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which the outside air is discharged, and the first hous-
ing includes a guide wall extending toward the out-
side in the radial direction, and the second housing in-
cludes a thinned wall portion located inside the guide
wall in the axial direction to constitute the discharge
channel between the thin wall portion and the guide
wall.
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Description

Title of Invention: MOTOR FOR VEHICLE AND RAILWAY
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VEHICLE

Cross-reference to Related Application
This application is based upon and claims the benefit of priority from Japanese Patent
Application No. 2013-135502, filed June 27, 2013, the entire contents of which are in-

corporated herein by reference.

Technical Field

Embodiments described herein relate to a motor for a vehicle and a railway vehicle.
Background Art

According to a typical railway vehicle, running (moving) of the vehicle is realized by
a rotational force which is generated from a main motor (hereinafter abbreviated as a
"motor") attached to a truck disposed below a floor of the vehicle body, and
transmitted to wheels of the truck via a joint (coupling) and a gear unit (gear box).

This type of motor in related art is chiefly constituted by an inductive motor which
includes a cage rotor provided with a rotary iron core, a plurality of rotor bars
embedded in the rotary iron core, and a short-circuit ring which connects extended
portions of the respective rotor bars projected from the rotary iron core in the axial
direction of a rotor shaft and combines the extended portions into one electrical body.

This inductive motor often has a so-called fully enclosed structure which separates
the interior of the motor containing the rotor bars, coils constituting a stator, and other
electrical parts from outside air. This structure adopts such a cooling system for a
motor known in the art which achieves cooling not by introduction of the outside air
into the motor but by airflow of the outside air, the flow caused by two fans rotating
with the rotor shaft, without introducing the outside air into the electrically and mag-
netically cooperating motor components within the enclosure of the fully enclosed
structure.

For example, an inductive motor in related art includes two fans: one positioned
between an iron core supporting member for supporting the rotary iron core and one of
a pair of bearings for supporting both ends of the rotor shaft in such a manner that the
rotor shaft can freely rotate; and the other positioned between the iron core supporting
member and the other bearing. Each of the fans includes a plurality of impellers
provided almost radially on the surface of the fan facing to the outside in the axial
direction. The outer circumferential edge of each of the fans is opposed to a housing
separating the interior of the motor from the outside with an extremely small clearance

between the edge of the fan and the housing, in which clearance a labyrinth seal
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structure is formed. According to the inductive motor thus constructed, the rotary area
and the stationary area are partitioned, constituting the so-called fully enclosed
structure as noted above where the interior components of the motor is separated from
the outside air.

A part of each housing overlies, and thus covers, the fan in the axial direction. This
part of the housing forms a shroud over the interior, fully sealed enclosure, portion of
the motor, to form a cooling passage between the shroud and the sealed enclosure. An
air inlet port is formed in a portion of the housing overlying the fan forming an inlet
port positioned in the vicinity of the bearing on the driving side of the motor, to allow
outside air to flow within the cooling passage past, and cool, the bearing and a side of
the stator adjacent thereto. This air inlet port communicates, through an air channel
formed within the housing, with an air channel which extends through a stator iron
core of the stator in the axial direction, to cool the stator.

An air inlet port and an air outlet port are further formed in the housing covering the
axial outside portion of the fan on the other bearing side. Again, a portion of the
housing forms a shroud spaced from the sealed enclosure of the motor, to form a
cooling passage/ air channel therebetween. The inlet and outlet ports are formed as
openings in the shroud located in the vicinity of the other bearing.

When the rotor shaft of the inductive motor thus constructed rotates, the fans rotate
accordingly. As a result, outside air is introduced through the air inlet ports by a
suction force generated by the impellers formed on the fans. Then, on the one bearing
side, the outside air introduced via the air inlet port sequentially flows as cooling air
through the air channel within the housing and the air channel within the stator iron
core, and then exits through the outlet. During this process, cooling for the one bearing,
cooling for the coils via the stator iron core, and cooling for the rotor bars via the fan,
the iron core supporting member, and the rotor iron core can be simultaneously
achieved.

On the other bearing side, the outside air introduced through the air inlet port flows
toward the air outlet port as cooling air, and then goes out for discharge. During this
process, cooling for the other bearing, and cooling for the rotor bars via the fan, the
iron core supporting member, and the rotor iron core can be simultaneously achieved.

The structure which cools the respective components by using the fans discharges the
outside air via the air channels or the air outlet port to the exterior of the housing after
introducing and utilizing the outside air as cooling air, and therefore generates noise in
the process. When the vehicle speed increases, the number of revolutions of the motor
increases, in which condition noise generation easily occurs. Particularly, the air outlet
port for the fan on the other bearing side located on the side opposite to the coupling in

the axial direction is located in the vicinity of the corresponding fan, i.e., the impellers
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are directly exposed to the external environment through the exhaust port. In this case,
the wind noise generated by the rotation of the impellers is emitted via the air outlet
port to the outside in such a manner as to directly diffuse in a substantially sectored
shape, in other words, along a cone shape formed at the edges of the line of sight to the
impeller through the discharge opening. In contrast, the air exhaust from the driving
side of the motor crosses the motor and exhaust at the non-driving side of the motor,
remote from the fan. Accordingly, noise generation tends to easily increase when the
fan rotates at a higher speed.

There are several methods considered as possible solutions to reduction of the noise
generated from the fan disposed on the other bearing, non-driving, side, including a
structure which decreases the opening area of the air outlet port, and a structure which
positions the air outlet port away from the impellers so as to reduce the diffusion angle
of the noise, for example. According to these methods, however, the amount of air
flow is restricted and thus decreases, in which condition sufficient cooling effects are
difficult to be provided.

Particularly, in the case of the structure which located the air outlet port away from
the impellers, a guide is formed as a portion projecting in such a manner as to extend
from the casing to the outside in the axial direction of the motor, for example. In this
case, if the channel length of the cooling air becomes sufficiently long, and the air
outlet port can be disposed away from the impellers. According to this structure,
however, it is difficult to maintain the size of the envelope of the motor and housings
to the size of the motor and housings established beforehand, i.e., the constrained space
into which the motor and housing may be fitted in the trucks of the train.

In general, the motor attached to the truck has a severe size design limit determined
beforehand, i.e., dictated by the available space in the truck, regardless of the type of
motor.

More specifically, the motor is attached to the truck in such a condition that the axial
direction of the rotor shaft is dictated by the lateral width direction of the vehicle.
According to this structure, the motor is disposed in the space between the opposed
wheels. In this case, at least a coupling and a gear box are also provided between the
wheels and the motor. Accordingly, it is needed to position at least the motor, the
coupling, and the gear box close to each other within the limited space between the
wheels, imposing severe limitations on the size of the motor in the axial direction. In
addition, the motor is attached between the cross beam of the truck and the axle in the
front-rear direction of the vehicle. Thus, a severe limitation is also imposed on the size
of the motor in the radial and width directions.

Accordingly, it is required to design the motor within the range of the severe lim-

itations discussed above. Particularly, the size of the motor is an important factor
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which affects the output and performance of the motor, wherefore the motor needs to
be designed based on sufficient experiences and various types of skills. In other words,
it is essential to design the motor while utilizing technologies capable of securing the
maximum output and performance, skills for improving the structure of the motor, and

other techniques without exceeding the limited size.
However, when the guide extends from the casing as in the structure discussed

above, the size increases by the amount of extension. In this case, it is difficult to size
the motor within the predetermined size limitation or constraint and simultaneously
extend the exhaust port away from the fan impellers to reduce noise.

Brief Description of Drawings

[fig. 1]FIG. 1 illustrates a railway vehicle according to a first embodiment.

