, the pancake
coils 31 and horizontal solenoid coils 32 that constitute
each coil group 55 in the detection coil 50 are arranged
in a substantially circular arc shape along the substan-
tially circular arc shape, which is the shape of arrange-
ment of the solenoid coils 21 that constitute each coil row
45.
[0133] Then, in the eddy current sensor according to
the present embodiment, the first housing 43 of the ex-
citation coil 40 and the second housing 53 of the detection
coil 50 are integrally formed, and have a substantially

circular arc shape corresponding to the shape of arrange-
ment of the coils in each coil row 45 and each coil group
55. That is, as shown in FIG. 16, the first housing 43 of
the excitation coil 40 and the second housing 53 of the
detection coil 50 are integrally formed as a single hous-
ing, and the housing forms a substantially circular arc
shape with an outer peripheral surface 43a and inner
peripheral surface 53a that are curved in the series di-
rection and both side surfaces 43b in the series direction
when viewed in the horizontal direction (when viewed in
the X direction in FIG 14).
[0134] As shown in FIG. 16, the outer peripheral sur-
face 43a of the housing of the eddy current sensor ac-
cording to the present embodiment is a surface of the
first housing 43 of the excitation coil 40, opposite to the
detection coil 50 side in the coil central axis direction. In
addition, the inner peripheral surface 53a is a surface of
the second housing 53 of the detection coil 50, opposite
to the excitation coil 40 side in the coil central axis direc-
tion. In addition, each side surface 43b is a planar portion
that is formed of end surface of the first housing 43 of
the excitation coil 40 and the end surface of the second
housing 53 of the detection coil 50 in the series direction.
[0135] In this way, with the eddy current sensor formed
in a substantially circular arc shape including the shape
of arrangement of the coils, it is possible to easily conduct
eddy current measurement on a shaft portion that cannot
be inserted through a hole, or the like, of the housing of
the eddy current sensor because of the shape of a work
piece. Here, the shaft portion that cannot be inserted
through the eddy current sensor may be a journal portion
or pin portion of a crankshaft.
[0136] Specifically, as shown in FIG. 19, the crankshaft
of a vehicle engine, or the like, generally has journal por-
tions 61 and pin portions 62. The journal portions 61 are
shaft portions that are rotated while being supported by
main bearings of the crankshaft. The pin portions 62 are
portions coupled to the journal portions 61 via arm por-
tions 63, and are shaft portions parallel to the journal
portions 61. In addition, in the crankshaft, the journal por-
tions 61 and the pin portions 62 are alternately coupled
in the axial direction of the crankshaft (in the horizontal
direction in FIG 19) via the arm portions 63.
[0137] In this way, the journal portions 61 and pin por-
tions 62 that are present between the arm portions 63 in
the crankshaft are portions that cannot be inserted
through an eddy current sensor having a hole (through
hole) with a size that allows eddy current measurement
in correspondence with the outer diameters of the journal
portions 61 or pin portions 62. Then, in order to set a
portion, such as the journal portion 61 and the pin portion,
that cannot be inserted through the eddy current sensor
as a measurement target in eddy current measurement,
the eddy current sensor according to the present embod-
iment formed in a substantially circular arc shape is used.
[0138] As shown in FIG 18, each journal portion 61,
which is the shaft portion, has a circular outer peripheral
surface 61a. When the crankshaft is a quenched com-
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ponent, a quench-hardened layer 61b is formed in the
outer peripheral portion of each journal portion 61. In this
way, the journal portion 61 having the quench-hardened
layer 61b is subjected to eddy current measurement for
inspecting quenching quality using the eddy current sen-
sor according to the present embodiment.
[0139] That is, as shown in FIG. 18, at the time of eddy
current measurement on the journal portion 61, the sub-
stantially circular arc-shaped eddy current sensor ac-
cording to the present embodiment is brought close to
the journal portion 61 from the detection coil 50 side and
is then set. Here, the eddy current sensor according to
the present embodiment is set so that the inner peripheral
surface 53a of the second housing 53 of the detection
coil 50 is aligned along the outer peripheral surface 61a
of the journal portion 61. Then, the eddy current sensor
set to the journal portion 61 is appropriately moved in the
circumferential direction along the outer peripheral sur-
face 61a of the journal portion 61. By so doing, eddy
current measurement is conducted over the entire cir-
cumference of the journal portion 61.
[0140] With the substantially circular arc eddy current
sensor according to the present embodiment, magnetic
fields (vertical magnetic fields (Hz)) in the coil central axis
direction, formed in the five solenoid coils 21 that consti-
tute each coil row 45 of the excitation coil 40, are formed
in directions toward the substantially central axis of the
journal portion 61 (substantially in the radial direction of
the journal portion 61) (see the arrows F1). That is, with
the substantially circular arc eddy current sensor, it is
possible to substantially uniformly apply the exciting
magnetic field, generated by the excitation coil 40, in the
circumferential direction of the journal portion 61. By so
doing, it is possible to equalize variations in distance be-
tween the excitation coil 40 and the journal portion 61.
Then, in eddy current measurement conducted using the
eddy current sensors according to the present embodi-
ment, variations in output in the circumferential direction
of the journal portion 61 are combined.
[0141] Thus, in the substantially circular arc eddy cur-
rent sensor, the size of the substantially circular arc
shape, the shape of the inner peripheral surface 53a
formed in the second housing 53, and the like, are set
on the basis of the diameter of the shaft portion (journal
portion 61), which is the measurement target. Note that
the length in the circumferential direction (the size of the
central angle) of the substantially circular arc shape of
the eddy current sensor is appropriately set at the length
of the semi-circle (at a central angle of 180°) or below so
as to be able to radially moving the eddy current sensor
onto the journal portion 61. In addition, eddy current
measurement is conducted on the pin portion 62 (see
FIG 19) using the substantially circular arc eddy current
sensor as well, as in the case of the journal portion 61.
[0142] In this way, with the substantially circular arc
eddy current sensor, it is possible to efficiently conduct
eddy current measurement with high sensitivity on the
journal portion 61 or pin portion 62 of the crankshaft, for

