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Description

Technical Field

[0001] This invention relates to a traction transformer
which is to be installed on a roof of a vehicle, in particular,
a traction transformer which includes a cooler configured
to cool cooling medium stored in a transformer tank
through use of traveling wind generated by traveling of
a vehicle.

Background Art

[0002] Devices such as an air conditioner, an exchang-
er, a controller, and a transformer, which are to be mount-
ed to a vehicle, generate a large amount of heat during
operations, and hence cooling of the devices is required.
Methods of cooling those devices mainly include a forci-
ble air-cooling method using a blower and a traveling-
wind self-cooling method using traveling wind generated
by traveling of a vehicle. In recent years, in view of ad-
vantages such as power saving and reduction of noise,
the traveling-wind self-cooling method attracts attention.
[0003] As a cooler for a vehicle employing the
traveling-wind self-cooling method, in consideration of
ease of manufacture and ease of maintenance, a cooler
including heat rejection pipes, which each have a U-
shape and are arrayed in a plurality of stages, is em-
ployed in many cases (see, e.g. Patent Literature 1).
Such a cooler includes a plurality of heat rejection pipes
to increase an area for heat exchange with cooling wind
and thereby secure high heat-rejection performance.
[0004] The size of the cooler differs depending on an
installation location thereof and maximum heat genera-
tion amounts of the devices. For example, in a traveling-
wind self-cooling method applied to an underfloor-ar-
rangement-type onboard transformer in which the
traveling wind is relatively easily guided to the cooler, a
cooler volume of about 0.5 m3 and a wind-guiding dis-
tance of about 1 m for guiding wind are required.
[0005] As a method of reducing the cooler volume for
the traveling-wind self-cooling method, for example,
there has been proposed a cooler using fin tubes (see,
for example, Patent Literature 2). Such cooler includes
heat rejection pipes each having a plurality of fins mount-
ed thereto, and a heat rejection area per unit volume can
be increased.
[0006] However, a measure against clogging between
fins is required, with the result that ease of maintenance
is degraded. Moreover, in addition to the ease of main-
tenance, manufacturing cost may also be a hindrance
for such cooler. Thus, such cooler is not widely available
at present.
Patent Literature 3 discloses a cooling device of a trans-
former for vehicle, aiming for improving the cooling per-
formance, by arranging two coolers on both sides of a
transformer main body and by equalising the length of
all oil passages.

List of Citations

Patent Literature

[0007]

[PTL 1] JP 59-84816 U 
[PTL 2] JP 2007-273777 A 
[PLT 3] JP 54-12817 U 

Summary of the Invention

Technical Problem

[0008] In a low-floor vehicle which is widely available
in Europe and other regions, an underfloor installation
space for devices is small, and hence the devices such
as the air conditioner, the exchanger, the controller, and
the transformer cannot be installed under a floor. There-
fore, those devices are installed on a roof. When a trac-
tion transformer employing the traveling-wind self-cool-
ing method is to be installed on a roof around which de-
vices are closely arranged, there is an influence of sep-
aration of traveling wind around the traction transformer.
[0009] Therefore, in order to guide the traveling wind
flowing at high flow velocity to the cooler, there is required
a wind-guiding distance which is sufficiently larger as
compared to the case of the underfloor installation. As a
result, there arises a problem in that it is difficult to reduce
the installation space for installation of the traction trans-
former on the roof of the vehicle. Furthermore, it a large
number of cooling pipes is used in a cooler arrangement
on a transformer, pressure loss occurs and the cooling
tubes that are further in the back in the travelling direction
receive insufficient cooling by the travelling wind.
[0010] This invention has been made to solve the prob-
lems described above, and has an object to obtain a trac-
tion transformer which is capable of achieving efficient
cooling through use of traveling wind generated by
traveling of a vehicle while reducing an installation space
for installation on a roof of a vehicle.

Solution to the Problem

[0011] The aforementioned problems are solved by the
vehicle transformer according to independent claim 1 and
the embodiments of dependent claims 2 to 5.

Advantageous Effects of the Invention

[0012] According to this invention, it is possible to ob-
tain the traction transformer which is capable of achieving
efficient cooling through use of traveling wind generated
by traveling of the vehicle while reducing an installation
space for installation on the roof of the vehicle.
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Brief Description of the Drawings

[0013]

FIG. 1 is a top view for illustrating a railway vehicle
including a traction transformer according to
a first example which is not part of the present
invention, which is installed on a roof.

FIG. 2 is a side view for illustrating the railway vehicle
including the traction transformer according
to the first example which is not part of the
present invention, which is installed on the
roof.

FIG. 3 is an enlarged perspective view for illustrating
a periphery of the traction transformer which
is installed on the railway vehicle of FIG. 1
and FIG. 2.

FIG. 4 is a top view of the traction transformer of FIG.
3.

FIG. 5 is a side view of the traction transformer of
FIG. 3.

FIG. 6 is a sectional view taken along the line A-A’
of FIG. 5 as seen in the direction indicated by
the arrows.

FIG. 7 is an explanatory view for illustrating a flow of
traveling wind on a rear side of a peripheral
device in an advancing direction on the roof
of the railway vehicle in the first example
which is not part of the present invention.

FIG. 8 is a contour diagram for illustrating, in vehicle
cross section, a wind velocity on the rear side
of the peripheral device in the advancing di-
rection on the roof of the railway vehicle in the
first example which is not part of the present
invention.

FIG. 9 is a perspective view for illustrating a cooler
in the first example which is not part of the
present invention.

FIG. 10 is a perspective view for illustrating a cooler
in a first embodiment of the present invention.

FIG. 11 is a top sectional view of an intermediate
header in the first embodiment of the present
invention.

FIG. 12 is a perspective view for illustrating a cooler
in a second example which is not part of the
present invention.

FIG. 13 is a rear perspective view of the cooler of FIG.
12.

FIG. 14 is a sectional view for illustrating an inlet-side
cooling-pipe group, an outlet-side cooling-
pipe group, and a cooling-pipe group in a third
example which is not part of the present in-
vention.

Detailed description

[0014] Now, a traction transformer according to ac-
cording to illustrative examples which are not part of the

present invention and embodiments of the present inven-
tion is described with reference to the accompanying
drawings. In the illustration of the drawings, the same
components or corresponding components are denoted
by the same reference symbols, and the overlapping de-
scription thereof is herein omitted.

First example which is not part of the present invention

[0015] FIG. 1 is a top view for illustrating a railway ve-
hicle 1 including a traction transformer 10 according to a
first example which is not part of the present invention,
which is installed on a roof 2. FIG. 2 is a side view for
illustrating the railway vehicle including the traction trans-
former 10 according to the first example which is not part
of the present invention, which is installed on the roof 2.
FIG. 3 is an enlarged perspective view for illustrating a
periphery of the traction transformer 10 which is installed
on the railway vehicle 1 of FIG. 1 and FIG. 2. FIG. 4 is a
top view of the traction transformer 10 of FIG. 3. FIG. 5
is a side view of the traction transformer 10 of FIG. 3.
[0016] In the following description, the railway vehicle
1 is simply referred to as "vehicle 1", and the traction
transformer 10 is simply referred to as "transformer 10".
For convenience of description, a length direction of the
vehicle 1, that is, an advancing direction of the vehicle 1
is referred to as "X direction". Moreover, a vehicle width
direction of the vehicle 1 is referred to as "Y direction",
and a height direction of the vehicle is referred to as "Z
direction". That is, the vehicle 1 can travel in both a +X
direction and a -X direction. A +Z direction corresponds
to the roof 2 side, and a -Z direction corresponds to a
floor side.
[0017] The transformer 10 includes a winding wire 11,
a main pipe 12, a transformer tank 13, a circulation pump
14, and a cooler 15. The transformer 10 is installed on
the roof 2 of the vehicle 1. Moreover, peripheral devices
3 such as a converter, a controller, and an air conditioner
are installed on the roof 2 in the +X direction and the -X
direction of the transformer 10.
[0018] The winding wire 11 is accommodated in the
transformer tank 13. The main pipe 12 forms a circulation
passage for refrigerant. The transformer tank 13 is ar-
ranged midway of the circulation passage formed of the
main pipe 12, and is configured to accommodate the
winding wire 11 and store the refrigerant inside thereof.
The transformer tank 13 is installed at the center in the
Y direction on the roof 2 of the vehicle 1.
[0019] The circulation pump 14 is arranged midway of
the circulation passage formed of the main pipe 12, and
is configured to circulate the refrigerant in the circulation
passage. The circulation pump 14 is installed in the X
direction of the transformer tank 13.
[0020] The cooler 15 is arranged midway of the circu-
lation passage formed of the main pipe 12, and is con-
figured to cool the refrigerant by heat exchange with air,
specifically, by heat exchange with traveling wind gen-
erated at the time of traveling of the vehicle 1. Moreover,
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the cooler 15 is installed on an upper surface of the trans-
former tank 13, that is, on a +Z direction surface. An inlet
side of the cooler 15 is connected to an inlet-side pipe
12a forming the main pipe 12, and an outlet side of the
cooler 15 is connected to an outlet-side pipe 12b forming
the main pipe 12.
[0021] The transformer tank 13 is a box having a rec-
tangular parallelepiped shape. The transformer tank 13
accommodates the winding wire 11 inside thereof and is
made of metal such as steel or aluminum. A surface of
the transformer tank 13 has coating for prevention of cor-
rosion, and has, for example, a bush for connection of
an electric wire. Moreover, insulating oil is generally used
as refrigerant. In particular, silicone oil having high non-
combustibility or ester oil being advantageous in envi-
ronment is used as refrigerant for vehicles.
[0022] Next, with reference to FIG. 6 to FIG. 8, further
description is made of the arrangement of the transformer
10 on the roof 2. FIG. 6 is a sectional view taken along
the line A-A’ of FIG. 5 as seen in the direction indicated
by the arrows. FIG. 7 is an explanatory view for illustrating
a flow of traveling wind on a rear side of the peripheral
device 3 in the advancing direction on the roof 2 of the
railway vehicle 1 in the first example which is not part of
the present invention. FIG. 8 is a contour diagram for
illustrating, in vehicle cross section, a wind velocity on
the rear side of the peripheral device 3 in the advancing
direction on the roof 2 of the railway vehicle 1 in the first
example which is not part of the present invention.
[0023] In the vehicle 1, as indicated by the broken line
of FIG. 6, a vehicle body cross section of the vehicle 1,
that is, a Y-Z cross section has limit values in the Y di-
rection and the Z direction, that is, a rolling stock gauge
4 defined therefor. That is, a cross section of the vehicle
1 is required to be provided within the range of the rolling
stock gauge 4. The rolling stock gauge 4 is a reference
that is defined for avoiding interference between a vehicle
body and a construction provided along a railway track.
In relation to construction of tunnels, in many cases, the
vehicle 1 has such a shape that an upper side of the roof
2, that is, the +Z direction side of the roof 2 is narrow.
[0024] A large number of devices are mounted to the
vehicle 1, and hence it is required that a limited installa-
tion area be efficiently used. Therefore, as illustrated in
FIG. 6, in many cases, the peripheral device 3 is designed
so as to project to a maximum dimension falling within
the rolling stock gauge 4.
[0025] In order to supply an overhead wiring voltage
exceeding 20 000 Volt to a main circuit, the transformer
10 utilizes the principle of electromagnetic induction to
step down the voltage. Moreover, the outer dimensions
of the transformer 10 are determined based on the size
of the winding wire 11, which is determined based on a
frequency of overhead wiring power and a conversion
efficiency of the transformer 10.
[0026] As mentioned above, the winding wire 11 is ac-
commodated in the transformer tank 13 having the rec-
tangular parallelepiped shape. For example, considera-