[fig.2]FIG. 2 is a top view of a truck provided below the floor of a vehicle body shown
in FIG. 1.

[fig.3]FIG. 3 is a cross-sectional view taken along a line B-B in FIG. 2.

[fig.4]FIG. 4 is a vertical cross-sectional view of a motor shown in FIG. 2.

[fig.5]FIG. 5 is a partial side view of the motor shown in FIG. 4 as viewed from the
side opposite to the driving side.

[fig.6]FIG. 6 is an enlarged cross-sectional view illustrating an enlarged area around a
discharge channel of the motor shown in FIG. 4.

[fig.7]FIG. 7 is a side view of an air inlet port and the discharge channel shown in FIG.
6 as viewed from the side opposite to the driving side.

[fig.8]FIG. 8 schematically illustrates the relationship between the cross-sectional area
of an entrance port of the discharge channel shown in FIG. 6 and the cross-sectional
area of an exit port of the discharge channel.

[fig.9]FIG. 9 is a partial cross-sectional view of a motor according to a second em-
bodiment, illustrating an enlarged cross section around a discharge channel.

[fig. 10]FIG. 10 is a side view of an air inlet port and the discharge channel shown in
FIG. 9 as viewed from the side opposite to the driving side.

[fig. 11]FIG. 11 is a partial cross-sectional view of a motor according to a third em-
bodiment, illustrating an enlarged cross section around a discharge channel.

[fig. 12]FIG. 12 is a side view of an air inlet port and the discharge channel shown in
FIG. 11 as viewed from the side opposite to the driving side.

[fig.13]FIG. 13 is a partial cross-sectional view of a motor according to a fourth em-
bodiment, illustrating an enlarged cross section around a discharge channel.
[fig.14]FIG. 14 is a side view of an air inlet port and the discharge channel shown in
FIG. 13 as viewed from the side opposite to the driving side.

[fig. 15]FIG. 15 is a side view illustrating a modified example of the fourth em-
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bodiment, showing a discharge channel provided with ribs as viewed from the side
opposite to the driving side.

[fig.16]FIG. 16 is a partial cross-sectional view of a motor according to a fifth em-
bodiment, illustrating an enlarged cross section around a discharge channel.
[fig.17]FIG. 17 is a side view of an air inlet port and the discharge channel shown in
FIG. 16 as viewed from the side opposite to the driving side.

[fig. 18]FIG. 18 is a partial cross-sectional view of a motor according to a sixth em-
bodiment, illustrating an enlarged cross section on the side opposite to the driving side.
Description of Embodiments

In general, according to one embodiment, it is an object to be achieved by the re-
spective examples of the embodiment to provide a motor capable of reducing noise
while limiting the size of the motor to the range of a size limitation determined be-
forehand without decreasing the output performance of the motor.

According to an embodiment, a railway motor has a driven side from which the drive
shaft of the motor extends, and the motor housing on the side of a railway motor
opposite to the driven side includes an inlet, and an outlet, wherein the outlet is
configured to direct the exhaust, and the noise associated with the fan impellers, in a
direction away from the carriage of the motor and to a location distant from the fan
impeller. In one aspect, this is provided by forming the side housing of the motor to
include an inner wall and a shroud, such that a discharge channel is formed between
the shroud and inner wall of the case housing, and forming an exhaust port therewith
having an inwardly tapered exhaust opening. In this aspect, the channel may have an
arcuate shape, and an inlet channel may be formed thereadjacent, also of an arcuate
shape. The cross section of the inlet and exhaust ports may be provided to be ap-
proximately equal, despite the tapering of the channel from the inlet to the outlet side.
In another aspect, the outer wall, or shroud, of the casing, and the discharge channel
opening, does not extend outwardly further than other components of the case along
the same side of the case. Additionally, the line of sight between the fan and the
opening of the channel to the exterior extends away from the train carriage to direct fan
noise away from the train carriage.

According to another embodiment, a motor for a vehicle includes: a rotor shaft
rotating around an axis; a rotor iron core fixed to the rotor shaft; a stator iron core
disposed outside the rotor iron core in a radial direction; a casing accommodating the
rotor iron core and the stator iron core inside thereof, and supporting each of both axial
ends of the rotor shaft via a bearing such that the rotor shaft is rotatable; an air inlet
port formed in a portion of the casing outside the bearing in the radial direction; and a

fan provided between the rotor iron core and the bearing and rotating with the rotor
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shaft to introduce outside air through the air inlet port, wherein a portion of the casing
positioned outside impellers of the fan in the axial direction forms a first housing and a
second housing constituting a discharge channel through which the outside air is
discharged, the first housing includes a guide wall extending toward the outside in the
radial direction, and the second housing includes a thin wall portion having a thinner
wall thickness than that of the other area of the second housing and is located inside
the guide wall in the axial direction to constitute the discharge channel between the

thin wall portion and the guide wall.
A railway vehicle according to an embodiment includes: the motor; and a vehicle

body to which the motor is attached in such a condition that the motor is be carried
below the floor of the vehicle body via a truck.

Exemplary embodiments are hereinafter described with reference to the drawings.

Example 1

<First Embodiment>

<Structure of Railway Vehicle>

As illustrated in FIG. 1, a railway vehicle 1 according to this embodiment includes a
vehicle body 2, and motors (motors for a vehicle) 4 provided below the floor of the
vehicle body 2 via trucks 3.

A power converter (not shown) for a vehicle is attached below the floor of the
vehicle body 2, for example. The power converter for a vehicle converts direct current
power supplied from wiring 5 via pantographs 6 or direct current power supplied from
a power supply source (not-shown)into alternating current power, and supplies the al-
ternating current power to the motors 4 and various types of not-shown electric
equipment (such as air conditioners) provided on the vehicle body 2.

According to this embodiment, a direction connecting the front and rear of the
vehicle body 2 is referred to as a "front-rear direction L1", a width direction of the
vehicle body 2 is referred to as a "left-right direction L.2", and a height direction of the
vehicle body 2 is referred to as an "up-down direction L3".

The trucks 3 are attached below the floor of the vehicle body 2 with shock absorbing
devices 7 such as air springs interposed between the floor and the trucks 3. Left and
right wheels 8 are supported on each of the trucks 3 to ride on rails. The motors 4 are
attached in such positions as to be located in the vicinity of each of the wheels 8.

This structure is now specifically explained. As illustrated in FIGS. 2 and 3, the truck
3 has a truck beam 3b which has a substantially H shaped in plan view and contains a
beam portion 3a extending in the left-right direction L2 of Fig. 2. The shock absorbing
devices 7 discussed above are provided above the beam portion 3a with a clearance left

between each of the shock absorbing devices 7 in the left-right direction L2. The truck
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beam 3b is attached below the floor of the vehicle body 2 with the two shock absorbing
devices 7 interposed between the truck beam 3b and the floor.

The shape of the truck beam 3b, the number of the shock absorbing devices 7, the in-
stallation position and other conditions are not limited to the corresponding conditions
in this embodiment.

Two axles 10, each connecting left and right wheels 8, are provided on the truck
beam 3b with the beam portion 3a interposed between the two axles 10 in the front-
rear direction L1. The axles 10 are attached via shaft bearing boxes 3c (see FIG. 1)
provided within the truck beam 3b. The motors 4 are fixed to the beam portion 3a in
such a condition as to be located between the beam portion 3a and each of the two
axles 10. More specifically, upper attachment arms 11a and lower attachment arms 11b
attached to casings 40 (described later with respect to Fig. 4) of the motors 4 as one
body are fixed to attachment seats formed on the beam portion 3a side via not-shown
fastening members such as bolts. According to this structure, each of the two motors 4
is fixed so as to be positioned between an axle 10 and the beam portion 3a and between
the left and right wheels 8 of the axle 10.