which it has been difficult to conduct eddy current meas-
urement using the existing through-type coil (see the
through-type coil 110 shown in FIG. 21A) or probe-type
sensor (see the probe-type coil 120 shown in FIG. 21B).
Note that the eddy current sensor according to the
present embodiment may be applied to a non-circular
portion, such as a cam portion of a camshaft of an engine,
by devising the shape of arrangement of the coils or the
shape of the housing.
[0143] In addition, in the eddy current sensor according
to the present embodiment, each coil row 45 of the ex-
citation coil 40 is arranged at an angle in accordance with
the shape of the work piece. That is, as shown in FIG.
17, in the eddy current sensor according to the present
embodiment, the excitation coil 40 has inclined coil rows
45X as the coil rows 45. Each inclined coil row 45X is the
coil row 45 in which the five solenoid coils 21 are arranged
so as to be inclined in accordance with the shape of the
work piece in correspondence with the solenoid coils 21
that constitute the other coil rows 45.
[0144] As shown in FIG 17, in the present embodiment,
among the three coil rows 45 of the excitation coil 40, the
second coil row 45B (see FIG. 14) that is a reference coil
row located in the middle in the parallel direction is used
as a reference, and the coil rows 45 located on both sides
of the second coil row 45B in the parallel direction (the
first coil row 45A and the third coil row 45C (see FIG. 14))
are used as the inclined coil rows 45X.
[0145] That is, the solenoid coils 21 that constitute the
reference second coil row 45B in the present embodi-
ment are arranged so that the coil central axes are di-
rected to a center position of a predetermined circular
shape that sets the series direction as the direction in
which the circular arc of the above described substan-
tially circular arc shape is formed. In contrast, the sole-
noid coils 21 that constitute the first coil row 45A and the
third coil row 45C, which are the inclined coil rows 45X,
are formed so that the coil central axes are inclined with
respect to the coil central axes of the solenoid coils 21
that constitute the second coil row 45B.
[0146] Then, in the present embodiment, the inclined
coil rows 45X of the excitation coil 40 are inclined so that
the ends adjacent to the detection coil 50 are the outer
side in the parallel direction. That is, as shown in FIG.
17, the inclined coil rows 45X located on both sides of
the second coil row 45B (see FIG. 14) are arranged in
an inclined state so that the ends adjacent to the detection
coil 50 are spaced away from each other.
[0147] In this way, the eddy current sensor that has
the inclined coil rows 45X in the excitation coil 40 is used
as follows in eddy current measurement on the journal
portion 61 of the crankshaft. That is, as shown in FIG 19
and FIG 20, with the eddy current sensor according to
the present embodiment, the inclined coil rows 45X are
used for measurement on the coupled portion between
the journal portion 61 and the arm portion 63, that is, a
curved portion 61c that is a portion of the journal portion
61 connected to the arm portion 63. Then, the coil row
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45 located in the middle (second coil row 45B) is used
for measurement on a shaft middle portion 61d of the
journal portion 61.
[0148] Thus, the excitation coil 40 is configured so that,
in a state where the eddy current sensor according to the
present embodiment is set on the journal portion 61 (see
FIG. 19 and FIG. 20), the coil central axes of the solenoid
coils 21 that constitute the inclined coil rows 45X are di-
rected toward the curved portion 61c. That is, magnetic
fields (vertical magnetic fields (Hz)) that are formed in
the coil central axis directions in the five solenoid coils
21 that constitute each inclined coil row 45X are formed
in directions toward the curved portion 61c (see the ar-
rows G1 in FIG. 19). In addition, magnetic fields (vertical
magnetic fields (Hz)) that are formed in the five solenoid
coils 21 that constitute the coil row 45 located in the mid-
dle (second coil row 45B) and are aligned in the coil cen-
tral axis directions are formed in directions toward the
shaft middle portion 61d (see the arrow G2 in FIG. 19).
[0149] In this way, different excitation frequencies are
set for the coil rows 45 used for measurement on the
curved portion 61c and the shaft middle portion 61d in
accordance with the respective portions. Specifically, as
shown in FIG 20, the quench-hardened layer 61b formed
in the journal portion 61 extends to the curved portion
61c. Then, the quench depth of the quench-hardened
layer 61b is shallower at the curved portion 61c than at
the shaft middle portion 61d. Then, a relatively high ex-
citation frequency is set for the inclined coil row 45X used
for measurement on the curved portion 61c of which the
quench depth is relatively shallow, and a relatively low
excitation frequency is set for the coil row 45 used for
measurement on the shaft middle portion 61d of which
the quench depth is relatively deep.
[0150] As for an example of setting of the excitation
frequency, the excitation frequency is set at a high fre-
quency of 500 Hz for the solenoid coils 21 that constitute
each inclined coil row 45X used for measurement on the
curved portion 61c. In addition, the excitation frequency
is set at a low frequency of 50 Hz for the solenoid coils
21 that constitute the coil row 45 used for measurement
on the shaft middle portion 61d.
[0151] In addition, the frequencies of amplified phase
detection signals in the three coil groups 55 of the detec-
tion coil 50 are also set in correspondence with the ex-
citation frequencies of the corresponding coil rows 45.
That is, the frequency of an amplified phase detection
signal is set at a high frequency of 500 Hz for the coils
that constitute the coil groups 55 (the first coil group 55A
and the third coil group 55C) corresponding to the inclined
coil rows 45X. The frequency of an amplified phase de-
tection signal is set at a low frequency of 50 Hz for the
coils that constitute the coil group 55 (second coil group
55B) located in the middle of the three coil rows 45. Note
that eddy current measurement conducted using the ed-
dy current sensor having the above inclined coil rows
45X may also be applied to the pin portion 62 (see FIG
19) as in the case of the journal portion 61.

