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ABSTRACT

This wedge looseness inspection device for a rotary
electric machine includes: an inspection unit (60) including
a wedge striking device (62) having a tap hammer (61) for
striking a wedge (1t), and a wedge vibration detection device
(63) for detecting vibration of the wedge (1t); and
attraction portions (4a, 4b) connected to the inspection unit
(60) via connection members (5a, 5b) and being attractable to
an outer circumferential surface of a stepped-down portion
(11t), wherein the attraction portions (4a, 4b) have, on an
inner side in the axial direction, first attachments (42a,
42b) that allow adjustment of the attached position in the
axial direction of the attraction portions (4a, 4b) or

replacement thereof.
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DESCRIPTION
DEVICE FOR INSPECTING WEDGE LOOSENESS OF ROTARY ELECTRIC
MACHINE, SYSTEM FOR INSPECTING WEDGE LOOSENESS OF ROTARY
ELECTRIC MACHINE, AND METHOD FOR INSPECTING WEDGE LOCSENESS

OF ROTARY ELECTRIC MACHINE

TECHNICAL FIELD

[0001] The present disclosure relates to a wedge looseness
inspection device for a rotary electric machine, a wedge
looseness inspection system for a rotary electric machine,
and a wedge looseness inspection method for a rotary electric

machine.

BACKGROUND ART

[0002] A rotary electric machine is composed of a rotor
and a stator, and converts change in a magnetic field
generated through rotation of the rotor to electric energy by
the stator. The stator has a structure in which coils are
inserted in slots of a core formed by stacking silicon steel
sheets and the coils are pressed and fixed by insulating
components. As a method for pressing and fixing the coil, a
wavy ripple spring and a wedge which is a plate-shaped member
are overlaid on the radially outer side of the coil and the
coil 1s fixed by being pressed by the wedge with the ripple

spring compressed.
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[0003] In the rotary electric machine having such a
structure, it is necessary to perform maintenance and
management by pressing the coils with a predetermined force
so as to be fixed to the core. In the rotary electric
machine having such a coil fixation structure, the fixation
states of the wedges need to be regularly inspected, and if
there is a loosened part, the ripple spring and the wedge
need to be maintained or replaced to restore the pressing
force.

[0004] In inspection for the states of the wedges of the
rotary electric machine, with the rotor pulled out, an
inspector strikes the wedges with a hammer, and determines
whether the wedge is tightened or loosened, by the
inspector's senses on the basis of sound and vibration
occurring through the striking.

[0005] Meanwhile, from the standpoint of improving the
operation rate of the rotary electric machine, in order to
omit the work of taking off the rotor so as to shorten the
downtime required for inspection, a rotary electric machine
wedge striking device that can be inserted into a gap between
a rotor and a stator of a rotary electric machine, and a
wedge inspection system using this device, are proposed

(Patent Document 1).

CITATION LIST
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PATENT DOCUMENT

[0006] Patent Document 1: Japanese Patent No. 6250241

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] Among wedges of a rotary electric machine targeted
by the present disclosure, an axial-direction end wedge is
located at a so-called "stepped-down portion"™ of a stator
core. The shape of the stator core at this portion is such a
stepped shape that the inner diameter gradually increases
outwardly in a stepwise form as approaching the outer side in
the axial direction.

[0008] In the rotary electric machine wedge striking
device described in Patent Document 1, the length of a
housing thereof is smaller than the axial-direction length of
each step of the stepped-down portion of the stator core.
Therefore, the striking device cannot be fixed to the
stepped-down portion of the stator core, thus having a
problem that 1t is impossible to perform locoseness inspection
for the axial-direction end of the end wedge.

[0009] The present disclosure has been made to solve the
above problem, and an object of the present disclosure is to
provide a wedge looseness inspection device for a rotary
electric machine, a wedge looseness inspection system for a

rotary electric machine, and a wedge looseness inspection
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method for a rotary electric machine that can be applied to
various rotary electric machines irrespective of the axial-
direction length of an end wedge which differs among the
types of the rotary electric machines, or difference in the
relative positional relationship between the end wedge and a

stepped-down portion.

