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(54) STATIONARY INDUCTION MACHINE

(57)  Aniron core (1) includes a first iron core portion
(1a) and a second iron core portion (1b) located with a
space (M) being interposed therebetween. Each of the
firstiron core portion (1a) and the second iron core portion
(1b) has a first window portion (1a1, 1b1) and a second
window portion (1a2, 1b2) through each of which a wind-
ing (2) extends. The first window portion (1a1) of the first
iron core portion (1a) and the first window portion (1b1)

of the second iron core portion (1b) face each other. The
second window portion (1a2) of the first iron core portion
(1a) and the second window portion (1b2) of the second
iron core portion (1b) face each other. A bushing (4, 5)
is connected to the winding (2) via a space (M), and is
provided at a position facing a portion (2a, 2b) of the
winding (2) located in the space (M) in a tank (3).
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a stationary in-
duction device, particularly, a stationary induction device
attachable to a vehicle.

BACKGROUND ART

[0002] WO 2008/007513 (PatentLiterature 1)is a prior
art document that discloses a configuration of a trans-
former for vehicles. The transformer for vehicles as de-
scribed in Patent Literature 1 includes: an iron core; a
winding; a tank filled with refrigerant; a pump that forcibly
circulates the refrigerant; and a bushing attached to the
tank. The bushing is provided at an end portion of the
tank in a length direction of the tank that is orthogonal to
each of a traveling direction of a vehicle and a center axis
direction of the winding. The bushing is connected to an
external device.

CITATION LIST
PATENT LITERATURE

[0003] PTL 1: WO 2008/007513

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] In the configuration in which the bushing is pro-
vided at the end portion of the tank in the length direction
ofthe tank, when the external device to which the bushing
is connected is disposed at a position close to a central
portion of the tank in the length direction of the tank, rout-
ing of a connection wiring between the bushing and the
external device becomes long and complicated.

[0005] The present invention has been made in view
of the above-described problem, and has an object to
provide a stationary induction device, by which routing
of a connection wiring between a bushing and an external
device to which the bushing is connected can be short
and simplified when the external device is disposed at a
position close to a central portion of a tank in a length
direction of the tank.

SOLUTION TO PROBLEM

[0006] A stationary induction device according to the
presentinvention includes aniron core, awinding, a tank,
a pump, and a bushing. The winding is wound around
the iron core. The tank stores the iron core and the wind-
ing. The tank is filled with refrigerant. The pump forcibly
circulates the refrigerant. The bushing is electrically con-
nected to the winding, and extends through the tank. The
iron core includes a first iron core portion and a second
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iron core portion located with a space being interposed
between the first iron core portion and the second iron
core portion. Each of the first iron core portion and the
second iron core portion has a first window portion and
a second window portion through each of which the wind-
ing extends. The first window portion of the first iron core
portion and the first window portion of the second iron
core portion face each other. The second window portion
of the first iron core portion and the second window por-
tion of the second iron core portion face each other. By
driving the pump, the refrigerant is circulated by passing
through the first window portion and the second window
portion of each ofthe firstiron core portion and the second
iron core portion. The bushingis connected to the winding
via the space, and is provided at a position facing a por-
tion of the winding located in the space in the tank.

ADVANTAGEOUS EFFECTS OF INVENTION

[0007] According to the present invention, since the
bushingis provided at the position of the tank correspond-
ing to the space between one side and the other side of
the divided iron core when the external device to which
the bushing is connected is disposed at the position close
to the central portion of the tank in the length direction of
the tank, routing of a connection wiring between the bush-
ing and the external device can be short and simplified.

BRIEF DESCRIPTION OF DRAWINGS
[0008]

Fig. 1 is a cross sectional view showing a configu-
ration of a stationary induction device according to
a first embodiment of the present invention.