[0152] In this way, with the eddy current sensor having
the inclined coil rows 45X, it is possible to conduct meas-
urement on both curved portions 61c and shaft middle
portion 61d in the axial direction of the journal portion 61
at the same time. Then, it is possible to conduct accurate
eddy current measurement according to the quench
depth as an inspection for quenching quality on a portion
having a shape, such as the journal portion 61 or pin
portion 61 of the crankshaft.
[0153] Note that, in the eddy current sensor according
to the present embodiment, the number and arrangement
shape of the solenoid coils 21 that constitute each coil
row 45 of the excitation coil 40 and the number and ar-
rangement shape of the coils (pancake coils 31 and the
horizontal solenoid coils 32) that constitute each coil
group 55 of the detection coil 50 are not specifically lim-
ited. Furthermore, each of the plurality of solenoid coils
21 of the excitation coil 40 may be configured to be able
to apply an alternating-current excitation signal inde-
pendently. Similarly, each of the plurality of coils of the
detection coil 50 may also be configured to be able to
detect a detection signal independently.
[0154] With the eddy current sensor described in the
above embodiments, it is possible to conduct 100 percent
inspection (100 percent assurance) by means of in-line
inspection on the quenching quality. By so doing, it is
possible to omit a torsion test through sampling, which
is destructive test conducted in the existing art, and it is
possible to reduce cost and work time with the omission
of torsion test. As a result, the quenching quality may be
improved, and cost and time may be reduced in inspec-
tion of the quenching quality.
[0155] In addition, when inspection of the quenching
quality is successively conducted on a plurality of work
pieces, an eddy current measurement result is constantly
monitored. By so doing, for example, when there is a
quenching problem, such as a clogging of coolant and
steep fluctuations in power, in a system for applying
quenching, such as induction quenching, the problem
may be detected in real time, and early measures may
be taken for the quenching problem.
[0156] In addition, eddy current measurement values
of all components are acquired in an actual assembly
line, or the like, to thereby make it possible to traceability
management. In conjunction with this, it is possible to
find a correlation between occurrence of the above
quenching problem and occurrence of a quenching fail-
ure in a work piece, so it is possible to obtain manufac-
turing requirements and management requirements for
a non-defective product.
[0157] In the above described embodiments of the in-
vention, the case where eddy current measurement is
used for inspecting the quenching quality is mainly illus-
trated; however, the eddy current sensor according to
the aspect of the invention may be applied to another
inspection for inspecting a measurement target compo-
nent through eddy current measurement, such as an in-
spection of a surface texture other than the quenching
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quality, an inspection of defects such as cracks, and dis-
crimination of foreign materials.