SOLUTION TO THE PROBLEMS

[0010] A wedge looseness inspection device for a rotary
electric machine according to the present disclosure is a
wedge looseness inspection device for a rotary electric
machine in which, at an end in an axial direction of a stator
core, a part having such a stepped shape that an inner
diameter of the stator core increases stepwise toward an
outer side in the axial direction is defined as a stepped—
down portion, the wedge looseness inspection device being for
inspecting looseness of a wedge pressing an inner
circumferential surface of a conductor inserted into a slot
of the stepped-down portion, toward an outer side in a radial
direction sc as to be fixed, the wedge looseness inspection
device including: an inspection unit including a wedge
striking device having a tap hammer for striking the wedge,
and a wedge vibration detection device for detecting
vibration of the wedge due to the striking; and an attraction

portion connected to the inspection unit via a connection
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member and being attractable to an inner circumferential
surface of the stepped-down portion, wherein the attraction
portion has, on an inner side in the axial direction, a first
attachment that allows adjustment of an attached position in
the axial direction of the attraction portion.
[0011] According to an aspect of the present invention
there is provided a wedge looseness inspection system for a
rotary electric machine, comprising:

the wedge looseness inspection device for the rotary
electric machine as described herein;

a frequency analysis unit for analyzing a frequency
characteristic of a vibration waveform of the struck wedge; and

an evaluation unit which compares and evaluates the
frequency characteristic analyzed from the vibration waveform,
with a predetermined determination reference, and quantifies a
determination result thereof.
[0012] According to another aspect of the present invention,
there is provided a wedge looseness inspection method for a
rotary electric machine, using the wedge looseness inspection
device for the rotary electric machine as described herein, the
wedge looseness inspection method comprising:

without taking off a rotor from the rotary electric
machine, inserting the wedge looseness inspection device for
the rotary electric machine between the stepped-down portion
and the rotor of the rotary electric machine from the outer
side in the axial direction; and

pressing an inner side end surface in the axial
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direction of the first attachment against an outer side end
surface in the axial direction of the stepped-down portion
having the stepped shape, so as to make positioning for a

position at which the wedge is struck by the tap hammer.

EFFECT OF THE INVENTION

[0013] The wedge looseness inspection device for a rotary
electric machine according to the present disclosure can be
applied to various rotary electric machines irrespective of
the length in the axial direction Z of the end wedge which
differs among the types of the rotary electric machines, or
difference in the relative positional relationship between the
end wedge and the stepped-down portion.

[0014] The wedge looseness inspection system for a rotary
electric machine according to the present disclosure can be
applied to various rotary electric machines irrespective of
the length in the axial direction Z of the end wedge which
differs among the types of the rotary electric machines, or
difference in the relative positional relationship between the
end wedge and the stepped-down portion.

[0015] The wedge looseness inspection method for a rotary
electric machine according to the present disclosure allows
inspection for looseness of the wedge fixing the coil of the
stator without taking off the rotor, whereby the inspection

work can be finished within a short time.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0016] [FIG. 1] FIG. 1 is a perspective view of a wedge
looseness inspection device for a rotary electric machine
according to embodiment 1.

[FIG. 2] FIG. 2 is a perspective view showing the
inner side of an axial-direction end of a stator of the
rotary electric machine which is an inspection target in
embodiment 1.

[FIG. 3] FIG. 3 is a schematic front view showing
a state in which the wedge looseness inspection device for
the rotary electric machine according to embodiment 1 is
inserted to a stepped-down portion of a stator core of the
rotary electric machine, from the outer side in the axial
direction.

[FIG. 4] FIG. 4 is a side view as seen in the
circumferential direction, showing a state in which the wedge
looseness inspection device for the rotary electric machine
according to embodiment 1 is inserted to the stepped-down
portion of the stator core from the outer side in the axial
direction and is fixed.

[FIG. 5] FIG. 5 is a perspective view showing the
configuration of an attraction portion of the end wedge
looseness measurement device according to embodiment 1.

[FIG. 6] FIG. 6 shows variation of the end wedge
which is an inspection target.

[FIG. 7] FIG. 7 shows variation of the end wedge
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which is an inspection target.

