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A cooling device of a linear motor for cooling the primary side of the linear motor having a core (2) and a coll (3) contained in the
slot of the core (2) comprises a an elongated cover (6) covering the ends (3a) of the coll exposed from the longitudinal both side
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(57) Abrege(suite)/Abstract(continued):

surfaces of the core (2), a wind tunnel (/) as an air blow means for feeding cooling air to the inside of the cover (6), and a partition
plate (8) partitioning the inside of the cover (6) Into upper and lower spaces. The upper space partitioned by the partition plate (8) is
used as an air passing part (13) for passing the cooling air, and the lower space Is used as a cooling part (14) for containing and
cooling the end parts (3a). A slit (16) Is formed In the part of partition plate (8) near the core (2) over the substantially full length to
allow the air passing part (13) to communicate with the cooling part (14). A discharge port (12) I1s formed at the lower part of the
cooling part (14).
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Abstract

A cooling device of a linear motor to cool a primary side
of the linear motor including an iron core (2) and a coil (3)
accommodated 1n slots of the 1ron core (2), 1ncluding an

elongate cover (6) covering coll end portions (3a) exposed from

both side faces of the iron core (2) i1n a longitudinal direction,
an alr channel (7) serving as blower means for forcing a current

of cooling air inside the cover (6), and a partition plate (8)

dividing the inside of the cover (6) into upper and lower spaces.

It 1s configured in such a manner that the upper space divided
by the partition plate (8) 1s used as a ventilation portion
(13) through which a current of cooling air is forced and the
lower space 1s used as a cooling portion (14) in which the coil
end portions (3a) are accommodated and cooled, a slit (16) is
formed almost along a full length of the partition plate (8)
on a side closer to the iron core (2) for bringing the
- ventilation portion (13) and the cooling portion (14) into
communication with each other, and a vent (12) is provided in

a lower portion of the cooling portion (14).
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Description

—d

EVICE OF LINEAR MOTOR

COOLING D

Technical Field

[0001 ]

The present invention relates to a cooling device of a

linear motor that forcedly cools a linear motor driving a

vehicle with a blOwer:

Background Art
[0002]

As acoolingdeviceof a linearmotor fordriving a vehicle,
there 1s a cooling device configured, for example, 1n such a

manner that the coil of the linear motor i1s covered with a duct

and the coil is cooled by letting a current of cooling air

through the duct. According to this cooling device, the duct -

is divided into two parts along the longitudinal direction and
one 1s used as a cooling portion 1in whiéh the coil 1s
accommodated and cooled and the other 1s used as a ventllation
portion through which a current of cooling air from the blower
1s forced. A plurality of continuous holes are provided

between the cooling portion and the ventilation portion along

the longitudinal direction of the duct (see Patent Document

1) .



CA 02673496 2009-06-19

Because the linear motor main body 1s of an elongate

structure as a whole, so is the duct that covers the co1il.

Accordingly, it is configured in such a manner that the hole

diameter of the continuous holes 1is made larger with an

increasing distance from right beside the blower for forcing
a current of cooling air inside the ventilation portion into
the cooling portion at an almost uniform pressure along the
longitudinal direction of the duct, so that the entire coil
is cooled homogeneously.
[0003]

Patent Document 1: JP-A-64-34105 (page 1 and Fig. 1

through Fig. 3)

Disclosure of the Invention
Problems that the Invention 1s to Solve
[0004]

- In the cooling device of the linear motor described 1n-
Patent Document 1 supra, because the coolingi portion and the
ventilation portion are brought into communication with each

other via a plurality of continuous holes, a pressure loss 1S

generated when a current of cooliling ailr passes through the
continuous holes, which deteriorates the cooling efficiency.
Also, dust or the like sucked in through the blower may possibly
clog the continuous holes. In acasewhere the continuous holes

are clogged, a current of cooling air is not supplied to a part
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of the coil near the clogged continuous holes. This possibly
leads to an event where heat generation increases locally to

the extent that the temperature exceeds the allowable

=

temperature. This cooling device therefore has a problem that
cleaning maintenance to remove dust accumulated 1n the
continuous holes has to be performed frequently 1in order to

avoid such an event.

[0005]

The invention was devised to solve the problem discussed
above and has an object to provide a cooling device of a linear
motor capable of cooling a coll portion almost homogeneously
and efficiently and facilitating cleaning malntenance by

making it harder for dust-induced clogging to occur.