Claims

1. An eddy current sensor comprising:

an excitation coil (20) for applying a predeter-
mined alternating-current excitation signal to a
measurement target component, wherein the
excitation coil (20) has a plurality of solenoid
coils; and
a detection coil (30) for detecting a detection sig-
nal, generated by eddy current, from the meas-
urement target component to which the alternat-
ing-current excitation signal is applied, wherein
the detection coil (30) is arranged on at least
one of two sides of the excitation coil (20) in a
direction of a central axis of each solenoid coil,
charaterized in that
the detection coil (30) includes at least a first coil
(31) that is sensitive to a magnetic field in the
central axis direction of each solenoid coil and
a second coil (32) that is sensitive to a magnetic
field formed between the adjacent solenoid coils
(21) in a direction substantially perpendicular to
the central axis of each solenoid coil, and that
the plurality of solenoid coils (21) are arranged
side by side with one another so that winding
directions of the adjacent solenoid coils (21) are
opposite to each other by winding a single con-
tinuous lead wire so that upper or lower ends of
the adjacent solenoid coils (21) are alternately
coupled to each other in order to generate a re-
volving magnetic field by the interaction be-
tween the adjacent solenoid coils (21).

2. The eddy current sensor according to claim 1, where-
in
the plurality of solenoid coils (21) are arranged side
by side so that the central axes are parallel to one
another.

3. The eddy current sensor according to claim 2, where-
in
the plurality of solenoid coils (21) are arranged an-
nularly so as to form a ring.

4. The eddy current sensor according to claim 2, where-
in
the excitation coil (20) has a plurality of coil rows,
each of which is able to apply the alternating-current
excitation signal independently, the plurality of sole-
noid coils (21) in each coil row are arranged in a
predetermined direction, and the plurality of coil rows
are arranged in a state where winding directions of
the adjacent solenoid coils (21) are opposite to each

other.

5. The eddy current sensor according to claim 1, where-
in
the plurality of solenoid coils (21) are arranged side
by side in a state where the coil central axes are
inclined with respect to a vertical direction of the eddy
current sensor.

6. The eddy current sensor according to claim 5, where-
in
the plurality of solenoid coils (21) are arranged an-
nularly so as to form a ring.

7. The eddy current sensor according to claim 6, where-
in
the plurality of solenoid coils (21) are arranged at an
angle with respect to the central axis of the ring
formed of the plurality of solenoid coils (21) arranged
annularly, so that ends on the same side on the coil
central axis direction are directed inwardly of the ring.