tion is made of the case in which the rolling stock gauge
4 has a trapezoidal shape as illustrated in FIG. 6. In this
case, when the transformer tank 13 has the rectangular
parallelepiped shape, a space in which the devices can
be arranged is defined by the upper surface side, that is,
the +Z direction side of the transformer tank 13 and the
side surface sides, that is, the +Y direction side and the
-Y direction side of the transformer tank 13. However, in
many cases, the main pipe 12 and a support structure
body are arranged on the side surface sides of the trans-
former tank 13.
[0027] In FIG. 7, schematic illustration is given of a
state in which a traveling wind 5 is separated by the pe-
ripheral device 3 installed on the roof 2 of the vehicle 1.
It is assumed that the traveling wind 5 flows in the -X
direction. The traveling wind 5 separated by the periph-
eral device 3 having a height h gradually approaches the
roof 2 as proceeding toward downstream of a flow field,
and is brought into contact with the roof 2 at a re-contact
point 6.
[0028] In a case of an ideal two-dimensional flow field,
a distance x from separation to re-contact is about seven
times the height h of the peripheral device 3, that is, about
7h. Unlike the case of the arrangement under a floor of
the vehicle 1 which is close to the ground, a vortex is less
liable to be generated in the flow field on the roof 2 of the
vehicle 1 being an open space. Therefore, in considera-
tion of arranging the cooler on downstream of the periph-
eral device 3, a sufficient wind-guiding distance is re-
quired for obtaining traveling wind flowing at high flow
velocity.
[0029] In FIG. 8, illustration is given of, for each x co-
ordinate, a relationship between wind velocity distribution
on the Y-Z plane after separation by the peripheral device
3 arranged so as to extend along the rolling stock gauge
4 and the inner side and the outer side of the rolling stock
gauge 4. In FIG. 8, calculation is made based on h1 = 1
m and h2 = 0.6 m on the rolling stock gauge 4.
[0030] In this case, the re-contact of the main stream
does not proceed at the position of about 1 m after sep-
aration, and it can be seen that wind flowing at high wind
velocity is obtained only in the vicinity of a boundary of
the rolling stock gauge 4. Moreover, the roof 2 of the
vehicle 1 has a complicated shape. Thus, the course of
re-contact is not as simple as that on downstream of the
step, but a stagnation region 7 is formed after separation.
Therefore, when the transformer 10 is arranged close to
the peripheral device 3, sufficient wind velocity required
for cooling can be obtained only in a region in a periphery
of the boundary of the rolling stock gauge 4.
[0031] An allowable device arrangement height on the
roof 2 is about 1 m at maximum. When the transformer
tank 13 has a height of 0.7 m, on the upper surface side
of the transformer tank 13, a space having a height of
about 0.3 m can be secured between the upper surface
of the transformer tank 13 and the rolling stock gauge 4.
This space is a space in which traveling wind flows at
high velocity even when the transformer 10 is arranged
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close to the peripheral device 3. Therefore, when the
cooler, which has hitherto been arranged separately, is
arranged in this space, the wind-guiding distance can be
minimized, and hence there is given a significant merit
in view of the installation space of the transformer 10.
[0032] Therefore, in the first example which is not part
of the present invention, through use of the space which
is defined on the upper surface side of the transformer
tank 13 and allows arrangement of the devices, the cooler
15 is installed on the upper surface of the transformer
tank 13. Further, a structure of the cooler 15 is devised
so that required cooling performance can be obtained.
[0033] Next, with reference to FIG. 9, further descrip-
tion is made of the structure of the cooler 15. FIG. 9 is a
perspective view for illustrating the cooler 15 in the first
example which is not part of the present invention.
[0034] The cooler 15 includes an inlet header 16a, an
outlet header 16b, and a direct cooling-pipe group 18.
The inlet header 16a is configured to allow the refrigerant
to flow thereinto from the circulation pump 14 side. The
outlet header 16b is configured to allow the refrigerant
to flow out to the transformer tank side.
[0035] The direct cooling-pipe group 18 includes a plu-
rality of cooling pipes 17, which are arranged so as to
allow the refrigerant to flow out from the inlet header 16a
and flow into the outlet header 16b. In the following de-
scription, a mechanism, which is formed of a group of a
plurality of cooling pipes that form flow passages be-
tween the inlet header 16a and the outlet header 16b and
are configured to cool the refrigerant flowing through the
flow passages, is referred to as "cooling-pipe mecha-
nism".
[0036] In the first example which is not part of the
present invention, illustration is given of an example case
in which the cooling-pipe mechanism includes the direct
cooling-pipe group 18, which is formed of the plurality of
cooling pipes 17 elongated in the Y direction and arrayed
in a plurality of rows in the X direction and connects the
inlet header 16a and the outlet header 16b to each other.
[0037] The inlet header 16a and the outlet header 16b
have a longitudinal direction extending in the X direction
and are installed on the transformer tank 13 while being
separated from each other in the Y direction and being
parallel to each other.
[0038] The direct cooling-pipe group 18 is formed of
the plurality of cooling pipes 17, which each have a U-
shape protruding in the +Z direction and are arrayed in
a plurality of rows in the X direction. The cooling pipes
17 are provided in the Z direction (upper side) from the
upper surface of the transformer tank 13. The cooling
pipes 17 are elongated in the Y direction. In the first ex-
ample which is not part of the present invention, as one
example, six U-shaped cooling pipes 17 having different
sizes are arranged on the Y-Z plane, and the rows each
including the six U-shaped cooling pipes 17 are arrayed
at a constant pitch along the X direction.
[0039] The six cooling pipes 17 of each of the rows
forming the direct cooling-pipe group 18 have different

