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(57) A bolt-type sensor device (30) includes a top
end portion (32) having a threaded portion, a bolt head
portion (31) thicker than the threaded portion (32A), and
an intermediate axial portion (33) that is positioned be-
tween the top end portion (32) and the bolt head portion
(31) and that is thinner than the threaded portion (32A),
and a physical change detecting unit (40) provided on
the intermediate axial portion (33) and being configured
to detect a physical change experienced by the interme-
diate axial portion (33).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a bolt-type sen-
sor device, a bolt body, a wind turbine driving device, a
wind turbine and a fastening structure.

BACKGROUND

[0002] As disclosed in, for example, JP2019-215272A
(the ’272 Publication), a bolt is known that is capable of
detecting a drop in fastening force. Bolts of this type have,
for example, inside them, a detecting unit such as a strain
gauge provided for detecting a drop in fastening force.
The output from the detecting unit can be used to monitor
a significant drop in, for example, axial force, thereby
detecting unacceptable loosening of the bolts. The ’272
Publication is designed to prevent a drop in the strength
of the bolts that may be caused by the provision of the
detecting unit, so that the bolts can accomplish its intend-
ed use.
[0003] As disclosed in JP2016-211497A (the ’497 Pub-
lication), on the other hand, it has been confirmed that,
when a bolt is used to fasten a fastening target object,
the condition of the fastening target object may be eval-
uated by measuring a physical change experienced by
the bolt, thereby detecting a change in load applied to
the bolt.
[0004] As a result of careful examination, however, the
inventors of the present invention have found that a
change in load that is required to be detected in order to
prevent future damage and destruction of the fastening
target object is rather small when compared with the load
applied to the bolt when the fastening target object is
appropriately fastened using the bolt. Here, since the
conventional bolt disclosed in the 272 Publication can
serve as a highly strong fastening unit, the conventional
bolt having the detecting unit is unlikely to experience a
large change in its physical properties. For the reasons
stated above, the conventional bolt provided with the de-
tecting unit is not capable of sensitively detecting a slight
change in load that needs to be detected in order to pre-
vent future damage and destruction of the fastening tar-
get object.

SUMMARY

[0005] The present invention addresses the above
problem. One of the objects of the present invention is
to provide a sensor device capable of highly accurately
evaluating the condition of a fastening target object.
[0006] A bolt-type sensor device according to the
present invention includes:

a top end portion having a threaded portion;
a bolt head portion thicker than the threaded portion;
an intermediate axial portion positioned between the

top end portion and the bolt head portion, where the
intermediate axial portion is thinner than the thread-
ed portion; and
a physical change detecting unit provided on the in-
termediate axial portion, where the physical change
detecting unit is configured to detect a physical
change experienced by the intermediate axial por-
tion.

[0007] In the bolt-type sensor device according to the
present invention, the bolt head portion may have a hole
penetrating therethrough, and when projected in an axial
direction, the hole may have an opening within a region
overlapping the top end portion.
[0008] In the bolt-type sensor device according to the
present invention, the intermediate axial portion may
have, at an end thereof facing the bolt head portion, a
base-end-side widened portion gradually becoming
thicker toward the bolt head portion. The hole may be
open at the base-end-side widened portion.
[0009] In the bolt-type sensor device according to the
present invention, the bolt head portion may have a hole
penetrating therethrough, and the hole may be open at
the base-end-side widened portion.
[0010] In the bolt-type sensor device according to the
present invention, the bolt head portion may have a hole
penetrating therethrough, and when projected in an axial
direction, the hole may have an opening within a region
overlapping the top end portion.
[0011] In the bolt-type sensor device according to the
present invention, the intermediate axial portion may
have, at an end thereof facing the top end portion, a top-
end-side widened portion gradually becoming thicker to-
ward the top end portion.
[0012] In the bolt-type sensor device according to the
present invention, the intermediate axial portion may
have a plurality of placement surfaces that are positioned
at the same position in an axial direction and that are flat
surfaces parallel to the axial direction. The plurality of
placement surfaces may be symmetrically positioned
with respect to a central axis. The plurality of placement
surfaces may each have the physical change detecting
unit provided thereon.
[0013] In the bolt-type sensor device according to the
present invention, the intermediate axial portion may
have a pair of placement surfaces that are flat surfaces
parallel to the axial direction and that face each other in
a direction orthogonal to the axial direction. The place-
ment surfaces may each have the physical change de-
tecting unit provided thereon.
[0014] In the bolt-type sensor device according to the
present invention, a width of the intermediate axial por-
tion in a direction of a normal to the placement surfaces
may take a minimum value in a region defined in an axial
direction where the placement surfaces are positioned.
[0015] In the bolt-type sensor device according to the
present invention, the physical change detecting unit may
be positioned between the bolt head portion and a middle
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of the intermediate axial portion in an axial direction.
[0016] In the bolt-type sensor device according to the
present invention, the physical change detecting unit may
be positioned between the top end portion and a middle
of the intermediate axial portion in an axial direction.
[0017] In the bolt-type sensor device according to the
present invention, the physical change detecting unit may
include a plurality of physical change detecting units ar-
ranged next to each other in a circumferential direction.
[0018] In the bolt-type sensor device according to the
present invention, the physical change detecting unit may
include a plurality of physical change detecting units ar-
ranged next to each other in an axial direction.
[0019] In the bolt-type sensor device according to the
present invention, the physical change detecting unit may
be electrically connected to an amplifier circuit board,
and the amplifier circuit board may be positioned oppo-
site to the intermediate axial portion with respect to the
bolt head portion.
[0020] In the bolt-type sensor device according to the
present invention, when projected in an axial direction,
the amplifier circuit board may be accommodated within
a region overlapping the bolt head portion.
[0021] In the bolt-type sensor device according to the
present invention, 0.15 3 AC ≤ AA ≤ 0.80 3 AC and 1.5
3 D ≤ LX may be satisfied where LX (mm) denotes a
length of the threaded portion, AC (mm2) denotes a max-
imum cross-sectional area of the threaded portion, AA
(mm2) denotes a minimum cross-sectional area of the
intermediate axial portion and D (mm) denotes a maxi-
mum width of the threaded portion.
[0022] A wind turbine driving device according to the
present invention includes:

a driving device body installed in one structure at a
moving part of a wind turbine and including a mesh-
ing portion meshing with a ring gear installed in an-
other structure at the moving part of the wind turbine;
and
a bolt-type sensor device fixedly attaching the driving
device body to the one structure, where the bolt-type
sensor device is one of the above-described bolt-
type sensor devices according to the present inven-
tion and where the bolt-type sensor device is used
as a bolt fixedly attaching the driving device body to
the one structure.

[0023] A wind turbine according to the present inven-
tion includes any one of the above wind turbine drive
devices according to the present invention.
[0024] A fastening structure according to the present
invention includes:

any one of the above bolt-type sensor devices ac-
cording to the present invention;
a first member having a through hole provided there-
in, where the bolt-type sensor device is configured
to pass through the through hole; and

a second member having a threaded hole provided
therein, where the threaded hole is configured to
mesh with the top end portion of the bolt-type sensor
device.

[0025] In the fastening structure according to the
present invention, the physical change detecting unit may
be positioned in the through hole provided in the first
member.
[0026] A bolt body according to the present invention
includes:

a top end portion having a threaded portion;
a bolt head portion thicker than the threaded portion;
and
an intermediate axial portion that is positioned be-
tween the top end portion and the bolt head portion
and that is thinner than the threaded portion.