8. The eddy current sensor according to claim 5, where-
in
the excitation coil (20) has a plurality of coil rows,
each of which is able to apply the alternating-current
excitation signal independently, the plurality of sole-
noid coils (21) in each coil row are arranged in a
predetermined direction, and the plurality of coil rows
are arranged in a state where winding directions of
the adjacent solenoid coils (21) are opposite to each
other.

9. The eddy current sensor according to claim 8, where-
in
arrangement of the plurality of solenoid coils (21) in
each coil row is curved with respect to the predeter-
mined direction to form a substantially circular arc
shape so that the coil central axes of the solenoid
coils (21) that constitute each row of the excitation
coil (20) are arranged so as to be directed toward
the center of the circular arc.

10. The eddy current sensor according to any one of
claims 1 to 9, further comprising:

a first housing (23) that supports the plurality of
solenoid coils (21) of the excitation coil (20); and
a second housing (33) that supports the detec-
tion coil (30), wherein
the second housing (33) is detachable with re-
spect to the first housing (23).

11. The eddy current sensor according to claim 10,
wherein
the second housing (33) is stacked on the first hous-
ing (23).
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12. An inspection method using an eddy current sensor,
comprising:

inspecting a measurement target component by
conducting eddy current measurement using
the eddy current sensor according to any one of
claims 1 to 11.

Patentansprüche

1. Wirbelstromsensor umfassend:

eine Erregerspule (20) zum Aufbringen eines
vorbestimmten Wechselstrom-Erregungssi-
gnals auf eine Messobjektkomponente, wobei
die Erregerspule (20) eine Vielzahl an Magnet-
spulen aufweist; und
eine Erfassungsspule (30) zum Erfassen eines
mittels Wirbelstrom erzeugten Erfassungssi-
gnals aus der Messobjektkomponente, auf wel-
che das Wechselstrom-Erregungssignal aufge-
bracht wird, wobei die Erfassungsspule an zu-
mindest einer von zwei Seiten der Erregerspule
(20) in Richtung einer Mittelachse jeder Magnet-
spule angeordnet ist, dadurch gekennzeich-
net, dass
die Erfassungsspule (30) zumindest eine erste
Spule (31), welche auf ein Magnetfeld in der Mit-
telachsen-Richtung jeder Magnetspule an-
spricht, und eine zweite Spule (32), welche auf
ein Magnetfeld anspricht, welches zwischen
den benachbarten Magnetspulen (21) in einer
Richtung im Wesentlichen senkrecht zu der Mit-
telachse jeder Magnetspule gebildet wird, be-
inhaltet, und dass
die Vielzahl an Magnetspulen (21) Seite an Seite
nebeneinander so angeordnet sind, dass Wick-
lungsrichtungen der benachbarten Magnetspu-
len (21) zueinander gegenläufig sind, indem ein
einzelner Leitungsdraht so gewickelt wird, dass
obere oder untere Enden der benachbarten Ma-
gnetspulen abwechselnd miteinander verbun-
den sind, um mittels des Zusammenwirkens
zwischen den benachbarten Magnetspulen ein
umlaufendes Magnetfeld zu erzeugen.

2. Wirbelstromsensor nach Anspruch 1, wobei
die Vielzahl an Magnetspulen (21) Seite an Seite so
angeordnet sind, dass die Mittelachsen zueinander
parallel sind.

3. Wirbelstromsensor nach Anspruch 2, wobei
die Vielzahl an Magnetspulen (21) ringförmig ange-
ordnet sind, um einen Ring zu bilden.

4. Wirbelstromsensor nach Anspruch 2, wobei
die Erregerspule (20) eine Vielzahl an Spulenreihen

aufweist, von denen jede dazu in der Lage ist, das
Wechselstrom-Erregungssignal unabhängig aufzu-
bringen, die Vielzahl an Magnetspulen (21) in jeder
Spulenreihe in einer vorbestimmten Richtung ange-
ordnet sind und die Vielzahl an Spulenreihen in einen
Zustand angeordnet sind, in welchem Weklungsrich-
tungen der benachbarten Magnetspulen (21) zuein-
ander entgegengesetzt sind.

