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ROTOR WITH REINFORCED
SQUIRREL-CAGE CONDUCTIVE BODY AND
MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a rotor provided
with a squirrel-cage conductive body and used for, for
example, an induction motor, and to a manufacturing method
thereof.

[0003] 2. Description of the Related Art

[0004] Recently, there is an increased need for a rotational
electric motor operable at a high speed. When an electric
motor operates at a high speed, centrifugal force acting on
components of the rotor increases, which results in deforma-
tion of a conductive end ring, or possibly, in breakage thereof.
In order to prevent it, a reinforcing member, for example, is
attached to the conductive end ring (refer to JP 3-261354 A,
JP 10-127022 A, JP 2838896 B, and JP 2911315 B). How-
ever, such a reinforcing member needs to be specially
designed, depending on the shape of the rotor, particularly on
the shape of the conductive end ring. Accordingly, the number
of'components that have to be managed is increased, resulting
in increased cost. If the rotor has a complicated shape, the cost
for producing the reinforcing member is thereby increased.
Further, when an iron core of the rotor is intended to be
skewed, the amount of skew may be restricted due to limita-
tion related to the size and the shape of the reinforcing mem-
ber.

[0005] Reference should also be made to Kazuhiko Sakaki,
“Overview of cold spray technology and cold sprayed light
metals coatings,” Journal of Japan Institute of Light Metals,
Vol. 56, No. 7 (2006), pages 376 to 385, in which the principle
of a cold spray process, a process for forming aluminum/
titanium coatings and properties of such coatings are
described.

[0006] According to the present invention, a rotor, particu-
larly a rotor that can be reinforced regardless of a shape of a
conductive end ring, and a manufacturing method thereof are
provided.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0007] According to a first invention of the present appli-
cation, a rotor is provided, the rotor including a cylindrical
iron core having a through hole for receiving a rotational
shaft, and a squirrel-cage conductive body including a plu-
rality of conductive bars and a pair of annular conductive end
rings provided at both ends of the plurality of conductive bars,
the conductive bars extending along a direction in which the
rotational shaft is received and being arranged at an outer
circumference of the iron core at certain intervals, wherein a
conductive reinforcing layer extends on at least a part of an
outer surface of the conductive end ring, the conductive rein-
forcing layer being formed by spraying conductive particles
in a solid phase onto the outer surface of the conductive end
ring.

[0008] According to a second invention of the present
application, in the rotor of the first invention, the conductive
reinforcing layer further extends on at least a part of an outer
surface of the iron core.
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[0009] According to a third invention of the present appli-
cation, in the rotor of the first or second invention, the con-
ductive particles of the conductive reinforcing layer are made
of'a non-magnetic material.

[0010] According to a fourth invention of the present appli-
cation, in the rotor of the third invention, the non-magnetic
material is stainless steel, titanium, or titanium alloy.

[0011] According to a fifth invention of the present appli-
cation, a manufacturing method for manufacturing a rotor is
provided, the rotor including a cylindrical iron core having a
through hole for receiving a rotational shaft, and a squirrel-
cage conductive body including a plurality of conductive bars
and a pair of annular conductive end rings provided at both
ends of the plurality of conductive bars, the conductive bars
extending along a direction in which the rotational shaft is
received and being arranged at an outer circumference of the
iron core at certain intervals, wherein the method includes
spraying conductive particles in a solid phase onto at least a
part of an outer surface of the conductive end ring so as to
form a conductive reinforcing layer thereon.

[0012] According to a sixth invention of the present appli-
cation, the method of the fifth invention includes spraying
conductive particles in a solid phase onto at least a part of an
outer surface of the iron core so as to further form a conduc-
tive reinforcing layer thereon.

[0013] These and other objects, features and advantages of
the present invention will be more apparent in light of the
detailed description of exemplary embodiments thereof as
depicted by the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a sectional view schematically illustrating
a rotor according to a first embodiment of the present inven-
tion.

[0015] FIG. 2 shows a process of forming a conductive
reinforcing layer.

[0016] FIG. 3 is a sectional view schematically illustrating
a rotor according to a second embodiment of the present
invention.

[0017] FIG. 4 is a sectional view schematically illustrating
a rotor according to a third embodiment of the present inven-
tion.

[0018] FIG. 5is a sectional view schematically illustrating
arotor according to a fourth embodiment of the present inven-
tion.