Means for Solving the Problem

100006]

-~ - A tvooling device of a linear motor of the invention 1s -

a cooling device of a linear'motor incorporated in a vehicle
running on rail tracks at a lower portion so as to oppose a
secondary side of a linear motor laid on the railil tracks and
configured to cool a primary side of the linear motor having
an 1ron core that 1s long 1n a running direction and a coil
accommodated in a slot of the iron core. It includes: an
elongate cover that covers end portions of the colil exposed

from both side faces of the 1ron core 1n a longitudinal
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directio.n; blower means for forcing a current of cooling air
inside the cover; and a partition plate that divides an inside
of the cover into an upper space and a lower space. The upper
space divided by the partition plate is used as a ventilation
portion through which the current of cooling air is forced and
the lower space 1s used as a cooling portion i1n which the end

portions of the coil are accommodate and cooled. A slit 1s

formed almost along a full length of the partition plate on
a side closer to the 1ron core for brihging the ventilation
portion and the cooling portion into communication with each
other. A vent 1s provided 1in a lower portion of the cooling

portion.

Advantage of the Invention

[0007]

According to the cooling device of the linear motor of

" theinvention, the inside of the cover coveringthe endportions -

of the co1ll is divided into upper and lower spaces using the
partition plate. The upper space is used as the ventilation
portion and the lower space 1s used as the cooling portion in

which the end portions of the coil are accommodated and cooled.

The ventilation portion and the cooling portion are brought
1nto communication with each other via the slit formed along
the partition plate on the side closer to the iron core and

the vent 1s provided in the lower portion of the cooling portion.
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Owing to this Configuration, a current of cooling ailr from the
blower means 1is sent to the cooling portion at almost uniform
pressure and temperature across the entire region 1n the
longitudinal direction of the cover by passing through the slit
from the ventilation portion. It thus becomes possible to cool
the end portions of the coi1il almost homogeneously.

In addition, because the communication portion is formed
of the slit, clogging by dust hardly occurs, which‘facilitates

the maintenance, such as cleaning.

Brief Description of the Drawings
(0008]
Fi1g. 1 1s a plan view showing a cooling device of a linear

motor according to a first embodiment of the invention.

Fig. 2 is a sectional side view taken on line II-II of
‘Fig. 1«
-~ Frges3 1san enlarged cross section of a part III-of Fig..
2.

Fig. 4 is a sectional side view showing a major portion

of a cooling device of a linear motor according to a second

embodiment of the invention.

Best Mode for Carrying Out the Invention

[0009]

First Embodiment
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Fig. 1 is a plan viewof a linear motor main body provided

with a cooling device according to a filrst embodiment of the

invention. Fig. 2 1is a cross section taken on line II-II of

—

Fig. 1. In Fig. 1, a part of components are indicated by a

dashed line to make the coil inside vislible. Fig. 3 1s an

enlarged cross section of a portion III of Fig. 2.

(0010]

Referring to Fig. 1 through Fig. 3, a linear motor maln
body 1, which 1is th'e primary side of the linear motor, is_’-fornied
by including an 1ron core 2 formed almost 1n the shape of a
square prism by layering a large number of elongate silicon
steel sheets, a coil 3 accommodated in a plurality of slots
(not shown) formed 1n a direction orthogonal to the
longitudinal direction of the iron core, a frame 4 holding the
1ron core 2 by pinching and fastening it from the both sides

in the longitudinal direction, and a fender 5 provided at the

“= top ofrthe frame 4 to protect the coil -3 from obstacles. -

Coil end pbrtions 3a on the both sides of the coil 3 are
exposed to the outside from the both side faces of the iron
core 2 1in the longitudinal direction. As 1s shown in the
enlarged view of Fig. 3, each is formed by being bent at the
extreme tip.

[0011]

A cooling device to cool the iron core 2 and the coil

3 includes an elongate cover 6 provided on the both sides of
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the iron core 2 along the longitudinal direction so as to cover

the exposed coil end portions 3a, blower means having a blower

(not shown) for forcedly supplyling a current of cooling air
inside the cover 6, and a partition plate 8 that divides the
inside of the cover 6 into upper and lower spaces. The drawing
only shows a portion of an air channel 7, which is an
introduction portion of a current of cooling air into the cover
6 and forms a part of the blower means. One or more than one
alr channel 7 1s provided on the top face of the cover 6 in
the longitudinal direction. Fig. 1 shows a case where two air
channels 7 are provided on each side of the cover 6. The number
of the alr channels 7, however, can be determined according
to the length of the cover 6. Also, the blower may be provided
directly to each air channel 7 or it may be provided to a
different site with piping installation so that air is sent
- to the respective - alr channels 7 via the blower tubes:
(0012} =~ - -

As 1s shown 1n Fig. 2, the linear motor main body 1 and
the cooling device thereof configured as above are installed
under the floor of a vehicle 9 of an electric rolling stock
with the coil 3 side down while aligning the longitudinal
direction of the iron core 2 with a running direction.