[0027] According to the invention, it is possible to highly
accurately evaluate the condition of the fastening target
object.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

Fig. 1 is a perspective view showing a wind turbine
for explaining one embodiment of the present inven-
tion.
Fig. 2 is a longitudinal sectional view of the wind tur-
bine shown in Fig. 1, which shows a moving part
between a tower and a nacelle.
Fig. 3 is a plan view showing how wind turbine driving
devices are arranged in the moving part shown in
Fig. 2.
Fig. 4 is a view of one of the wind turbine driving
devices shown in Fig. 2, part of which is shown in
longitudinal section.
Fig. 5 is a view of a mounting part of the wind turbine
driving device shown in Fig. 4, part of which is shown
in longitudinal section.
Fig. 6 is a perspective view illustrating a bolt body
included in a bolt-type sensor device.
Fig. 7A is a partial enlarged view of Fig. 5 and a
longitudinal sectional view for illustrating a fastening
structure including the bolt-type sensor device.
Fig. 7B is a longitudinal sectional view corresponding
to Fig. 7A and shows the fastening structure includ-
ing the bolt-type sensor device seen from a different
direction.
Fig. 8 corresponds to Fig. 6 and shows a bolt body
included in a modification example of the bolt-type
sensor device.
Fig. 9 corresponds to Figs. 7A and 7B and shows a
fastening structure including the bolt-type sensor de-
vice of Fig. 8.
Fig. 10 corresponds to Figs. 7A and 7B and shows
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a fastening structure including a different modifica-
tion example of the bolt-type sensor device.
Fig. 11 corresponds to Figs. 7A and 7B and shows
a fastening structure including a further different
modification example of the bolt-type sensor device.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0029] One embodiment of the invention will be here-
inafter described with reference to the attached drawings.
In the attached drawings, the dimensions and aspect ra-
tios may be appropriately altered for emphasis, so as to
facilitate illustration and comprehension of the drawings.
[0030] The bolt-type sensor device described in the
following is used as a sensor device capable of highly
accurately evaluating the condition of a fastening target
object. The bolt-type sensor device includes a bolt body
having a shape of a bolt and a physical change detecting
unit for detecting a physical change experienced by the
bolt body. A bolt-type sensor device relating to the fol-
lowing embodiment is configured to highly sensitively de-
tect a physical change experienced by the bolt body,
thereby detecting a slight change in condition of the bolt
body. By detecting a physical change experienced by the
bolt body, the bolt-type sensor device is capable of highly
accurately evaluating the magnitude of the force applied
to a fastening structure including the sensor device and
the deformation of the fastening structure. The following
embodiment is described with reference to an example
case where the bolt-type sensor device is used in a wind
turbine, in particular, a wind turbine driving device. The
bolt-type sensor device relating to the present embodi-
ment is, however, applicable not only to the following
example but also to various types of fastening structures.
[0031] As shown in Fig. 1, a wind turbine 101 includes
a tower 102, a nacelle 103, a rotor 104 that is a main
shaft portion, a blade 105, and the like. The tower 102 is
installed such that it extends vertically upward from the
ground. The nacelle 103 is installed on the top of the
tower 102 such that the nacelle 103 is rotatable relative
to the tower 102. The nacelle 103 rotates relative to the
tower 102 about the longitudinal direction of the tower
102, which is so-called yaw rotation. The rotation of the
nacelle 103 is around a rotational axis parallel to the nor-
mal vertical direction. The nacelle 103 has a power trans-
mission shaft, a generator, and the like disposed therein.
The rotor 104 is connected to the power transmission
shaft and is rotatable relative to the nacelle 103. A plu-
rality of blades 105 (three blades 105 in the example
shown in Fig. 1) are provided. The blades 105 extend
from the rotor 104 in a radial direction about the axis of
the rotation of the rotor 104 relative to the nacelle 103.
The blades 105 are arranged at equal angular intervals.
Each of the blades 105 is rotatable in the pitch direction,
in other words, rotatable about a longitudinal direction
thereof relative to the rotor 104. That is, the blades 105
are connected to the rotor 104 via a moving part.

[0032] A wind turbine driving device is used as a yaw
drive that provides yawing of the nacelle 103 relative to
the tower 102. The wind turbine driving device is also
used as a pitch drive that provides pitching of the axial
portion of the blades 105 relative to the rotor 104. The
pitch drive is fixedly attached to the rotor 104 using a
plurality of bolts B, at least some of which are bolt-type
sensor devices 30, described below. The following de-
scribes in detail a wind turbine driving device and a struc-
ture to fixedly attaching the wind turbine driving device,
assuming that the wind turbine driving device is used as
a yaw drive.
[0033] Fig. 2 is a longitudinal sectional view showing
a wind turbine, showing in an enlarged view a portion
thereof where the nacelle 103 is installed rotatably rela-
tive to the tower 102. In Fig. 2, wind turbine driving de-
vices 10 are shown not in sectional view but in outside
view. The nacelle 103 is installed on the top of the tower
102 such that the nacelle 103 is rotatable relative to the
tower 102 via a bearing 106 interposed between a bottom
portion 103a of the nacelle 103 and the tower 102. A ring
gear 107 having internal teeth formed on its inner periph-
ery is fixed to the top of the tower 102. Note that the teeth
of the ring gear 107 are not necessarily provided on the
inner periphery of the ring gear 107 and may be alterna-
tively provided on the outer periphery of the ring gear
107. In the drawings, the internal teeth of the ring gear
107 are not shown.
[0034] As shown in Figs. 2 and 3, a plurality of wind
turbine driving devices 10 are mounted in the nacelle
103. The wind turbine driving devices 10 each include a
meshing portion 24a meshing with the internal teeth of
the ring gear 10. By driving the wind turbine driving de-
vices 10, it becomes possible to rotate the nacelle 103,
which is one of the moving parts of the wind turbine 101,
relative to the tower 102, which is the other of the moving
parts of the wind turbine 101. As shown in Fig. 3, the ring
gear 107 is formed in an annular shape and has a center
axis CM. The nacelle 103 rotates about the center axis
CM of the ring gear 107. In the example shown, the center
axis CM of the ring gear 107 is parallel to the longitudinal
direction of the tower 102.
[0035] In the wind turbine 101 shown, as shown in Fig.
3, a pair of wind turbine driving device units 5 is provided.
The wind turbine driving device units 5 are arranged in
rotational symmetry about the center axis CM of the ring
gear 107. Each wind turbine driving device unit 5 includes
three wind turbine driving devices 10. In total, six driving
device bodies 20 are included in the pair of wind turbine
driving device units 5 and arranged along a circumfer-
ence CLA (see Fig. 3) of a circle centered on the center
axis CM of the ring gear 107. The three wind turbine
driving devices 10 included in each of the wind turbine
driving device units 5 are arranged sequentially at given
intervals along the circumference CLA.
[0036] The wind turbine driving devices 10 each in-
clude a driving device body 20 and one or more bolt-type
sensor devices 30. The driving device body 20 is fixedly
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attached to the nacelle 103 using bolts B. The bolt-type
sensor devices 30 replace one or more of the bolts B that
are normally used to fixedly attach the driving device body
20 to the nacelle 103. Stated differently, the bolt-type
sensor devices 30 can serve to fasten together the na-
celle 103 and the driving device body 20. The bolt-type
sensor devices 30 each include a bolt body 30A and a
physical change detecting unit 40. The bolt body 30A is
configured to fasten the driving device body 20 to the
nacelle 103, like common bolts. The physical change de-
tecting unit 40 can highly sensitively detect a slight
change in the condition of the driving device body 20,
which is a fastening target object, by detecting a physical
change experienced by the bolt body 30A. In other words,
the results of the detection made by the physical change
detecting unit 40 can be used to measure a physical
change in the bolt body 30A. In addition, by monitoring
the physical change experienced by the bolt body 30A,
it can be immediately and accurately detected whether
irregularity occurs in the driving device body 20. The fol-
lowing describes the constituent elements of each wind
turbine driving device 10 one by one.
[0037] As shown in Fig. 4, the driving device body 20
includes an output shaft 24 having the meshing portion
24a meshing with the ring gear 107, a case 21 rotatably
retaining the output shaft 24, and an electric motor 23
fixed to the case 21. The driving device body 20 further
includes a connection portion 25 connecting the electric
motor 23 to the output shaft 24. The connection portion
25 is housed in the case 21. As one example, the con-
nection portion 25 decelerates an input from the electric
motor 23 and transmits the decelerated input to the output
shaft 24. The connection portion 25, which is described
above and constitutes a reducer unit, can be an eccentric
oscillating gear-type speed reducing mechanism, a plan-
etary gear-type speed reducing mechanism, or a speed
reducing mechanism combining the eccentric oscillating
gear-type and the planetary gear-type.
[0038] As shown in Fig. 4, an end portion of the output
shaft 24, which is spaced away from the connection por-
tion 25, extends out from the case 21. The meshing por-
tion 24a is formed at a portion of the output shaft 24, the
part extending out from the case 21. As shown in Figs.
2 and 5, the meshing portion 24a of the output shaft 24
extends into a through hole 103b formed through the bot-
tom portion 103a of the nacelle 103 and meshes with the
ring gear 107. The meshing portion 24a is formed in a
shape adapted to the ring gear 107. As one example, the
meshing portion 24a forms a pinion gear having external
teeth configured to mesh with the internal teeth of the
ring gear 107. The wind turbine driving devices 10 each
have a longitudinal axis parallel to a rotational axis CR
of the output shaft 24. The rotational axis CR of the wind
turbine driving device 10 is parallel to the central axis CM
of the ring gear 107.
[0039] Next, the case 21 will be now described. As
shown in Fig. 4, the case 21 is formed in a tubular shape.
As shown in Fig. 5, the case 21 is arranged such that the