[FIG. 8] FIG. B shows variation of the end wedge
which is an inspection target.

[FIG. 9] FIG. 9 is a block diagram showing the
configuration of an end wedge looseness determination system

for a rotary electric machine according to embodiment 1.

DESCRIPTION OF EMBODIMENTS
[0017] Embodiment 1

Hereinafter, a wedge looseness inspection device
for a rotary electric machine, a wedge looseness inspection
system for a rotary electric machine, and a wedge looseness
inspection method for a rotary electric machine according to
embodiment 1 will be described with reference to the
drawings.

FIG. 1 is a perspective view showing a wedge
looseness inspectlon device 100 for a rotary electric machine
(hereinafter, simply referred to as device 100).

FIG. 2 is a perspective view showing the inner side
of an end portion in an axial direction Z of a stator 10 of
the rotary electric machine which is an inspection target.

As shown in FIG. 2, conductors 3 forming coils of
the stator 10 are fixed such that the inner circumferential
surface of each conductor 3 is pressed toward the outer side

in a radial direction A by a wedge 1 and a ripple spring (not

Date Regue/Date Received 2021-12-08



10

15

20

25

CA 03143001 2021-12-08

9

shown) inserted between the wedge 1 and the conductor 3.
[0018] In actuality, a plurality of wedges 1 are inserted
for fixing one conductor 3 inserted into one slot. Then,
among the plurality of wedges 1 inserted into one slot,
wedges 1 inserted at both ends in the axial direction Z are
referred to as end wedges 1t. The end wedge 1t is placed
with its both ends in a circumferential direction B held
between stepped-down portions 11t of the stator core 11. The
stepped-down portion 11t is a part having such a stepped
shape that the inner diameter of the stator core 11 increases
stepwise toward the outer side in the axial direction Z, at
the end in the axial direction Z of the stator core 11.

[0019] As shown in FIG. 1, the device 100 includes: a
first attraction portion 4a and a second attraction portion
4b which are arranged side by side in the circumferential
direction B of the rotary electric machine and which are each
attractable to the inner circumferential surface of the
stepped-down portion 11t of the stator core 11 of the rotary
electric machine; an inspection unit 60 provided between the
first attraction portion 4a and the second attraction portion
4b and having a device for measuring looseness of the end
wedge 1t; a first connection member 5a connecting the first
attraction portion 4a and the inspection unit 60; and a
second connection member 5b connecting the second attraction

portion 4b and the inspection unit 60.

Date Regue/Date Received 2021-12-08



10

15

20

25

CA 03143001 2021-12-08

10

[0G620] The inspection unit 60 has a structure that allows
attachment of a manual operation handle 9 using a screw-in
structure, and the handle 9 serves as a grip at the time of
moving the device 100 and at the time of attachment to the
stepped—-down portion 11t of the stator core 11. The
inspection unit 60 has a tap hammer 61 to strike at the
center position in the axial direction Z on the end wedge 1t.
FIG. 1 shows a state in which the tap hammer 61 of the
inspection unit 60 protrudes out.

[0021] FIG. 3 is a schematic front view showing a state in
which the device 100 1s inserted to the stepped-down portion
11t of the stator core 11 of the rotary electric machine from
the outer side in the axial direction Z.

FIG. 4 is a side view as seen in the
circumferential direction B, showing a state in which the
device 100 is inserted to the stepped-down portion 11t of the
stator core 11 from the outer side in the axial direction Z.

In inspection using the device 100, looseness of
the end wedge 1t is inspected without taking off the rotor 20
of the rotary electric machine, and therefore, the device 100
is inserted between the stepped-down portion 11t of the
stator core 11 and the rotor 20 from the outer side in the
axial direction Z.

[0022] FIG. 5 is a perspective view showing the

configurations of the first attraction portion 4a and the
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first connection member 5a of the device 100. It is noted
that the second attraction portion 4b and the second
connection member 5b are left-right symmetric with the first
attraction portion 4a and the first connection member 5a, and
have the same configurations and functions, respectively. Of
the first attraction portion 4a, an attraction surface 4la
(upper surface in FIG. 5) to slide on the outer
circumferential surface of the stator core 11 is made of a
material having a low friction coefficient. The first
attraction portion 4a has a permanent magnet P therein, and
thereby is attracted and fixed to the stepped-down portion 11t
of the stator core 11.

