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Description

Title of Invention: MOTOR
Technical Field

Embodiments described herein relate to a motor for driving a railroad vehicle.

Background Art

In general, a railroad vehicle (hereinafter referred to as "vehicle") has a main motor
(hereinafter referred to as "motor") mounted on a bogie arranged below a body of the
railroad vehicle. The rotating force of this motor is transmitted to wheels via gear
mechanisms and joints, which causes the vehicle to run.

There is a growing need for a motor having an extended maintenance cycle, i.e., a
motor requiring less maintenance. Accordingly, a totally-enclosed motor has been
developed to satisfy this need.

This motor includes a stator core having a stator coil arranged on an inner peripheral
side of a cylindrical frame and a housing and a bracket attached to both end sides of
the frame to constitute an enclosed case, wherein each of the housing and the bracket
includes bearings. A rotor shaft extends in the enclosed case. Both end portions of the
rotor shaft are rotatably supported by the bearings. A rotor core is attached to a central
portion of the rotor shaft, and the rotor core is located inside of the stator core. In the
enclosed case, partition plates are attached to both end portions of the rotor shaft, and a
labyrinth seal portion is formed between the bracket and an outer peripheral portion of
each partition plate.

Recently, a permanent magnet motor is used more often in order to reduce heat of a
rotor and to achieve a compact motor. In the permanent magnet motor, a permanent
magnet, instead of a squirrel cage rotor, is inserted into a rotor core.

In the motor having the above structure, outside air does not circulate in the motor.
Therefore, the inside of the motor is not contaminated with dust, and it is possible to
save labor by eliminating the necessity of disassembling the motor to clean the inside.
However, the bearings are lubricated with grease filled in bearing portions. The oil lu-
brication grease deteriorates as the motor operates, and it is necessary to replace the oil
lubrication grease. The replacement of the oil lubrication grease is carried out upon

disassembling the motor, which takes a lot of labor and time.

Summary of Invention

According to one embodiment, a motor has a cylindrical stator core. A first
framework is fixed to the first side of the stator core in an axial direction. A first
bearing housing, which holds a bearing, is fixed to the outside of the first framework.

A second framework is fixed to the second side of the stator core in an axial direction.
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A second bearing housing, which also holds a bearing, is fixed to the outside of the
second framework. The motor also has a rotor including a rotational shaft that is
rotatably supported by the bearings. The rotational shaft extends into the first and
second frameworks. A rotor core is attached to the rotational shaft, and faces an inner
side of the stator core. A first support base and a second support base are fixed to the
rotor, and are interposed by the rotor core. A first locking member is movably coupled
to the first framework, and is configured to move along an axial direction of the ro-
tational shaft toward a side of the rotor core to contact the first support base and fix the
rotor. A second locking member is movably coupled to the second framework, and is
configured to move along an axial direction of the rotational shaft toward a side of the
rotor core to contact the second support base and fix the rotor.

According to another embodiment, a motor has a cylindrical stator core. A first
framework is fixed to the first side of the stator core in an axial direction. A first
bearing housing, which holds a bearing, is fixed to the outside of the first framework.
A second framework, which holds a bearing, is fixed to the second side of the stator
core in an axial direction. The motor also has a rotor that includes a rotational shaft
that is rotatably supported by the bearings. The rotational shaft extends into the first
and second frameworks. A rotor core is attached to the rotational shaft, and faces an
inner side of the stator core. A first support base and a second support base are fixed to
the rotor, and are interposed by the rotor core. A first locking member that is movably
coupled to the first framework is configured to move along an axial direction of the ro-
tational shaft toward a side of the rotor core to contact the first support base and fix the
rotor. A second locking member that is movably coupled to the second framework is
configured to move along the axial direction of the rotational shaft toward a side of the
rotor core to contact the second support base and fix the rotor. A first partition plate is
fixed to the rotor between the rotor core and a first bearing portion. A second partition
plate is fixed to the rotor between the rotor core and a second bearing portion.

According to another embodiment, a method of maintaining a motor is disclosed. A
fixing bolt is removed from a first framework. A pushing bolt is screwed into the first
framework, and the first locking member moves along a rotor into contact with a first
support base of the rotor. A fixing bolt is removed from a second framework. A
pushing bolt is screwed into the second framework, and the second locking member
moves along the rotor into contact with a second support base of the rotor. The contact
between the first locking member and the first support base and the contact between
the second locking member and the second support base fixes the rotor.

The features and advantages of the present disclosure will be readily apparent to
those skilled in the art upon a reading of the description of exemplary embodiments,

which follows.
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Brief Description of Drawings

[fig. 1]FIG. 1 is a cross sectional view illustrating a motor according to the first em-
bodiment;

[fig.2]FIG. 2 is an enlarged cross sectional view illustrating a first bearing portion of
the motor and portions therearound;

[fig.3]FIG. 3 is a cross sectional view of the motor illustrating the first bearing portion
when a rotor is locked by a locking member;

[fig.4]FIG. 4 is a cross sectional view of the motor illustrating the first bearing portion
and the second bearing portion of the motor when the first bearing portion and the
second bearing portion are disassembled;

[fig.5]FIG. 5 is a cross sectional view of the motor illustrating an assembly step of the
motor;

[fig.6]FIG. 6 is a cross sectional view illustrating a portion of a motor according to the
second embodiment;

[fig.7]FIG. 7 is a cross sectional view illustrating a portion of a motor according to the
third embodiment;

[fig.8]FIG. 8 is a cross sectional view illustrating a portion of a motor according to the
fourth embodiment; and

[fig.9]FIG. 9 is a cross sectional view illustrating a portion of a motor according to the
fifth embodiment.

Description of Embodiments

In general, according to one embodiment, a motor has a cylindrical stator core. A
first framework is fixed to the first side of the stator core in an axial direction. A first
bearing housing, which holds a bearing, is fixed to the outside of the first framework.
A second framework is fixed to the other side of the stator core in the axial direction. A
second bearing housing, which also holds a bearing, is fixed to the outside of the
second framework. The motor also includes a rotor. The rotor has a rotational shaft
rotatably supported by the bearings. The rotational shaft extends into the first and
second frameworks of the motor. A rotor core is attached to the rotational shaft. The
rotor core faces an inner side of the stator core. A first support base and a second
support base are fixed to the rotor, and are interposed on the rotational shaft by the
rotor core. A first locking member is movably coupled to the first framework. The first
locking member is configured to move along an axial direction of the rotational shaft
toward to contact the first support base. A second locking member is movably coupled
to the second framework. The second locking member is configured to move along an
axial direction of the rotational shaft toward the second support base. When the first

locking member is in contact with the first support base and the second locking
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member is in contact with the second support base, the rotor is fixed.