longitudinal axis thereof is positioned on the rotational
axis CR. The case 21 is open at both ends thereof in the
direction along the rotational axis CR. The meshing por-
tion 24a of the output shaft 24 is exposed through the
opening of the case 21 facing the tower 102. The electric
motor 23 is mounted to the opening of the case 21 facing
away from the tower 102. Furthermore, the case 21 in-
cludes a flange 22. As shown in Fig. 3, the flange 22 is
formed in an annular shape and extends along a circum-
ference CLB of a circle centered on the rotational axis
CR of the output shaft 24. As shown in Figs. 4 and 5, a
through hole 22a is formed through the flange 22. A mul-
titude of through holes 22a are formed on a circumfer-
ence of a circle centered on the rotational axis CR of the
output shaft 24. In the example shown, twelve through
holes 22a are arranged at equal intervals on the circum-
ference CLB. As shown in Figs. 4 and 5, the through
holes 22a extend parallel to the rotational axis CR of the
output shaft 24.
[0040] Next, the bolt-type sensor device 30 will now be
described mainly with reference to Figs. 6 to 7B. The
bolt-type sensor device 30 is used to fixedly attach the
driving device body 20 configured as above to the nacelle
103. The bolt-type sensor device 30 also serves as a
fastening tool, and constitutes a fastening structure FS
when combined with a first member M1 having a through
hole provided therein through which the bolt-type sensor
device 30 passes and a second member M2 having a
threaded hole provided therein, which is configured to
mesh with a top end portion 32 of the bolt-type sensor
device 30. In the example illustrated, the driving device
body 20 constitutes the first member M1, and the through
holes 22a provided in the flange 22 of the driving device
body 20 serve as the through hole in the first member
M1. The nacelle 103 constitutes the second member M2,
and a threaded hole 103c in the nacelle 103 serves as
the threaded hole in the second member M2.
[0041] As shown in Figs. 6 to 7B, the bolt-type sensor
device 30 includes a bolt body 30A that can be divided
into a bolt head portion 31, a top end portion 32 and an
intermediate axial portion 33. The top end portion 32 has
a threaded portion 32Athat is externally threaded. The
intermediate axial portion 33 is interposed between the
bolt head portion 31 and the top end portion 32. As shown
in Figs. 7A and 7B, the bolt head portion 31, intermediate
axial portion 33 and top end portion 32 are arranged in
this order in the direction along the central axis CA of the
bolt-type sensor device 30. The central axis CA of the
bolt-type sensor device 30 is parallel to the direction in
which the bolt-type sensor device 30 moves relative to
the first and second members M1 and M2 when fastened
by rotating. The central axis CA of the bolt-type sensor
device 30 is parallel to the rotational axis CR of the output
shaft 24. In the following description, an axial direction
DA refers to the direction parallel to the central axis CA
of the bolt-type sensor device 30. In addition, a first di-
rection DB1 and a second direction DB2 denote the di-
rections orthogonal to the axial direction DA and to each
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other. Furthermore, a circumferential direction DC refers
to the direction extending along the circumference or cir-
cular arc of a circle centered around the central axis CA.
The following describes the constituent elements of the
bolt body 30A.
[0042] For the purposes of clearly defining the direc-
tions among more than one drawing, the axial direction
DA, first direction DB1 and second direction DB2 are
shown in some of the drawings as the common directions
among the drawings. Each direction is indicated by an
arrow, which points one side in the direction. As shown
in Fig. 7A, for example, a circled dot indicates an arrow
directed frontward from the plane of the paper in the di-
rection vertical to the plane of the paper. As shown in
Fig. 7B, for example, a circled cross indicates an arrow
directed backward from the plane of the paper in the di-
rection vertical to the plane of the paper.
[0043] As shown in Figs. 7A and 7B, the bolt head por-
tion 31 is thicker than the intermediate axial portion 33
and top end portion 32. In other words, the width of the
bolt head portion 31 in any direction orthogonal to the
axial direction DA is larger than the width of the interme-
diate axial portion 33 or the top end portion 32 in this
direction. Stated differently, the bolt head portion 31 has
an enlarged diameter when compared with the interme-
diate axial portion 33 and top end portion 32. Further-
more, when projected in the axial direction DA, the inter-
mediate axial portion 33 and top end portion 32 are en-
tirely accommodated within a region overlapping the bolt
head portion 31. The maximum width of the bolt head
portion 31 is larger than the inner diameter of the through
holes 22a in the flange 22. This means that the bolt head
portion 31 is not allowed to pass through the through hole
22a in the flange 22. Accordingly, when the bolt-type sen-
sor device 30 is fastened, the bottom surface of the bolt
head portion 31 touches the top surface of the flange 22.
[0044] As described above, the top end portion 32 has
the threaded portion 32A. As shown in Figs. 7A and 7B,
the threaded portion 32A has external threads configured
to mesh with the threaded hole 103c in the nacelle 103.
In the example shown, the top end portion 32 further has
an axial portion 32B continuous from the bolt head portion
31 side of the threaded portion 32A. The axial portion
32B is shaped like a circular column. As shown in Figs.
6, 7A and 7B, the threaded portion 32A is positioned in
the bolt-type sensor device 30 furthest from the bolt head
portion 31. The axial portion 32B is connected, on the
side thereof opposite to the side connected to the thread-
ed portion 32A, to the intermediate axial portion 33.
[0045] As shown in Figs. 6 to 7B, the intermediate axial
portion 33 is a portion substantially shaped like a circular
column extending along the axial direction DA. As has
been described above, the intermediate axial portion 33
is interposed between the bolt head portion 31 and the
top end portion 32. The intermediate axial portion 33 is
thinner than the bolt head portion 31 and the top end
portion 32. In other words, the width of the intermediate
axial portion 33 in any direction orthogonal to the axial