[0023] Making the attraction surface 41la of a material
having a low friction coefficient allows smooth movement in
the axial direction Z through manual operation by gripping the
handle 9 without providing a driving mechanism such as a
motor, a pulley, and a gear for movement and a control
mechanism relevant thereto.

[0024] The permanent magnet P may be replaced with an
electromagnet. In this case, by turning ON/OFF the power for
the electromagnet as appropriate, it is possible to prevent
the first attraction portion 4a from being unnecessarily
attracted to the stepped-down portion 11t of the stator core
11, thus facilitating attachment of the device 100 to the

stator 10.
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[0025] The first attraction portion 4a has, at an inner
side end in the axial direction Z, an attachment 42a (first
attachment) that allows adjustment of the position in the
axial direction Z, in order to adjust the attracted position
in the axial direction Z with respect to the stepped-down
portion 11t described above, in a predetermined length range.
The attachment 42a is attached to the first attraction
portion 4a by an adjustment member 43a, and the attached
position thereof in the axial direction Z can be finely
adjusted by rotating the adjustment member 43a. Further, it
is also possible to replace the attachment 42a with another
one having different dimensions.

[0026] The first attraction portion 4a is connected to the
first connection member 5a by fastening members 44a. Between
the first attraction portion 4a and the first connection
member 5a, attachments 45a (second attachments) that allow
adjustment of the position in the radial direction A can be
inserted or replaced, in order to adjust the position in the
radial direction A of the inspection unit 60 in a
predetermined length range.

[0027] In the first connection member 5a, a plurality of
attachment holes 5ahl, 5ah2, 5ah3 for insertion of the
fastening members 44a are formed in series in the axial
direction Z, so as to allow the connection position of the

first attraction portion 4a to be changed in the axial
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direction Z. The first connection member 5a 1is connected to
the inspection unit 60 by fastening members 5la.

[0028] As described above, the device 100 has the tap
hammer 61 to strike at the center position in the axial
direction Z on the end wedge 1t. In FIG. 4, on the stepped-
down portion 11t, the above position corresponds to the
center position in the axial direction Z of a part where the
inner diameter of the stator core 11 increases in four steps
toward the outer side in the axial direction Z.

[0029] FIG. 6 to FIG. 8 show variations of the end wedge
1t which is an inspection target by the device 100,
Hereinafter, with reference to FIG. 6 to FIG. 8, a method for
attaching the first attraction portion 4a to the stepped-down
portion 11t of the stator core 11 will be described. It is
noted that a method for attaching the second attraction
portion 4b to the stepped-down portion 11t of the stator core
11 is the same as that for the first attraction portion 4a,
and therefore the description thereof is omitted. Attachment
of the second attraction portion 4b is performed
simultaneously with attachment of the first attraction
portion 4a.

[0030] In the respective drawings, the positions where the
end wedge 1t is inserted are different, and therefore the
positions where the first attraction portion 4a is attracted

are also different. Specifically, FIG. é and FIG. 7 show
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cases where the position in the axial direction Z of the end
wedge 1t is different, for comparison, and FIG. 8 shows the
stator in which the position in the radial direction A of the
end wedge 1t is changed from FIG. 6.

[0031] In the example shown in FIG. 6, the center position
in the axial direction Z on the end wedge 1t (i.e., a tapping
position of the tap hammer 61) is the center position in the
axial direction Z on a third step d3 of the stepped-down
portion 11t. Therefore, the first attraction portion 4a is
attached to the first connection member 5a using two
attachment holes 5ahl, 5ah2 on the outer side in the axial
direction Z among the three attachment holes, so as not to
interfere with a fourth step d4 of the stepped-down portion
11t. The first attraction portion 4a is positioned such that
the inner side end surface in the axial direction Z of the
attachment 42a for adjusting the position in the axial
direction Z is pressed against the outer side end surface in
the axial direction Z of the fourth step d4 of the stepped-
down portion 11lt. Thus, positioning can be made alsc for the
position at which the end wedge 1t is struck by the tap
hammer 61.