In this case, each of the motors 4 is fixed such that a rotor shaft 31 (described later)
extends in parallel with the axle 10 (i.e., is disposed in the left-right direction L.2). The
rotor shaft 31 of each of the motors 4 is connected with a driving shaft 13a projecting
from a gear box (gear unit) 13 via a coupling (joint) 12. There are positioned within the
gear box 13 at least a gear 13b (shown in phantom in Fig. 2) mechanically connected
with the axle 10, and a pinion 13c¢ (shown in phantom in Fig. 2) engaging with the gear
13b and mechanically connected with the driving shaft 13a.

According to this structure, the motors 4 rotate by supplied alternating current power,
and transmit rotational forces generated thereby to the axles 10 and the wheels 8 via
the gear boxes 13 to allow running (movement of the railway vehicle 1.

While the figure shows the example in which the two motors 4 are offset from each
other in the left-right direction L2 and fixed in such conditions that the respective rotor
shafts 31 project in opposite directions, the embodiment is not limited to this example.

(Structure of Motor)

The details of the motors are now explained.

As illustrated in FIG. 4, each of the motors 4 is a main motor for vehicle driving,
constituted by a fully enclosed type motor which includes a stator 20, a rotor 30 having
the rotor shaft 31 rotating around an axis O, and a casing 40 covering the circum-
ferences of the stator 20 and the rotor 30, and accommodating at least stator coils 22 of
the stator 20 and rotor bars 35 of the rotor 30 within the casing 40.

According to this embodiment, the direction perpendicular to the axis O is referred to

as a radial direction, while the direction along the circumference around the axis O is
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referred to as a circumferential direction. The rotor shaft 31 is disposed in parallel with
the axle 10 (Fig. 2), wherefore the axial direction of the rotor shaft 31 extends in the
left-right direction L2. Among the axial directions, the side where the rotor shaft 31
connects with the coupling 12 is referred to as the driving side, while the side opposite
to this side is referred to as the side opposite to the driving side.

(Stator)

The stator 20 includes a stator iron core 21 and the stator coils 22.

The stator iron coil 21 has a ring shape formed by laminating a plurality of iron core
layers on the outside of a rotor iron core 32 of the rotor 30 in the radial direction. In
this case, both sides of the stator iron core 21 in the left-right direction L2 are
sandwiched between a pair of annular iron core supporting members 23. The stator
iron core 21 is supported by the casing 40 via the pair of the iron core supporting
members 23.

A connecting plate 24 for connecting the pair of the iron core supporting members 23
is attached to the outer circumferential surface of the stator iron core 21 in such a
manner as to cover the stator iron core 21 from the outside in the radial direction. The
connecting plate 24 may be formed as a single annularly shaped member for covering
the entire circumference of the stator iron core 21, or may be provided as discrete parts
spaced from each other in the circumferential direction to cover a part of the stator iron
core 21.

Plural grooves (not-shown), extending in the left-right direction L2, are formed on
the inner circumferential side of the stator iron core 21 while spaced from each other in
the circumferential direction. The stator coils 22 are embedded in these plural grooves.
In this case, a coil end 22a of each of the stator coils 22 projects in such a manner as to
extend from the stator iron core 21 to either side thereof in the left-right direction L2.

An air channel R1, which extends through the stator iron core 21 in the left-right
direction L2, is formed on the outer circumferential side of the stator iron core 21.
Communication bores 23a communicating with the air channel R1 are formed in the
respective iron core supporting members 23 in such a manner as to extend through the
iron core supporting members 23.

(Rotor)

The rotor 30 is an inner rotor disposed inside, i.e., radially within the envelope of, the
stator 20, and is configured to rotate around the axis O. The rotor 30 includes a rotor
shaft 31 extending in the left-right direction L2, and a rotor iron core 32 fixed to the
rotor shaft 31.

The rotor shaft 31 is inserted into, the interior of the casing 40 from the driving side
and extends across, and is supported by, bearings 33A, 33B both housings 41A, 41B of
the casing 40. One end of the rotor shaft 31 positioned on the side opposite to the
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driving side is supported by a bearing 33A, while the other end positioned on the
driving side is supported by a bearing 33B. As explained above, the other end of the
rotor shaft 31 (extending to the right of Fig. 4) is connected with the driving shaft 13a
of the gear box 13 via the coupling 12.

While the figure shows the example which contains the rotor shaft 31 comprising a
multistage shaft whose radius varies along the axial direction, the embodiment is not
limited to this example.

The rotor iron core 32 is ring-shaped and fixed to the rotor shaft 31 in such a position
as to be located within the stator iron core 21 in the radial direction. In this case, a pre-
determined annular air gap (clearance) is secured throughout the circumference
between the outer circumferential surface of the rotor iron core 32 and the inner cir-
cumferential surface of the stator iron core 21. The rotor iron core 32 is fixed to the
rotor shaft 31 in such a condition as to be sandwiched between a pair of annular rotor
iron core supporting members 34 from both sides in the left-right direction L2.

A plurality of grooves, (not shown) extending in the left-right direction L2 are
formed on the outer circumferential side of the rotor iron core 32 while spaced from
each other in the circumferential direction. One or more rotor bars 35 are embedded in
each of the plural grooves. In this case, bar ends 35a of each of the rotor bars 35 extend
from the rotor iron core 32 to the sides thereof in the left-right direction L2. The bar
ends 35a of the respective rotor bars 35 are combined into one body (i.e., electrically
interconnected) by an annular short-circuit ring 36. According to this structure, the
rotor 30 functions as a cage rotor constituting an inductive motor.

(Casing)

The casing 40 discussed above includes a pair of annular bearing housings 41A and
41B disposed around the pair of the bearings 33A and 33B in the radial direction, and a
pair of connecting housings 42A and 42B cylindrically shaped to surround the rotor
shaft 31 from the outside in the radial direction and connecting between the bearing
housings 41A and 41B and the iron core supporting members 23. The casing 40 has a
substantially cylindrical shape whose left and right ends are closed by the bearing
housings 41A and 41B and the connecting housings 42A and 42B, and it supports the
rotor shaft 31 via the bearings 33A and 33B such that the rotor shaft 31 can freely
rotate.

Connections between the bearing housings 41A and 41B and the connecting
housings 42A and 42B, and between the connecting housings 42A and 42B and the
iron core supporting members 23 are made by fastening members such as bolts.
However, these connections are not limited to the type shown in this example but may
be made by engagement fixation, welding or other methods.

The bearing housings 41 A and 41B provided as components different from the



10

WO 2014/207966 PCT/JP2014/000271

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

connecting housings 42A and 42B in this example may be formed integrally with the
connecting housings 42A and 42B.

Each of the spaces between the bearing housing 41A positioned on the side opposite
to the driving side and the rotor shaft 31, and between the bearing housing 41B po-
sitioned on the driving side and the rotor shaft 31 has a labyrinth structure to secure
sealing for these spaces.

Covers 47 and 48 are attached to the portions of the pair of the bearing housings 41A
and 41B, respectively, located outside the bearings 33A and 33B in the left-right
direction L2.

The cover 47 positioned on the side opposite to the driving side is disc-shaped and
fixed to the bearing housing 41A by a fastening member such as a bolt in such a
manner as to cover the bearing 33A from the outside in the left-right direction L2.
According to this structure, one end of the rotor shaft 31 is closed within the interior of
the casing 40.