Meanwhlle, at the center between rails 10 of rail tracks
laid on the ground, a reaction plate 11, which is the secondary

side of the linear motor, is laid along the full length of the
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rairl tracks. The reaction plate 11 and the iron core 2 oppose

cach other while keeping a predetermined clearance in between.
The vehicle 9 runs using an electromagnetic interaction

of the linear motor main body 1 that is the primary side of

the lilnear motor and the reaction plate 11 that is the secondary
side as a propulsion source.
[0013]

The cooling device of the linear motor, which is the
principal part of the invention, will now be described more

in detaill with reference to the enlarged cross section of Fig.

3.

The cover 6 1s molded by bending a thin plate so as to
enclose the coill end portions 3a. It 1s fixed to the frame
4 1n a reattachable manner at one end by means of bolting or

the like while it is opened with a wide clearance from the side

L

face of the 1ron core 2 at the other end.  This opening is used

~as a vent 12 of a current of cooling air.  The internal space

is divided into upper and lower spaces by the plate 8 that is
elongate in the longitudinal direction of the cover 6. Of the
two divided spaces, the upper space is used as a ventilation
portion 13 through which a current of cooling air is forced
and the lower space is used as a cooling portion 14 in which

the coi1l end portions 3a are accommodated and cooled.

In order to prevent the coil end portions 3a facing the

vent 12 from being damaged by an obstacle bouncing up from the
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ground, a measure 1s taken, for example, .by- ‘providing a
protection cover. such a meas.ure, however, 18 not the
principal part of the 1nvention and an illustration thereof
is omitted hereiln.
[0014]

The partition plate 8 1s attached to a plurality of
supporting members 15 provided integrally with the frame 4 in
a reattachable manner by means of bolting or the like.

A slit 16 that brings the ventilation portion 13 and the

cooling portion 14 into communication with each other is formed
along almost the full length of the partition plate 8 on the
side closer to the iron core 2 in a direction parallel to the
longitudinal direction of the iron core 2. As a concrete
forming method of the sl1lit 16, as is shown in Fig. 3, the width
dimension of the partitionplate 8 is set smaller than the width

dimension of the ventilation portion 13 and the partitionplate

'8 "1s rattached to -the supporting members -15-while leaving a

clearance on the frame 4 side. The clearance thus formed 18
used as the slit 1l6. Alternatively, the slit may be formed

directly in the longitudinal direction of the partition plate

8 on the side closer to the iron core 2.

[0015]

A function of the cooling device of the linear motor

configured as above will now be described.

A current of cooling air from the blower (not shown) is
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-

3 1nside the cover

introduced into the ventilation portion

6 via the air Channels /. Subsequently, a current of cooling
alr 1s distributed in the ventilation portion 13 across the
entire region in the longitudinal direction of the linear motor
maln body 1. A current of cooling air then flows into the
cooling portion 14 by passing through the slit 16 so as to cool
the coi1l end portions 3a inside the cooling portion 14, after
which it 1s discharged to the outside through the vent 12
provided in the bottom face of the cover 6.

[0016]

Because the wventilation portion 13 and the cooling
portion 14 are brought into communication with each other
through the slit 16 that 1s long 1n the longitudinal direction,
a pressure loss 1s so small that a current of cooling air inside

the ventilation portion 13 flows into the cooling portion 14

while maintaining almost uniform temperature:- and pressure

across the entire regionmin the longitudinal direction of the-

cover 6. It is therefore possible to cool the coil end portions
3a almost homogeneously across the entire region. Also, as
1s shown in Fig. 3, a current of cooling air inside the cooling
portion 14 coming therein from the side of the coil end portions
3a closer to the iron core 2 flows along the outer peripheral

surface of the coil end portions 3a and is discharged through

the vent 12 1n the bottom face. It is therefore possible to

cool the entire coil end portions 3a efficiently.

10
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[0017]

In a case where aplurality of air channels 7 are provided

to the cover 6 1n the longitudinal direction, a current of

=

cooling air having a small pressure difference along the
longitudinal direction of the cover 6 can be introduced inside,
which makes it possible to enhance the advantage described
above.

Further, because the cover © and the partition plate 8
are attached, respectively, to the frame 4 and the supporting
members 15 1n a reattachable manner, even when dust accumulates
1nside the cover 6, the cooling device can be disassembled
easlly.