direction DA is smaller than the width of the bolt head
portion 31 or the top end portion 32 in this direction. Stat-
ed differently, the intermediate axial portion 33 has a re-
duced diameter when compared with the bolt head por-
tion 31 and the top end portion 32. Furthermore, when
projected in the axial direction DA, the intermediate axial
portion 33 is entirely accommodated within a region over-
lapping the bolt head portion 31 and the top end portion
32. The maximum width of the intermediate axial portion
33 is smaller than the inner diameter of the through holes
22a in the flange 22. Accordingly, the intermediate axial
portion 33 is allowed to pass through the through hole
22a in the flange 22.
[0046] In the illustrated example, the intermediate axial
portion 33 is divided into a base-end-side widened por-
tion 33A, a body portion 33B, and a top-end-side widened
portion 33C. In the illustrated example, in particular, the
intermediate axial portion 33 is constituted only by the
base-end-side widened portion 33A, body portion 33B,
and top-end-side widened portion 33C. The base-end-
side widened portion 33A, body portion 33B, and top-
end-side widened portion 33C are arranged in this order
in the axial direction DA from the bolt head portion 31
side toward the top end portion 32 side. This means that
the base-end-side widened portion 33A is adjacent to the
bolt head portion 31. The top-end-side widened portion
33C is adjacent to the top end portion 32.
[0047] The width of the base-end-side widened portion
33A in the direction orthogonal to the axial direction DA
gradually increases toward the bolt head portion 31 in
the axial direction DA. Accordingly, the base-end-side
widened portion 33A has the largest width in a region
thereof connected to the bolt head portion 31 and the
smallest width in a region thereof most distant from the
bolt head portion 31 in the axial direction DA. As shown
in Figs. 7A and 7B, a through hole 31a penetrates the
bolt head portion 31 and is open at the base-end-side
widened portion 33A. The base-end-side widened por-
tion 33A has a circular cross-section when cut along a
plane orthogonal to the axial direction DA, except for a
portion where the through hole 31a is formed. The width
of the top-end-side widened portion 33C in the direction
orthogonal to the axial direction DA gradually increases
toward the top end portion 32 in the axial direction DA.
Accordingly, the top-end-side widened portion 33C has
the largest width in a region thereof connected to the top
end portion 32 and the smallest width in a region thereof
most distant from the top end portion 32 in the axial di-
rection DA. The top-end-side widened portion 33C has
a circular cross-section when cut along a plane orthog-
onal to the axial direction DA.
[0048] The body portion 33B is generally shaped like
a circular column. Note that, however, the illustrated body
portion 33B has a placement surface 33BB, which is a
missing or depressed portion of the cylindrical side sur-
face of the circular column. As can be understood from
Fig. 7B, the placement surface 33BB is a flat surface
parallel to the axial direction DA. In the example shown,
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a perpendicular line to the placement surface 33BB is
orthogonal to the central axis CA of the bolt body 30A.
In other words, the placement surface 33BB is a flat sur-
face orthogonal to the radial direction of the circle cen-
tered on the central axis CA.
[0049] In order to highly sensitively detect the physical
change experienced by the bolt body 30A, the body por-
tion 33B preferably has a plurality of placement surfaces
33BB positioned at the same position in the axial direction
DA. The plurality of placement surfaces 33BB are pref-
erably positioned at the same position in the axial direc-
tion DA. Furthermore, the plurality of placement surfaces
33BB are preferably symmetrically positioned with re-
spect to the central axis CA. The body portion 33B shown
in Figs. 6 to 7B has a pair of placement surfaces 33BB
opposing each other in the first direction DB1 orthogonal
to the axial direction DA. As shown in Fig. 7B, these place-
ment surfaces 33BB are positioned at the same position
in the axial direction DA. The width of the body portion
33B in the second direction DB2, which is the direction
of the normal to the placement surfaces 33BB, takes a
minimum value in a region defined in the axial direction
DA and where the placement surfaces 33BB are posi-
tioned. The placement surfaces 33BB are between the
top end portion 32 and a middle 33X of the body portion
33B in the axial direction DA.
[0050] The bolt body 30A is fixedly attached onto the
nacelle 103 by allowing the threaded portion 32A of the
top end portion 32 to pass through the through hole 22a
in the flange 22 and resultantly to mesh with the threaded
hole 103c formed in the nacelle 103. When the bolt body
30A is fixedly attached onto the nacelle 103, the bottom
surface of the bolt head portion 31 touches the top sur-
face of the flange 22. As a result, the flange 22 is sand-
wiched between the nacelle 103 and the bolt head portion
31 and compressed, so that the driving device body 20
including the flange 22 can be fixedly attached to the
nacelle 103. In the above manner, the bolt body 30A can
serve as the bolt B fastening the driving device body 20.
Here, the intermediate axial portion 33 is positioned with-
in the through hole 22a in the flange 22 and therefore
acted upon by a tensile force that results from the fas-
tening and acts in the axial direction DA. In other words,
when the bolt-type sensor device 30 is fastened, the in-
termediate axial portion 33 of the bolt-type sensor device
30 is positioned in the hole formed in the first member
M1 of the fastening structure FS and acted upon by a
load.
[0051] In the bolt body 30A configured in the above
manner, the bolt head portion 31, the top end portion 32
and intermediate axial portion 33 are made of steel or
the like and formed integrally. The intermediate axial por-
tion 33 having a reduced diameter and the placement
surfaces 33BB formed as a missing or depressed portion
may be formed by cutting or shaped by casting.
[0052] The following describes the physical change
detecting unit 40. In the bolt-type sensor device 30, the
physical change detecting unit 40 is positioned on the

intermediate axial portion 33 of the bolt body 30A. The
physical change detecting unit 40 is configured to detect
a physical change experienced by the intermediate axial
portion 33 of the bolt body 30A.
[0053] The physical change detecting unit 40 can be
configured as a variety of units for detecting a physical
change and is not limited to any particular configuration.
The physical change to be detected by the physical
change detecting unit 40 is not limited to any particular
change and can be, for example, tensile deformation,
compression deformation, bending deformation, torsion
deformation, shear deformation. The physical change
detecting unit 40 for detecting a physical change expe-
rienced by the bolt body 30A is not limited to any particular
configuration and can be configured in an appropriate
manner determined by a physical change to be detected.
For example, the physical change detecting unit 40 can
be a position sensor, an ultrasonic range finder, a capac-
itance distance meter, an optical distance sensor, a dis-
placement sensor or the like.
[0054] In the example shown, the physical change de-
tecting unit 40 includes a strain sensor provided on the
intermediate axial portion 33. The strain sensor is capa-
ble of detecting a change in electric resistance caused
by deformation of the region on which the strain sensor
is arranged, thereby obtaining information relating to the
strain of the region. In the example shown, the strain
sensor constituting the physical change detecting unit 40
is provided on the body portion 33B of the intermediate
axial portion 33. More specifically, as shown in Fig. 7B,
the illustrated physical change detecting unit 40 includes
a pair of strain sensors provided on the pair of placement
surfaces 33BB. As best shown in Fig. 7A, the placement
surfaces 33BB are rectangularly shaped correspondingly
to the physical change detecting unit 40. Note that Fig.
6 and Fig. 9, which is referred to below, do not show the
physical change detecting unit 40.
[0055] Furthermore, the bolt-type sensor device 30
has an amplifier circuit board 35 electrically connected
to the physical change detecting unit 40. In the example
shown, the amplifier circuit board 35 is provided on the
bolt head portion 31. More accurately, the amplifier circuit
board 35 is provided on the surface of the bolt head por-
tion 31 facing away from the intermediate axial portion
33. When projected in the axial direction DA, the amplifier
circuit board 35 is accommodated within a region over-
lapping the bolt head portion 31. In other words, the am-
plifier circuit board 35 has no portion protruding beyond
the bolt head portion 31 in the direction orthogonal to the
central axis CA of the bolt-type sensor device 30. If the
amplifier circuit board 35 is arranged in this manner, the
amplifier circuit board 35 can effectively avoid touching
external elements. Consequently, the bolt-type sensor
device 30 can be effectively prevented from being dam-
aged.
[0056] In the illustrated example, the bolt head portion
31 has a portion shaped like a circular column on the
side facing away from the intermediate axial portion 33
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in the axial direction DA. This circular-columnar portion
can be made by, for example, cutting the head of a com-
mon bolt. As shown in Figs. 7A and 7B, the amplifier
circuit board 35 is provided on this circular-columnar por-
tion. As indicated by the double dotted line in Fig. 7A, a
casing 37 may be provided on the surface of the bolt
head portion 31 facing away from the intermediate axial
portion 33. The casing 37 serves as a cover enclosing
the amplifier circuit board 35, thereby protecting the am-
plifier circuit board 35.
[0057] The amplifier circuit board 35 is electrically con-
nected to the physical change detecting unit 40 via a
wiring 36. In other words, the wiring 36 electrically cou-
ples together the amplifier circuit board 35 and the phys-
ical change detecting unit 40. The amplifier circuit board
35 includes an amplifier circuit. The amplifier circuit in
the amplifier circuit board 35 is configured to amplify the
electrical signal indicating the physical change experi-
enced by the bolt body 30A, which is produced by the
physical change detecting unit 40. The amplifier circuit
board 35 is electrically connected to a control device 110
via wiring or wirelessly. Stated differently, the electrical
signal indicating the result of the measurement output
from the physical change detecting unit 40 is transmitted
to the control device 110 after amplified by the amplifier
circuit board 35. The control device 110 monitors the
electric signal output from the physical change detecting
unit 40, so that it can detect deformation of the bolt body
30A. Based on the result of the measurement by the
physical change detecting unit 40, the control device 110
controls the constituent elements of the wind turbine 101,
such as the drive device bodies 20.
[0058] As described above, the through hole 31a is
formed in the bolt head portion 31 and open at the base-
end-side widened portion 33A. The wiring 36 is routed
through the through hole 31a and extends to reach the
amplifier circuit board 35.
[0059] As shown in Figs. 7A and 7B, the physical
change detecting unit 40 is positioned in the through hole
22a formed in the flange 22 of the driving device body
20 (the first member M1). In other words, the physical
change detecting unit 40 is not positioned in the threaded
hole 103c provided in the nacelle 103 (the second mem-
ber M2). Stated differently, the physical change detecting
unit 40 is provided in a region of the bolt-type sensor
device 30 that is not fixedly attached to the nacelle 103
(the second member M2). Accordingly, the physical
change detecting unit 40 is provided not on a portion of
the bolt-type sensor device 30 that is prevented from de-
forming but on a portion of the bolt-type sensor device
30 that is allowed to be deformed, more preferably, a
portion of the bolt-type sensor device 30 that is likely to
deform. Furthermore, in the fastening structure FS, the
inner diameter of the through hole in the first member M1
through which the bolt-type sensor device 30 passes is
larger than the inner diameter of the threaded hole in the
second member M2 with which the bolt-type sensor de-
vice 30 meshes. Accordingly, since the physical change