5. Wirbelstromsensor nach Anspruch 1, wobei
die Vielzahl an Magnetspulen (21) Seite an Seite in
einen Zustand angeordnet sind, in welchem Spulen-
mittelachsen gegen eine vertikale Richtung des Wir-
belstromsensors geneigt sind.

6. Wirbelstromsensor nach Anspruch 5, wobei
die Vielzahl an Magnetspulen (21) ringförmig ange-
ordnet sind, um einen Ring zu bilden.

7. Wirbelstromsensor nach Anspruch 6, wobei
die Vielzahl an Magnetspulen (21) in einen Winkel
zu der Mittelachse des Rings, welcher von der Viel-
zahl an ringförmig angeordneten Magnetspulen (21)
gebildet wird, angeordnet sind, so dass Enden an
der gleichen Seite an der Spulen-Mittelachsenrich-
tung einwärts in Bezug auf den Ring gerichtet sind.

8. Wirbelstromsensor nach Anspruch 5, wobei
die Erregerspule(20) eine Vielzahl an Spulenreihen
aufweist, von denen jede dazu in der Lage ist, das
Wechselstrom-Erregungssignal unabhängig aufzu-
bringen, die Vielzahl an Magnetspulen (21) in jeder
Spulenreihe in einer vorherbestimmten Richtung an-
geordnet sind und die Vielzahl an Spulenreihen in
einen Zustand angeordnet sind, in welchem die Win-
dungsrichtungen der benachbarten Magnetspulen
(21) zueinander entgegengesetzt sind.

9. Wirbelstromsensor nach Anspruch 5, wobei
eine Anordnung der Vielzahl an Magnetspulen (21)
in jeder Spulenreihe bezogen auf die vorbestimmte
Richtung gekrümmt ist, um eine im Wesentlichen
kreisbogenartige Form zu bilden, so dass die Spu-
len-Mittelachsen der Magnetspulen (21), welche je-
de Reihe der Erregerspule (20) bilden, angeordnet
sind, um auf das Zentrum des Kreisbogens gerichtet
zu sein.

10. Wirbelstromsensor nach einem der Ansprüche 1 bis
9, der darüber hinaus umfasst:

ein erstes Gehäuse (23), welches die Vielzahl
an Magnetspulen (21) der Erregerspule (20)
trägt; und
ein zweites Gehäuse (33), welches die Erfas-
sungsspule (30) trägt, wobei
das zweite Gehäuse (33) bezogen auf das erste
Gehäuse (23) lösbar vorgesehen ist.
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11. Wirbelstromsensor nach Anspruch 10, wobei
das zweite Gehäuse (33) auf das erste Gehäuse (23)
gestapelt ist.

12. Inspektionsverfahren unter Verwendung eines Wir-
belstromsensors, das umfasst:

Inspizieren einer Messobjektkomponente mit-
tels Durchführen einer Wirbelstrommessung
unter Verwendung des Wirbelstromsensors
nach einem der Ansprüche 1 bis 11.

Revendications

1. Capteur à courants de Foucault comprenant :

une bobine (20) d’excitation destinée à appli-
quer un signal prédéterminé d’excitation en cou-
rant alternatif à un composant cible de mesure,
dans lequel la bobine (20) d’excitation comporte
une pluralité de solénoïdes; et
une bobine (30) de détection destinée à détecter
un signal de détection, engendré par des cou-
rants de Foucault, en provenance du composant
cible de mesure auquel est appliqué le signal
d’excitation en courant alternatif, dans lequel la
bobine (30) de détection est agencée sur au
moins l’un des deux côtés de la bobine (20) d’ex-
citation dans la direction de l’axe central de cha-
que solénoïde,
caractérisé :

en ce que la bobine (30) de détection inclut
au moins une première bobine (31) qui est
sensible à un champ magnétique dans la
direction de l’axe central de chaque solé-
noïde et une seconde bobine (32) qui est
sensible à un champ magnétique formé en-
tre les solénoïdes adjacents (21) dans une
direction pratiquement perpendiculaire à
l’axe central de chaque solénoïde ; et
en ce que les solénoïdes de la pluralité de
solénoïdes (21) sont agencés côte à côte
les uns des autres de façon que les sens
d’enroulement des solénoïdes (21) adja-
cents soient opposés l’un à l’autre en en-
roulant un unique fil conducteur continu de
sorte que les extrémités supérieures ou in-
férieures des solénoïdes adjacents (21)
sont raccordées alternativement l’une à
l’autre de façon à engendrer un champ ma-
gnétique tournant par l’interaction entre les
solénoïdes adjacents (21).