heights in the Z direction and widths in the Y direction,
but the flow passages thereof have the same sectional
shape. For example, the number of arrays of the cooling
pipes 17 and pitches thereof may suitably be changed.
Moreover, it is only required that part of the cooling pipes
17 be arranged in the Z direction so as to be separated
from the upper surface of the transformer tank 13. Thus,
part of the cooling pipes 17 may be held in contact with
the upper surface of the transformer tank 13.
[0040] In each of the cooling pipes 17, the refrigerant
having been increased in temperature due to heat re-
ceived from, for example, the winding wire 11 flows there-
through. Each of the cooling pipes 17 has one end con-
nected to the inlet header 16a and another end connected
to the outlet header 16b.
[0041] The rows of the direct cooling-pipe group 18 are
arrayed in the X direction, and hence the inlet header
16a and the outlet header 16b each have a shape elon-
gated in the X direction.
[0042] The inlet header 16a is connected to the circu-
lation pump 14, receives the refrigerant supplied from
the circulation pump 14, and distributes the refrigerant
to the cooling pipes 17. The outlet header 16b is con-
nected so as to gather the refrigerant having flowed
through the cooling pipes 17 and return the gathered re-
frigerant to the transformer tank 13.
[0043] The six cooling pipes 17 forming each of the
rows of the direct cooling-pipe group 18 each include a
first bent portion, a second bent portion, and a coupling
portion. The first bent portion is bent with respect to the
inlet header 16a from the +Z direction toward the +Y di-
rection side. The second bent portion is bent with respect
to the outlet header 16b from the +Z direction toward the
-Y direction side. The coupling portion couples the first
bent portion and the second bent portion to each other
in parallel with a horizontal plane.
[0044] The first bent portion and the second bent por-
tion are perpendicularly connected to the inlet header
16a and the outlet header 16b, respectively. However, it
is not always required that the first bent portion and the
second bent portion be connected to the inlet header 16a
and the outlet header 16b in such a manner. Moreover,
the coupling portion is in parallel with the horizontal plane.
However, it is not always required that the coupling por-
tion be provided in such a manner. For example, the cou-
pling portion may have a gentle arch shape.
[0045] Moreover, in the first example which is not part
of the present invention, as one example, pipes each
having a flat shape are used as the cooling pipes 17, and
the flat surfaces thereof extend along the X direction.
When the flat pipes are used as the cooling pipes 17 as
described above, the cooling performance is improved.
However, in consideration of performance and cost, cir-
cular pipes may be used as the cooling pipes 17.
[0046] A space is defined below the direct cooling-pipe
group 18. That is, a gap is defined between the coupling
portions of the cooling pipes 17 arranged on an innermost
side of the rows and the upper surface of the transformer
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tank 13. As illustrated in FIG. 9, the coupling portions of
the cooling pipes 17 extend along the Y direction. There-
fore, the space defined below the rows of the direct cool-
ing-pipe group 18 is a space which is opened so as to
be elongated in the Y direction with respect to the Z di-
rection. In the following description, the space defined
below the cooling pipes 17 is referred to as "opening
space 19".
[0047] The direct cooling-pipe group 18 is arranged at
a high position on the upper surface of the transformer
tank 13. Therefore, even when any other devices are
arranged on the front and rear sides, the direct cooling-
pipe group 18 can successfully cool the refrigerant
through use of the traveling wind. Moreover, when the
traveling wind is not given, that is, when the vehicle 1
stops, air heated by the cooling pipes 17 rises and is
cooled by convection.
[0048] However, the opening space 19 is defined be-
low the rows of the direct cooling-pipe group 18. There-
fore, air is more likely to flow into the space below the
direct cooling-pipe group 18 from the outside of the cooler
15, and hence cooling by the convection is also success-
fully performed. Further, cooling from the upper surface
of the transformer tank 13 can also be performed.
[0049] It is only required that the cooler 15 have a con-
figuration in which most of the cooling pipes 17 are ar-
ranged on the upper surface side of the transformer tank
13. The extending direction of the cooling pipes 17 may
suitably be changed. Moreover, as mentioned above,
when the direct cooling-pipe group 18 has the configu-
ration in which the opening space 19 is defined and
opened so as to be elongated in the Y direction with re-
spect to the Z direction, the traveling wind is more likely
to flow into the space defined between the direct cooling-
pipe group 18 and the transformer tank 13, and in par-
ticular, the cooling performance of the cooler 15 is im-
proved.
[0050] Moreover, there is given the configuration in
which the inlet header 16a and the outlet header 16b are
both installed on the transformer tank 13. However, at
least one of the inlet header 16a and the outlet header
16b may be arranged on the side of the transformer tank
13, that is, in the +Y direction or the -Y direction. More-
over, at least one of the first bent portion and the second
bent portion of each of the cooling pipes 17 may be ar-
ranged on the side of the transformer tank 13.
[0051] As described above, according to the first ex-
ample which is not part of the present invention, in the
traction transformer which is to be installed on the roof
of the vehicle, the cooler having a configuration capable
of cooling the refrigerant by heat exchange with air is
provided on the upper surface of the transformer tank
which is configured to accommodate the winding wire
and store the refrigerant.
[0052] Moreover, the cooler includes: the cooling-pipe
mechanism, which is formed of the plurality of cooling
pipes, and is arranged in the Z-direction from the upper
surface of the transformer tank; the inlet header, which

is configured to allow the refrigerant to flow into the cool-
ing-pipe mechanism from the circulation pump side; and
the outlet header, which is configured to allow the refrig-
erant having flowed through the cooling-pipe mechanism
to flow out to the transformer tank side. In the first exam-
ple which is not part of the present invention, as a specific
configuration of such cooling-pipe mechanism, an exam-
ple is given of the cooling-pipe mechanism including the
direct cooling-pipe group including a plurality of cooling
pipes, which are arranged so as to allow the refrigerant
to flow out from the inlet header and flow into the outlet
header and are elongated in the Y direction and arrayed
in a plurality of rows in the X direction.
[0053] As described above, even when the traction
transformer is arranged close to the peripheral device,
through the arrangement of the cooler in the space of the
upper surface of the transformer tank corresponding to
the space through which the traveling wind flows at high
velocity, the wind-guiding distance can be minimized,
and the installation space for the traction transformer can
be reduced. Moreover, there is no need to use, for ex-
ample, a fan for cooling. Therefore, power consumption
can be reduced, and a significant effect can be attained
also in terms of reduction of noise.

First Embodiment of the present invention

[0054] In a first embodiment of the present invention,
description is made of the transformer 10 including a cool-
er 15A having a configuration different from that of the
cooler 15 in the first example which is not part of the
present invention. In the first embodiment of the present
invention, description of the features which are the same
as those of the first example which is not part of the
present invention is omitted, and features which are dif-
ferent from those of the first example which is not part of
the present invention are mainly described.
[0055] FIG. 10 is a perspective view for illustrating the
cooler 15A in the first embodiment of the present inven-
tion. The cooler 15A includes the inlet header 16a, the
outlet header 16b, an intermediate header 20, an inlet-
side cooling-pipe group 21a, and an outlet-side cooling-
pipe group 21b. The inlet header 16a is configured to
allow refrigerant to flow thereinto from the circulation
pump 14 side. The outlet header 16b is configured to
allow the refrigerant to flow out to the transformer tank
side. The intermediate header 20 is arranged between
the inlet header 16a and the outlet header 16b.
[0056] The inlet-side cooling-pipe group 21a is ar-
ranged so as to allow the refrigerant to flow out from the
inlet header 16a and flow into the intermediate header
20. The outlet-side cooling-pipe group 21b is arranged
so as to allow the refrigerant, which has once been gath-
ered, to flow out from the intermediate header 20 and
then flow into the outlet header 16b. In the first embodi-
ment of the present invention, illustration is given of an
example case in which the cooling-pipe mechanism in-
cludes the inlet-side cooling-pipe group 21a connected
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to the inlet header 16a and the outlet-side cooling-pipe
group 21b connected to the outlet header 16b.
[0057] The inlet header 16a, the inlet-side cooling-pipe
group 21a, the intermediate header 20, the outlet-side
cooling-pipe group 21b, and the outlet header 16b are
connected in series. The intermediate header 20 con-
necting the inlet-side cooling-pipe group 21a and the out-
let-side cooling-pipe group 21b is configured to mix inside
thereof the refrigerant having flowed into the intermediate
header 20 from the inlet-side cooling-pipe group 21a, and
allow the refrigerant to flow out to the outlet-side cooling-
pipe group 21b while the refrigerant is re-distributed.
[0058] The inlet-side cooling-pipe group 21a includes
a plurality of cooling pipes 17 arrayed in a plurality of
rows in the X direction. Similarly, the outlet-side cooling-
pipe group 21b includes a plurality of cooling pipes 17
arrayed in a plurality of rows in the X direction. Specifi-
cally, the inlet-side cooling-pipe group 21a is formed of
the cooling pipes 17 arrayed in a plurality of rows at a
constant pitch in the X direction. The plurality of rows of
the cooling pipes 17 each include six cooling pipes 17.
[0059] The six cooling pipes 17 are arranged on the Y-
Z plane, have different sizes, and each have a U-shape
protruding in the +Z direction. Similarly, the outlet-side
cooling-pipe group 21b is formed of the cooling pipes 17
arrayed in a plurality of rows at a constant pitch in the X
direction. The plurality of rows of the cooling pipes 17
each include six cooling pipes 17. The six cooling pipes
17 are arranged on the Y-Z plane, have different sizes,
and each have a U-shape protruding in the +Z direction.
[0060] The inlet header 16a is connected to the circu-
lation pump 14 side, that is, to the inlet-side pipe 12a.
The refrigerant having been increased in temperature
due to heat received from, for example, the winding wire
11 flows into the inlet header 16a through the circulation
pump 14. The inlet header 16a has a shape elongated
in the X direction.
[0061] The outlet header 16b is connected to the outlet-
side pipe 12a to return the refrigerant, which has been
decreased in temperature as compared to the refrigerant
inside the inlet header 16a, to the transformer tank 13.
The outlet header 16b has a shape elongated in the X
direction.
[0062] The intermediate header 20 is installed be-
tween the inlet header 16a and the outlet header 16b,
and is arranged on the X-Y plane which is the same as
the plane on which the inlet header 16a and the outlet
header 16b are arranged. The intermediate header 20
has a shape elongated in the X direction. The inlet-side
cooling-pipe group 21a and the outlet-side cooling-pipe
group 21b are located on the upper surface side of the
transformer tank 13.
[0063] The inlet-side cooling-pipe group 21a is ar-
ranged at the -Y direction end in the Y direction, and the
outlet-side cooling-pipe group 21b is arranged at the +Y
direction end in the Y direction. That is, for example, when
it is assumed that the inlet-side cooling-pipe group 21a
is arranged on the right side of the drawing sheet with