Various embodiments will be hereinafter explained with reference to the drawings.
Throughout the embodiments, the same structures are attached with the same reference
numerals, and redundant explanations thereabout are not repeated. Each figure is a
schematic view illustrating the embodiments for helping the understanding thereof. In
each figure, some of shapes, sizes, ratios, and the like may be different from those in
an actual apparatus. As necessary, these may be changed in design in view of the
following explanation and known techniques.

FIG. 1 illustrates a totally-enclosed motor according to the first embodiment. This
motor has a cylindrical stator core 11. A pair of ring-shaped core holders 12a, 12b are
fixed to end faces of the stator core 11 in the axial direction. A plurality of connecting
plates 14 are arranged on an outer periphery of the stator core 11. Each of these
connecting plates 14 extends in the axial direction of the stator core 11, and both ends
of the connecting plate 14 are fixed to the core holders 12a, 12b. The plurality of
connecting plates 14 are arranged with an interval in the circumferential direction of
the stator core 11.

A substantially cylindrical first bracket 16 made of aluminum alloy and the like is
attached to the core holder 12a located at a side opposite to the driving end of the stator
core 11. On a front end side of the first bracket 16, a ring-shaped bearing bracket 18 is
fastened with bolts in a coaxial manner. In a central portion of the bearing bracket 18, a
first bearing portion 20 including later-explained bearings is fastened with bolts. The
first bracket 16 and the bearing bracket 18 constitute a first framework of the motor.

A substantially cup-shaped second bracket 22 made with aluminum alloy and the like
is attached to the core holder 12b located at a side opposite to the driving end of the
stator core 11. In a central portion of the second bracket 22, a second bearing portion
24 including later-explained bearings is fastened with bolts. The second bracket 22
constitutes a second framework of the motor.

Thus, a case (apparatus body), whose interior is enclosed, is constituted by the stator
core 11, the core holder 12a, 12b, the first bracket 16, the bearing bracket 18, the
second bracket 22, and the first and second bearing portions 20, 24.

In the motor, members except for the first bracket 16 and the second bracket 22
include various kinds of members, which are explained later. Most of them are made
with steel. As mentioned above, the first bracket 16 and the second bracket 22 are
made with a material other than the material of the other members. In other words, the
first bracket 16 and the second bracket 22 are made with a material other than steel. In
the present embodiment, in order to reduce the weight of the motor, the first bracket 16
and the second bracket 22 are made with a material lighter than steel or a material

having a specific gravity less than steel, such as aluminum or aluminum alloy. The
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material is not limited to aluminum. The first bracket 16 and the second bracket 22
may be made of any material as long as the material is lighter than steel or has a
specific gravity less than steel.

The stator core 11 is made by stacking many ring-shaped metal plates made of a
magnetic material such as a silicon steel sheet. A plurality of slots each extending in
the axial direction are formed on an inner peripheral portion of the stator core 11. A
stator coil 23 is buried in these slots. Coil ends of the stator coil 23 protrude in the
axial direction from both end faces of the stator core 11. The stator core 11 and the
stator coil 23 constitute a stator (stationary part).

A cylindrical rotor core 26 is arranged inside of the stator core 11 in a coaxial
manner with a gap formed between the cylindrical rotor core 26 and the stator core 11.
A rotational shaft 27 is attached to a central portion of the rotor core 26 in a coaxial
manner. Both ends of the rotational shaft 27 are rotationally supported by the first
bearing portion 20 and the second bearing portion 24. Thus, the rotational shaft 27
extends in a coaxial manner in the case. The rotational shaft 27 and the rotor core 26
constitute a rotor (rotating part). A driving side end portion 27a of the rotational shaft
27 protrudes to the outside of the apparatus, and a joint for connecting a drive gear
device is attached to this portion.

The rotor core 26 is made by stacking many ring-shaped metal plates made of a
magnetic material such as a silicon steel sheet. The rotor core 26 is supported in such a
manner that both side surfaces of the rotor core 26 in the axial direction are
sandwiched by the pair of core holder 28a, 28b attached to the rotational shaft 27. The
core holder 28a, 28b are formed in a ring shape, such that the outer diameter thereof is
slightly smaller than the outer diameter of the rotor core 26.

A plurality of grooves each extending in the axial direction are formed on an outer
peripheral portion of the rotor core 26. Rotor bars 31 are buried in respective grooves.
Both end portions of the rotor bar 31 protrude from the rotor core 26, and the
protruding portions thereof are integrally coupled with end rings 25. Thus, the squirrel
cage rotor for the induction motor is formed. When the stator coil 23 is energized, the
rotor core 26 rotates by induction, and the rotational shaft 27 rotates integrally with the
rotor core 26.

Alternatively, a permanent magnet motor may be constituted by inserting a
permanent magnet into the rotor core, instead of a squirrel cage rotor, in order to
reduce the heat of the rotor and achieve a smaller motor.

A first partition plate 30 is attached to the rotational shaft 27 in a coaxial manner
between the rotor core 26 and the first bearing portion 20 at the side of the driving end,
and the first partition plate 30 can freely rotate integrally with the rotational shaft 27.
The first partition plate 30 is formed in a substantially funnel shape, and the first
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partition plate 30 extends in an inclined manner from the rotor core 26 to the first
bracket 16. An outer peripheral end portion of the first partition plate 30 and an inner
peripheral portion of a protruding portion of an apparatus-side of the bearing bracket
18 are engaged with each other with a ring-shaped minute gap formed therebetween.
This ring-shaped minute gap portion is substantially formed in a structure having two
stages, i.e., a protrusion and a depression, thus forming a labyrinth structure portion X.
A plurality of fins are formed on an outer surface of the first partition plate 30 to face
the first bearing portion 20.

A second partition plate 32 is attached to the core holder 28b in a coaxial manner
between the rotor core 26 and the second bearing portion 24 at the side opposite to the
driving end, and the second partition plate 32 can freely rotate integrally with the ro-
tational shaft 27. The second partition plate 32 is formed in a substantially funnel
shape, and the second partition plate 32 extends in an inclined manner from the rotor
core 26 to the second bracket 22. An outer peripheral end portion of the second
partition plate 32 and an inner peripheral portion of a protruding portion of an
apparatus-side of the second bracket 22 are engaged with each other with a ring-shaped
minute gap formed therebetween. This ring-shaped minute gap portion is substantially
formed in a structure having two stages, i.e., a protrusion and a depression, thus
forming a labyrinth structure portion Y. A plurality of fins are formed on an outer
surface of the second partition plate 32 to face the second bearing portion 24.