Fig. 2 is a cross sectional view showing a configu-
ration of a stationary induction device according to
a second embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0009] The following describes a stationary induction
device according to each of embodiments of the present
invention with reference to figures. In the description of
the embodiments below, the same or corresponding por-
tions in the figures are given the same reference char-
acters and are not described repeatedly. It should be
noted that in each embodiment, a shell-type transformer
serving as the stationary induction device will be de-
scribed; however, the stationary induction device is not
limited to the shell-type transformer, and may be areactor
or the like. Moreover, a stationary induction device at-
tachable to a vehicle will be described; however, the sta-
tionary induction device does not necessarily need to be
attached to a vehicle, and may be attached to a different
structure.
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First Embodiment.

[0010] Fig. 1 is a cross sectional view showing a con-
figuration of a stationary induction device according to a
first embodiment of the present invention. Fig. 1 shows
a cross sectional view when a ground side is seen from
afloor surface of a vehicle. Moreover, the X axis direction
represents a traveling direction of the vehicle, and the Y
axis direction represents a length direction of a tank or-
thogonal to each of the traveling direction of the vehicle
and a center axis direction of a winding.

[0011] Thestationaryinduction device accordingtothe
first embodiment of the present invention is mounted on
a railroad vehicle and is attached under a floor of the
vehicle. As shown in Fig. 1, a stationary induction device
10 according to the first embodiment of the present in-
vention includes an iron core 1, a winding 2, a tank 3, a
pump 8, and bushings.

[0012] Iron core 1is athree-leg core in which thin steel
plates are layered, and includes a main leg portion
around which winding 2 is wound. Iron core 1 includes a
first iron core portion 1a and a second iron core portion
1b located with a space M being interposed therebe-
tween. First iron core portion 1a and second iron core
portion 1b are arranged side by side in the length direction
(Y axis direction) of tank 3.

[0013] Firstiron core portion 1a has a first window por-
tion 1a1 and a second window portion 1a2 through each
of which winding 2 extends. Second iron core portion 1b
has a first window portion 1b1 and a second window por-
tion 1b2 through each of which winding 2 extends. First
window portion 1a1 of first iron core portion 1a and first
window portion 1b1 of second iron core portion 1b face
each other. Second window portion 1a2 of first iron core
portion 1a and second window portion 1b2 of second iron
core portion 1b face each other.

[0014] Winding 2 includes a primary winding at a high-
voltage side, and a secondary winding at a low-voltage
side. Winding 2 is formed by layering a plurality of disclike
windings each formed by winding a straight-angle electric
wire in the form of a disc. The straight-angle electric wire
includes: an electric wire portion having a cross section
with a substantially rectangular shape; and an insulation
coating portion that coats the electric wire portion.
[0015] Tank 3 stores iron core 1 and winding 2. Tank
3 is filled with refrigerant 6. Insulation oil or insulation gas
can be used as refrigerant 6. Examples of the insulation
oil usable herein include mineral oil, ester oil, silicone oil,
or the like. Examples of the insulation gas usable herein
include SFg gas, dried air, or the like. In the present em-
bodiment, iron core 1 and winding 2 are immersed in the
insulation oil.

[0016] A refrigerant pipe 7 for which a pump 8 is in-
stalled is connected to tank 3 at a wall portion located at
one end of tank 3 in the length direction (Y axis direction)
of tank 3. Tank 3 is provided with a partition member 9
that divides one end side of the inside of tank 3 in the
length direction (Y axis direction) of tank 3 into two, i.e.,
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one end side and the other end side in the traveling di-
rection (X axis direction) of the vehicle.

[0017] In the length direction (Y axis direction) of tank
3, partition member 9 includes: a portion provided to be
interposed between the main leg portion of first iron core
portion 1a and the wall portion of tank 3 located at the
one end of tank 3 in the length direction (Y axis direction)
of tank 3; and a portion provided to be interposed be-
tween the main leg portion of first iron core portion 1a
and the main leg portion of second iron core portion 1b.
[0018] Pump 8 forcibly circulates refrigerant 6. In the
present embodiment, pump 8 is installed for refrigerant
pipe 7. By driving pump 8, refrigerant 6 is circulated as
indicated by an arrow F in Fig. 1 in the following manner:
refrigerant 6 is sent out from pump 8, passes through
first window portion 1a1 of first iron core portion 1a, first
window portion 1b1 of second iron core portion 1b, sec-
ond window portion 1b2 of second iron core portion 1b,
and second window portion 1a2 of first iron core portion
1a, and returns to pump 8. It should be noted that the
circulation direction of refrigerant 6 may be a direction
opposite to the direction indicated by arrow F.