On the other hand, the cover 48 positioned on the driving side is annularly shaped
and fixed to the bearing housing 41B by a fastening member such as a bolt in such a
manner as to surround the rotor shaft 31 from the outside in the radial direction.

According to the example shown in Fig. 4, the pair of bearings 33A and 33B are
rolling bearings each of which has an inner ring fixed to the rotor shaft 31 and an outer
ring fixed to the bearing housings 41A or 41B with rolling elements such as balls
provided between both the rings.

The bearings 33A and 33B are not limited to rolling bearings but may be any types of
bearings as long as the bearings can support the rotor shaft 31. In addition, radial
bearings, thrust bearings or other bearings may be appropriately selected in accordance
with the direction of the load to be applied.

Each of the connecting housings 42A and 42B has a part forming a partitioning wall
50 which extends toward the inside in the left-right direction L2 and function to
partially enclose (in conjunction with fans 60), components such as the stator coils 22
and the rotor bars 35 therein, and form air ducts exterior to the enclosed stator coils 22
and the rotor bars 35 to enable cooling thereof in cooperation with fans 60 (as
described later herein).

The connecting housing 42B positioned on the driving side has an air channel R2
communicating with the foregoing air channel R1 formed in the stator iron core 21.
The air channel R2 is located inside the connecting housing 42B (rotor shaft 31 side)
and outside the partitioning wall 50. On the other hand, the connecting housing 42A
positioned on the side opposite to the driving side has an air outlet port 51 located in
the connecting portion between the connecting housing 42A and the iron core

supporting member 23. The air outlet port 51 communicates with the communicating
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bore 23a formed in the iron core supporting member 23, and opens to the outside of the
casing.

Therefore, the air channel R2 formed in the connecting housing 42B and the air
outlet port 51 communicate with each other via the air channel R1 formed in the stator
iron core 21 and the communicating bore 23a formed in the iron core supporting
member 23.

Moreover, the upper attachment arm 11a and the lower attachment arm 11b
discussed above (see FIGS. 2 and 3) are attached to the stator 20 in such a manner as to
project from the upper side and the lower side of the stator 20 or the exterior annular
member 24 covering the stator, respectively, and extend outwardly of the casing 40 to
be secured to the beam portion 3a of the truck 3.

(Air Inlet Ports of Casing)

Air inlet ports 55 and 56 are formed in the casing 40 in the area located radially
outside of the location of the bearings 33A and 33B in the housings 41A, 41B.

The air inlet ports 55 positioned on the driving side are formed in such a manner as
to extend through bearing housing 41B, such that the exterior wall of the housing 41B
provides a shroud forming the outer wall of an air flow passage R2. In this case, the air
inlet ports 55 are of a circular shape as viewed from the side, for example, and are in-
termittently disposed, and spaced from each other, in the circumferential direction
along the side of the casing 40. The air inlet ports 55 are not limited to the type shown
in the figure. The shape, the number or other conditions of the air inlet ports 55 may be
varied in appropriate manners.

On the other hand, the air inlet port 56 positioned on the side opposite to the driving
side is located in the area below the bearing 33A, and so configured so as to extend
through the bearing housing 41 A and the connecting housing 42A, and extend in a
circular-arc shape in the circumferential direction as illustrated in FIGS. 4 and 5.

(Fans)

As illustrated in FIG. 4, the two fans 60 are located within the casing 40 constructed
as above, one and the other of which are positioned between the rotor iron core 32 and
the bearing 33A and between the rotor iron core 32 and the bearing 33B, respectively.
The fans 60 rotate with the rotor shaft 31 to introduce outside air A through the air
inlet ports 55 and 56.

Each of the fans 60 includes a cylindrical main plate 60a expanding outward in the
left-right direction L2 from the inner circumferential edge to the outer circumferential
edge of the main plate 60a, and impellers 60b provided on the outer surface (surface
facing to the bearing housing 41 A or 41B) of the main plate 60a, constituting the
external general appearance in the shape of a substantially circular truncated cone.

The impellers 60b of each of the fans 60 are positioned outside the air inlet ports 55
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and 56 in the radial direction, and radially disposed around the axis O.

The fan 60 located on the driving side is attached to the rotor shaft 31 by engagement
between the inner circumferential edge of the fan 60 and the rotor shaft 31, and is also
maintained in a condition of contact (tight contact) between the fan 60 and the rotor
iron supporting member 34. On the other hand, the fan 60 positioned on the side
opposite to the driving side is attached to the rotor iron supporting member 34 by en-
gagement between the inner circumferential edge of the fan 60 and the rotor iron core
supporting member 34 in a condition of contact between the fan 60 and the rotor iron
supporting member 34. According to this structure, each of the fans 60 rotate along
with the rotor shaft 31 in the spaces between the rotor iron core 32 and the bearings
33A or 33B.

The positions of the fans 60 are not limited to the positions shown in this example.

The outer circumferential edge (furthest radial extent) of the main plate 60a of each
of the fans 60 is disposed to be opposed to the inner circumferential end of the par-
titioning wall 50 of the connecting housings 42A or 42B with a clearance between the
edge of the main plate 60a and the end of the partitioning wall 50. The outer circum-
ferential edge of the main plate 60a and the inner circumferential end of the par-
titioning wall 50 constitute labyrinth seal for sealing the clearance between the two
components in cooperation with each other.

According to this structure, the stator coils 22 and the rotor bars 35 are ac-
commodated within inner spaces R3 surrounded by the partitioning walls 50 and the
main plates 60a of the fans 60 in such a condition as to be separated from the outside
air A introduced by the fans 60. In other words, a fully enclosed, air cooled structure is
formed.

Accordingly, outside air A introduced by the fans 60 can be utilized for cooling the
motor 4 without the outside air A entering into the inner spaces R3 where the rotor and
stator components are maintained.

The outside air A introduced by the fan 60 located on the driving side flows within
the air channel R2 formed in the connecting housing 42B, and exits out through the air
outlet port 51 for discharge. During this process, cooling can be achieved. The details
of this mechanism will be explained later.

(Outside Air Discharge Structure on Side Opposite to Driving Side)

Discharge of the outside air A introduced by the fan 60 positioned on the side
opposite to the driving side is now explained.

As illustrated in FIG. 6, a first portion 65 of housing 42A forms a shroud or guide
wall 65a and a second portion 66 of housing 42A positioned on the side opposite to the
driving side, which area corresponds to the lower part (track side) of the connecting
housing 42A located outside the impellers 60b of the fan 60 in the left-right direction
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L2 (outside in the axial direction)together form a discharge channel 70 through which
the outside air A is discharged is formed between the housing portions 65 and 66.

The first portion 65 which forms a shroud or guide wall 65a is connected with the
bearing housing 41A, such that the guide wall 65a extends downwardly (toward the
outside in the radial direction) as illustrated in FIGS. 6 and 7. The first portion 65 may
alternatively be a separate element from the housing 42A, or an integral extension of
bearing housing 41A.

The guide wall 65a is located in such a position that the root of the guide wall 65a
lies substantially outside the impellers 60b of the fan 60 in the left-right direction L2.
The guide wall 65a extends from this root and is curved downwardly and axially
outwardly, whereby the tip portion of the guide wall 65a extends almost perpen-
dicularly to the shaft 31 direction, in the up-down direction L3 (along the plane per-
pendicular to the axis O).

As illustrated in FIG. 6, the second portion 66 is connected to the iron core
supporting member 23, and has a thin wall portion 66a disposed inside of the guide
wall 65a of the first portion 65 in the left-right direction L2 (inside in the axial
direction) and, in conjunction with the guide wall 65a, forms the discharge channel 70
in the space between the thin wall portion 66a and the guide wall 65a.