The first partition plate 30 and the second partition plate 32 separate, in an airtight
manner, between the outside of the apparatus and the space inside of the apparatus in
which the stator core 11 and the rotor core 26 are located. In addition, the first partition
plate 30 and the second partition plate 32 radiate heat generated by the rotor.

The first bearing portion 20 is arranged outside of the first partition plate 30 with a
space 34 formed between the first bearing portion 20 and the first partition plate 30.
This space 34 forms an insulation structure which protects the first bearing portion 20
from being affected by the heat generated by the stator coil 23 and the rotor. Outside-
air intake holes, not shown, in communication with the space 34 are formed in the
bearing bracket 18, a later-explained first bearing housing 40, and the like so as to
introduce outside air into this space 34. A plurality of discharge holes 36 in commu-
nication with the space 34 are formed in the bearing bracket 18. When the first
partition plate 30 rotates, outside air is introduced into the space 34 through the
outside-air intake holes. After the outside air cools the space 34, the outside air is
discharged from the discharge holes 36. Therefore, the outside-air intake holes
contribute to cooling of the first bearing portion 20 and the rotor.

The second bearing portion 24 is arranged outside of the second partition plate 32

with a space 37 formed between the second bearing portion 24 and the second partition



WO 2012/032718 PCT/JP2011/004632

[0029]

[0030]

[0031]

plate 32. This space 37 forms an insulation structure which protects the second bearing
portion 24 from being affected by the heat generated by the stator coil 23 and the rotor.
Outside-air intake holes, not shown, in communication with the space 37 are formed in
the second bracket 22, a later-explained second bearing housing 52, and the like so as
to introduce outside air into this space 37. A plurality of discharge holes 38 in commu-
nication with the space 37 are formed in the second bracket 22. When the second
partition plate 32 rotates, outside air is introduced into the space 34 through the
outside-air intake holes. After the outside air cools the space 37, the outside air is
discharged from the discharge holes 38. Therefore, the outside-air intake holes
contribute to cooling of the second bearing portion 24 and the rotor.

Subsequently, the first bearing portion 20 and the second bearing portion 24 are
explained in detail.

In the first bearing portion 20, an opening is formed in a central portion of the
bearing bracket 18, and the first bearing housing 40 is inserted into this opening from
the outside and is engaged therewith. A flange portion 40a of the first bearing housing
40 is fixed to an outer surface of the bearing bracket 18 with a plurality of bolts 41
inserted from the outside. Thus, the first bearing housing 40 is fixed to the bracket 18.
The first bearing housing 40 includes the roller bearings 42 therein. The inner race of
the roller bearings 42 is engaged with the rotational shaft 27. An end cap 44 is fixed to
the outside of the first bearing housing 40 with bolts 43 so as to cover the opening of
the first bearing housing 40. Oil lubrication grease is filled around the roller bearings
42 in the first bearing housing 40.

As shown in FIG. 1 and FIG. 2, a ring-shaped first locking member 44a is arranged
on an outer peripheral side of the first bearing housing 40, and is located on the inner
surface side of the bearing bracket 18. The outer periphery of the first locking member
44a is slidably engaged with a ring-shaped protruding portion 18a arranged on the
inner surface side of the bearing bracket 18 in protruding manner. The first locking
member 44a is slidable on the bearing bracket 18 along the axial direction of the ro-
tational shaft 27. The first locking member 44a integrally has a funnel-shaped contact
portion 45 extending toward the rotational shaft 27. During normal operation of the
motor, the first locking member 44a is fixed at a fixing position as shown in the figure,
i.e., a position at which the first locking member 44a is in contact with the inner
surface of the bearing bracket 18, with a plurality of fixing bolts 46 screwed from the
outside of the bearing bracket 18. The plurality of fixing bolts 46 are arranged with a
predetermined interval in a circumferential direction of a circle concentric with the ro-
tational shaft 27. The fixing bolts 46 are respectively arranged at positions symmetrical
with respect to the rotational shaft 27. Each of the fixing bolts 46 is inserted from the

outside through a penetrating hole formed in the bearing bracket 18, and is screwed
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into a screw hole formed in the first locking member 44a.

A ring-shaped support base 48 is coaxially fixed to the rotational shaft 27 in
proximity to the first bearing housing 40. The outer periphery of the support base 48
has a tapered surface. This tapered surface is formed continuously on the entire cir-
cumference, and is located concentrically with the rotational shaft 27. This tapered
surface faces the contact portion 45 of the first locking member 44a with a minute gap
formed between the tapered surface and the contact portion 45.

As shown in FIG. 1, an opening is formed in a central portion of the second bracket
22 in the second bearing portion 24, and the second bearing housing 52 is inserted into
this opening from the outside and is engaged therewith. The flange portion 52a of the
second bearing housing 52 is fixed with the outer surface of the second bracket 22 with
a plurality of bolts 53 inserted from the outside. Thus, the second bearing housing 52 is
fixed to the second bracket 22. The second bearing housing 52 includes ball bearings
54 therein. The inner race of the ball bearings 54 is engaged with the rotational shaft
27. An end cap 56 is fixed to the outside of the second bearing housing 52 with bolts
57 so as to cover the opening of the second bearing housing 52. Oil lubrication grease
is filled around the ball bearings 54 in the second bearing housing 52. Further, an end
plate 58 is fixed with bolts to the end of the non-output side of the rotational shaft 27.
This end plate 58 restricts the ball bearings 54 so that the ball bearings 54 do not come
off.

A ring-shaped second locking member 44b is arranged and engaged on an outer
periphery of the second bearing housing 52, and is located on the inner surface side of
the second bracket 22. The outer periphery of the second locking member 44b is
slidably engaged with the inner peripheral surface of the opening formed in the center
of the second bracket 22, and the inner periphery of the second locking member 44b is
slidably engaged with the outer peripheral surface of the second bearing housing 52.
The second locking member 44b is slidable on the second bearing housing 52 along the
axial direction of the rotational shaft 27. The second locking member 44b integrally
has a funnel-shaped contact portion 45 extending toward the rotational shaft 27.
During normal operation of the motor, the second locking member 44b is fixed at a
fixing position as shown in the figure, i.e., a position at which the second locking
member 44b is in contact with the inner surface of the second bracket 22, with a
plurality of fixing bolts 60 screwed from the outside of the second bracket 22. The
plurality of fixing bolts 60 are arranged with a predetermined interval in a circum-
ferential direction of a circle concentric with the rotational shaft 27. The fixing bolts 60
are respectively arranged at positions symmetrical with respect to the rotational shaft
27. Each of the fixing bolts 60 is inserted from the outside through a penetrating hole

formed in the second bracket 22, and is screwed into a screw hole formed in the second
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proximity to the second bearing housing 52. The outer periphery of the support base 62
has a tapered surface. This tapered surface is formed continuously on the entire cir-
cumference, and is located concentrically with the rotational shaft 27. This tapered
surface faces the contact portion 45 of the second locking member 44b with a minute
gap formed between the tapered surface and the contact portion 45.