[0019] FIG. 6 is a sectional view schematically illustrating
a rotor according to a fifth embodiment of the present inven-
tion.

[0020] FIG. 7 is a sectional view schematically illustrating
a rotor according to a sixth embodiment of the present inven-
tion.

DETAILED DESCRIPTION

[0021] Inthe following, embodiments of the present inven-
tion will be described with reference to the accompanying
drawings. In the illustrated embodiments, each element may
not be depicted in scale according to the practical application
for better understanding or for convenience of explanation.

[0022] FIG. 1 is a sectional view schematically illustrating
a rotor 10 according to a first embodiment of the present
invention. The rotor 10 includes a substantially cylindrical
iron core 12, and a squirrel-cage conductive body 14. A
through hole 18 is formed in the iron core 12 for receiving a
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rotational shaft 16 having a rotational axis X. The squirrel-
cage conductive body 14 includes a plurality of conductive
bars 20, and a pair of annular conductive end rings 22. The
conductive bars 20 extend along a direction in which the
rotational shaft 16 is received, and are arranged at an outer
circumference of the iron core 12 at certain intervals. The
annular conductive end rings 22 are formed respectively at
both end portions 20a and 20a of the conductive bars 20.
[0023] The rotor 10 may form an induction motor in coop-
eration with a stator, which is not shown. The stator includes
multiple phases of coils. When three-phase alternating cur-
rent, for example, flows through the coils, the stator generates
a rotating magnetic field. On the other hand, current is gen-
erated in the conductive bars 20 of the squirrel-cage conduc-
tive body 14. The rotating magnetic field and the current
interact with each other to produce a rotational driving force
for rotating the rotor 10.

[0024] The iron core 12 is formed by stacking a plurality of
plate members in the direction of the rotational axis X. The
plate members may be formed by punching silicon steel
plates, for example. The iron core 12 is provided with a
plurality of slots 24 extending along the direction of the
rotational axis X and being arranged at certain intervals in a
circumferential direction of the iron core 12.

[0025] The conductive bar 20 is arranged within the slot 24
of'the iron core 12. Both the end portions 20a and 20a of the
conductive bar 20 are received in the through holes 26 formed
in the conductive end rings 22, respectively. Preferably, both
end surfaces of the conductive bar 20 lie on the same planes
with end surfaces 225 of the conductive end ring 22, respec-
tively. The conductive bars 20 and the conductive end rings 22
are formed from a conductive material such as copper, cooper
alloy, aluminum, and aluminum alloy.

[0026] According to this embodiment, a conductive rein-
forcing layer 28 is formed on an outer circumferential surface
22a of the conductive end rings 22, as shown in FIG. 1. The
conductive reinforcing layer 28 is formed by spraying con-
ductive particles in a solid phase, as described below in fur-
ther detail. Preferably, the conductive particles are made of a
non-magnetic material so as to prevent a magnetic flux from
leaking through the conductive reinforcing layer 28. For
example, stainless steel, titanium or titanium alloy can be
used as a non-magnetic material to form the conductive rein-
forcing layer 28.

[0027] The conductive reinforcing layer 28 formed on the
outer circumferential surface 22a of the conductive end ring
22 increases structural strength of the conductive end ring 22.
This configuration is especially effective when a rotational
speed of the rotor 10 is raised. When the rotor 10 is rotated at
a high speed with the outer circumferential surface 22q of the
conductive end ring 22 being exposed without the conductive
reinforcing layer 28, centrifugal force poses a risk of deform-
ing the conductive end ring 22, or possibly damaging the
conductive end ring 22. In contrast, in the rotor 10 according
to the present embodiment, the conductive reinforcing layer
28 is formed from a material having a high specific strength
such as stainless steel, titanium and titanium alloy, as
described above. Accordingly, even when the rotor 10 is
rotated at a high speed, structural strength of the rotor 10
remains sufficient so as to prevent the conductive end ring 22
from being damaged, and to extend service life of the electric
motor. In addition, since the conductive reinforcing layer 28
is formed directly on the conductive end ring 22, there is no
need for additional fixing means such as a fixing screw.
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[0028] Next, a method of manufacturing the rotor 10 will be
described with reference to FIG. 2. FIG. 2 shows a process of
forming the conductive reinforcing layer 28. Since processes
other than the process of forming the conductive reinforcing
layer 28 are performed by way of known technique, detailed
description thereon is omitted.