detecting unit 40 is positioned in the through hole 22a in
the first member M1, the physical change detecting unit
40 can be effectively prevented from touching the fas-
tening structure FS.
[0060] Next, the operations of the wind turbine driving
devices 10 configured as above will be now described.
[0061] In the wind turbine 101 configured as above,
when the moving parts such as the nacelle 103 and
blades 105 are rotated, the plurality of wind turbine driving
devices 10 included in each wind turbine driving device
unit 5 are operated in a synchronized manner. In this
manner, the nacelle 103 and blades 105, which are heavy
objects, can be turned relative to the tower 102 and rotor
104, respectively. Each wind turbine driving device 10
operates based on a control signal sent from the control
device 110.
[0062] In the moving parts of the wind turbine 101, only
one or some of the wind turbine driving devices 10 in-
cluded in each wind turbine driving device unit 5 may fail,
and these failing wind turbine driving devices 10 may
remain suspended. Moreover, such an irregularity may
be sensed with a delay, and the control device 110 may
transmit a drive signal to the wind turbine driving devices
10 included in each wind turbine driving device unit 5. If
such an irregularity occurs, the meshing portion 24a of
the failing one or some of the wind turbine driving devices
10 meshes with the ring gear 107, which restricts the
movement of the moving parts. Accordingly, if the mesh-
ing portion 24a of the other normally functioning wind
turbine driving devices 10 included in each wind turbine
driving device unit 5 moves, a large stress is generated
between the meshing portion 24a of the wind turbine driv-
ing devices 10 and the ring gear 107. If the irregularity
of the wind turbine driving devices 10 is not promptly
sensed, the wind turbine driving devices 10 or ring gear
107 may break down. If any one or more of the wind
turbine driving devices 10 break down, the broken one
or more of the wind turbine driving devices 10 are re-
placed. In this way, the wind turbine 101 can be brought
back into operation again. If the ring gear 107 or the com-
ponents of the tower 102 surrounding the ring gear 107
break down, on the other hand, large-scale repair work
is required. This prevents the wind turbine from operating
for a long time and accordingly causes enormous loss.
[0063] The inventors of the present invention intensely
examined the above problem to avoid the same. They
have proved that the condition of the fastening target
object fastened via the bolt may be evaluated by meas-
uring a physical change experienced by the bolt to detect
a change in load applied to the bolt. In the case of the
wind turbine driving device 10, the irregularity of the fas-
tening target object can be detected by monitoring a
physical change of the bolt constituting the fastening
structure. As a result of further careful examination, how-
ever, the inventors of the present invention have found
that a change in load that is required to be detected in
order to prevent future damage and destruction of the
fastening target object is much smaller than the magni-
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tude of the axial load applied to the bolt when the fasten-
ing target object is appropriately fastened, in other words,
the magnitude of the axial force applied when the fasten-
ing target object is fastened. This means it is difficult to
detect a slight change in load applied to the bolt observed
when an irregularity occurs in the fastening target object
even by providing a physical change detecting unit in a
conventional bolt, which continuously requires a certain
strength to serve as a fastening member.
[0064] To address this issue, the wind turbine driving
device 10 relating to the present embodiment includes
the bolt-type sensor devices 30 described above, in place
of at least some of the regular bolts B used to fixedly
attach the driving device body 20 to the nacelle 103. The
bolt-type sensor devices 30 each include the physical
change detecting unit 40 provided on the intermediate
axial portion 33 of the bolt body 30A and for detecting a
physical change experienced by the intermediate axial
portion 33. The intermediate axial portion 33 is interposed
between the top end portion 32 and the bolt head portion
31 in the axial direction DA and thinner than the bolt head
portion 31 and the top end portion 32. With such a design,
if an irregularity occurs in the driving device body 20, this
causes a tensile force, a compressive force, a bending
force and other types of external forces to act on the bolt
body 30A of the bolt-type sensor device 30, a larger phys-
ical change may occur in the intermediate axial portion
33 than in the bolt head portion 31 or top end portion 32.
In other words, even if an irregularity occurring in the
driving device body 20 resultantly applies only a slight
external force to the bolt-type sensor device 30, the in-
termediate axial portion 33 is likely to experience a larger
physical change. Therefore, a slight external force result-
ing from an initial irregularity of the driving device body
20 can be highly accurately measured by the physical
change detecting unit 40 in the form of deformation of
the intermediate axial portion 33. As a result, the physical
change detecting unit 40 can not only promptly and ac-
curately detect damage actually occurring in the driving
device body 20 but also quantitatively evaluate the con-
dition of the wind turbine driving device 10, thereby highly
sensitively detect an initial irregularity that may result in
future damage. With the above design, the present em-
bodiment can effectively avoid unexpected and inevita-
ble suspension of the wind turbine operation. Further-
more, the present embodiment can not only effectively
avoid large-scale repair work caused by damage of the
ring gear 107 and long-term shut down of the wind turbine
101, but also achieve increased life-time of the driving
device bodies 20, wind turbine driving devices 10, wind
turbine driving device units 5, and wind turbine 101
through appropriate timing of the maintenance work.
[0065] As has been described above, the application
of the bolt-type sensor device 30 is not limited to the wind-
turbine driving device 10, but the bolt-type sensor device
30 can be also applied to a variety of driving devices. In
addition, the bolt-type sensor device 30 is used to con-
stitute the fastening structure FS when combined with

the first member M1 having the through hole 22a provided
therein through which the bolt-type sensor device 30
passes and the second member M2 having the threaded
hole 103c provided therein and configured to mesh with
the top end portion 32 of the bolt-type sensor device 30.
When employing the bolt-type sensor device 30, any fas-
tening structure FS can produce the same advantageous
effects as in the specific example where the bolt-type
sensor device 30 is applied to the wind turbine 101. Spe-
cifically, the fastening structure FS can monitor the de-
formation of the bolt-type sensor device 30 to evaluate
the magnitude of the external force applied to the first
and second members M1 and M2 and the deformation
of the first and second members M1 and M2, to highly
sensitively detect an irregularity of the fastening structure
FS.
[0066] The bolt body 30A preferably satisfies the fol-
lowing expressions (1) and (2). 