According to the totally-enclosed motor having the above structure, heat generated
by the stator coil 23 is discharged to outside air by way of the outer peripheral surface
of the stator core 11 and the first and second brackets 16, 22. On the other hand, heat
generated by the rotor is discharged by way of the first and second partition plates 30,
32. The first and second bearing portions 20, 24 are separated from the stator coil 23
and the like, i.e., a source of heat, by the spaces 34, 37 defined by the first and second
partition plates 30, 32, and are cooled by outside air introduced into these spaces.
Therefore, the motor is less affected by heat, and can achieve the totally-enclosed
structure. It is not necessary to introduce outside air into the totally-enclosed motor,
which has been improved as described above. Accordingly, it is not necessary to clean
a filter and the inside of the motor. As a result, the labor of maintenance can be
drastically saved.

Due to the structure of the bearing portion as described above, the bearing portion
can be disassembled, cleaned, and maintained without pulling the rotor out of the
stator. In other words, when the fixing bolts 46, 60 for fixing the first and second
locking members 44a, 44b are removed, and a plurality of pushing bolts are screwed in
place of the fixing bolts 46, 60, the first and second locking members 44a, 44b move to
a central side along the central shaft of the motor, and come into abutment with the
tapered surface of the support bases 48, 62 attached to the rotational shaft 27, thus
fixing and holding the rotor to the stator.

This locking mechanism will be explained in detail. As shown in FIG. 1 and FIG. 2,
during normal operation of the motor, the first and second locking members 44a, 44b
are pulled by the fixing bolts 46, 60 to the bearing bracket 18 and the second bracket
22, and are away from the support bases 48, 62. In this arrangement, the rotor can
rotate.

On the other hand, for example, during maintenance and inspection, the fixing bolts
46 are removed, and instead of the fixing bolts 46, the pushing bolts 50 are screwed as
shown in FIG. 3. Accordingly, the first locking member 44a moves to the central side
along the central shaft of the motor, and the contact portion 45 comes into abutment
with the tapered surface of the support base 48. On the other hand, the second locking
member 44b is also pushed to the central side of the motor by the pushing bolts,
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whereby the contact portion 45 comes into abutment with the tapered surface of the
support base 62. As a result, the rotor is pushed by the first locking member 44a and
the second locking member 44b in directions opposite to each other, and the rotor is
fixed and held with respect to the stator. In other words, the rotor is fixed to the
framework while the rotor is held coaxially with the stator core 11 and with a prede-
termined gap therebetween.

Since the rotor is fixed in this manner, the first and second bearing portions 20, 24
can be, e.g., disassembled, inspected, and refilled with grease without pulling the rotor
out of the stator. In other words, as shown in FIG. 4, the first bearing portion 20 and
the second bearing portion 24 can be disassembled at the bearing housing portion and
detached from the rotor and the framework while the rotor is fixed to the stator.

For example, the first bearing portion 20 is disassembled as follows. The bolts 41 are
removed, and thereafter, the first bearing housing 40 is pulled out from the bearing
bracket 18 to the outside. Further, the bolts 43 are removed, and thereafter, the end cap
44 is removed from the first bearing housing 40. The oil lubrication grease in the outer
race of the bearings attached to the inner periphery of the first bearing housing 40 is
replaced with new oil lubrication grease.

On the other hand, the second bearing portion 24 is disassembled as follows. The
bolts 57 are removed, and thereafter, the end cap 56 is removed from the second
bearing housing 52. Further, the bolts are removed, and the end plate 58 is removed
from the end of the rotational shaft 27. Subsequently, the bolts 53 are removed, and
thereafter, the second bearing housing 52 is pulled out from the second bracket 22 to
the outside, and the oil lubrication grease in the outer race of the bearings attached to
the inner periphery of the second bearing housing 52 is replaced with new oil lu-
brication grease. At this occasion, the entire rotor including the rotational shaft 27 is
fixed and held by the first and second locking members 44a, 44b. Therefore, even
when the first bearing housing 40 and the second bearing housing 52 are pulled out, the
entire rotor is held at a predetermined position with respect to the stator.

After the bearing grease is replaced, the first bearing housing 40 and the second
bearing housing 52 are attached to the bearing bracket 18 and the second bracket 22,
and are fixed to the brackets with the bolts 41, 53. Subsequently, the end cap 44, the
end plate 58, and the end cap 56 are respectively fixed with bolts. Thereafter, instead
of the pushing bolts 50, the fixing bolts 46 are inserted into the first locking member
44a from the outside and are screwed therein, whereby the first locking member 44a is
brought back to the initial position in which the first locking member 44a is away from
the support base 48. Likewise, instead of the pushing bolts 64, the fixing bolts 60 are
inserted into the second locking member 44b from the outside and are screwed therein,

whereby the second locking member 44b is brought back to the initial position in
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which the second locking member 44b is away from the support base 62. As a result,
the fixing of the rotor is released to allow the rotor to freely rotate. With the above
operation, the replacement of the oil lubrication grease is completed.

The mechanism as described above allows replacing and maintenance of the bearings
and the grease in the bearing portions without pulling the rotor out of the stator. In
particular, a rotor structure including a permanent magnet has a permanent magnet
having strong magnetic force in a rotor core, and when a rotor is pulled out, the rotor
core is attracted by a stator core of a stator. Therefore, the rotor having the permanent
magnet has a problem in that it is very difficult to pull the rotor out of the stator.
However, this kind of problem can be solved by the above structure.

As shown in FIG. 1, the frame for the motor is eliminated, and the stator core 11 is
partially fixed by the connecting plates 14. The first bracket 16 and the second bracket
22 made of aluminum alloy extend in the axial direction from both ends of the stator
core 11, such that the first bracket 16 and the second bracket 22 is structured as the
framework extending to the bearing portion. According to this structure, a portion of
the steel frame is replaced with aluminum, which greatly reduces the weight. The
engaging portions between the first and second brackets 16, 22 and the steel material
are structured as a double engagement structure, which prevents displacement and gap
at the engaging portions caused by the difference in the thermal expansion coefficients
between steel and aluminum alloy. As a result, this prevents change in the center of the
axis of the rotor, and enables the rotor to maintain smooth rotation.