[0018]

As has been described, according to this embodiment of
the 1nvention, the cooling device includes the elongate cover
Chat covers the end portions of the coil exposed from-the both
'side faces of-the-iron core in the longitudinal direction, the
blower means for forcing a current of cooling air 1nside the

cover, and the partition plate that divides the inside of the

cover 1into upper and lower spaces. The upper ventilation
portion and the lower cooling portion accommodating the coil
end portions therein are divided by the partition plate while

Chey are brought into communications with each other via the

slit formed almost along the full length of the partition plate

on the side closer to the iron core, and the vent is provided

11
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-

in the lower portion of the cooling portion. A current of

cooling alr from the blower means 1s therefore sent to the

cooling portion almost at uniform pressure and temperature
across the entire region in the longitudinal direction of the
cover by passing through the slit from the ventilation portion.
It thus becomes possible to cool the end portions of the coil
almost homogeneously and efficiently.

In addition, even in a case'wheredugt i1s contained in
a current of cooling air, because the communication portion
1s formed of a slit, clogging by dust hardly occurs. This
eliminates a concern about extraordinary heat generation
caused by clogging. The maintenance, such as cleaning, can
be therefore facilitated.
[0019]

Also, a plurality of introduction portions that force

a current-of cooling air from the blower means into the cover

are provided-on the top face of the cover im the longitudinal -

direction. It thus becomes possible to introduce a current
Oof cooling alir having a small pressure difference along the

longitudinal direction of the cover inside the ventilation

portion.

[0020]

Second Embodiment

Fig. 4 is an enlarged cross section showing a major

iy

portion of a cooling device of a linear motor according to a

12
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second embodiment, and 1t shows a portion corresponding to the

—

portion shown in Fig. 3 of the first embodiment above. Because

the configuration of the overall linear motor is the same as
the configuration shown in Fig. 1 and Fig. 2 of the first

embodiment above, the 1illustration and the description

therefore are omitted herein. Also, portions same as those
in Fig. 3 are labeled with the same reference numerals to omit
the description thereof and a difference will .be chiefly
described in the following.

As 1s shown 1in Fig. 4, a difference is that a plurality

of ventilation holes 17 that bring the ventilation portion 13

inside the cover 6 and the top face of the iron core 2 into

communication with each other are formed in the frame 4, so

that part of a current of cooling air from the blower means

1s distributed and sent onto the top face of the iron core 2.

The configuration is the same as the one shown in Fig. 3 except

~ that~the ventilation holes 17 are provided. - ~=—- - —- |

[0021]

A function of the cooling device of the linear motor
configured as above will now be described.

A current of cooling air from the blower (not shown) is

introduced inside the wventilation portion' 13 via the air

channels 7 and most of it flows into the cooling portion 14
by passing through the slit 16 and cools the coil end portions

3a. Meanwhile, part of it 1is distributed through the

13
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P

ventilation holes 17 and flows onto the top face of the 1ron

core 2 to cool the iron core 2. As has been described, tlis
embodiment has a structure capable of cooling the coil end
portions 3a and the top face of the iron core 2 simultaneously.
(00221

As has been described, according to this embodiment of
the invention, a plurality of ventilation holes communicating
from the ventilation portion inside the cover to the top face
of the iron core are provided, so that part of a current of
cooling air from the blower means 1s sent onto the top face
of the iron core. Hence, 1n addition to the advantage of the
first embodiment above, this configuration makes 1t possible
to cool the iron core simultaneously. The cooling efficiency

p—

of the overall linear motor main body can be thus enhanced.

14
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Claims

1. A cooling device of a linear motor for vehicle
incorporated in a vehicle running on railil tracks at a lower
portion so as to oppose a secondary side of a linear motor laid
on the rail tracks and configured to cool a primary side of
the linear motor having an iron core that 1s long 1n a running
direction and a coil accommodated i1n a slot of the i1ron core,
characterized by comprising:

an elongate cover that covers end portions of the coil

exposed from both side faces of the iron core in a longitudinal
direction;

blower means for forcing a current of cooling air inside
the cover; and

a partition plate that divides an inside of the cover
into an upper space and a lower space,
wherein:

the upper space divided by the partition plate 1s used
as a ventilation portion through which the current of cooling
alr 1s forced and the lower space is used as a cooling portion
in which the end portions of the coil are accommodated and
cooled;

a slit 1s formed almost along a full length of the
partition plate on a side closer to the iron core in a direction
parallel to the longitudinal direction of the iron core for

bringing the ventilation portion and the cooling portion into

15
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communication with each other; and

a vent is provided in a lower portion of the cooling

portion by making an open space from the iron core.

2. The cooling device of a linear motor for vehicle
according to claim 1, wherein:

a plurality of introduction portions that force the
current of cooling air from the blower means inside the cover
are provided on a top face of the cover in a longitudinal
direction.

3. The cooling device of a linear motor for vehicle
according to claim 1 or 2, wherein:

a plurality of ventilation holes communicating from the
ventilation portion inside the cover to a top face of the iron

core are provided so as to send a part of the current of cooling

alr from the blower means onto the top face of the iron core.

16
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