[0067] In the expressions (1) and (2), LX (mm) denotes
the length of the threaded portion 32A in the axial direc-
tion DA, D denotes the maximum width of the threaded
portion 32A of the top end portion 32 in the direction or-
thogonal to the axial direction DA, AC (mm2) denotes the
maximum cross-sectional area of the threaded portion
32A of the top end portion 32 when the threaded portion
32A is cut along the plane orthogonal to the axial direction
DA, and AA (mm2) denotes the minimum cross-sectional
area of the intermediate axial portion 33 when the inter-
mediate axial portion 33 is cut along the plane orthogonal
to the axial direction DA.
[0068] The maximum cross-sectional area AC (mm2)
of the threaded portion 32A of the top end portion 32
when the threaded portion 32A is cut along the plane
orthogonal to the axial direction DA is expressed as R 3
R 3 π (the ratio of the circumference to the diameter),
where R denotes the radius (mm) of an imaginary cylinder
touching the crest of the threaded portion 32A, in other
words, the maximum radius of the threaded portion.
Here, the symbol "π" denotes the ratio of the circumfer-
ence to the diameter. In the example shown in Figs. 6 to
7B, the minimum cross-sectional area AA (mm2) of the
intermediate axial portion 33 when the intermediate axial
portion 33 is cut along the plane orthogonal to the axial
direction DA is the area of the cross-section in the plane
passing through the pair of opposing placement surfaces
33BB. In the example shown in Figs. 6 to 7B, the maxi-
mum width D (mm) of the threaded portion 32A of the
top end portion 32 in the direction orthogonal to the axial
direction DA is the crest-to-crest diameter of the threaded
portion 32A.
[0069] When the bolt body 30A satisfies both of the
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expressions (1) and (2), the threaded portion 32A of the
bolt body 30A can be stably secured in the threaded hole
103c and is capable of facilitating a physical change in
the intermediate axial portion 33. In other words, when
the condition of the fastening target object changes, the
intermediate axial portion 33 is likely to experience a
change in physical properties. This means that, when
aging-induced degradation and external force applica-
tion slightly change the condition of the fastening target
object, this slight change may result in a large physical
change in the intermediate axial portion 33. The physical
change of the intermediate axial portion 33 can be de-
tected by the physical change detecting unit 40 provided
on the intermediate axial portion 33. In this manner, the
result of the detection done by the physical change de-
tecting unit 40 can tell a change in condition of the fas-
tening target object caused by aging-induced degrada-
tion and external force application.
[0070] In addition, in the specific example illustrated,
the bolt-type sensor device 30 includes, at the end of the
intermediate axial portion 33 facing the bolt head portion
31, the base-end-side widened portion 33A gradually be-
coming thicker toward the bolt head portion 31. According
to this specific example, the connection between the in-
termediate axial portion 33 and the bolt head portion 31
can effectively avoid stress gathering. Consequently, the
bolt-type sensor device 30 can be effectively prevented
from being damaged or broken. Furthermore, a physical
change is likely to occur in a portion of the intermediate
axial portion 33 other than the base-end-side widened
portion 33A, so that the physical change detecting unit
40 provided on this portion is capable of sensitively de-
tecting a physical change experienced by the intermedi-
ate axial portion 33.
[0071] In the specific example illustrated, the bolt-type
sensor device 30 has the through hole 31a that pene-
trates thorough the bolt head portion 31 and that is open
at the base-end-side widened portion 33A. According to
this specific example, the through hole 31a penetrating
through the bolt head portion 31 can serve as a routing
path of the wiring 36 electrically connected to the physical
change detecting unit 40 provided on the intermediate
axial portion 33. The through hole 31a is open at the
base-end-side widened portion 33A of the intermediate
axial portion 33. This means that the opening of the
through hole 31a is not found on the bottom surface of
the bolt head portion 31, which is pressed against the
flange 22 or the fastening target object. Accordingly, the
wiring 36 routed through the through hole 31a can be
effectively prevented from breaking down as it is caught
between the bolt head portion 31 and the fastening target
object.
[0072] In addition, in the specific example illustrated,
the intermediate axial portion 33 of the bolt-type sensor
device 30 includes, at the end thereof facing the top end
portion 32, the top-end-side widened portion 33C grad-
ually becoming thicker toward the top end portion 32.
According to this specific example, the connection be-

tween the intermediate axial portion 33 and the top end
portion 32 can effectively avoid stress gathering. Conse-
quently, the bolt-type sensor device 30 can be effectively
prevented from being damaged or broken. Furthermore,
a physical change is likely to occur in a portion of the
intermediate axial portion 33 other than the top-end-side
widened portion 33C, so that the physical change detect-
ing unit 40 provided on this portion is capable of sensi-
tively detecting a physical change experienced by the
intermediate axial portion 33.
[0073] In the specific example illustrated, the interme-
diate axial portion 33 includes the plurality of placement
surfaces 33BB that are all positioned at the same position
in the axial direction DA and that are flat surfaces parallel
to the axial direction DA. The plurality of placement sur-
faces 33BB are symmetrically positioned with respect to
the central axis CA. The plurality of placement surfaces
33BB each have the physical change detecting unit 40
provided thereon. Since the placement surfaces 33BB
having the physical change detecting unit 40 arranged
thereon are symmetrically positioned, the physical
change detecting unit 40 arranged on any one of the
placement surfaces 33BB can detect a large physical
change experienced by the intermediate axial portion 33.
In addition, since the placement surfaces 33BB are flat,
the physical change detecting unit 40 can detect not only
a tensile or compressive force applied to the bolt body
30A but also a bending force. Furthermore, since the
placement surfaces 33BB are flat, the physical change
detecting unit 40 can be easily installed.
[0074] According to the specific example illustrated,
the intermediate axial portion 33 includes the pair of
placement surfaces 33BB that are flat surfaces parallel
to the axial direction DA and that face each other in a
direction orthogonal to the axial direction DA. The plural-
ity of placement surfaces 33BB each have the physical
change detecting unit 40 provided thereon. According to
this specific example, the physical change detecting unit
40 is capable of highly sensitively detecting a physical
change caused by a tensile force, a compressive force,
a bending force and the like applied to the bolt-type sen-
sor device 30 and experienced by the bolt-type sensor
device 30. Furthermore, since the placement surfaces
33BB are flat, the physical change detecting unit 40 can
be easily installed.
[0075] According to the specific example illustrated,
the width of the intermediate axial portion 33 in the direc-
tion of the normal to the placement surfaces 33BB takes
a minimum value in a region defined in the axial direction
DA where the placement surfaces 33BB are positioned.
In this specific example, a physical change is likely to
occur in a region of the intermediate axial portion 33
where the placement surfaces 33BB are formed. The
physical change detecting unit 40 provided on such
placement surfaces 33BB can detect a physical change
experienced by the intermediate axial portion 33.
[0076] Furthermore, according to the specific example
illustrated, the physical change detecting unit 40 of the
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bolt-type sensor device 30 is positioned between the top
end portion 32 and the middle 33X of the intermediate
axial portion 33 in the axial direction DA. In this specific
example, the threaded portion 32A meshes with the
threaded hole 103c in the nacelle 103, which constitutes
the second member M2 of the fastening structure FS, so
that the threaded portion 32A is fixedly attached to the
second member M2. This means that, in this specific ex-
ample, the physical change detecting unit 40 is posi-
tioned on a portion of the intermediate axial portion 33
that is likely to surrender to bending deformation. With
such a design, the physical change detecting unit 40 is
capable of highly sensitively detecting bending deforma-
tion of the bolt-type sensor device 30.
[0077] Furthermore, in the specific example illustrated,
the bolt-type sensor device 30 has the amplifier circuit
board 35 electrically connected to the physical change
detecting unit 40 on a surface of the bolt head portion 31
facing away from the intermediate axial portion 33. Such
a specific example can reduce the length of the wiring
36 used to couple the amplifier circuit board 35, which
constitutes an amplifier circuit in the vicinity of the phys-
ical change detecting unit 40. With such a design, the
electrical signal output from the physical change detect-
ing unit 40 can be amplified by the amplifier circuit with
a small quantity of noise, so that the magnitude of the
deformation of the bolt-type sensor device 30 can be
highly accurately detected.
[0078] In the specific example illustrated, when the
bolt-type sensor device 30 is projected in the axial direc-
tion DA, the amplifier circuit board 35 is accommodated
within a region overlapping the bolt head portion 31. Ac-
cording to such a specific example, the amplifier circuit
board 35 constituting the amplifier circuit can effectively
avoid touching external elements.
[0079] In one embodiment described above, the bolt-
type sensor device 30 has the top end portion 32 having
the threaded portion 32A, the bolt head portion 31 thicker
than the threaded portion 32A, and the intermediate axial
portion 33 situated between the top end portion 32 and
the bolt head portion 31. The intermediate axial portion
33 is thinner than the threaded portion 32A. This means
that the intermediate axial portion 33 is more likely to
experience a physical change than the bolt head portion
31 and the top end portion 32. In particular, the interme-
diate axial portion 33 is more likely to experience a phys-
ical change than the top end portion 32, which has the
threaded portion 32A. Accordingly, the intermediate axial
portion 33 is more likely to experience a physical change
when acted upon by an external force than the axial por-
tion of regular bolts. Accordingly, when aging-induced
degradation and external force application slightly
change the condition of the fastening target object, this
slight change may result in a larger physical change in
the intermediate axial portion 33. The physical change
of the intermediate axial portion 33 can be detected by
the physical change detecting unit 40 provided on the
intermediate axial portion 33. In this manner, the result