respect to the X direction, the outlet-side cooling-pipe
group 21b is arranged on the left side of the drawing
sheet with respect to the X direction. It is preferred that
the intermediate header 20 be located on the upper sur-
face of the transformer tank 13.
[0064] When the cooler 15A is arranged on the upper
surface of the transformer tank 13, in order to allow the
cooler 15A to be provided within the rolling stock gauge
4, the allowable height in the Z direction is about 0.3 m,
and hence limitation on the height is strict. However, in
the Y direction and the X direction which are parallel to
the upper surface of the transformer tank 13, as a space
for arranging the cooler 15, for example, a length of about
1 m in the Y direction and a length of about 2.5 m in the
X direction can be secured. With this, the cooler 15A can
be arranged with a relatively sufficient space.
[0065] The vehicle 1 requires a large amount of power
at the time of acceleration during traveling, and a large
amount of current flows through the winding wire 11 of
the transformer 10. Therefore, the heat generation
amount of the transformer 10 increases. Meanwhile, also
when the vehicle is stopped, power is required for air
conditioners and illumination devices. Thus, the trans-
former 10 generates heat even though the heat genera-
tion amount is not as large as that given during the
traveling of the vehicle 1. Therefore, cooling of the trans-
former 10 is required not only during traveling of the ve-
hicle but also when the vehicle is stopped.
[0066] When the vehicle is stopped, the traveling wind
cannot be obtained. Therefore, it is required that a large
number of cooling pipes 17 be arranged on the X-Y plane
to increase the heat rejection area. However, when the
number of cooling pipes 17 to be arranged in the X di-
rection is excessively increased, pressure loss that may
occur when the traveling wind 5 obtained during traveling
of the vehicle passes through the cooler 15A in the X
direction increases.
[0067] Therefore, the wind cannot flow into the cooler
15A. That is, in order to allow the cooler 15A to obtain
high cooling performance during the traveling of the ve-
hicle, it is required that a large number of cooling pipes
17 be arranged on the Y-Z cross section exposed to the
traveling wind 5 during the traveling of the vehicle.
[0068] When the cooling pipes 17 are formed into the
U-shape, there are less number of bent parts, and ease
of processing is excellent. Thus, the manufacturing cost
can be reduced. However, the space on the upper sur-
face of the transformer tank 13 is a flat space which is
elongated in the horizontal direction, that is, elongated
in the X direction and the Y direction. Therefore, as in
the case of the cooler 15 illustrated in FIG. 9, when the
large opening space 19 is defined at the center portion
of the cooler 15, there is a possibility that the cooling
efficiency per unit volume of the cooler cannot be im-
proved.
[0069] It is also possible to use, for example, W-shaped
cooling pipes in order to improve the cooling efficiency
of the cooler through arrangement of the cooling pipes
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also in the opening space 19. However, in this case,
bending of the pipes becomes more complicated, with
the result that the manufacturing cost drastically increas-
es.
[0070] Therefore, in the first embodiment of the present
invention, as illustrated in FIG. 10, the intermediate head-
er 20 is used to form the cooler 15A with the inlet-side
cooling-pipe group 21a provided so as to allow the re-
frigerant to flow into the intermediate header 20 from the
inlet header 16a and the outlet-side cooling-pipe group
21b provided so as to allow the refrigerant to flow out
from the intermediate header 20 and flow into the outlet
header 16b.
[0071] With such a configuration of the cooler 15A, in
the flat space elongated in the horizontal direction on the
upper surface of the transformer tank 13, a large number
of cooling pipes 17 can be arrayed on a passage plane
of the traveling wind 5, that is, the Y-Z plane. As a result,
the cooler having high heat-rejection performance per
unit volume can be obtained at low cost.
[0072] Moreover, when the cooler 15 illustrated in FIG.
9 is arranged so as to fill the flat space elongated in the
horizontal direction on the upper surface of the trans-
former tank 13, the pipe length of the cooling pipes 17 in
the Y direction becomes larger. In a region 31a illustrated
in FIG. 9 close to the inlet header 16a, the temperature
of the refrigerant flowing inside the cooling pipes 17 is
high.
[0073] Therefore, a sufficient temperature difference
with respect to outside air can be obtained, thereby being
capable of obtaining high heat-rejection performance in
accordance with the flow velocity of the traveling wind 5.
Moreover, when the pipe length of the cooling pipes 17
in the Y direction is large, heat rejection proceeds midway
of the flow passage, and hence the temperature of the
refrigerant decreases as the refrigerant approaches the
outlet header 16b. Therefore, in a region 31b close to the
outlet header 16b, as compared to the region 31a, a ther-
mal flux with the outside air is reduced.
[0074] Meanwhile, in a region 32a and a region 32b
corresponding to downstream of the flow field of the
traveling wind 5, first of all, the traveling wind 5 is less
likely to flow thereinto. Thus, even in the region close to
the inlet header 16a, the thermal flux with the outside air
is small. Therefore, even in a periphery of the outlet head-
er 16b, the temperature of the refrigerant does not sig-
nificantly decrease from the temperature in a periphery
of the inlet header 16a.
[0075] In the first embodiment of the present invention,
the intermediate header 20 is arranged between the re-
frigerant flow passages of the inlet header 16a and the
outlet header 16b. With such a configuration, the refrig-
erant flows into the plurality of cooling pipes 17 from the
inlet header 16a, and the refrigerant having flowed
through the region 31 in which the heat rejection has
proceeded due to exposure to the traveling wind 5 and
the refrigerant having flowed through the region 32a that
is less decreased in temperature without inflow of the

traveling wind 5 can be mixed once in the intermediate
header 20.
[0076] Moreover, through mixing of the refrigerant hav-
ing flowed through the downstream of the flow field of
the traveling wind 5 with less decrease in temperature
and the refrigerant having flowed through upstream of
the flow field of the traveling wind 5 in which the decrease
in temperature has proceeded, the temperature of the
refrigerant flowing through the region 31b exposed to the
traveling wind 5 flowing at high flow velocity can be main-
tained higher as compared to the case in which the in-
termediate header 20 is not provided. Therefore, as com-
pared to the case in which the intermediate header 20 is
not provided, an overall heat rejection amount of the cool-
er can be set higher.
[0077] FIG. 11 is a top sectional view of the interme-
diate header 20 in the first embodiment of the present
invention. A flow straightening plate 22 is arranged in the
X direction in the intermediate header 20 so as to partition
the inlet-side cooling-pipe group 21a connected to the
inlet header 16a and the outlet-side cooling-pipe group
21b connected to the outlet header 16b. A +X direction
end of the flow straightening plate 22 is connected to a
header end surface of the intermediate header 20, and
a -X direction end of the flow straightening plate 22 is not
connected to a header end surface of the intermediate
header 20.
[0078] As illustrated in FIG. 11, a flow passage cross
section of each of the cooling pipes 17 has a flat shape
with a large diameter in the X direction. Thus, while a
surface area of the cooling pipes 17 is increased, pres-
sure loss caused when the traveling wind 5 passes
through the cooler 15A can be reduced.
[0079] The refrigerant having flowed into the interme-
diate header 20 from the inlet header 16a, which is ar-
ranged on the -Y direction side of the intermediate header
20, through the inlet-side cooling-pipe group 21a, as in-
dicated by the illustrated flow direction 23, flows in the
-X direction through the intermediate header 20 and turns
back at the -X end. Then, while flowing through a region
33c of the intermediate header 20 in the +X direction, the
refrigerant flows into the outlet header 16b through the
outlet-side cooling-pipe group 21b.
[0080] The refrigerant flowing into a region 33a of the
intermediate header 20 from the inlet header 16a through
the inlet-side cooling-pipe group 21a is exposed to the
traveling wind 5 during traveling of the vehicle. Therefore,
the temperature of the refrigerant is lower than the tem-
perature of the refrigerant flowing into a region 33b in
which the heat exchange with the traveling wind 5 does
not proceed. However, in the intermediate header 20,
the refrigerant having been delivered from the inlet head-
er 16a is mixed once, and hence equalization of the tem-
perature of the refrigerant is promoted in the region 33c.
[0081] For convenience, description is made of the ex-
ample case with the mode in which the +X direction end
of the flow straightening plate 22 is connected to the
header end surface of the intermediate header 20. How-
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ever, the mode of the flow straightening plate 22 is not
limited to this. Any other mode may be employed as long
as the equalization of the temperature of the refrigerant
can be promoted through mixing of the refrigerant in the
intermediate header 20. For example, even in the mode
in which the -X direction end of the flow straightening
plate 22 is connected to the header end surface and in
which the +X direction end of the flow straightening plate
22 is not connected to the header end surface, the same
effect as that of the mode described above can be at-
tained. Moreover, for example, even in a mode in which
both the +X direction end and the -X direction end of the
flow straightening plate 22 are connected to the header
end surfaces and in which an intermediate portion of the
flow straightening plate 22 is separated, the same effect
as that of the mode described above can be attained.
[0082] As described above, the intermediate header
20 includes the flow straightening plate 22 configured to
promote the equalization of the temperature of the refrig-
erant in the intermediate header 20.
[0083] According to the first embodiment of the present
invention, the cooling-pipe mechanism of the cooler in-
cludes the inlet-side cooling-pipe group connected to the
inlet header and the outlet-side cooling-pipe group con-
nected to the outlet header. The inlet-side cooling-pipe
group and the outlet-side cooling-pipe group are con-
nected through intermediation of the intermediate head-
er. With this configuration, the same effect as that of the
first example which is not part of the present invention
can be attained.
[0084] Further, through use of the intermediate head-
er, a thin cooler including the plurality of cooling pipes
arrayed in a plurality of rows in a distributed manner can
be provided at low cost. Therefore, as compared to the
first example which is not part of the present invention,
the cooler can be more easily arranged in a narrow space
on the upper surface of the transformer tank.
[0085] In the first embodiment of the present invention,
description is made of the example case with the cooler
15A in which the inlet-side cooling-pipe group 21a and
the outlet-side cooling-pipe group 21b are connected
through intermediation of the intermediate header 20.
However, the cooling-pipe mechanism of the cooler 15A
may include the direct cooling-pipe group which is directly
connected from the inlet header 16a to the outlet header
16b without the intermediate header 20. Moreover, the
flow straightening plate 22 is provided inside the inter-
mediate header 20, and hence the effect of equalizing
the temperature of the refrigerant is excellent.
[0086] However, as long as the space in which the re-
frigerant is mixed is defined, the effect of equalization
can be attained to some extent even without the flow
straightening plate 22. Further, in place of the flow
straightening plate 22, there may be provided a structure
for promoting mixing of the refrigerant such as a protru-
sion-and-recess structure or fins which may cause a tur-
bulent flow in the refrigerant inside the intermediate head-
er 20.