[0032] In the example shown in FIG. 7, the center position
in the axial direction Z on the end wedge 1t is a position
between the third step d3 and the fourth step d4 of the

stepped-down portion 11t. If the first attraction portion 4a
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is attempted to be attached to the third step of the stepped-
down portion 11t in the same manner as in FIG. 6, the first
attraction porticon 4a interferes with a fifth step d5 of the
stepped-down portion 11t. Therefore, the first attraction
portion 4a is attached to the first connection member 5a
using two attachment holes 5ah2, 5ah3 on the inner side in
the axial direction Z. The first attraction portion 4a is
positioned such that the inner side end surface in the axial
direction Z of the attachment 42a for adjusting the position
in the axial direction Z is pressed against the outer side
end surface in the axial direction Z of the fifth step db of
the stepped-down portion 11t. Thus, positioning can be made
also for the position at which the end wedge 1t is struck by
the tap hammer 61. The axial-direction length of the
attachment 42a for adjusting the position in the axial
direction Z is slightly greater than that in FIG. 6.

[0033] At this time, the reason why the two attachment
holes 5ah2, 5ah3 on the inner side in the axial direction Z
are used to attach the first attraction portion 4a to the
first connection member 5a is to increase the contact area
between the permanent magnet P and the stepped-down portion
11t and ensure the attraction force.

[0034] In the example shown in FIG. 8, as compared to the
example shown in FIG. 6, the position of the end wedge 1t is

shifted to the inner side in the radial direction A of the
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rotary electric machine, and in this state, the tap hammer 61
comes close and interferes therewith. Therefore, the
attachments 45a for adjusting the position in the radial
direction A are replaced with the ones having a greater
thickness, so as to let the inspection unit 60 recede to the
inner side.

[0035] In this way, in order to perform accurate
positioning for the position in the axial direction Z where
the first attraction portion 4a is attracted so that the tap
hammer 61 is set at the center position in the axial direction
Z on the end wedge 1t which is an inspection target,
attachment holes to be used among the plurality of attachment
holes 5ahl to 5ah3 arranged in the axial direction Z in the
first connection member 5a, and the kinds of the attachment
42a and the attachments 45a, are determined.

[0036] FIG. 9 is a block diagram showing the configuration
of an end wedge looseness determination system for the rotary
electric machine. The wedge looseness inspection system for
the rotary electric machine is composed of the inspection unit
60 and a wedge looseness analysis determination unit 50.
[0037] The inspection unit 60 includes a wedge striking
device 62 having the tap hammer 61 for striking the end wedge
1t, and a wedge vibration detection device 63 for detecting
vibration of the end wedge 1t due to the striking.

[0038] The wedge looseness analysis determination unit 50
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includes a frequency analysis unit 51 for analyzing a
frequency characteristic of a vibration waveform of the
struck end wedge 1t, and an evaluation unit 52 which, after
aggregating frequency characteristics analyzed from the
vibration waveform, performs comparison and evaluation
thereof with a predetermined determination reference, and
guantifies a determination result thereof.

[0039] First, the inspection unit 60 strikes the end wedge
1t by the tap hammer 61, and sends wedge vibration
information detected by the wedge vibration detection device
63, to the wedge looseness analysis determination unit 50.
The wedge vibration information is a wedge vibration waveform
measured by the wedge vibration detection device 63. Next,
the frequency analysis unit 51 receives the wedge vibration
information, analyzes a frequency component of the wedge
vibration waveform, and obtains a frequency characteristic of
the wedge vibration.

[0040] From the frequency characteristic of the wedge
vibration obtained by the freguency analysis unit 51
regarding the vibration waveform, the evaluation unit 52
performs comparison and evaluation between the predetermined
determination reference and the frequency of a peak that
appears, to determine whether or not there is looseness of
the end wedge 1t.