[0029] FIG. 2 shows a part of a cold spray apparatus 30. In
the present embodiment, the cold spray apparatus 30 is used
to splay conductive particles in a solid state, according to a
cold spray process. The cold spray process includes injecting
particulate substances into a gas flow at high pressure and at
normal temperature or at increased temperature, and striking
the particulate substances, which remain in a solid phase,
against a target structure so as to form a coating thereon.
According to such a cold spray process, the metal coating
with a high strength can be formed without causing heat
denaturation. As a comparative example of coating processes,
a metal spray process is known. The metal spray process
involves a step of melting metal, and therefore, requires the
metal to be cooled promptly. However, unless temperature at
which the metal is cooled is properly controlled, an over-
grown crystal structure may be caused, and as a result,
strength of the metal layer is impaired. In contrast, according
to the cold spray process, the heat denaturation of a conduc-
tive material does not occur as described above, and therefore
more effective reinforcing effect can be achieved.

[0030] As illustrated, the cold spray apparatus 30 includes
a conductive particles supplying pipe 38 for supplying con-
ductive particles 36 to an interior 34 of a housing 32, a
working gas supplying pipe 40 for supplying working gas at
high pressure, for example, several megapascals, and a Laval
nozzle 42 for accelerating the working gas up to supersonic
speed. Conductive particles such as stainless steel, titanium,
and titanium alloy, having a diameter of approximately 1 um
to 50 um are used as conductive particles 36. The working gas
may be, for example, nitrogen gas, helium gas, air or the like.
The working gas may be heated by a heater (not shown)
provided to the cold spray apparatus 30. In this case, tempera-
ture of the working gas at a nozzle inlet 34a is set, for
example, within a range up to approximately 1000 degrees
Celsius, depending on the specifications of the cold spray
apparatus 30. The higher the temperature of the working gas,
the more the gas speed and therefore a spraying speed of the
conductive particles 36 is increased. In general, the higher the
temperature of the working gas, the more efficient the con-
ductive particles 36 are attached to the target structure. There-
fore, temperature of the working gas is preferably set to be as
high as possible within a range below a melting point of the
conductive particles 36.

[0031] The Laval nozzle 42 includes a throat 42a at which
a sectional area of a flow path is relatively small, and the flow
path thereof gradually expands towards an outlet 425. Within
the Laval nozzle 42, the conductive particles 36 are acceler-
ated up to in the range of speeds between approximately 300
m/s and approximately 1000 m/s. The conductive particles 36
are sprayed from the outlet 4256 of the Laval nozzle 42 and
struck against a target structure that is the outer circumferen-
tial surface 224 of the conductive end ring 22 in the present
embodiment such that the conductive particles 36 are
attached to the target structure, while remaining in a solid
phase. In this way, a large number of conductive particles 36
are attached to the outer circumferential surface 22q of the
conductive end ring 22, so as to form the conductive reinforc-
ing layer 28. During the process of forming the conductive
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reinforcing layer 28, ajig is used to ensure that the conductive
particles 36 are only attached to a desired portion. The thus-
formed conductive reinforcing layer 28 has a thickness, not
limited to but including, in the range between approximately
several millimeters and several tens of millimeters so that the
target structure has sufficient strength.

[0032] The conductive reinforcing layer 28 is shaped by
means of cutting, for example, into a desired shape in a
subsequent process. For example, as shown in FIG. 1, an outer
circumferential surface ofthe conductive reinforcing layer 28
is formed so as to be flush with a plane on which the outer
circumferential surface 12a of the iron core 12 extends.
According to the cold spray process in which the conductive
particles are sprayed, while maintaining its solid phase, the
conductive reinforcing layer can be easily formed regardless
of'the shape of the target structure, such as the conductive end
ring 22 and the iron core 12. Further, since the conductive
reinforcing layer can be formed directly on the target struc-
ture, additional process such as screw fixing can be omitted.
[0033] Next, other embodiments of the present invention
will be described. In the following explanation, the matters
that have already been described in relation to the first
embodiment are omitted as necessary. The same reference
numerals are used to indicate the same or corresponding
elements as or to those in the first embodiment.