[0087] Moreover, the inlet-side cooling-pipe group 21a
and the outlet-side cooling-pipe group 21b may be con-
nected to each other through intermediation of a plurality
of intermediate headers 20 arranged between the inlet
header 16a and the outlet header 16b.

Second example which is not part of the present invention

[0088] In a second example which is not part of the
present invention, description is made of the transformer
10 including a cooler 15B having a configuration different
from that of the cooler 15 in the first example which is
not part of the present invention and that of the cooler
15A in the first embodiment of the present invention. In
the second example which is not part of the present in-
vention, description of the features which are the same
as those of the first example which is not part of the
present invention and the first embodiment of the present
invention is omitted, and features which are different from
those of the first example which is not part of the present
invention and the first embodiment of the present inven-
tion are mainly described.
[0089] FIG. 12 is a perspective view for illustrating the
cooler 15B in the second example which is not part of
the present invention. FIG. 13 is a rear perspective view
of the cooler 15B of FIG. 12.
[0090] The cooler 15B includes the inlet header 16a,
the outlet header 16b, an upstream-side intermediate-
header portion, a downstream-side intermediate-header
portion, the inlet-side cooling-pipe group 21a, the outlet-
side cooling-pipe group 21b, and a direct cooling-pipe
group 24. The inlet header 16a is configured to allow the
refrigerant to flow thereinto from the circulation pump 14
side. The outlet header 16b is configured to allow the
refrigerant to flow out to the transformer tank side.
[0091] The upstream-side intermediate-header por-
tion and the downstream-side intermediate-header por-
tion are arrayed in the X direction between the inlet head-
er 16a and the outlet header 16b. The inlet-side cooling-
pipe group 21a is arranged so as to allow the refrigerant
to flow out from the inlet header 16a and flow into each
of the upstream-side intermediate-header portion and
the downstream-side intermediate-header portion.
[0092] The outlet-side cooling-pipe group 21b is ar-
ranged so as to allow the refrigerant to flow out from each
of the upstream-side intermediate-header portion and
the downstream-side intermediate-header portion and
flow into the outlet header 16b. The direct cooling-pipe
group 24 is arranged so as to allow the refrigerant to flow
out from the inlet header 16a and flow into the outlet
header 16b.
[0093] The intermediate header in the second example
which is not part of the present invention includes the
upstream-side intermediate-header portion and the
downstream-side intermediate-header portion which are
arrayed in the X direction between the inlet header 16a
and the outlet header 16b. The terms "upstream" and
"downstream" of the upstream-side intermediate-header
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portion and the downstream-side intermediate-header
portion correspond to upstream and downstream in the
traveling direction, and do not correspond to upstream
and downstream of the flow of the refrigerant.
[0094] The inlet-side cooling-pipe group 21a in the sec-
ond example which is not part of the present invention
includes an upstream-side relay cooling-pipe group con-
nected to the upstream-side intermediate-header portion
and a downstream-side relay cooling-pipe group con-
nected to the downstream-side intermediate-header por-
tion. Those two relay cooling-pipe groups forming the
inlet-side cooling-pipe group 21a are each formed of the
cooling pipes 17 arrayed in a plurality of rows at a con-
stant pitch in the X direction.
[0095] The plurality of rows of the cooling pipes 17 each
include six cooling pipes 17. The six cooling pipes 17 are
arranged on the Y-Z plane, have different sizes, and each
have a U-shape protruding in the +Z direction. A flow
passage cross section of each of the cooling pipes 17
forming the inlet-side cooling-pipe group 21a has a flat
shape having a diameter which is larger in the X direction.
[0096] Similarly, the outlet-side cooling-pipe group 21b
includes an upstream-side relay cooling-pipe group con-
nected to the upstream-side intermediate-header portion
and a downstream-side relay cooling-pipe group con-
nected to the downstream-side intermediate-header por-
tion. Those two relay cooling-pipe groups forming the
outlet-side cooling-pipe group 21b are each formed of
the cooling pipes 17 arrayed in a plurality of rows at a
constant pitch in the X direction. The plurality of rows of
the cooling pipes 17 each include six cooling pipes 17.
[0097] The six cooling pipes 17 are arranged on the Y-
Z plane, have different sizes, and each have a U-shape
protruding in the +Z direction. A flow passage cross sec-
tion of each of the cooling pipes 17 forming the inlet-side
cooling-pipe group 21b has a flat shape having a diam-
eter which is larger in the X direction. The inlet-side cool-
ing-pipe group 21a is arranged at the -Y direction end in
the Y direction, and the outlet-side cooling-pipe group
21b is arranged at the +Y direction end in the Y direction.
[0098] The direct cooling-pipe group 24 is formed of
the plurality of cooling pipes 17, which are elongated in
the Y direction and arrayed in a plurality of rows in the X
direction. The direct cooling-pipe group 24 connects the
inlet header 16a and the outlet header 16b to each other.
Specifically, the direct cooling-pipe group 24 is formed
of the cooling pipes 17 arrayed in a plurality of rows at a
constant pitch along the X direction. The plurality of rows
of the cooling pipes 17 each include six cooling pipes 17.
[0099] The six cooling pipes 17 are arranged on the Y-
Z plane, have different sizes, and each have a U-shape
protruding in the +Z direction. A flow passage cross sec-
tion of each of the cooling pipes 17 forming the direct
cooling-pipe group 24 has a flat shape having a diameter
which is larger in the X direction.
[0100] The upstream-side intermediate-header por-
tion is arranged at the +X direction end, and the down-
stream-side intermediate-header portion is arranged at