More specifically, as shown in FIG. 1, the first bracket 16 integrally includes a ring-
shaped first protruding portion 70a formed at an end of a side of the stator core 11 and
a ring-shaped second protruding portion 70b formed at an end of a side of the bearing
bracket. The first protruding portion 70a protrudes to the side of the stator core 11, and
the second protruding portion 70b protrudes in the direction opposite to the first
protruding portion, i.e., in the direction of the second bracket 22. The first protruding
portion 70a and the second protruding portion 70b are formed coaxially with the ro-
tational shaft 27. The core holder 12a is formed with a ring-shaped groove 72a. The
inner surface side of the bearing bracket 18 is formed with a ring-shaped groove 72b.
These ring-shaped grooves 72a, 72b are formed coaxially with the rotational shaft 27.

The first protruding portion 70a of the first bracket 16 is engaged with the ring-
shaped groove 72a of the core holder 12a. The inner peripheral surface and the outer
peripheral surface of the first protruding portion 70a are engaged doubly in such a
manner that both sides of the first protruding portion 70a are sandwiched by the core
holder 12a. Likewise, the second protruding portion 70b of the first bracket 16 is
engaged with the ring-shaped groove 72b of the bearing bracket 18. The inner pe-

ripheral surface and the outer peripheral surface of the second protruding portion 70b
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are engaged doubly in such a manner that both sides of the second protruding portion
70b are sandwiched by the bearing bracket.

The second bracket 22 integrally includes a ring-shaped first protruding portion 74a
formed at an end of a side of the stator core 11 and a ring-shaped second protruding
portion 74b formed at an end of an opening at a side of the second bearing housing 52.
The first protruding portion 74a protrudes to the side of the stator core 11, and the
second protruding portion 74b protrudes in the direction opposite to the first protruding
portion, i.e., the second protruding portion 74b protrudes to the outside of the case. The
first protruding portion 74a and the second protruding portion 74b are formed coaxially
with the rotational shaft 27. The core holder 12b is formed with a ring-shaped groove
76a. The inner surface of the flange 52a of the second bearing housing 52 is formed
with a ring-shaped groove 76b. These ring-shaped grooves 76a, 76b are formed
coaxially with the rotational shaft 27.

The first protruding portion 74a of the second bracket 22 is engaged with the ring-
shaped groove 76a of the core holder 12b. The inner peripheral surface and the outer
peripheral surface of the first protruding portion 74a are engaged doubly in such a
manner that both sides of the first protruding portion 74a are sandwiched by the core
holder 12b. Likewise, the second protruding portion 74b of the second bracket 22 is
engaged with the ring-shaped groove 76b of the second bearing housing 52. The
second locking member 44b has a ring-shaped protruding portion 47 protruding to the
outside. This protruding portion 47 as well as the second protruding portion 74b of the
second bracket 22 are engaged with the ring-shaped groove 76b of the second bearing
housing 52. Thus, the outer peripheral surface of the second protruding portion 74b is
engaged with the flange of the second bearing housing 52, and the inner peripheral
surface is engaged with the protruding portion 47 of the second locking member 44b.
With this engagement, the second protruding portion 74b is engaged doubly in such a
manner that both sides, i.e., the inner periphery and the outer periphery, of the second
protruding portion 74b are sandwiched. The outer peripheral surface of the protruding
portion 47 of the second locking member 44b is engaged with the inner peripheral
surface of the central opening of the second bracket 22 and the inner peripheral surface
of the second protruding portion 74b, the inner peripheral surface of the protruding
portion 47 of the second locking member 44b is engaged with the outer periphery of
the second bearing housing 52. With this engagement, the second locking member 44b
is positioned, and is further supported slidably in the axial direction.

As described above, the engaging portion between the first and second brackets 16,
22 and the steel material is made as a double engagement structure, which prevents
displacement and gap occurring at the engaging portion caused by the difference in the

thermal expansion coefficients between steel and aluminum alloy. As a result, this
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reduces displacement of the first and second brackets. Therefore, the weight of the
motor can be reduced by using the framework made with aluminum alloy and the like.
Even in the motor having the double engagement structure, the total enclosure feature
of the totally-enclosed motor can be maintained without deviating from the function of
the double engagement, and the bearing portion alone can be easily detached, dis-
assembled, and maintained without disassembling the entire motor.

Assembly of the entire motor having the above structure will be explained. In other
words, a case will be explained where the rotor is attached by inserting the rotor into
the case. As shown in FIG. 5, first, the case is structured by fixing the core holders 12a,
12b, the first bracket 16, and the second bracket 22 to the stator core 11. Further, the
core holder, the first partition plate 30, the support base 48, the first locking member
44a, the first bearing housing 40, and the bearing bracket 18 are assembled to an axial
end portion at the driving side of the rotor. Then, the core holder, the second partition
plate 32, the support base 62, and the second locking member 44b are assembled to an
axial end portion of the rotor at the side opposite to the driving side. Further, a disk-
shaped assembly jig 80 is attached with a screw in a concentrical manner to a shaft end
at the driving side, and the second locking member 44b is fixed and held on the rotor
by this assembly jig 80. The assembly jig 80 can come into contact with the protruding
portion 47 of the second locking member 44a, and the assembly jig 80 is formed to
have such an outer diameter that the assembly jig 80 can be inserted into a central
opening 22a of the second bracket 22.

Subsequently, the rotor is positioned at a predetermined position by inserting the
rotor through the central opening of the first bracket 16 into the case and the stator core
11. Then, the bearing bracket 18 is fixed to the first bracket 16 with the bolts so as to
support the shaft portion of the rotor at the driving side. Further, the protruding portion
47 of the second locking member 44b assembled to the shaft end of the rotor at the side
opposite to the driving side is engaged with the central opening 22a of the second
bracket 22, and is fixed to the second bracket with the fixing bolt 60. Thus, the shaft
portion of the rotor at the side opposite to the driving side is supported by the second
bracket 22. At this occasion, the assembly jig 80 is inserted into the central opening
22a of the second bracket 22, and can be detached from the outside of the second
bracket.

Subsequently, the assembly jig 80 is detached from the shaft end of the rotor, and
thereafter, the ball bearing 54, the second bearing housing 52, the end plate 58, and the
end cap 56 are successively attached from the outside, and are fixed with the bolts.
Thus, the assembly is completed.