The thin wall portion 66a, in the area facing the guide wall 65a, has a thinner wall
thickness than that of the remainder of the second portion 66 of the housing 42A,
which thinner section corresponds to a recess on the outer surface side of the par-
titioning wall 50. The thin wall portion 66a extends from a position outside of, and
spaced from, the impellers 60b of the fan 60 in the radial direction to a position located
below the tip of the guide wall 65a.

According to the example shown in , wall thickness T1 of thin wall portion 66a is ap-
proximately half wall thickness T2 of other of second 66. On the hand, a thickness T3
of the guide wall 65a is substantially the same as the wall thickness T1 of thin wall
portion 66a. Thus, sum of thickness of guide wall 65a and the of thin wall portion 66a
is approximately same as the thickness of other area of the second 66. Te thicknesses
of thin wall portion 66a and guide wall 65a are not limited to the thicknesses es-
tablished in this example, but may be varied in appropriate manners.

he guide wall 65a is disposed closer to second 66 by the amount of thin wall portion
66a. Accordingly, of guide wall 65a outwardly of the side of the case 40 beyond the
extension of other elements, such as bearing cover 47 in the left-right direction L2 is
effectively suppressed as compared to prior art cases. Thus, the position of the tip of
the guide wall 65a and the cover 47 covering the bearing 33A positioned on the side
opposite to the driving side from the outside in the left-right direction L2 are located

substantially in the same plane.
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The guide wall 65a and the thin wall portion 66a are both configured to extend in
circular-arc shapes in the circumferential direction similarly to the air inlet port 56. Ac-
cordingly, the discharge channel 70 formed between the guide wall 65a and the thin
wall portion 66a is also formed in a circular-arc shape in the circumferential direction
as illustrated in FIGS. 5 and 7.

As illustrated in FIG. 6, the guide wall 65a and the thin wall portion 66a are so
disposed as to approach each other in the direction from an entrance port 70a to an exit
port 70b of the discharge channel 70, such that the discharge channel 70 narrows
toward the exit port 70b. Accordingly, the space between the guide wall 65a and the
thin wall portion 66a at the exit port 70b is narrower than at the entrance port 70a in
the discharge channel 70. In other words, comparing a shortest distance G1 between
the guide wall 65a and the thin wall portion 66a at the entrance port 70a with a shortest
distance G2 between the guide wall 65a and the thin wall portion 66a at the exit port
70b, the smallest distance G2 at the exit port 70b is made smaller than the smallest
distance G1 at the entrance port 70a.

The smallest distance in this context refers to the smallest distance between the guide
wall 65a and the thin wall portion 66a in the plane perpendicular to the flow line of the
outside air A flowing within the discharge channel 70.

According to the structure including the discharge channel 70 constructed above, the
outside air A introduced by the fan 60 positioned on the side opposite to the driving
side flows from the entrance port 70a through the inside of the discharge channel 70,
and goes out through the exit port 70b to be discharged. Cooling can be achieved
during this process. The details of this mechanism will be described later.

<Operation and Advantage>

The operation of the motor 4 having the structure described above is now explained.

During operation of the railway vehicle 1, alternating current power from the power
converter for the vehicle is supplied to the stator coils 22. As a result, a rotating
magnetic field is produced in the stator coils 22, and a current is thereby induced in the
rotor bars 35 of the rotor 30 disposed within the rotating magnetic field. By the in-
teraction between the current and the rotating magnetic field, torque is generated and
causes rotation of the rotor 30 around the axis O. This rotational force is transmitted to
the gear box 13 via the coupling 12, and further transmitted from the gear box 13 to the
axles 10 and the wheels 8. Accordingly, the wheels 8 are driven to allow running of the
railway vehicle 1.

When the rotor shaft 31 of the rotor 30 rotates, the pair of fans 60 rotate in ac-
cordance with the rotation of the rotor shaft 31. As a result, outside air A can be in-
troduced through the air inlet ports 55 and 56 as illustrated in FIG. 4.

The outside air A introduced by the fan 60 positioned on the driving side flows along
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the radial direction of the case, within the air passage, caused by the rotational force of
the impellers 60b of the fan 60, and the air thus flows into the air channel R2 formed in
the connecting housing 42B. Then, the outside air A continues to flow through the air
channel R1 formed in the stator iron core 21, and goes out through the air outlet port
51 for discharge.

The outside air A during the period from introduction to discharge can be used for
cooling the bearing 33B, the rotor 30, and the stator 20.

More specifically, the fan 60 itself at first, and then the bearing 33B can be cooled by
using the introduced outside air A. Heat of the rotor 30 chiefly generated from the rotor
bars 35 is transmitted to the body of the fan 60 through the rotor iron core supporting
member 34, wherefore the entire rotor 30 can be cooled by cooling the fan 60 with the
air flow therepast. Accordingly, the rotor 30 and the bearing 33B can be initially
cooled.

Then, the stator iron core 21 can be cooled by the outside air A flowing through the
air channel R1 within the stator iron core 21. Heat generated from the stator coils 22 is
transmitted to the stator iron core 21. Thus, the entire stator 20 can be cooled by
cooling the stator iron core 21.

Accordingly, the bearing 33B, the rotor 30, and the stator 20 can be cooled by using
the outside air A introduced by the fan 60 positioned on the driving side.

On the other hand, the outside air A introduced by the fan 60 positioned on the side
opposite to the driving side is caused to flow in the radial direction by the rotational
force of the impellers 60b of the fan 60 as illustrated in FIGS. 6 and 7, and thence
flows into the entrance port 70a of the discharge channel 70 formed between the guide
wall 65a of the first housing 65 and the thin wall portion 66a of the second housing 66.
Then, the outside air A flows through the discharge channel 70, and radially exits as
viewed in the side view through the exit port 70b.

During the period from introduction to discharge, the outside air A can be used for
cooling the bearing 33A and the rotor 30, similarly to that of the cooling for the driving
side.

As apparent from above, the pair of bearings 33A and 33B, the rotor 30, and the
stator 20 can be cooled by using the outside air A introduced and circulated by the pair
of the fans 60. In this case, the output and performance of the motor 4 meeting the
design values can be achieved without increasing the temperature of the motor 4 even
when the motor 4 has the fully enclosed structure. Moreover, temperature increases in
the bearings 33A and 33B, and the need for lubricating oil for lubricating these
bearings 33A and 33B, can be avoided. In this case, the lives of the bearings 33A and
33B can be extended, and the rotor shaft 31 can be rotationally supported in a stable

condition. Accordingly, the output of the motor can be easily maintained over a longer
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includes the downwardly extending shroud or guide wall 65a. Thus, the outside air A
can be discharged, in a downward direction, guided by the shroud guide wall 65a.
Moreover, the discharge channel 70 can be elongated by the length of the guide wall
65a extending over the thin wall portion 66a, wherefore the position of the exit port
70b of the discharge channel 70 can be shifted away from the impellers 60b.

Accordingly, the conduit formed of the discharge channel 70 causes the diffusion
angle (discharge angle) D associated with discharge of the outside air A to be smaller;
wherefore the wind noise of the impellers 60b generated by the air discharged to the
outside can be decreased. This effect contributes to noise reduction.

Additionally, because the thin wall portion 66a of the second housing 66 is disposed
inside the guide wall 65a of the first housing 65 in the left-right direction L2 and
opposed to the guide wall 65a so as to form the discharge channel 70 in the space
between the thin wall portion 66a and the guide wall 65a, the guide wall 65a can be
shifted inward in the left-right direction L2 by the amount of reduction of the wall
thickness of the thin wall portion 66a while securing a sufficient cross-sectional area of
the exit port 70b (surface perpendicular to the flow line of the outside air A) to
maintain a constant cross section of the discharge channel 70.