the -X direction end. In the case of such arrangement
relationship, the inlet-side cooling-pipe group 21a and
the outlet-side cooling-pipe group 21b are arranged at
each of the +X direction end and the -X direction end.
[0101] The direct cooling-pipe group 24 is arranged
between the inlet-side cooling-pipe group 21a and the
outlet-side cooling-pipe group 21b arranged at the X di-
rection end, and the inlet-side cooling-pipe group 21a
and the outlet-side cooling-pipe group 21b arranged at
the -X direction end.
[0102] The upstream-side intermediate-header por-
tion has a first space 25a for allowing the refrigerant to
flow thereinto from the inlet-side cooling-pipe group 21a
and a second space 25b for allowing the refrigerant to
flow out to the outlet-side cooling-pipe group 21b. The
downstream-side intermediate-header portion has a first
space 26a for allowing the refrigerant to flow thereinto
from the inlet-side cooling-pipe group 21a and a second
space 26b for allowing the refrigerant to flow out to the
outlet-side cooling-pipe group 21b.
[0103] Specifically, the upstream-side intermediate-
header portion includes a header 25 and a partition plate
27. The partition plate 27 is configured to partition the
inside of the header 25 into the first space 25a for allowing
the refrigerant to flow thereinto from the inlet-side cool-
ing-pipe group 21a and the second space 25b for allowing
the refrigerant to flow out to the outlet-side cooling-pipe
group 21b. Similarly, the downstream-side intermediate-
header portion includes a header 26 and the partition
plate 27.
[0104] The partition plate 27 is configured to partition
the inside of the header 26 into the first space 26a for
allowing the refrigerant to flow thereinto from the inlet-
side cooling-pipe group 21a and the second space 26b
for allowing the refrigerant to flow out to the outlet-side
cooling-pipe group 21b. Among the cooling pipes 17
forming the inlet-side cooling-pipe group 21a, the plurality
of cooling pipes 17 located at the +X direction end are
connected to the first space 25a of the upstream-side
intermediate-header portion, and the plurality of remain-
ing cooling pipes 17 located at the -X direction end are
connected to the first space 26a of the downstream-side
intermediate-header portion.
[0105] Moreover, among the cooling pipes 17 forming
the outlet-side cooling-pipe group 21b, the plurality of
cooling pipes 17 located at the +X direction end are con-
nected to the second space 25b of the upstream-side
intermediate-header portion, and the plurality of remain-
ing cooling pipes 17 located at the -X direction end are
connected to the second space 26b of the downstream-
side intermediate-header portion.
[0106] The cooler 15B further includes a first auxiliary
pipe 28 and a second auxiliary pipe 29. The first auxiliary
pipe 28 serves as a first flow passage for allowing the
refrigerant to flow from the first space 25a of the up-
stream-side intermediate-header portion to the second
space 26b of the downstream-side intermediate-header
portion. The second auxiliary pipe 29 serves as a second
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flow passage for allowing the refrigerant to flow from the
first space 26a of the downstream-side intermediate-
header portion to the second space 25b of the upstream-
side intermediate-header portion.
[0107] The partition plate 27 is arranged in each of the
header 25 and the header 26 so as to partition in the Y
direction and be elongated in the X direction. The partition
plate 27 arranged in the header 25 partitions the space
inside the header 25 into the first space 25a and the sec-
ond space 25b.
[0108] The partition plate 27 arranged in the header
26 partitions the space inside the header 26 into the first
space 26a and the second space 26b. The first auxiliary
pipe 28 connects the first space 25a and the second
space 26b to each other. The second auxiliary pipe 28
connects the first space 26a and the second space 25b
to each other.
[0109] The refrigerant having flowed into the inlet
header 16a from the inlet-side pipe 12a by the circulation
pump 14 flows into the inlet-side cooling-pipe group 21a
arranged at each of the +X direction end and the -X di-
rection end and into the direct cooling-pipe group 24.
[0110] The refrigerant having flowed into the inlet-side
cooling-pipe group 21a arranged at the +X direction end
from the inlet header 16a flows into the first space 25a
of the header 25. The refrigerant having flowed into the
first space 25a flows into the second space 26b of the
header 26 through the first auxiliary pipe 28. The refrig-
erant having flowed into the second space 26b flows into
the outlet header 16b through the outlet-side cooling-pipe
group 21b arranged at the - X direction end.
[0111] Meanwhile, the refrigerant having flowed into
the inlet-side cooling-pipe group 21a arranged at the -X
direction end from the inlet header 16a flows into the first
space 26a of the header 26. The refrigerant having flowed
into the first space 26a flows into the second space 25b
of the header 25 through the second auxiliary pipe 29.
The refrigerant having flowed into the second space 25b
flows into the outlet header 16b through the outlet-side
cooling-pipe group 21b arranged at the +X direction end.
[0112] When the cooling pipes 17 are arrayed in a plu-
rality of stages in the X direction, pressure loss of the
wind passage system of the cooler increases. As a result,
there is a possibility that the traveling wind having flowed
into the cooler from the +X direction does not reach the
-X direction end of the cooler while maintaining sufficient
wind velocity.
[0113] Therefore, in the second example which is not
part of the present invention, the cooler 15B has a con-
figuration in which only the cooling pipes 17 which are
arranged at the X direction end and highly contribute to
the heat rejection during traveling of the vehicle are
densely arranged on the Y-Z plane. With such a config-
uration, as illustrated in FIG. 13, the opening space 19
is defined at the center portion of the cooler 15B.
[0114] Therefore, even when the cooling pipes 17 are
arrayed in a plurality of stages in the X direction, the in-
crease in pressure loss of the wind passage system of

the cooler for the traveling wind can be suppressed.
Moreover, the traveling wind can spread over the entirety
of the cooler. With this, the heat-rejection performance
of the cooler can be maximally brought out.
[0115] Moreover, the cooler 15B has the following con-
figuration. That is, the refrigerant flow passage is provid-
ed between the first space 25a and the second space
26b through use of the first auxiliary pipe 28, and the
refrigerant flow passage is provided between the first
space 26a and the second space 25b through use of the
second auxiliary pipe 29.
[0116] With such a configuration, the refrigerant having
a high temperature can be exposed to the traveling wind
flowing upstream of the flow field, which has not yet re-
ceived heat from the refrigerant and has not been in-
creased in temperature. As a result, the thermal flux from
the refrigerant to the outside air can be increased, and
hence high heat-rejection performance can be obtained
in the cooler 15B installed in the limited space.
[0117] Description is made of the example case in
which the two spaces are defined by partitioning the one
space inside the intermediate header into two spaces
through use of the partition plate 27. However, the same
effect as that described above can be attained also when
two spaces are defined through use of two separate
headers without use of the partition plate 27.
[0118] In this case, the upstream-side intermediate-
header portion and the downstream-side intermediate-
header portion each include a first header and a second
header arrayed in the Y direction. The first auxiliary pipe
28 allows the refrigerant to flow from the first header of
the upstream-side intermediate-header portion to the
second header of the downstream-side intermediate-
header portion. The second auxiliary pipe 29 allows the
refrigerant to flow from the first header of the down-
stream-side intermediate-header portion to the second
header of the upstream-side intermediate-header por-
tion.
[0119] In the second example which is not part of the
present invention, description is made of the example
case in which the cooler 15B includes, in addition to the
inlet-side cooling-pipe group 21a and the outlet-side cool-
ing-pipe group 21b, the direct coupling-pipe group 24
which is arranged so as to allow the refrigerant to flow
out from the inlet header 16a and directly flow into the
outlet header 16b.
[0120] However, all of the cooling pipe groups of the
cooler 15B may be formed of only the inlet-side cooling-
pipe group 21a and the outlet-side cooling-pipe group
21b. Moreover, the upstream-side intermediate-header
portion and the downstream-side intermediate-header
portion may form an integrated structure, and flow pas-
sages corresponding to the first auxiliary pipe 28 and the
second auxiliary pipe 29 may be provided inside the
structure.
[0121] According to the second example which is not
part of the present invention, the cooling-pipe mechanism
of the cooler includes the inlet-side cooling-pipe group
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connected to the inlet header and the outlet-side cooling-
pipe group connected to the outlet header. The inlet-side
cooling-pipe group connected to the inlet header includes
the upstream-side relay cooling-pipe group connected to
the upstream-side intermediate-header portion and the
downstream-side relay cooling-pipe group connected to
the downstream-side intermediate-header portion.
[0122] The outlet-side cooling-pipe group connected
to the outlet header includes the upstream-side relay
cooling-pipe group connected to the upstream-side in-
termediate-header portion and the downstream-side re-
lay cooling-pipe group connected to the downstream-
side intermediate-header portion.
[0123] With this, the same effect as that of the first ex-
ample which is not part of the present invention and the
first embodiment of the present invention can be attained.
Further, through the arrangement of the upstream-side
intermediate-header portion at the +X direction end and
the arrangement of the downstream-side intermediate-
header portion at the -X direction end, as compared to
the first example which is not part of the present invention
and the first embodiment of the present invention, the
heat-rejection performance of the cooler can be more
maximally brought out.

Third example which is not part of the present invention

[0124] In a third example which is not part of the
present invention, description is made of a case in which,
in the cooler 15B of the second example which is not part
of the present invention, a diameter in the X direction of
each of the cooling pipes 17 forming the inlet-side cool-
ing-pipe group 21a and the outlet-side cooling-pipe group
21b is set larger than a diameter in the X direction of each
of the cooling pipes 17 forming the direct cooling-pipe
group 24. In the third example which is not part of the
present invention, description of the features which are
the same as those of the previous examples which are
not part of the present invention and the first embodiment
of the present invention is omitted, and features which
are different from are mainly described.
[0125] FIG. 14 is a sectional view for illustrating the
inlet-side cooling-pipe group 21a, the outlet-side cooling-
pipe group 21b, and the direct cooling-pipe group 24 in
the third example which is not part of the present inven-
tion.
[0126] As illustrated in FIG. 14, the cooling pipes 17
forming each of the inlet-side cooling-pipe group 21a and
the outlet-side cooling-pipe group 21b are equal in diam-
eter in the Z direction but larger in diameter in the X di-
rection with respect to the cooling pipes 17 forming the
direct cooling-pipe group 24.
[0127] In the configuration of the cooler 15B in the sec-
ond example which is not part of the present invention,
there is a difference in pressure loss between the refrig-
erant flow passages, that is, between the flow passage
for the refrigerant flowing from the inlet header 16a to the
outlet header 16b through the header 25 and the header