The second protruding portion 74b of the second bracket 22 is formed so that the

second protruding portion 74b does not interfere with the assembly jig 80 during
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assembly in order to enable the assembly of the motor as described above. In other
words, the second protruding portion 74b is formed outside of the central opening 22a
of the second bracket 22, and is formed to protrude to the outside in the axial direction
of the case from the second bracket. Therefore, the second protruding portion 74b does
not protrude to the central opening 22a of the second bracket 22. Further, the second
protruding portion 74b allows the assembly jig 80 to be inserted into the central
opening 22a of the second bracket 22, and allows the assembly jig 80 to be detached
from the outside of the case.

A motor according to another embodiment will be explained. In the following em-
bodiment, the same portions as the above first embodiment are denoted with the same
reference numerals, and the detailed explanations thereabout are not repeated here.

FIG. 6 illustrates a portion of a totally-enclosed motor according to the second em-
bodiment. The second embodiment is different from the first embodiment in that the
second embodiment has a different engagement structure of a second protruding
portion 74b of a second bracket 22 and a different engagement structure of a second
locking member 44b.

The second bracket 22 formed with aluminum alloy and the like integrally includes a
ring-shaped second protruding portion 74b formed at an end of an opening at a side of
the second bearing housing. The second protruding portion 74b protrudes to the
outside of the case. The second protruding portion 74b is formed coaxially with the ro-
tational shaft 27. The inner surface of a flange 52a of a second bearing housing 52 is
formed with a ring-shaped groove 76b. The ring-shaped groove 76b is formed
coaxially with the rotational shaft 27.

The second protruding portion 74b of the second bracket 22 is engaged with the ring-
shaped groove 76b of the second bearing housing 52. The inner peripheral surface and
the outer peripheral surface of the second protruding portion 74b are engaged doubly
in such a manner that both sides are sandwiched by the second bearing housing.

The second locking member 44b has a ring-shaped protruding portion 47 protruding
to the outside. The outer peripheral surface of the protruding portion 47 is engaged
with the inner peripheral surface of the central opening of the second bracket 22. Thus,
the second locking member 44b is positioned, and the second locking member 44b is
supported slidably along the axial direction of the rotational shaft 27 by the outer pe-
ripheral surface of the protruding portion 47 serving as a guide.

FIG. 7 illustrates a portion of a totally-enclosed motor according to the third em-
bodiment. The third embodiment is different from the first embodiment in that the third
embodiment has a different engagement structure of a second protruding portion 74b
of a second bracket 22 and a different engagement structure of a second locking
member 44b.
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The second bracket 22 formed with aluminum alloy and the like integrally includes a
ring-shaped second protruding portion 74b formed at an end of an opening at a side of
the second bearing housing and a ring-shaped third protruding portion 74¢ formed at
an outer peripheral side with respect to the opening end. The second protruding portion
74b protrudes to the outside of the case. The third protruding portion 74c protrudes
from the inner surface of the second bracket 22 to the side of the rotor core 26. The
second protruding portion 74b and the third protruding portion 74¢ are formed
coaxially with the rotational shaft 27. The inner surface of a flange 52a of a second
bearing housing 52 is formed with a ring-shaped groove 76b. The ring-shaped groove
76b is formed coaxially with the rotational shaft 27.

The second protruding portion 74b of the second bracket 22 is engaged with the ring-
shaped groove 76b of the second bearing housing 52. The inner peripheral surface and
the outer peripheral surface of the second protruding portion 74b are engaged doubly
in such a manner that both sides are sandwiched by the second bearing housing.

The second locking member 44b is fixed by being in contact with the inner surface of
the second bracket 22, and the outer peripheral surface of the second locking member
44b is engaged with the inner peripheral surface of the third protruding portion 74c.
Thus, the second locking member 44b is positioned, and the second locking member
44b is supported slidably along the axial direction of the rotational shaft 27 by the
inner peripheral surface of the third protruding portion 74c serving as a guide.

FIG. 8 illustrates a portion of a totally-enclosed motor according to the fourth em-
bodiment. The fourth embodiment is different from the first embodiment in that the
fourth embodiment has a different engagement structure of a second protruding portion
74b of a second bracket 22 and a different engagement structure of a second locking
member 44b.

The second bracket 22 formed with aluminum alloy and the like integrally includes a
ring-shaped second protruding portion 74b formed at an end of an opening at a side of
the second bearing housing. The second protruding portion 74b protrudes to the
outside of the case. The second protruding portion 74b is formed coaxially with the ro-
tational shaft 27. The inner surface of a flange 52a of a second bearing housing 52 is
formed with a ring-shaped groove 76b. The ring-shaped groove 76b is formed
coaxially with the rotational shaft 27.

The second protruding portion 74b of the second bracket 22 is engaged with the ring-
shaped groove 76b of the second bearing housing 52. The inner peripheral surface and
the outer peripheral surface of the second protruding portion 74b are engaged doubly
in such a manner that both sides are sandwiched by the second bearing housing.

The second locking member 44b has a ring-shaped protruding portion 47 protruding

to the outside. The second locking member 44b is in contact with the inner surface of
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the second bracket 22. The outer peripheral surface of the protruding portion 47 is
engaged with the inner peripheral surface of the central opening of the second bracket
22, and the inner peripheral surface of the protruding portion 47 is engaged with the
outer peripheral surface of the second bearing housing 52. Thus, the second locking
member 44b is positioned, and the second locking member 44b is supported slidably
along the axial direction of the rotational shaft 27 by the second bracket 22 and the
second bearing housing 52 serving as a guide.

FIG. 9 illustrates a portion of a totally-enclosed motor according to the fifth em-
bodiment. The fifth embodiment is different from the first embodiment in that the fifth
embodiment has a different engagement structure of a second protruding portion 74b
of a second bracket 22 and a different engagement structure of a second locking
member 44b.

The second bracket 22 formed with aluminum alloy and the like integrally includes a
ring-shaped second protruding portion 74b formed at an end of an opening at a side of
the second bearing housing. The second protruding portion 74b protrudes to the
outside of the case. The second protruding portion 74b is formed coaxially with the ro-
tational shaft 27. The inner surface of a flange 52a of a second bearing housing 52 is
formed with a ring-shaped groove 76b. The ring-shaped groove 76b is formed
coaxially with the rotational shaft 27. The second protruding portion 74b of the second
bracket 22 is engaged with the ring-shaped groove 76b of the second bearing housing
52, and the outer peripheral surface of the second protruding portion 74b is in contact
with the second bearing housing.

The second locking member 44b has a ring-shaped protruding portion 47 protruding
to the outside. The second locking member 44b is in contact with the inner surface of
the second bracket 22. The outer peripheral surface of the protruding portion 47 is
engaged with the inner peripheral surface of the central opening of the second bracket
22, and the inner peripheral surface of the protruding portion 47 is engaged with the
outer peripheral surface of the second bearing housing 52. Thus, the second locking
member 44b is positioned, and the second locking member 44b is supported slidably
along the axial direction of the rotational shaft 27 by the second bracket 22 and the
second bearing housing 52 serving as a guide.