Therefore, projection of the guide wall 65a to the outside, in the left-right direction
L2, from the other adjacent portions of the casing 40 can be avoided, while
maintaining preferable cooling efficiency and achieving noise reduction. Accordingly,
an increase in the general size of the motor 4 otherwise required to ensure an adequate
size of the discharge channel 70 can be avoided.

More specifically, the motor 4 is disposed between the left and right wheels 8
together with the gear box 13 and the coupling 12 as illustrated in FIG. 2. In this case,
the axial size or space S1 available for fitting of the motor 4 is severely limited, and is
dictated by the size of the truck, axle and wheel components. Moreover, the motor 4 is
disposed between the axles 10 and the beam portion 3a of the truck 3 as illustrated in
FIGS. 2 and 3. In this case, the radial size or space S2 into which the motor 4 can be fit
also has severe limitations, similar to the limits on the axial size S1.

According to this embodiment, projection of the guide wall 65a from the casing 40
sidewalls is reduced or eliminated. Accordingly, the size of the motor 4 can be limited
to the range of the axial size S1 corresponding to the size as illustrated in FIG. 6.

In addition, the guide wall 65a and the thin wall portion 66a constituting the
discharge channel 70 approach each other in the direction from the entrance port 70a to
the exit port 70b. In this case, the exit port 70b can be made narrower than the entrance

port 70a. Accordingly, the diffusion angle D can be effectively decreased, wherefore
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reduction of the noise caused by the exiting air flow can be easily achieved.

The guide wall 65a extends in a circular-arc shape in the circumferential direction.
According to this structure, the tip of the guide wall 65a positioned on the exit port 70b
side obviously extends a longer radial distance from the axis O than that of the root of
the guide wall 65a positioned on the entrance port 70a side. In this case, a length W2
of the tip of the guide wall 65a in the circumferential direction is naturally longer than
a length W1 of the root of the guide wall 65a in the circumferential direction as il-
lustrated in FIG. 7. Accordingly, the area of the opening at the entrance port 70a and
the area of the opening at the exit port 70b can be made substantially equal to each
other even when the length at the exit port 70b in the left-right direction L2 is
decreased by the amount of the difference between the lengths W1 and W2, because
the gap between the guide wall 65a and the thin wall portion 66a is larger at the
entrance port 70a than at the exit port 70b.

This point is herein explained with reference to a schematic illustration in FIG. 8.
When the entrance port 70a and the exit port 70b of the discharge channel 70 are po-
sitioned at a radius Ra and a radius Rb from the axis O, respectively, the length of the
exit port 70b in the circumferential direction becomes longer than the length of the
entrance port 70a in the circumferential direction. Thus, when a length D2 of the exit
port 70b in the axial direction is made shorter than a length D1 of the entrance port 70a
in the axial direction by the difference between the lengths of the entrance port 70a and
the exit port 70b in the circumferential direction, a cross-sectional area Sa of the
entrance port 70a and a cross-sectional area Sb of the exit port 70b can be equalized.

Accordingly, when the exit port 70b of the discharge channel 70 is narrowed in the
left-right direction L2 as illustrated in FIG. 6, only the diffusion angle D of the wind
noise can be decreased without lowering the discharge amount of the outside air A
(without lowering cooling efficiency) which would occur if the cross section of the
exhaust narrowed in the exhaust direction.

According to this embodiment explained above, the output and performance can be
stabilized with noise reduction and sufficient cooling while limiting the size of the
motor 4 to the range of the axial size S1 corresponding to the limited space available
for installation in a train. Accordingly, the motor 4 become an ideal motor capable of
providing the maximum output and performance while meeting the limited size, for
example, contributing to improvement over the running performance of the railway
vehicle 1.

<Modified Example of First Embodiment>

The first embodiment discussed above is the example which disposes the air inlet
port 56 and the discharge channel 70 located on the side opposite to the driving side in

the area of the case 40 below the bearing 33A. However, the embodiment is not limited
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to this example. For example, the air inlet port 56 and the discharge channel 70 may be
located above the bearing 33A (vehicle body 2 side), or on the right side or left side of
the bearing 33A. The installation positions of these components 56 and 70 are not
therefore limited to any particular positions but may be varied in appropriate manners.
However, it is more preferable to locate the positions of the air inlet port 56 and the
discharge channel 70 in the lower part of the casing 40 (track side) in view of the

advantage of prevention of easy entrance of dust, moisture, etc. into the case 40.
The number of the air inlet ports 56 and discharge channels 70 is not limited to one.

For example, a plurality of air inlet ports 56 and discharge channels 70 may be
provided while spaced from each other in the circumferential direction, in such
positions as to be intermittently arranged along the circumference of the side of the
case opposite to the driving side.

According to the first embodiment, the air inlet port 56 positioned on the side
opposite to the driving side is formed as an opening continuously extending though the
bearing housing 41 A and the connecting housing 42A. However, the air inlet port 56 is
not limited to this example. For example, the air inlet port 56 may be formed as a port
extending through only the connecting housing 42A. In this case, a relief portion
(notch) not blocking the air inlet port 56 is formed in the bearing housing 41A, for
example, so as not to close the entrance side of the air inlet port 56.

Example 2

<Second Embodiment>

A second embodiment is hereinafter described.

This embodiment is different from the first embodiment in that the guide wall 65a of
the first housing 65 is connected with the thin wall portion 66a of the second housing
66 viaribs.

The parts in the second embodiment similar to the corresponding constituent
elements in the first embodiment are given similar reference numbers, and the same
explanation of these parts is omitted.

<Structure of Motor>

As illustrated in FIGS. 9 and 10, a motor 80 in this embodiment has a plurality of
ribs 81 provided between the guide wall 65a of the first housing 65 and the thin wall
portion 66a of the second housing 66 to connect the guide wall 65a and the thin wall
portion 66a.

The plural ribs 81 are vertical ribs which extend in the radial direction and are spaced
circumferentially in an arc around the axis O. According to the example shown in the
figure, the three ribs 81 are disposed while spaced from each other in the circum-

ferential direction. The number of the ribs 81 is not limited to this number but may be
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one, two, or four or larger.
<Operation and Advantage>

According to the motor 80 in this embodiment, operations and advantages similar to
those of the first embodiment can be offered. In addition, the rigidity of the guide wall
65a and the thin wall portion 66 can be increased by the connection between the guide
wall 65a and the thin wall portion 66a into one body via the plural ribs 81. Ac-
cordingly, irregular deformation of the guide wall 65a and the thin wall portion 66a,
such as warping and deflection thereof, can be effectively prevented, for example. This
advantage becomes more pronounced as the guide wall 65a and the thin wall portion
66a become longer in the circumferential direction.

Therefore, the shape of the discharge channel 70 can be maintained in a stable
condition for a long period, wherefore noise reduction can be achieved in a stable
condition. Moreover, the plural ribs 81 are radially disposed, in which arrangement the
flow of the outside air A radially discharged after flowing within the discharge channel
70 is not easily blocked. Accordingly, decrease in the amount of the air is avoided,
wherefore the cooling efficiency is not easily lowered.

<Modified Example of Second Embodiment>

According to the second embodiment described above, the plural ribs 81 are radially
disposed. However, the arrangement of the ribs 81 is not limited to this example. The
shapes and positions of the ribs 81 may be varied in appropriate manners as long as the
ribs 81 do not block the flow of the outside air A through the discharge channel 70.
Example 3

<Third Embodiment>

A third embodiment is hereinafter described.