of the detection done by the physical change detecting
unit 40 can tell a change in condition of the fastening
target object caused by aging-induced degradation and
external load application. As a result, the lifetime of the
fastening target object can be estimated and loosening
of the bolt can be detected.
[0080] As is described in the above specific example,
the condition of the wind turbine driving device 10 can
be quantitatively evaluated by using one or more bolt-
type sensor devices 30 in place of at least one or more
of the numerous bolts used to fasten the wind turbine
driving device 10. This makes it possible to not only detect
sudden failures but also predict when failures may occur
in the future as time goes by. Accordingly, the use of the
bolt-type sensor device 30 enables effective avoidance
of the damage of the wind turbine driving device 10 and
the ring gear 107. Since only some of the numerous bolts
used to fasten the wind turbine driving device 10 are re-
placed with the bolt-type sensor devices 30, for example,
the condition of the wind turbine driving device 10 can
be quantitatively evaluated with it being possible to rigidly
fastening the wind turbine driving device 10 to the fas-
tening target object.
[0081] In addition, as described above in relation to
one embodiment, the fastening structure FS includes the
bolt-type sensor device 30 relating to the embodiment,
the first member M1 (the driving device body 20) having
the through hole 22a provided therein through which the
bolt-type sensor device 30 passes and the second mem-
ber M2 (the nacelle 103) having the threaded hole 103c
provided therein and configured to mesh with the top end
portion 32 of the bolt-type sensor device 30. In one spe-
cific example of the above-described embodiment, the
physical change detecting unit 40 is positioned in the
through hole 22a in the first member M1. According to
this specific example, detecting the physical deformation
of the bolt-type sensor device 30 can result in highly ac-
curately evaluating the magnitude of the external force
applied to the first and second members M1 and M2 fas-
tened together with the use of the bolt-type sensor device
30 and the condition of the first and second members M1
and M2 fastened together. In addition, since the internal
diameter of the through hole 22a is typically larger than
the internal diameter of the threaded hole, this can effec-
tively prevent, in the thorough hole 22a, the physical
change detecting unit 40 from touching the first member
M1. With such a design, the physical change detecting
unit 40 can be effectively prevented from breaking down,
so that the magnitude of the deformation of the bolt-type
sensor device 30 can be stably detected.
[0082] While the foregoing has described the embod-
iment with reference to a specific example, the specific
example is not intended to limit the embodiment. The
foregoing embodiment can be implemented in various
other specific forms and is susceptible to omission, re-
placement, modification and addition of various elements
thereof within the purport of the invention.
[0083] With reference to the appended drawings, the
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following describes a modification example. In the follow-
ing description and the drawings used therein, parts that
can be configured in a similar manner to those in the
foregoing specific example are denoted by the same ref-
erence signs as those in the foregoing specific example
and are not described again.
[0084] In the specific example shown in Figs. 6, 7A and
7B, the pair of placement surfaces 33BB are provided
that face each other in the second direction DB2, and the
physical change detecting unit 40 is provided on each of
the placement surfaces 33BB. The present embodiment
is not limited to this example. There may be only one
placement surface 33BB, or three or more placement
surfaces 33BB. Furthermore, in the specific example
shown in Figs. 6, 7A and 7B, the plurality of placement
surfaces 33BB are all positioned only at the same position
in the axial direction DA, but the present embodiment is
not limited to this example. The placement surfaces 33BB
may be provided at more than one position defined in the
axial direction DA. Furthermore, in the specific example
shown in Figs. 6, 7A and 7B, the placement surfaces
33BB are positioned between the top end portion 32 and
the middle 33X of the intermediate axial portion 33 in the
axial direction DA, but the present embodiment is not
limited to this example. The placement surfaces 33BB
may be provided between the middle 33X and the bolt
head portion 31.
[0085] In the example shown in Figs. 8 and 9, the in-
termediate axial portion 33 has a plurality of placement
surfaces 33BB. The placement surfaces 33BB are each
a flat surface parallel to the axial direction DA. The place-
ment surfaces 33BB are orthogonal to the radial direction
of the circle centered on the central axis CA. Each place-
ment surface 33BB has a single physical change detect-
ing unit 40 provided thereon. Some of the placement sur-
faces 33BB are positioned in a base-end-side region A1
of the intermediate axial portion 33 that is between the
bolt head portion 31 and the middle 33X of the interme-
diate axial portion 33 in the axial direction DA. The rest
of the placement surfaces 33BB are positioned in a top-
end-side region A2 of the intermediate axial portion 33
that is between the top end portion 32 and the middle
33X of the intermediate axial portion 33 in the axial di-
rection DA. The placement surfaces 33BB in the base-
end-side region A1 are positioned at the same position
in the axial direction DA. The placement surfaces 33BB
in the base-end-side region A1 are arranged at even in-
tervals in the circumferential direction. In the base-end-
side region A1, a pair of placement surfaces 33BB facing
each other in the first direction DB1 and another pair of
placement surfaces 33BB facing each other in the sec-
ond direction DB2 are provided. Likewise, the placement
surfaces 33BB in the top-end-side region A2 are posi-
tioned at the same position in the axial direction DA. The
placement surfaces 33BB in the top-end-side region A2
are arranged at even intervals in the circumferential di-
rection. In the top-end-side region A2, a pair of placement
surfaces 33BB facing each other in the first direction DB1

and another pair of placement surfaces 33BB facing each
other in the second direction DB2 are provided. Stated
differently, two placement surfaces 33BB are arranged
next to each other in the axial direction DA on the inter-
mediate axial portion 33.
[0086] According to the example shown in Figs. 8 and
9, the physical change detecting units 40 are provided
on the intermediate axial portion 33 such that they are
spaced away from each other in the axial direction DA.
In this specific example, any one of the physical change
detecting units 40 dispersed in the axial direction DA can
be used to highly accurately evaluate the magnitude of
the force applied to the bolt-type sensor device 30. Con-
sequently, the physical change detecting unit 40 provided
on any one of the placement surfaces 33BB can detect
a large physical change experienced by the intermediate
axial portion 33.
[0087] According to the example shown in Figs. 8 and
9, since the physical change detecting units 40 are pro-
vided in the base-end-side region A1 of the intermediate
axial portion 33 that is between the bolt head portion 31
and the middle 33X in the axial direction DA, this can
contribute to reduce the length of the wiring 36 extending
from these physical change detecting units 40 to the am-
plifier circuit board 35. As the transmission path through
the wiring 36 increases, the noise included in the electri-
cal signal output from the physical change detecting units
40 increases. With such a design, the electrical signal
output from the physical change detecting units 40 in the
base-end-side region A1 has a reduced amount of noise
when amplified by the amplifier circuit. In addition, the
threaded portion 32A meshes with the threaded hole
103c in the nacelle 103, which constitutes the second
member M2 of the fastening structure FS, so that the
threaded portion 32A is fixedly attached to the second
member M2. Accordingly, the base-end-side region A1
of the intermediate axial portion 33 is less likely to expe-
rience bending deformation. As a consequence, the
physical change detecting units 40 in the base-end-side
region A1 are capable of highly sensitively detecting oth-
er types of physical changes of the bolt-type sensor de-
vice 30 than bending deformation, for example, tensile
deformation.
[0088] On the other hand, the physical change detect-
ing units 40 in the top-end-side region A2 of the interme-
diate axial portion 33 that is between the top end portion
32 and the middle 33X in the axial direction DA are ca-
pable of highly accurately evaluate the magnitude of the
bending force applied to the bolt-type sensor device 30,
as described previously.
[0089] When there are a plurality of physical change
detecting units 40, the results of the detection done by
the physical change detecting units 40 can be collectively
used to estimate how load is applied to the bolt-type sen-
sor device 30. In other words, when the plurality of phys-
ical change detecting units 40 are provided at the same
position in the axial direction DA and dispersed in the
circumferential direction DC, it is possible to identify the
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direction of the bending force applied to the bolt body
30A. Similarly, when the plurality of physical change de-
tecting units 40 are spaced away from each other in the
axial direction DA, it is possible to identify which one of
a bending force, a tensile force, a shear force and other
types of forces is applied to the bolt body 30A.
[0090] Unlike the above-described example shown in
Figs. 6, 7A and 7B, the bolt-type sensor device 30 may
include only one physical change detecting unit 40. In
this example, a pair of placement surfaces 33BB may be
provided, and the physical change detecting unit 40 may
be provided on one of the placement surfaces 33BB. As
another example, only one placement surface 33BB may
be provided, and the physical change detecting unit 40
may be provided on this placement surface 33BB.
[0091] According to the specific example described
above, the physical change detecting units 40 are pro-
vided on the placement surfaces 33BB that are flat and
parallel to the axial direction DA but the present embod-
iment is not limited to such. In the example shown in Fig.
10, the physical change detecting units 40 are provided
on a cylindrical surface. In the example shown in Fig. 10,
eight physical change detecting units 40 are provided on
a cylindrical surface that is on the bolt head portion 31
side with respect to the middle 33X in the axial direction
DA, and eight physical change detecting units 40 are
provided on a cylindrical surface that is on the top end
portion 32 side with respect to the middle 33X in the axial
direction DA.
[0092] In the above-described example, the interme-
diate axial portion 33 includes, along with the body portion
33B, the base-end-side widened portion 33A and the top-
end-side widened portion 33C. The present embodiment,
however, is not limited to such and can go without one
or both of the base-end-side widened portion 33A and
the top-end-side widened portion 33C. In the example
shown in Fig. 11, for example, the bade-end-side wid-
ened portion 33A is not provided.
[0093] In the above-described example, the through
hole 31a in the bolt head portion 31 is open at the base-
end-side widened portion 33A, but the present embodi-
ment is not limited to such. As an alternative example, in
the example shown in Fig. 11 where the base-end-side
widened portion 33A is not provided, the through hole
31a is open at the bottom surface of the bolt head portion
31. As shown in Fig. 11, however, the through hole 31a
preferably has an opening within a region overlapping
the top end portion when projected in the axial direction
DA. With the opening being arranged in this manner, the
wiring 36 routed through the through hole 31a and elec-
trically connected to the physical change detecting units
40 can be effectively prevented from breaking down as
it is caught between the bolt head portion 31 and the
fastening target object.