The outer peripheral surface of the second protruding portion 74b of the second
bracket 22 is engaged with the second bearing housing 52, and the inner peripheral
surface of the central opening of the second bracket 22 is engaged with the outer pe-
ripheral surface of the protruding portion 47 of the second locking member 44b.
Therefore, the second bracket 22 is engaged doubly in such a manner that both sides of
the second bracket 22 are sandwiched.

In the second to fifth embodiments having the above structures, the same actions and
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effects as those of the first embodiment can also be obtained, and the light weight
motors can be provided in which maintenance operation can be easily carried out.

It should be noted that this invention is not strictly limited to the above embodiments,
and when the invention is embodied, constituent elements may be changed without
deviating from the gist of the invention. Various inventions can be formed by appro-
priately combining a plurality of constituent elements disclosed in the above em-
bodiments. For example, several constituent elements may be deleted from all the con-
stituent elements shown in the embodiments. Further, constituent elements in different
embodiments may be appropriately combined.

For example, in the above embodiments, the first and second bearing portions are
made by a combination of roller bearings and ball bearings. However, this invention is
not limited thereto. The first and second bearing portions may be made with a com-
bination of flanged roller bearings and roller bearings. The motor may be an induction
motor or a permanent magnet synchronous motor. The first and second partition plates
respectively include fins to serve as fans. Alternatively, the first and second partition
plates may not have any fins. A position at which the support base receiving the
locking member is arranged is not limited to the rotational shaft. The support base may
be arranged on the core holder or the partition plate.

Both of the space defined between the first partition plate and the first bearing
housing and the space defined between the second partition plate and the second
bearing housing are configured to be in communication with outside air. However, the
structure is not limited thereto. For example, outside air may blow from one of the
spaces to the other of the spaces via the rotor. Alternatively, outside air may not blow
in either of the spaces.

The pushing bolts for pushing the locking members are screwed in place of the fixing
bolts for fixing the locking members. Alternatively, the motor may have a structure in
which not only the fixing bolts but also the pushing bolts are attached at a time. For
example, the bracket constituting the framework may be arranged with penetrating
holes into which the fixing bolts are inserted and screw holes into which the pushing
bolts are screwed. In this case, a plurality of penetrating holes for the fixing bolts and a
plurality of screw holes for the pushing bolts are formed with a predetermined interval
in the circumferential direction in a concentric manner with the rotational shaft. The
fixing bolts are inserted into the penetrating holes of the bracket, and are screwed into
the screw holes formed in the locking member. The pushing bolts are screwed into the
screw holes of the bracket, and the ends of the bolts come into contact with the end
face of the locking member, thereby pushing the locking member to a locking position
side.

The tapered surface of the support base, which is in contact with the locking member,
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may not continuously extend over the entire periphery. Alternatively, the tapered
surface may be formed intermittently in the circumferential direction. On the other
hand, a portion of the support base in contact with the locking member may not be the

surface, and may be a point, a straight line, or a curved line.
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Claims

A motor comprising:

a cylindrical stator core;

a first framework fixed to the first side of the stator core in an axial
direction;

a first bearing housing fixed to the outside of the first framework,
wherein the first bearing housing holds a bearing;

a second framework fixed to the second side of the stator core in the
axial direction;

a second bearing housing fixed to the outside of the second framework,
wherein the second bearing housing holds a bearing;

a rotor comprising:

a rotational shaft rotatably supported by the bearings, wherein the ro-
tational shaft extends into the first and second frameworks;

a rotor core attached to the rotational shaft, wherein the rotor core faces
an inner side of the stator core; and

a first support base and a second support base fixed to the rotor,
wherein the first support base and the second support base are in-
terposed by the rotor core;

a first locking member movably coupled to the first framework,
wherein the first locking member is configured to move along the axial
direction of the rotational shaft toward a side of the rotor core to
contact the first support base and fix the rotor; and

a second locking member movably coupled to the second framework,
wherein the second locking member is configured to move along the
axial direction of the rotational shaft toward a side of the rotor core to
contact the second support base and fix the rotor.

The motor of claim 1, wherein:

the second framework further comprises an outward ring-shaped first
protrusion at an inner opening of the second framework at a side of the
second bearing housing;

the second bearing housing further comprises a flange formed with a
ring-shaped groove;

the second framework is configured to engage the first protrusion with
the groove;

the second locking member further comprises an outward ring-shaped

second protrusion; and
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the second locking member is configured to engage an outer peripheral
surface of the outward ring-shaped protrusion with an inner peripheral
surface of the second framework.

The motor of claim 1, wherein:

the second framework further comprises an outward ring-shaped first
protrusion and an inward ring-shaped second protrusion;

the second bearing housing further comprises a flange integrally
formed with a ring-shaped groove;

the second framework is configured to engage the first protrusion with
the groove; and

the second locking member is configured to engage an outer peripheral
surface of the second locking member with an inner peripheral surface
of the second protrusion.

The motor of claim 1, wherein:

the second framework further comprises an outward ring-shaped first
protrusion formed at an end of an opening at a side of the second
bearing housing;

the second bearing housing further comprises a flange formed with a
ring-shaped groove;

the second framework is configured to engage the first protrusion with
the groove;

the second locking member further comprises an outward ring-shaped
second protrusion;

the second locking member is configured to contact an inner surface of
the second framework, engage an outer peripheral surface of the second
protrusion with an inner peripheral surface of the opening at the side of
the second bearing housing, and engage an inner peripheral surface of
the second protrusion with an outer peripheral surface of the second
bearing housing.

The motor of claim 1, wherein:

the second framework further comprises an outward ring-shaped first
protrusion formed at an end of an opening at a side of the second
bearing housing;

the second bearing housing further comprises a flange formed with a
ring-shaped groove;

the second framework is configured to engage the first protrusion with
the groove and contact an outer peripheral surface of the first protrusion

with the second bearing housing;
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the second locking member further comprises an outward ring-shaped
second protrusion; and

the second locking member is configured to engage an outer peripheral
surface of the second protrusion with an inner peripheral surface the
opening of the second framework at the side of the second bearing
housing, and engage an inner peripheral surface of the second
protrusion with an outer peripheral surface of the second bearing
housing.