[(0041] A device for detecting and measuring wvibration of
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the end wedge 1t may be any device such as a contact-type
vibration sensor or an acceleration sensor that can detect
vibration, and may be a sound-collecting microphone, a
displacement sensor, or the like.
[0042] The wedge looseness inspection device for a rotary
electric machine according to embodiment 1 is a wedge
looseness inspection device for a rotary electric machine in
which, at an end in an axial direction of a stator core, a
part having such a stepped shape that an inner diameter of
the stator core increases stepwise toward an outer side in
the axial direction 1s defined as a stepped-down portion, the
wedge looseness inspection device being for inspecting
looseness of a wedge pressing an inner circumferential
surface of a conductor inserted into a slot of the stepped-
down portion, toward an outer side in a radial direction so
as to be fixed, the wedge looseness inspection device
including:

an inspection unit including a wedge striking
device having a tap hammer for striking the wedge, and a
wedge vibration detection device for detecting vibration of
the wedge due to the striking; and

an attraction portion connected to the inspection
unit via a connection member and being attractable to an
inner circumferential surface of the stepped-down portion,

wherein
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the attraction portion has, on an inner side in the
axial direction, a first attachment that allows adjustment of
an attached position in the axial direction of the attraction
portion.

Thus, since the first attachment allows adjustment
of the position in the axial direction and can be replaced
with another cne having a different thickness, the wedge
looseness inspection device can be applied to various rotary
electric machines irrespective of the length in the axial
direction Z of the end wedge which differs among the types of
the rotary electric machines, or difference in the relative
positional relationship between the end wedge and the
stepped-down portion.

[0043] In addition, a driving mechanism such as a motor, a
pulley, and a gear needed for movement and a control
mechanism relevant thereto, become unnecessary, and also a
visual confirmation camera needed for determining the
striking position, and sensors such as a distance meter,
become unnecessary. Thus, the number of components can be
decreased, and the wedge looseness inspection device having
high accuracy can be provided at low cost.

[0044] In addition, in the wedge looseness inspection
device for the rotary electric machine according to
embodiment 1, a second attachment that allows adjustment of a

position in the radial direction of the inspection unit is

Date Regue/Date Received 2021-12-08



CA 03143001 2021-12-08

20

further provided between the attraction portion and the
connection member.

Thus, the first attraction portion and the second
attraction portion allow the position in the radial direction
A of the inspection unit to be adjusted in a predetermined
length range. By replacing the attachment with another one
having a different thickness in accordance with the step
elevation in the radial direction of the stepped-down portion
at which the first attraction portion and the second
attraction portion are attracted, the wedge looseness
inspection device can be applied to various types of rotary
electric machines.

[0045] In addition, in the wedge looseness inspection
device for the rotary electric machine according to
embodiment 1, the connection member has a plurality of
attachment holes which are arranged in the axial direction
and allow a connection position of the attraction portion to
be changed in the axial direction.

Thus, it becomes possible to change the connection
positions of the first attraction portion and the second
attraction portion in the axial direction Z also through
selection of the attachment holes, whereby the first
attraction portion and the second attraction portion can be
prevented from interfering with the steps.

[0046] In addition, the wedge looseness inspection system

Date Regue/Date Received 2021-12-08



10

15

20

25

CA 03143001 2021-12-08

21

for a rotary electric machine according to embodiment 1
includes:

the wedge looseness inspection device for the
rotary electric machine according to any one of the above
configurations;

a frequency analysis unit for analyzing a freguency
characteristic of a vibration waveform of the struck wedge;
and

an evaluation unit which compares and evaluates the
frequency characteristic analyzed from the wvibration
waveform, with a predetermined determination reference, and
guantifies a determination result thereof.

Thus, it is possible to appropriately determine the
state of the end wedge which differs among the types of the
rotary electric machines.

[0047] In addition, the wedge locoseness inspection method
for a rotary electric machine according to embodiment 1 uses
the wedge looseness inspection device for the rotary electric
machine according to any one of the above configurations, and
includes:

without taking off a rotor from the rotary electric
machine, inserting the wedge looseness inspection device for
the rotary electric machine between the stepped-down portion
and the rotor of the rotary electric machine from the outer

side in the axial direction; and
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pressing an inner side end surface in the axial
direction of the first attachment against an outer side end
surface in the axial direction of the stepped-down portion
having the stepped shape, so as to make positioning for a
position at which the wedge is struck by the tap hammer.