This embodiment is different from the first embodiment in that the guide wall 65a of
the first housing 65 and the thin wall portion 66a of the second housing 66 extend
further downwardly as compared to the first embodiment hereof.

The parts in the third embodiment similar to the corresponding constituent elements
in the first embodiment are given similar reference numbers, and the same explanation
of these parts is omitted.

<Structure of Motor>

According to a motor 90 in this embodiment, the guide wall 65a of the first housing
65 and the thin wall portion 66a of the second housing 66 extend further downwardly
by the same length in the up-down direction L3, as compared to Fig. 6, as illustrated in
FIGS. 11 and 12. In the case of the example shown in Fig 11, the wall components 65a
and 66a extend to such an extent that the tip of the guide wall 65a is adjacent to the
outside of the stator coils 22 in the left-right direction L2.
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<Operation and Advantage>

According to the motor 90 in this embodiment, operations and advantages similar to
those of the first embodiment can be offered. In addition, the discharge channel 70
becomes longer than the discharge channel 70 in the first embodiment such that the
position of the exit port 70b can be located further away from the impellers 60b of the
fan 60. In this case, the diffusion angle D of the wind noise can further decrease, or
become close to zero. Accordingly, the direct wind noise generated from the impellers
60b can be reduced to substantially zero, wherefore reduction of noise is further

improved.
According to this embodiment, the ribs 81 may be provided between the guide wall

65a and the thin wall portion 66a to combine these components 65a and 66a via the

ribs 81 into one body similarly to the second embodiment.

Example 4

<Fourth Embodiment>

A fourth embodiment is hereinafter described.

This embodiment is different from the third embodiment in that the guide wall 65a of
the first housing 65 and the thin wall portion 66a of the second housing 66 extend to
reach the outermost area, in the radial direction, of the casing 40.

The parts in the fourth embodiment similar to the corresponding constituent elements
in the third embodiment are given similar reference numbers, and the same explanation
of these parts is omitted.

<Structure of Motor 100>

According to a motor 100 in this embodiment, the thin wall portion 66a of the second
housing 66 further extends in the downward direction and reaches the outermost area,
in the radial direction, of the casing 40 as illustrated in FIGS. 13 and 14. On the other
hand, the guide wall 65a of the first housing 65 further extends in the downward
direction in parallel with the thin wall portion 66a in a similar manner, and reaches the
outermost area of the casing 40 in the radial direction in such a condition as to cover
the thin wall portion 66a from the outside in the left-right direction L2.

According to this embodiment, the tip of the guide wall 65a is configured to extend
straight in the front-rear direction L.1. Accordingly, in the case of the example shown
in the figures, the area of the tip of the guide wall 65a positioned on both sides in the
circumferential direction does not face the thin wall portion 66a, wherefore the outside
air A in this area is guided only by the guide wall 65a. However, the embodiment is
not limited to this example. For example, an opposed wall portion may be projected
downward from the second housing 66 so that the opposed wall portion can face the

area of the tip of the guide wall 65a positioned on both sides in the circumferential



21

WO 2014/207966 PCT/JP2014/000271
direction.
[0128]  <Operation and Advantage>

[0129]

[0130]

[0131]

[0132]

According to the motor 100 in this embodiment, operations and advantages similar to
those of the third embodiment can be offered. In addition, the discharge channel 70
becomes longer than the discharge channel 70 in the third embodiment. In this case,
the position of the exit port 70b can be positioned further away from the impellers 60b
of the fan 60, wherefore the diffusion angle D of the wind noise can be decreased to
substantially zero. Moreover, the discharge direction of the outside air A can be
directed downward substantially in the vertical direction. In view of these points, noise
reduction can be further improved, allowing the condition of the motor 100 to become
close to an ideal low-noise condition.

Similarly to the above embodiments, even in this embodiment, substantially the same
cross-sectional area of the exit port 70b of the discharge channel 70 can be maintained
as compared to the entrance port 70a. Particularly, the guide wall 65a and the thin wall
portion 66a extend to the outermost area of the casing 40 in the radial direction, in
which condition the respective lengths of the guide wall 65a and the thin wall portion
66a become larger in the circumferential direction. Thus, even when the guide wall 65a
and the thin wall portion 66a approach each other in the left-right direction L2 by the
length of extension of the guide wall 65a and the thin wall portion 66a, a cross-
sectional area of the exit port 70b substantially equal to the cross-sectional area of the
entrance port 70a can be maintained as discussed above.

<Modified Example of Fourth Embodiment>

According to the fourth embodiment described above, a plurality of ribs 101 are
provided between the guide wall 65a and the thin wall portion 66a to connect the two
components 65a and 66a as illustrated in FIG. 15. The plural ribs 101 are vertical ribs
extending in the radial direction and radially disposed around the axis O similarly to
the second embodiment. In the case shown in the figure, there are provided the three
ribs 101 with intervening spaces in the circumferential direction. The ribs 101 are not
limited to this example. The number of the ribs 101 to be provided may be one, two, or
four or larger.

When the plural ribs 101 are provided, operations and advantages similar to those of
the second embodiment can be offered. Particularly, for the structure according to this
embodiment where the guide wall 65a and the thin wall portion 66a extend to reach the
outermost area of the casing 40 in the radial direction, it is more preferable to provide

plural ribs 101 to prevent warping or deforming of the discharge channel 70.
Example 5
<Fifth Embodiment>
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A fifth embodiment is hereinafter described.

This embodiment is different from the fourth embodiment in that open holes are
formed in the guide wall 65a as openings through which the outside air A is
discharged.

The parts in the fifth embodiment similar to the corresponding constituent elements
in the fourth embodiment are given similar reference numbers, and the same ex-
planation of these parts is omitted.

<Structure of Motor 110>

According to a motor 110 of this embodiment, a plurality of open holes
(supplementary holes) 111 are formed in the guide wall 65a of the first housing 65 as
openings through which the outside air A flowing into the discharge channel 70 is
discharged to the outside before reaching the exit port 70b as illustrated in FIG. 16.

<Operation and Advantage>

According to the motor 110 in this embodiment, operations and advantages similar to
those of the fourth embodiment can be offered. In addition, the outside air A can be
discharged through the open holes 111 before reaching the end of the discharge
channel 70. In this case, discharge of the outside air A improves, wherefore the amount
of air flow can be increased. Accordingly, the cooling effect can be further improved
while maintaining a low-noise condition.

It is preferable that positioning of the respective open holes 111 in s radial direction
is avoided as much as possible as illustrated in FIG. 17, for example, so as not to
interrupt the flow of the outside air A which radially flows. In addition, when ribs 112
and 113 connecting the guide wall 65a and the thin wall portion 66a are provided, it is
also preferable that the open holes 111 are disposed in such positions as not to overlap
with the ribs 112 and 113.

The figure shows the example which includes the four ribs 112 spaced from each
other in the circumferential direction at positions close to the air inlet port 56, and the
three ribs 113 longer than the ribs 112 in the radial direction disposed in an area
outside the ribs 112 in the radial direction and spaced from each other in the circum-
ferential direction. However, the ribs 112 and 113 are not limited to this example.

Accordingly, it is preferable that the positions of formation and the directions of dis-
position of the open holes 111 are determined while considering the flow direction of
the outside air A and the positions of the ribs 112 and 113. Particularly, it is preferable
that the open holes 111 are formed radially outside of the position of the diffusion
angle D of the discharged outside air A coming close to zero (determined based on the
factors such as the shape and size of the impellers 60b of the fan 60). According to this
structure, leakage of the wind noise of the impellers 60b to the outside through the

open holes 111 can be prevented.
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Example 6

<Sixth Embodiment>

A sixth embodiment is hereinafter described.