A motor comprising:

a cylindrical stator core;

a first framework fixed to the first side of the stator core in an axial
direction;

a first bearing housing fixed to the outside of the first framework,
wherein the first bearing housing holds a bearing;

a second framework fixed to the second side of the stator core in the
axial direction;

a second bearing housing fixed to the outside of the second framework,
wherein the second bearing housing holds a bearing;

a rotor comprising:

a rotational shaft rotatably supported by the bearings, wherein the ro-
tational shaft extends into the first and second frameworks;

a rotor core attached to the rotational shaft, wherein the rotor core faces
an inner side of the stator core; and

a first support base and a second support base fixed to the rotor,
wherein the first support base and the second support base are in-
terposed by the rotor core;

a first locking member movably coupled to the first framework,
wherein the first locking member is configured to move along the axial
direction of the rotational shaft toward a side of the rotor core to
contact the first support base and fix the rotor;

a second locking member movably coupled to the second framework,
wherein the second locking member is configured to move along the
axial direction of the rotational shaft toward a side of the rotor core to
contact the second support base and fix the rotor;

a first partition plate fixed to the rotor between the rotor core and a first
bearing portion; and

a second partition plate fixed to the rotor between the rotor core and a

second bearing portion.
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The motor according to claim 6, wherein:

the first framework and the second framework further comprise a
framework engagement portion comprising an outer ring-shaped
portion and an inner ring-shaped portion defining a framework channel;
the first partition plate and the second partition plate further comprise a
plate engagement portion comprising an outer ring-shaped portion and
an inner ring-shaped portion defining a partition plate channel;

the first partition plate and the second partition plate are configured to
engage the outer ring-shaped portion of the plate engagement portion
with the framework channel and engage the inner ring-shaped portion
of the framework engagement portion with the partition plate channel;
and

the first partition plate and the second partition plate are rotatable in-
tegrally with the rotational shaft.

The motor according to claim 7, wherein the first partition plate
comprises a plurality of fins on an surface of the first partition plate
facing the first bearing housing and the second partition plate
comprises a plurality of fins on an surface of the second partition plate
facing the second bearing housing.

The motor according to claim 8, wherein the second framework further
comprises a bracket formed with a metal material that is different from
the other members; and

wherein the bracket comprises a ring-shaped first protruding portion
doubly engaged with the side of the stator core and a ring-shaped
second protruding portion engaged with a groove formed in the second
bearing housing.

The motor according to claim 9, wherein a space enclosed by the stator
core, the first framework, the second framework, the first partition
plate, the second partition plate, and the rotor core is substantially
insulated from an outside air.

The motor according to claim 10, wherein the rotor further comprises a
permanent magnet.

The motor according to claim 11, wherein the first support base has a
tapered surface configured to contact the first locking member and the
second support base has a tapered surface configured to contact the
second locking member.

The motor of claim 12, wherein:

the second framework further comprises an outward ring-shaped first
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protrusion at an inner opening of the second framework at a side of the
second bearing housing;

the second bearing housing further comprises a flange formed with a
ring-shaped groove;

the second framework is configured to engage the first protrusion with
the groove;

the second locking member further comprises an outward ring-shaped
second protrusion; and

the second locking member is configured to engage an outer peripheral
surface of the outward ring-shaped protrusion with an inner peripheral
surface of the second framework.

The motor of claim 12, wherein:

the second framework further comprises an outward ring-shaped first
protrusion and an inward ring-shaped second protrusion;

the second bearing housing further comprises a flange integrally
formed with a ring-shaped groove;

the second framework is configured to engage the first protrusion with
the groove; and

the second locking member is configured to engage an outer peripheral
surface of the second locking member with an inner peripheral surface
of the second protrusion.

The motor of claim 12, wherein:

the second framework further comprises an outward ring-shaped first
protrusion formed at an end of an opening at a side of the second
bearing housing;

the second bearing housing further comprises a flange formed with a
ring-shaped groove;

the second framework is configured to engage the first protrusion with
the groove;

the second locking member further comprises an outward ring-shaped
second protrusion;

the second locking member is configured to contact an inner surface of
the second framework, engage an outer peripheral surface of the second
protrusion with an inner peripheral surface of the opening at the side of
the second bearing housing, and engage an inner peripheral surface of
the second protrusion with an outer peripheral surface of the second
bearing housing.

The motor of claim 12, wherein:
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the second framework further comprises an outward ring-shaped first
protrusion formed at an end of an opening at a side of the second
bearing housing;

the second bearing housing further comprises a flange formed with a
ring-shaped groove;

the second framework is configured to engage the first protrusion with
the groove and contact an outer peripheral surface of the first protrusion
with the second bearing housing;

the second locking member further comprises an outward ring-shaped
second protrusion; and

the second locking member is configured to engage an outer peripheral
surface of the second protrusion with an inner peripheral surface the
opening of the second framework at the side of the second bearing
housing, and engage an inner peripheral surface of the second
protrusion with an outer peripheral surface of the second bearing
housing.

A method of maintaining a motor comprising:

removing a fixing bolt from a first framework;

screwing a pushing bolt into the first framework, wherein a first
locking member moves along a rotor into contact with a first support
base of the rotor;

removing a fixing bolt from a second framework;

screwing a pushing bolt into the second framework, wherein a second
locking member moves along the rotor into contact with a second
support base of the rotor;

wherein the contact between the first locking member and the first
support base and the contact between the second locking member and
the second support base fixes the rotor.

The method of claim 17, comprising:

removing a bolt that fixes a first bearing housing to the first framework;
removing the first bearing housing from the motor;

removing a bolt that fixes an end cap to the first bearing housing;
removing the end cap; and

replacing an oil lubrication grease in the outer race of a bearing of the
first bearing housing.

The method of claim 17, comprising:

removing a bolt that fixes an end cap to a second bearing housing;

removing the end cap;
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removing a bolt that fixes an end plate to the end of a rotational shaft of
the rotor;

removing the end plate;

removing a bolt that fixes the second bearing housing to the second
framework;

removing the second bearing housing; and

replacing an oil lubrication grease in the outer race of a bearing of the
second bearing housing.

The method of claim 17, comprising:

removing a bolt that fixes a first bearing housing to the first framework;
removing the first bearing housing from the motor;

removing a bolt that fixes an end cap to the first bearing housing;
removing the end cap;

replacing an oil lubrication grease in the outer race of a bearing of the
first bearing housing;

removing a bolt that fixes an end cap to a second bearing housing;
removing the end cap;

removing a bolt that fixes an end plate to the end of a rotational shaft of
the rotor;

removing the end plate;

removing a bolt that fixes the second bearing housing to the second
framework;

removing the second bearing housing; and

replacing an oil lubrication grease in the outer race of a bearing of the
second bearing housing;

wherein the rotor remains within a stator of the motor.