[0019] The bushings are electrically connected to
winding 2, and extend through tank 3. The bushings in-
clude: a first bushing 4 electrically connected to the pri-
mary winding; and a second bushing 5 electrically con-
nected to the secondary winding.

[0020] First bushing 4 is connected to winding 2 via
space M between first iron core portion 1a and second
iron core portion 1b, and is provided at a position facing
a portion 2a of winding 2 located in space M between
first iron core portion 1a and second iron core portion 1b
in tank 3. That is, first bushing 4 is provided at a position
of tank 3 corresponding to space M between first iron
core portion 1a and second iron core portion 1b. By way
of a connection wiring 90L, first bushing 4 is electrically
connected to an external device 90 disposed at a position
close to the central portion of tank 3 in the length direction
(Y axis direction) of tank 3.

[0021] Second bushing 5 is connected to winding 2 via
space M between first iron core portion 1a and second
iron core portion 1b, and is provided at a position facing
a portion 2b of winding 2 located in space M between
first iron core portion 1a and second iron core portion 1b
in tank 3. That is, second bushing 5 is provided at a po-
sition of tank 3 corresponding to space M between first
iron core portion 1a and second iron core portion 1b. By
way of a connection wiring 91L, second bushing 5 is elec-
trically connected to an external device 91 disposed at a
position close to the central portion of tank 3 in the length
direction (Y axis direction) of tank 3.

[0022] It should be noted that the main body of each
of external device 90 and external device 91 does not
necessarily need to be disposed at the position close to
the central portion of tank 3 in the length direction (Y axis
direction) of tank 3, and a connection terminal of each of
the respective external devices connected to the bush-
ings may be disposed at the position close to the central
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portion of tank 3 in the length direction (Y axis direction)
of tank 3. Examples of external device 90 include a pan-
tograph connected to an overhead wire, and the like. Ex-
amples of external device 91 include circuit devices, such
as an inverter and a converter, which are connected to
a motor or an air conditioning facility.

[0023] In stationary induction device 10 according to
the first embodiment of the present invention, since first
bushing 4 is provided at the position of tank 3 correspond-
ing to space M between first iron core portion 1a and
second iron core portion 1b, routing of connection wiring
90L that connects first bushing 4 and external device 90
to each other can be short and simplified. Likewise, since
second bushing 5 is provided at the position of tank 3
corresponding to space M between first iron core portion
1a and second iron core portion 1b, routing of connection
wiring 91L that connects second bushing 5 and external
device 91 to each other can be short and simplified.
[0024] It should be noted that at least one of first bush-
ing 4 and second bushing 5 may be provided at the po-
sition of tank 3 corresponding to space M between first
iron core portion 1a and second iron core portion 1b.
Specifically, at least one of the following conditions may
be satisfied: first bushing 4 is provided at the position
facing portion 2a of winding 2 located in space M between
firstiron core portion 1a and second iron core portion 1b
intank 3; and second bushing 5is provided at the position
facing portion 2b of winding 2 located in space M between
firstiron core portion 1a and second iron core portion 1b
in tank 3.

[0025] Since a bushing is provided at the position of
tank 3 corresponding to space M between one side and
the other side of divided iron core 1, the length of the
wiring between winding 2 and the bushing can be short.
Accordingly, weight saving of stationary induction device
10 can be attained.

Second Embodiment.

[0026] The following describes a stationary induction
device according to a second embodiment of the present
invention with reference to figures. It should be noted that
since the stationary induction device according to the
second embodiment is different from the stationary in-
duction device according to the first embodiment mainly
in the positioning of the pump, the same configuration as
that of stationary induction device 10 according to the
first embodiment will not be described repeatedly.
[0027] Fig.2isa cross sectional view showing the con-
figuration of the stationary induction device according to
the second embodiment of the present invention. Fig. 2
shows a cross sectional view when a ground side is seen
from a floor surface of a vehicle. Moreover, the X axis
direction represents a traveling direction of the vehicle,
and the Y axis direction represents a length direction of
a tank orthogonal to each of the traveling direction of the
vehicle and a center axis direction of a winding.