Thus, it is possible to inspect looseness of the
wedge fixing the coil of the stator, without taking off the
rotor, whereby the inspection work can be finished within a
short time.
[0048] Although the disclosure is described above in terms
of an exemplary embodiment, it should be understood that the
various features, aspects, and functionality described in the
embodiment are not limited in their applicability to the
particular embodiment with which they are described, but
instead can be applied alone or in various combinations to
the embodiment of the disclosure.
[0049] It is therefore understood that numerous
modifications which have not been exemplified can be devised
without departing from the scope of the present disclosure.
For example, at least one of the constituent components may

be modified, added, or eliminated.

DESCRIPTION OF THE REFERENCE CHARACTERS
[0050] 100 wedge looseness inspection device

1 wedge
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1t end wedge

10 stator

11 stator core

11t stepped-down portion

20 rotor

3 conductor

4a first attraction portion

4b second attraction portion

4la attraction surface

42a attachment

43a adjustment member

44a fastening member

45a attachment

5a first connection member

5b second connection member
5ahl, 5ah?, 5ah3 attachment hole
50 wedge looseness analysis determination unit
51 frequency analysis unit

52 evaluation unit

5la fastening member

60 inspection unit

61 tap hammer

62 wedge striking device

63 wedge vibration detection device

9 handle
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A radial direction
B circumferential direction
Z axial direction

P permanent magnet
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CLAIMS

[13 A wedge looseness inspection device for a rotary electric
machine in which, at an end in an axial direction of a stator core, a
part having such a stepped shape that an inner diameter of the stator
core increases stepwise toward an outer side in the axial direction is
defined as a stepped-down portion, the wedge looseness inspection device
being for inspecting looseness of a wedge pressing an inner
circumferential surface of a conductor inserted into a slot of the
stepped-down portion, toward an outer side in a radial direction so as to
be fixed, the wedge looseness inspection device comprising:

an inspection unit including a wedge striking device having a
tap hammer for striking the wedge, and a wedge vibration detection device
for detecting vibration of the wedge due to the striking; and

an attraction portion connected to the inspection unit via a
connection member and being attractable to an inner circumferential
surface of the stepped-down portion,

wherein the attraction portion has, on an inner side in the
axial direction, a first attachment that allows adjustment of an attached
position in the axial direction of the attraction portion, and

wherein the attraction portion is positioned such that an
inner side end surface in the axial direction of the attachment for
adjusting the position in the axial direction is pressed against an outer
side end surface in the axial direction of the step of the stepped-down

portion.
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[2] The wedge looseness inspection device for the rotary electric
machine according to claim 1, wherein

a second attachment that allows adjustment of a position in
the radial direction of the inspection unit is provided between the

attraction portion and the connection member.

[3] The wedge looseness inspection device for the rotary electric
machine according to claim 1 or 2, wherein

the connection member has a plurality of attachment holes
which are arranged in the axial direction and allow a connection position

of the attraction portion to be changed in the axial direction.

[4] A wedge looseness inspection system for a rotary electric
machine, comprising:

the wedge looseness inspection device for the rotary electric
machine as defined in any one of claims 1 to 3;

a frequency analysis unit for analyzing a frequency
characteristic of a vibration waveform of the struck wedge; and

an evaluation unit which compares and evaluates the freguency
characteristic analyzed from the vibration waveform, with a predetermined

determination reference, and qguantifies a determination result thereof.

[5] A wedge looseness inspection method for a rotary electric

machine, using the wedge looseness inspection device for the rotary

electric machine as defined in any one of claims 1 to 3, the wedge
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looseness inspection method comprising:

without taking off a rotor from the rotary electric machine,
inserting the wedge looseness inspection device for the rotary electric
machine between the stepped-down portion and the rotor of the rotary
electric machine from the outer side in the axial direction; and

pressing an inner side end surface in the axial direction of
the first attachment against an outer side end surface in the axial
direction of the stepped-down portion having the stepped shape, so as to
make positioning for a position at which the wedge is struck by the tap

hammer.
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