[0034] FIG. 3 is a sectional view schematically illustrating
a rotor 50 according to a second embodiment of the present
invention. In the rotor 50 according to this embodiment, a
conductive reinforcing layer 52 is further formed on an end
surface 225 of the conductive end ring 22, in addition to the
outer circumferential surface 22a of the conductive end ring
22. In this embodiment, the conductive reinforcing layer 52
may be formed on a certain portion as necessary with the aid
of'ajig, as described above. The conductive particles 36 may
be sprayed from several different directions, as postures of the
cold spray apparatus 30 or of the rotor 50 are changed.
According to the present embodiment, both of the outer cir-
cumferential surface 224 and the end surface 224 of the
conductive end ring 22 can be reinforced regardless of the
shape of the conductive end ring 22.

[0035] FIG. 4 is a sectional view schematically illustrating
a rotor 60 according to a third embodiment of the present
invention. In the rotor 60 according to this embodiment, a
conductive reinforcing layer 62 is formed on an inner circum-
ferential surface 22¢ ofthe conductive end ring 22, in addition
to the outer circumferential surface 224 and the end surface
22b of the conductive end ring 22. In this embodiment, as
described above, the conductive reinforcing layer 62 may be
formed on a certain portion as necessary with the aid of a jig.
The conductive particles 36 may be sprayed from several
different directions, as postures of the cold spray apparatus 30
or of the rotor 60 are changed. According to the present
embodiment, the outer circumferential surface 22a, the end
surface 225, and the inner circumferential surface 22¢ of the
conductive end ring 22 can be reinforced regardless of the
shape of the conductive end ring 22.

[0036] FIG. 5 is a sectional view schematically illustrating
a rotor 70 according to a fourth embodiment of the present
invention. In the rotor 70 according to this embodiment, an
annular balancing ring 72 is provided in a gap between the
inner circumferential surface 22¢ of the conductive end ring
22 and the outer circumferential surface of the rotational shaft
16. The balancing ring 72 is used to reduce defects in the rotor
resulting from a faulty manufacturing process, for example,
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cavity or the like that has been formed during casting of the
conductive end ring 22. According to the present embodi-
ment, a conductive reinforcing layer 74 is formed on the end
surface 2256 of the conductive end ring 22 and an end surface
of the balancing ring 72. In the present embodiment, as
described above, the conductive reinforcing layer 74 may be
formed on a certain portion with the aid of a jig. The conduc-
tive particles 36 may be sprayed from several different direc-
tions, as postures of the cold spray apparatus 30 or of the rotor
70 are changed. According to the present embodiment, both
the conductive end ring 22 and the balancing ring 72 can be
reinforced regardless of the shapes of the conductive end ring
22 and the balancing ring 72.

[0037] FIG. 6 is a sectional view schematically illustrating
a rotor 80 according to a fifth embodiment of the present
invention. Similarly to the above-described fourth embodi-
ment, the rotor 80 according to the present embodiment
includes an annular balancing ring 72 is provided in a gap
between the inner circumferential surface 22¢ of the conduc-
tive end ring 22 and the outer circumferential surface of the
rotational shaft 16. In this embodiment, the conductive rein-
forcing layer 82 is formed on the outer circumferential sur-
face 22a of the conductive end ring 22, in addition to the end
surface 225 of the conductive end ring 22 and the end surface
of the balancing ring 72. In the present embodiment, as
described above, the conductive reinforcing layer 82 may be
formed on a certain portion with the aid of a jig. The conduc-
tive particles 36 may be sprayed from several different direc-
tions, as postures of the cold spray apparatus 30 or of the rotor
80 are changed. According to the present embodiment, both
of'the conductive end ring 22 and the balancing ring 72 can be
reinforced regardless of the shapes of the conductive end ring
22 and the balancing ring 72.

[0038] FIG. 7 is a sectional view schematically illustrating
a rotor 90 according to a sixth embodiment of the present
invention. In the rotor 90 according to this embodiment, a
conductive reinforcing layer 92 is formed on the outer cir-
cumferential surface 12a of the iron core 12, in addition to the
outer circumferential surface 22a, the end surface 225 and the
inner circumferential surface 22¢ of the conductive end ring
22. In the present embodiment, as described above, the con-
ductive reinforcing layer 92 may be formed on a certain
portion with the aid of a jig. The conductive particles 36 may
be sprayed from several different directions, as postures of the
cold spray apparatus 30 or of the rotor 80 are changed.
According to the present embodiment, both of the conductive
end ring 22 and the iron core 12 can be reinforced regardless
of the shapes of the conductive end ring 22 and the iron core
12. According to the present embodiment, the rotor 90 appli-
cable to an electric motor operable at high speed without
changing a material of the iron core 12.