26 and the flow passage for the refrigerant directly flowing
from the inlet header 16a to the outlet header 16b.
[0128] Specifically, the flow passage for the refrigerant
flowing from the inlet header 16a to the outlet header 16b
through the header 25 and the header 26 has more bend-
ing portions in the flow passage as compared to the flow
passage for the refrigerant directly flowing from the inlet
header 16a to the outlet header 16b, with the result that
the pressure loss increases.
[0129] When the pressure loss difference occurs be-
tween the refrigerant flow passages connected from the
inlet header 16a to the outlet header 16b, a difference in
flow rate of the refrigerant flowing through the cooling
pipes 17 occurs, and hence unevenness in heat-rejection
performance of the cooling pipes 17 becomes more con-
spicuous. As a result, the heat-rejection performance
may be degraded. For the flow passages through which
the refrigerant flows at significantly high flow velocity, an
additional countermeasure related to the mechanical
strength is also required.
[0130] A flow-passage sectional area of the cooling
pipe having the U-shape is sensitive with respect to the
pressure loss in the refrigerant flow passage. Therefore,
when the flow-passage sectional area of each of the cool-
ing pipes 17 forming the inlet-side cooling-pipe group 21a
and the outlet-side cooling-pipe group 21b is set larger
than the flow-passage sectional area of each of the cool-
ing pipes 17 forming the direct cooling-pipe group 24, the
pressure loss can be evenly set for the refrigerant flow
passages. However, when the flow passage cross sec-
tion for the traveling wind 5 is set narrow, the traveling
wind 5 becomes less likely to flow into the cooler 15B.
[0131] Therefore, in the third example which is not part
of the present invention, as illustrated in FIG. 14, without
changing the flow-passage sectional area for the
traveling wind 5, the diameter in the X direction of each
of the cooling pipes 17 forming the inlet-side cooling-pipe
group 21a and the outlet-side cooling-pipe group 21b is
set larger than the diameter in the X direction of each of
the cooling pipes 17 forming the direct cooling-pipe group
24. With such a configuration, without a hindrance to the
flow of the traveling wind 5, the flow rate balance of the
refrigerant flowing through the cooling pipes 17 can be
adjusted.
[0132] Moreover, the increase in pressure loss in the
refrigerant flow passages can be suppressed by setting
the flow-passage sectional area of each of the first aux-
iliary pipe 28 and the second auxiliary pipe 29 to be larger
than the flow-passage sectional area of each of the cool-
ing pipes 17 forming the inlet-side cooling-pipe group 21a
and the outlet-side cooling-pipe group 21b. As a result,
degradation in flow rate balance of the refrigerant flowing
through the cooling pipes 17 can be prevented.
[0133] According to the third example which is not part
of the present invention, as compared to the configuration
of the cooler in the second example which is not part of
the present invention, the diameter in the X direction of
each of the cooling pipes forming the inlet-side cooling-
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pipe group and the outlet-side cooling-pipe group is set
larger than the diameter in the X direction of each of the
cooling pipes forming the cooling-pipe group.
[0134] With this, without a hindrance to the flow of the
traveling wind 5, the flow rate balance of the refrigerant
flowing through the cooling pipes 17 can be adjusted.

Claims

1. A traction transformer (10) with a thickness direction
corresponding to a Z-direction, a width direction cor-
responding to a Y-direction and a length direction
corresponding to an X-direction, suitable for being
installed on a roof (2) of a vehicle (1), and configured
to be mounted with the X-direction aligned in parallel
to the advance direction of the vehicle, comprising:

- a main pipe (12), which forms a circulation pas-
sage for a cooling medium;
- a transformer tank (13), which is arranged in
the circulation passage, and is configured to ac-
commodate a winding wire (11) and store the
cooling medium;
- a circulation pump (14), which is arranged in
the circulation passage, and is configured to cir-
culate the cooling medium in the circulation pas-
sage; and
- a cooler (15A), which is arranged in the circu-
lation passage and on an upper surface of the
transformer tank (13), and is configured to cool
the cooling medium by heat exchange with air,
the upper surface being a surface which is nor-
mal to the Z-direction,

wherein the cooler (15A) includes a cooling-
pipe mechanism, which comprises at least
one cooling-pipe group each of which is
formed of a plurality of cooling pipes (17),
and is arranged in the Z direction from the
upper surface of the transformer tank (13),
wherein the cooling-pipe mechanism is con-
nected between an inlet header (16a) and
an outlet header (16b), wherein the inlet
header (16a) is connected to the circulation
pump (14) and configured to receive the
cooling medium from the circulation pump
(14) and distribute the cooling medium to
the cooling-pipe mechanism, and the outlet
header (16b) is connected so as to gather
the cooling medium having flowed through
the cooling-pipe mechanism and return the
cooling medium to the transformer tank
(13),
wherein the at least one cooling-pipe group
includes:

an inlet-side cooling-pipe group (21a)

connected to the inlet header (16a);
and
an outlet-side cooling-pipe group (21b)
connected to the outlet header (16b),

characterised in that
the cooler (15A) further includes an inter-
mediate header (20) which connects the in-
let-side cooling-pipe group (21a) and the
outlet-side cooling-pipe group (21b) to each
other,
wherein the intermediate header (20) in-
cludes a flow straightening plate (22) which
is arranged in the X direction so as to par-
tition the inlet-side cooling-pipe group (21a)
and the outlet-side cooling-pipe group (21b)
and configured to promote equalization of
temperature of the cooling medium inside
the intermediate header (20),
wherein the flow straightening plate (22)
comprises a first end in the X direction and
a second end in the X direction, and wherein
the intermediate header comprises a first
end surface in the X direction and a second
end surface in the X direction, and
wherein either:

the first end of the flow straightening
plate (22) in the X direction is connected
to the first end surface of the interme-
diate header (2) in the X direction and
a gap is provided between the second
end of the flow straightening plate (22)
in the X direction and the second end
surface of the intermediate header (20)
in the X direction, or
the second end of the flow straightening
plate (22) in the X direction is connected
to the second end surface of the inter-
mediate header (20) in the X direction
and a gap is provided between the first
end of the flow straightening plate (22)
in the X direction and the first end sur-
face of the intermediate header (20) in
the X direction, or
both, the first end and the second end
of the flow straightening plate (22) in
the X direction are each connected to
one of the first end surface and the sec-
ond end surface of the intermediate
header (20) in the X direction and a gap
is provided at an intermediate portion
of the flow straightening plate.

2. The traction transformer according to claim 1,
wherein the at least one cooling-pipe group includes
a direct cooling-pipe group, which includes a first plu-
rality of cooling pipes (17) as the plurality of cooling
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pipes (17) elongated in the Y direction and arrayed
in a first plurality of rows in the X direction and which
connects the inlet header (16a) and the outlet header
(16b) to each other.

3. The traction transformer according to claim 1 or 2,
wherein the inlet header (16a), the outlet header
(16b), and the intermediate header (20) are arranged
on a same X-Y plane.

4. The traction transformer according to any one of
claims 1 to 3,
wherein each of the cooling pipes (17) has a flow
passage cross section, the flow passage cross sec-
tion is a flat shape having a larger cross-sectional
diameter in the X direction than in any other direction.

5. The traction transformer according to any one of
claims 1 to 4,
wherein each of the cooling pipes (17) has a U-
shape.

Patentansprüche

1. Traktionstransformator (10) mit einer Dickenrich-
tung, die einer Z-Richtung entspricht, einer Breiten-
richtung, die einer Y-Richtung entspricht, und einer
Längenrichtung, die einer X-Richtung entspricht, die
geeignet ist zur Installation auf einem Dach (2) von
einem Fahrzeug (1) und der dazu ausgelegt ist, mit
der X-Richtung ausgefluchtet parallel zu der Fahrt-
richtung des Fahrzeugs montiert zu werden, wobei
die Anordnung Folgendes aufweist:

- eine Hauptleitung (12), die eine Zirkulations-
passage für ein Kühlmittel bildet;
- einen Transformatortank (13), der in der Zirku-
lationspassage angeordnet ist und dazu ausge-
legt ist, einen Wicklungsdraht (11) unterzubrin-
gen und das Kühlmittel zu speichern;
- eine Umwälzpumpe (14), die in der Zirkulati-
onspassage angeordnet und die dazu ausgelegt
ist, das Kühlmittel in der Zirkulationspassage zir-
kulieren zu lassen; und
- einen Kühler (15A), der in der Zirkulationspas-
sage und auf einer oberen Oberfläche des
Transformatortanks (13) angeordnet ist und da-
zu ausgelegt ist, das Kühlmittel durch einen
Wärmeaustausch mit Luft zu kühlen, wobei die
obere Oberfläche eine Oberfläche ist, die senk-
recht zu der Z-Richtung ist,

wobei der Kühler (15A) einen Kühlleitungs-
mechanismus aufweist, der zumindest eine
Kühlleitungsgruppe aufweist, von denen je-
de aus einer Vielzahl von Kühlleitungen (17)
gebildet ist, und in der Z-Richtung von der

oberen Oberfläche des Transformatortanks
(13) aus angeordnet ist,
wobei der Kühlleitungsmechanismus zw
ischen einen Einlass-Verteiler (16a) und ei-
nen Auslass-Verteiler (16b) geschaltet ist,
wobei der Einlass-Verteiler (16a) mit der
Umwälzpumpe (14) verbunden ist und dazu
ausgelegt ist, das Kühlmittel von der Um-
wälzpumpe (14) zu erhalten und das Kühl-
mittel an den Kühlleitungsmechanismus zu
verteilen, und wobei der Auslass-Verteiler
(16b) derart angeschlossen ist, dass er das
Kühlmittel sammelt, das durch den Kühllei-
tungsmechanismus geflossen ist, und das
Kühlmittel zu dem Transformatortank (13)
zurückführt,
wobei die mindestens eine Kühlleitungs-
gruppe Folgendes aufweist:

- eine einlassseitige Kühlleitungsgrup-
pe (21a), die mit dem Einlass-Verteiler
(16a) verbunden ist; und
- eine auslassseitige Kühlleitungsgrup-
pe (21b), die mit dem Auslass-Verteiler
(16b) verbunden ist,

dadurch gekennzeichnet,
dass der Kühler (15A) ferner einen Zwi-
schen-Verteiler (20) aufweist, der die ein-
lassseitige Kühlleitungsgruppe (21a) und
die auslassseitige Kühlleitungsgruppe
(21b) miteinander verbindet,
wobei der Zwischen-Verteiler (20) eine
Strömungsausgleichsplatte (22) aufweist,
die in der X-Richtung angeordnet ist, um die
einlassseitige Kühlleitungsgruppe (21a)
und die auslassseitige Kühlleitungsgruppe
(21b) zu trennen, und dazu ausgebildet ist,
einen Temperaturausgleich des Kühlmittels
im Inneren des Zwischen-Verteilers (20) zu
unterstützen,
wobei die Strömungsausgleichsplatte (22)
ein erstes Ende in der X-Richtung und ein
zweites Ende in der X-Richtung aufweist,
und wobei der Zwischen-Verteiler eine ers-
te Endoberfläche in der X-Richtung und ei-
ne zweite Endoberfläche in der X-Richtung
aufweist, und
wobei entweder:

das erste Ende der Strömungsaus-
gleichsplatte (22) in der X-Richtung mit
der ersten Endoberfläche des Zwi-
schen-Verteilers (20) in der X-Richtung
verbunden ist und ein Spalt zwischen
dem zweiten Ende der Strömungsaus-
gleichsplatte (22) in der X-Richtung und
der zweiten Endoberfläche des Zwi-
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schen-Verteilers (20) in der X-Richtung
ausgebildet ist,
oder
das zweite Ende der Strömungsaus-
gleichsplatte (22) in der X-Richtung mit
der zweiten Endoberfläche des Zwi-
schen-Verteilers (20) in der X-Richtung
verbunden ist und ein Spalt zwischen
dem ersten Ende der Strömungsaus-
gleichsplatte (22) in der X-Richtung und
der ersten Endoberfläche des Zwi-
schen-Verteilers in der X-Richtung
ausgebildet ist, oder
beide, also das erste Ende und das
zweite Ende der Strömungsaus-
gleichsplatte (22) in der X-Richtung je-
weils mit einer von der ersten Endober-
fläche und der zweiten Endoberfläche
des Zwischen-Verteilers (20) in der X-
Richtung verbunden ist und ein Spalt in
einem Zwischenbereich der Strö-
mungsausgleichsplatte ausgebildet ist.

2. Traktionstransformator nach Anspruch 1,
wobei die mindestens eine Kühlleitungsgruppe eine
direkte Kühlleitungsgruppe aufweist, welche eine
erste Vielzahl von Kühlleitungen (17) als eine Viel-
zahl von Kühlleitungen (17) aufweist, die langge-
streckt in der Y-Richtung angeordnet sind und in ei-
ner ersten Vielzahl von Reihen in der X-Richtung
angeordnet ist und welche den Einlass-Verteiler
(16a) und den Auslass-Verteiler (16b) miteinander
verbindet.

3. Traktionstransformator nach Anspruch 1 oder 2,
wobei der Einlass-Verteiler (16a), der Auslass-Ver-
teiler (16b) und der Zwischen-Verteiler (20) in der-
selben X-Y-Ebene angeordnet sind.

4. Traktionstransformator nach einem der Ansprüche
1 bis 3,
wobei jede von den Kühlleitungen (17) einen Strö-
mungspassagen-Querschnitt besitzt, wobei der
Strömungspassagen-Querschnitt eine flache Ge-
stalt besitzt, die einen größeren Querschnitts-Durch-
messer in der X-Richtung als in jeder anderen Rich-
tung besitzt.

5. Traktionstransformator nach einem der Ansprüche
1 bis 4,
wobei jede der Kühlleitungen eine U-Form aufweist.

Revendications

1. Transformateur de traction (10) ayant une direction
d’épaisseur correspondant à une direction Z, une
direction de largeur correspondant à une direction Y

et une direction de longueur correspondant à une
direction X, approprié pour être installé sur un toit
(2) d’un véhicule (1) et configuré pour être monté
avec la direction X alignée en parallèle à la direction
d’avance du véhicule, comprenant :

- un tuyau principal (12), qui forme un passage
de circulation pour un milieu de
refroidissement ;
- une cuve de transformateur (13), qui est agen-
cée dans le passage de circulation et est confi-
gurée pour recevoir un fil d’enroulement (11) et
stocker le milieu de refroidissement ;
- une pompe de circulation (14), qui est agencée
dans le passage de circulation et est configurée
pour faire circuler le milieu de refroidissement
dans le passage de circulation ; et
- un refroidisseur (15A), qui est agencé dans le
passage de circulation et sur une surface supé-
rieure de la cuve de transformateur (13), et est
configuré pour refroidir le milieu de refroidisse-
ment par échange de chaleur avec l’air, la sur-
face supérieure étant une surface qui est nor-
male à la direction Z,

dans lequel le refroidisseur (15A) inclut un
mécanisme de tuyaux de refroidissement
qui comprend au moins un groupe de
tuyaux de refroidissement dont chacun est
formé d’une pluralité de tuyaux de refroidis-
sement (17) et est agencé dans la direction
Z à partir de la surface supérieure de la cuve
de transformateur (13),
dans lequel le mécanisme de tuyaux de re-
froidissement est relié entre un collecteur
d’entrée (16a) et un collecteur de sortie
(16b), dans lequel le collecteur d’entrée
(16a) est relié à la pompe de circulation (14)
et configuré pour recevoir le milieu de re-
froidissement de la pompe de circulation
(14) et distribuer le milieu de refroidisse-
ment au mécanisme de tuyaux de refroidis-
sement, et le collecteur de sortie (16b) est
relié de manière à rassembler le milieu de
refroidissement ayant circulé à travers le
mécanisme de tuyaux de refroidissement
et renvoyer le milieu de refroidissement à
la cuve de transformateur (13),
dans lequel ledit au moins un groupe de
tuyaux de refroidissement inclut :

- un groupe de tuyaux de refroidisse-
ment côté entrée (21a) relié au collec-
teur d’entrée (16a) ; et
- un groupe de tuyaux de refroidisse-
ment côté sortie (21b) relié au collec-
teur de sortie (16b),
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caractérisé en ce que
le refroidisseur (15A) inclut en outre un col-
lecteur intermédiaire (20) qui relie le groupe
de tuyaux de refroidissement côté entrée
(21a) et le groupe de tuyaux de refroidisse-
ment côté sortie (21b) l’un à l’autre,
dans lequel le collecteur intermédiaire (20)
inclut une plaque de redressement d’écou-
lement (22) qui est agencée dans la direc-
tion X de manière à séparer le groupe de
tuyaux de refroidissement côté entrée (21a)
et le groupe de tuyaux de refroidissement
côté sortie (21b) et configurée pour favori-
ser l’égalisation de la température du milieu
de refroidissement à l’intérieur du collecteur
intermédiaire (20),
dans lequel la plaque de redressement
d’écoulement (22) comprend une première
extrémité dans la direction X et une seconde
extrémité dans la direction X, et dans lequel
le collecteur intermédiaire comprend une
première surface d’extrémité dans la direc-
tion X et une seconde surface d’extrémité
dans la direction X, et
dans lequel soit
la première extrémité de la plaque de re-
dressement d’écoulement (22) dans la di-
rection X est reliée à la première surface
d’extrémité du collecteur intermédiaire (2)
dans la direction X et un espace est prévu
entre la seconde extrémité de la plaque de
redressement d’écoulement (22) dans la di-
rection X et la seconde surface d’extrémité
du collecteur intermédiaire (20) dans la di-
rection X, soit
la seconde extrémité de la plaque de re-
dressement d’écoulement (22) dans la di-
rection X est reliée à la seconde surface
d’extrémité du collecteur intermédiaire (20)
dans la direction X et un espace est prévu
entre la première extrémité de la plaque de
redressement d’écoulement (22) dans la di-
rection X et la première surface d’extrémité
du collecteur intermédiaire (20) dans la di-
rection X, soit
à la fois la première extrémité et la seconde
extrémité de la plaque de redressement
d’écoulement (22) dans la direction X sont
chacune reliée à l’une de la première sur-
face d’extrémité et de la seconde surface
d’extrémité du collecteur intermédiaire (20)
dans la direction X et un espace est prévu
au niveau d’une partie intermédiaire de la
plaque de redressement d’écoulement.

2. Transformateur de traction selon la revendication 1,
dans lequel ledit au moins un groupe de tuyaux de
refroidissement inclut un groupe de tuyaux de refroi-

dissement direct qui inclut une première pluralité de
tuyaux de refroidissement (17) en tant que pluralité
de tuyaux de refroidissement (17) allongés dans la
direction Y et disposés en une première pluralité de
rangées dans la direction X et qui relie le collecteur
d’entrée (16a) et le collecteur de sortie (16b) l’un à
l’autre.

3. Transformateur de traction selon la revendication 1
ou 2,
dans lequel le collecteur d’entrée (16a), le collecteur
de sortie (16b), et le collecteur intermédiaire (20)
sont agencés sur un même plan X-Y.

4. Transformateur de traction selon l’une quelconque
des revendications 1 à 3,
dans lequel chacun des tuyaux de refroidissement
(17) présente une section de passage d’écoulement,
la section de passage d’écoulement est une forme
plate ayant un diamètre de section transversale plus
grand dans la direction X que dans toute autre di-
rection.

5. Transformateur de traction selon l’une quelconque
des revendications 1 à 4,
dans lequel chacun des tuyaux de refroidissement
(17) présente une forme en U.
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