This embodiment is different from the first embodiment in that the position of the air
inlet port 56 formed on the side opposite to the driving side is located at a different
position.

The parts in the sixth embodiment similar to the corresponding constituent elements
in the first embodiment are given similar reference numbers, and the same explanation
of these parts is omitted.

<Structure of Motor>

According to a motor 120 in this embodiment, the discharge channel 70 is so formed
as to be located below the bearing 33A (railroad side), while the air inlet port 56 is so
formed as to be located above the bearing 33A (vehicle body 2 side) as illustrated in
FIG. 18. In other words, the air inlet port 56 and the discharge channel 70 are disposed
on opposite sides of the bearing 33A.

<Operation and Advantage>

According to the motor 120 in this embodiment, operations and advantages similar to
those of the first embodiment can be offered. In addition, the fan 60 can be efficiently
cooled by receiving the outside air A on the entire outer surface of the main plate 60a
of the fan 60 during the period when the outside air A, introduced in accordance with
the rotation of the fan 60, flows toward the discharge channel 70. In synchronization
with this cooling, the entire area of the bearing 33A can be also efficiently cooled. Ac-
cordingly, the bearing 33A and the rotor 30 can be further effectively cooled.

<Modified Example of Sixth Embodiment>

The sixth embodiment described above shows the example which disposes the air
inlet port 56 above the bearing 33A, and the discharge channel 70 below the bearing
33A. However, the embodiment is not limited to this example. The air inlet port 56 and
the discharge channel 70 may be located at any positions as long as the air inlet port 56
and the discharge channel 70 are disposed on opposite sides of the bearing 33A.

For example, such a structure is allowed which forms the air inlet port 56 in an area
limited by the axial size S1, and forms the discharge channel 70 in an area having a
slight margin allowing a greater area for the axial (limit) size S1 (S1 plus something
extra area). In this case, the space within the truck 3 can be more effectively utilized as
an installation space, allowing a motor having higher output to be designed.

For example, an area Z shown in FIGS. 2 and 3 positioned on the back of the motor
but offset from the outside diameter of the wheel 8§ can provide a space utilized as a

component of the motor. That is, the area Z corresponds to the foregoing (S1 plus
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[0151]

[0152]

something extra) which has a margin for the limit size. Thus, the discharge channel 70
can be formed in such a manner that the exit port 70b is located in the area Z for
effective utilization of the area.

While certain embodiments have been described, these embodiments have been
presented by way of example only, and are not intended to limit the scope of the in-
ventions. Indeed, the novel embodiments described herein may be embodied in a
variety of other forms; furthermore, various omissions, substitutions and changes in the
form of the embodiments described herein may be made without departing from the
spirit of the inventions. The accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall within the scope and spirit of the in-
ventions.

For example, the motor is not limited to of the fully enclosed type discussed in the
respective embodiments, but may be of an open-type motor which has the fans 60
containing the impellers 60b. Moreover, the motor which has a frameless structure is
discussed in the respective embodiments, but may be a motor provided with a frame.

According to the respective embodiments described herein, the discharge channel 70
is disposed on the side of the case 40 opposite to the driving side. However, the
discharge channel 70 may be disposed on the driving side corresponding to the other
side, or on each of the driving side and the side opposite to the driving side.

Particularly, a permanent magnet type synchronous motor, which has a greater
allowable temperature increase when compared with the inductive motor, includes a
type which does not have the air channel R1 in the stator iron core 21 and discharges
the outside air A flowing through the air channel R2 of the connecting housing 42B
directly to the outside. In this case, it is more suitable to dispose the discharge channel
70 on the driving side.

Accordingly, the motor is not limited to the inductive type but may be of other

various types of motors including the permanent magnet type.
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Claims

[Claim 1] A motor for a vehicle, comprising:
a rotor shaft rotating around an axis and having opposed axial ends;
a rotor iron core fixed to the rotor shaft;
a stator iron core disposed radially outside of the rotor iron core;
a casing accommodating the rotor iron core and the stator iron core
therein, and supporting the opposed axial ends of the rotor shaft via
bearings such that the rotor shaft is rotatable;
an air inlet port formed in a portion of the casing radially spaced from
the bearing; and
a fan provided between the rotor iron core and the bearing and rotating
with the rotor shaft to introduce outside air into the air inlet port,
wherein
a portion of the casing positioned outside impellers of the fan in the
axial direction forms a first housing and a second housing constituting a
discharge channel through which the outside air is discharged,
the first housing comprises a guide wall extending in the radial
direction, and
the second housing comprises a thin wall portion having a thinner wall
thickness than that of adjacent portions of the second housing spaced
from the guide wall in the axial direction to constitute the discharge
channel between the thin wall portion and the guide wall.

[Claim 2] The motor according to claim 1, further comprising:
a rib provided between the guide wall and the thin wall portion to
connect the guide wall and the thin wall portion.

[Claim 3] The motor according to claim 2, wherein
the rib radially extends from the axis.

[Claim 4] The motor according to claim 1, wherein
each of the guide wall and the thin wall portion is provided in the cir-
cumferential direction in such a manner that the discharge channel is
formed and extends in the circumferential direction to form an inlet
port and an exit port thereof, and
the guide wall and the thin wall portion approach each other in the
direction from the entrance port to the exit port of the discharge
channel.

[Claim 5] The motor according to claim 1, wherein

the thin wall portion extends to the outermost area of the casing in the
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[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]
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radial direction, and

the guide wall extends to the outermost area of the casing in the radial
direction and overlies the thin wall portion in the axial direction.

A vehicle motor having an enclosed motor located within a portion of a
case and at least one air flow passage formed within at least a portion
of the case and extending over the portion of the case enclosing the
motor, the motor including a drive shaft extending between bearings
supported by first and second opposed housings forming at least a
portion of the case, comprising:

an inlet passage extending through the housing;

a shroud extending from at least one of the housings and cooperating
with an additional portion of the housing to form a discharge passage
extending through the housing, the additional portion of the housing
having a reduced thickness region exposed to the discharge passage in
opposition to the shroud;

and an air passage extending within the case from the inlet passage to
the discharge passage.

The vehicle motor of claim 6, further including a fan disposed at least
partially within the air passage.

The vehicle motor of claim 7, wherein the discharge passage has an
entrance port in fluid communication with the air passage and an exit
port located distally of the entrance port.

The vehicle motor of claim 8, wherein the fan includes a rotatable body
and at least one impeller thereon, the impeller positionable to move
past at the entrance port of the discharge passage during rotation of the
fan.

The vehicle motor of claim 9, wherein the discharge passage, at the exit
port, extends perpendicular to the axis of the drive shaft.

A railway vehicle having a vehicle motor having an enclosed motor
located within a portion of a case and at least one air flow passage
formed within at least a portion of the case and extending over the
portion of the case enclosing the motor, the motor including a drive
shaft extending between bearings supported by opposed housings
forming at least a portion of the case, comprising:

an inlet passage extending through the housing;

a shroud extending from a housing and cooperating with an additional
portion of the housing to form a discharge passage extending through

the housing, the additional portion of the housing having a reduced
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thickness region exposed to the discharge passage in opposition to the
shroud;

and an air passage extending within the case from the inlet passage to
the discharge passage; and

a vehicle body to which the vehicle motor is attached to be carried
below a floor of the vehicle body via a truck.

The railway vehicle of claim 11, wherein the discharge passage extends

away from the vehicle body floor.
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