2. Capteur à courants de Foucault selon la revendica-
tion 1, dans lequel les solénoïdes de la pluralité de
solénoïdes (21) sont agencés côte à côte de sorte

que les axes centraux sont parallèles les uns aux
autres.

3. Capteur à courants de Foucault selon la revendica-
tion 2, dans lequel les solénoïdes de la pluralité de
solénoïdes (21) sont agencés de façon annulaire de
manière à former un anneau.

4. Capteur à courants de Foucault selon la revendica-
tion 2, dans lequel la bobine (20) d’excitation com-
porte une pluralité de rangées de bobines, dont cha-
cune est capable d’appliquer indépendamment le si-
gnal d’excitation en courant alternatif, dans lequel
les solénoïdes de la pluralité de solénoïdes (21) dans
chaque rangée de bobines sont agencés dans une
direction prédéterminée, et dans lequel les rangées
de bobines de la pluralité de rangées de bobines
sont agencées dans un état où les sens d’enroule-
ment des solénoïdes adjacents (21) sont opposés
l’un à l’autre.

5. Capteur à courants de Foucault selon la revendica-
tion 1, dans lequel les solénoïdes de la pluralité de
solénoïdes (21) sont agencés côte à côte dans un
état où les axes centraux de bobine sont inclinés par
rapport à une direction perpendiculaire au capteur à
courants de Foucault.

6. Capteur à courants de Foucault selon la revendica-
tion 5, dans lequel les solénoïdes de la pluralité de
solénoïdes (21) sont agencés de façon annulaire de
manière à former un anneau.

7. Capteur à courants de Foucault selon la revendica-
tion 6, dans lequel les solénoïdes de la pluralité de
solénoïdes (21) sont agencés à un certain angle par
rapport à l’axe central de l’anneau formé de la plu-
ralité de solénoïdes (21) agencée de façon annulaire
de sorte que les extrémités du même côté dans la
direction de l’axe central de bobine sont dirigées vers
l’intérieur de l’anneau.

8. Capteur à courants de Foucault selon la revendica-
tion 5, dans lequel la bobine (20) d’excitation com-
porte une pluralité de rangées de bobines, dont cha-
cune est capable d’appliquer indépendamment le si-
gnal d’excitation en courant alternatif, dans lequel
les solénoïdes de la pluralité de solénoïdes (21) dans
chaque rangée de bobines sont agencés dans une
direction prédéterminée, et dans lequel les rangées
de bobines de la pluralité de rangées de bobines
sont agencées dans un état où les sens d’enroule-
ment des solénoïdes adjacents (21) sont opposés
l’un à l’autre.

9. Capteur à courants de Foucault selon la revendica-
tion 8, dans lequel l’agencement de la pluralité de
solénoïdes (21) dans chaque rangée de bobines est
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incurvé par rapport à la direction prédéterminée pour
former une forme pratiquement en arc de cercle de
sorte que les axes centraux des solénoïdes (21) qui
constituent chaque rangée de la bobine (20) d’exci-
tation sont agencés de façon à être dirigés vers le
centre de l’arc de cercle.

10. Capteur à courants de Foucault selon l’une quelcon-
que des revendications 1 à 9, comprenant en outre :

un premier boîtier (23) qui supporte la pluralité
de solénoïdes (21) de la bobine (20)
d’excitation ; et
un second boîtier (33) qui supporte la bobine
(30) de détection,
dans lequel le second boîtier (33) est démonta-
ble par rapport au premier boîtier (23).

11. Capteur à courants de Foucault selon la revendica-
tion 10, dans lequel le second boîtier (33) est empilé
sur le premier boîtier (23).

12. Procédé d’examen utilisant un capteur à courants
de Foucault, comprenant :

l’examen d’un composant cible de mesure en
effectuant une mesure de courants de Foucault
en utilisant le capteur à courants de Foucault
selon l’une quelconque des revendications 1 à
11.
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