[0028] As shown in Fig. 2, in stationary induction de-
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vice 20 according to the second embodiment of the
present invention, a pump 28 is disposed at a position
internal to winding 2 in space M between first iron core
portion 1a and second iron core portion 1b. In the present
embodiment, pump 28 is an oil-immersed pump. Since
pump 28 is disposed at the position internal to winding 2
in space M between firstiron core portion 1a and second
iron core portion 1b, no refrigerant pipe 7 and no partition
member 9 are provided in tank 3.

[0029] By driving pump 28, refrigerant 6 is circulated
as indicated by an arrow F1 and an arrow F2 in Fig. 1 in
the following manner: refrigerant 6 is sent out from pump
28, passes through second window portion 1a2 of first
iron core portion 1a or second window portion 1b2 of
second iron core portion 1b and through first window por-
tion 1a1 of first iron core portion 1a or first window portion
1b1 of second iron core portion 1b, and returns to pump
28. It should be noted that the circulation directions of
refrigerant 6 may be directions opposite to the directions
indicated by arrow F1 and arrow F2.

[0030] Alsoinstationary induction device 20 according
to the second embodiment of the present invention, since
first bushing 4 is provided at the position of tank 3 corre-
sponding to space M between first iron core portion 1a
and second iron core portion 1b, routing of connection
wiring 90L that connects first bushing 4 and external de-
vice 90 to each other can be short and simplified. Like-
wise, since second bushing 5 is provided at the position
of tank 3 corresponding to space M between first iron
core portion 1a and second iron core portion 1b, routing
of connection wiring 91L that connects second bushing
5 and external device 91 to each other can be short and
simplified.

[0031] Further, since pump 28 is disposed at the posi-
tion internal to winding 2 in space M between first iron
core portion 1a and second iron core portion 1b, it be-
comes unnecessary to provide refrigerant pipe 7 and par-
tition member 9, thereby attaining downsizing and weight
saving of stationary induction device 20.

[0032] Itshould be noted thatthe above-described em-
bodiments disclosed herein are illustrative in any respect
and do not serve as grounds for restrictive interpretation.
Therefore, the technical scope of the present invention
is not interpreted only in view of the above-described
embodiments, and is defined by the description of claims.
Moreover, all the modifications equivalent to the claims
in terms of meaning and scope are encompassed.

REFERENCE SIGNS LIST

[0033] 1:iron core; 1a: firstiron core portion; 1a1, 1b1:
first window portion; 1a2, 1b2: second window portion;
1b: second iron core portion; 2: winding; 2a, 2b: portion
located in a space between the first iron core portion and
the second iron core portion of the winding in the tank;
3: tank; 4: first bushing; 5: second bushing; 6: refrigerant;
7: refrigerant pipe; 8, 28: pump; 9: partition member; 10,
20: stationary induction device; 90, 91: external device;
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90L, 91L: connection wiring.

Claims
1. A stationary induction device comprising:

an iron core;

a winding wound around the iron core;

atank to store the iron core and the winding, the 70
tank being filled with refrigerant;

a pump to forcibly circulate the refrigerant; and

a bushing electrically connected to the winding,

the bushing extending through the tank, wherein

the iron core includes a first iron core portion 15
and a second iron core portion located with a
space being interposed between the first iron
core portion and the second iron core portion,

each of the first iron core portion and the second

iron core portion has a first window portion and 20
a second window portion through each of which

the winding extends,

the first window portion of the first iron core por-

tion and the first window portion of the second

iron core portion face each other, 25
the second window portion of the first iron core
portion and the second window portion of the
second iron core portion face each other,

by driving the pump, the refrigerant is circulated

by passing through the first window portion and 30
the second window portion of each of the first

iron core portion and the second iron core por-
tion, and

the bushing is connected to the winding via the
space, and is provided at a position facing a por- 35
tion of the winding located in the space in the
tank.

2. The stationary induction device according to claim
1, wherein the pump is disposed at a position internal 40
to the winding in the space.
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