Claims

1. A bolt-type sensor device (30) comprising:

a top end portion (32) having a threaded portion
(32A);
a bolt head portion (31) thicker than the threaded
portion (32A);
an intermediate axial portion (33) positioned be-
tween the top end portion (32) and the bolt head
portion (31), the intermediate axial portion (33)
being thinner than the threaded portion (32A);
and
a physical change detecting unit (40) provided
on the intermediate axial portion (33), the phys-
ical change detecting unit (40) being configured
to detect a physical change experienced by the
intermediate axial portion (33).

2. The bolt-type sensor device (30) of claim 1,
wherein the bolt head portion (31) has a hole (31a)
penetrating therethrough, and
wherein, when projected in an axial direction (DA),
the hole (31a) has an opening within a region over-
lapping the top end portion (32).

3. The bolt-type sensor device (30) of claim 2,
wherein the intermediate axial portion (33) has, at
an end thereof facing the bolt head portion (31), a
base-end-side widened portion (33A) gradually be-
coming thicker toward the bolt head portion (31), and
wherein the hole (31a) is open at the base-end-side
widened portion (33A).

4. The bolt-type sensor device (30) of any one of claims
1 to 3, wherein the intermediate axial portion (33)
has, at an end thereof facing the top end portion (32),
a top-end-side widened portion (33C) gradually be-
coming thicker toward the top end portion (32).

5. The bolt-type sensor device (30) of any one of claims
1 to 4,
wherein the intermediate axial portion (33) has a plu-
rality of placement surfaces (33BB) that are posi-
tioned at the same position in an axial direction (DA)
and that are flat surfaces parallel to the axial direction
(DA),
wherein the plurality of placement surfaces (33BB)
are symmetrically positioned with respect to a central
axis (CA), and
wherein the plurality of placement surfaces (33BB)
each have the physical change detecting unit (40)
provided thereon.

6. The bolt-type sensor device (30) of any one of claims
1 to 5,
wherein the intermediate axial portion (33) has a pair
of placement surfaces (33BB) that are flat surfaces
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parallel to an axial direction (DA) and that face each
other in a direction orthogonal to the axial direction
(DA), and
wherein the placement surfaces (33BB) each have
the physical change detecting unit (40) provided
thereon.

7. The bolt-type sensor device (30) of claim 5 or 6,
wherein a width of the intermediate axial portion (33)
in a direction of a normal to the placement surfaces
(33BB) takes a minimum value in a region defined
in an axial direction (DA) where the placement sur-
faces (33BB) are positioned.

8. The bolt-type sensor device (30) of any one of claims
1 to 7, wherein the physical change detecting unit
(40) is positioned between the bolt head portion (31)
and a middle (33X) of the intermediate axial portion
(33) in an axial direction (DA).

9. The bolt-type sensor device (30) of any one of claims
1 to 8, wherein the physical change detecting unit
(40) is positioned between the top end portion (32)
and a middle (33X) of the intermediate axial portion
(33) in an axial direction (DA).

10. The bolt-type sensor device (30) of any one of claims
1 to 9, wherein the physical change detecting unit
(40) includes a plurality of physical change detecting
units (40) arranged next to each other in an axial
direction (DA).

11. The bolt-type sensor device (30) of any one of claims
1 to 10, wherein the physical change detecting unit
(40) is electrically connected to an amplifier circuit
board (35), and the amplifier circuit board (35) is po-
sitioned opposite to the intermediate axial portion
(33) with respect to the bolt head portion (31).

12. The bolt-type sensor device (30) of claim 11, where-
in, when projected in an axial direction (DA), the am-
plifier circuit board (35) is accommodated within a
region overlapping the bolt head portion (31).

13. The bolt-type sensor device (30) of any one of claims
1 to 12, wherein 0.15 3 AC ≤ AA ≤ 0.80 3 AC and
1.5 3 D ≤ LX are satisfied where LX (mm) denotes
a length of the threaded portion (32A), AC (mm2)
denotes a maximum cross-sectional area of the
threaded portion (32A), AA (mm2) denotes a mini-
mum cross-sectional area of the intermediate axial
portion (33) and D (mm) denotes a maximum width
of the threaded portion (32A).

14. A wind turbine driving device (10) comprising:

a driving device body (20) installed in one struc-
ture at a moving part of a wind turbine (101), the

driving device body (20) including a meshing
portion (24a) meshing with a ring gear (107) in-
stalled in another structure at the moving part of
the wind turbine (101); and
the bolt-type sensor device (30) of any one of
claims 1 to 13 fixedly attaching the driving device
body (20) to the one structure, the bolt-type sen-
sor device (30) being used as a bolt fixedly at-
taching the driving device body (20) to the one
structure.

15. A wind turbine (101) comprising the wind turbine driv-
ing device (10) of claim 14.

16. A fastening structure (FS) comprising:

the bolt-type sensor device (30) of any one of
claims 1 to 13;
a first member (M1) having a through hole pro-
vided therein, the bolt-type sensor device (30)
being configured to pass through the through
hole; and
a second member (M2) having a threaded hole
provided therein, the threaded hole being con-
figured to mesh with the top end portion (32) of
the bolt-type sensor device (30).

17. The fastening structure (FS) of claim 16, wherein the
physical change detecting unit (40) is positioned in
the through hole provided in the first member (M1).

18. A bolt body (30A) comprising:

a top end portion (32) having a threaded portion
(32A);
a bolt head portion (31) thicker than the threaded
portion (32A); and
an intermediate axial portion (33) positioned be-
tween the top end portion (32) and the bolt head
portion (31), the intermediate axial portion (33)
being thinner than the threaded portion (32A).

25 26 



EP 3 913 344 A1

15



EP 3 913 344 A1

16



EP 3 913 344 A1

17



EP 3 913 344 A1

18



EP 3 913 344 A1

19



EP 3 913 344 A1

20



EP 3 913 344 A1

21



EP 3 913 344 A1

22



EP 3 913 344 A1

23



EP 3 913 344 A1

24



EP 3 913 344 A1

25



EP 3 913 344 A1

26



EP 3 913 344 A1

27

5

10

15

20

25

30

35

40

45

50

55



EP 3 913 344 A1

28

5

10

15

20

25

30

35

40

45

50

55



EP 3 913 344 A1

29

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2019215272 A [0002] • JP 2016211497 A [0003]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