[0039] Configurations of the conductive bars and the con-
ductive end rings are not limited to those described above
with reference to the drawings. For example, at least one of
the conductive bars and the conductive end rings may be
formed by the above-described cold spray process. In this
case, metal particles such as copper, copper alloy, aluminum
and aluminum alloy are sprayed, while remaining in a solid
phase, in order to form the conductive bars and the conductive
end rings.

[0040] Although each slot 24 extends in the direction par-
allel to the rotational axis X in the illustrated embodiment, the
present invention is not limited to such a configuration. For
example, if the iron core 12 formed from stacked plates is
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skewed, i.e., ifthe iron core 12 are twisted at both ends thereof
in opposite circumferential directions, each slot defines a
spiral path. In such an embodiment, the conductive bar is
formed into a spiral shape along the path defined by the slot.
In the embodiment where the iron core is skewed at both ends
thereof, the shape of the conductive end ring is even more
complicated. However, according to the present invention in
which the conductive reinforcing layer is formed by means of
a cold spray process, structural strength of the rotor can be
improved as necessary.

[0041] In the exemplary sixth embodiment, the conductive
reinforcing layer 92 is further formed on the outer circumfer-
ential surface 124 of the iron core 12. However, the conduc-
tive reinforcing layer being formed on the outer circumferen-
tial surface 124 of the iron core 12 can also be applied to any
of the other embodiments.

Effect of the Invention

[0042] According to the above-described first invention,
the conductive reinforcing layer is formed by spraying con-
ductive particles in a solid phase. Accordingly, reinforced
structure can be easily obtained regardless of the shape of the
target structure such as the conductive end ring. Further, since
the conductive reinforcing layer is formed directly on the
conductive end ring, there is no need for additional fixing
means such as a fixing screw.

[0043] According to the above-described second invention,
the conductive reinforcing layer is also formed on the iron
core. Therefore, the structural strength of the rotor is further
increased, and the rotor can be applied to an electric motor
operable at high speed.

[0044] According to the above-described third invention,
the conductive reinforcing layer is made of a non-magnetic
material, and therefore, magnetic flux or the like can be pre-
vented from leaking.

[0045] According to the above-described fourth invention,
the materials having sufficiently high specific strength are
used to form the conductive reinforcing layer, and thus, the
conductive reinforcing layer with increased structural
strength can be provided.

[0046] According to the above-described fifth invention,
conductive particles in a solid phase are sprayed in order to
form the conductive reinforcing layer. Accordingly, the rein-
forced structure can be easily formed regardless of a shape of
a target structure that should be reinforced. Further, since the
conductive reinforcing layer is formed directly on the con-
ductive end ring, there is no need for an additional process
such as screw fixing.

[0047] According to the above-described sixth invention,
conductive particles of'a solid-phase state are sprayed in order
to form the conductive reinforcing layer on the iron core, too.
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Accordingly, structural strength of the rotor is further
increased without additional reinforcing means.
[0048] Although the invention has been shown and
described with exemplary embodiments thereof, it should be
understood by those skilled in the art that the foregoing and
various other changes, omissions and additions may be made
therein without departing from the spirit and scope of the
invention.
What is claimed is:
1. A rotor comprising:
a cylindrical iron core having a through hole for receiving
a rotational shaft; and

a squirrel-cage conductive body including a plurality of
conductive bars and a pair of annular conductive end
rings provided at both ends of the plurality of conductive
bars, the conductive bars extending along a direction in
which the rotational shaft is received and being arranged
at an outer circumference of the iron core at certain
intervals, wherein

a conductive reinforcing layer extends on at least a part of

an outer surface of the conductive end ring, the conduc-
tive reinforcing layer being formed by spraying conduc-
tive particles in a solid phase onto the outer surface of the
conductive end ring.

2. The rotor according to claim 1, wherein the conductive
reinforcing layer further extends on at least a part of an outer
surface of the iron core.

3. The rotor according to claim 1, wherein the conductive
particles of the conductive reinforcing layer are made of a
non-magnetic material.

4. The rotor according to claim 3, wherein the non-mag-
netic material is stainless steel, titanium, or titanium alloy.

5. A manufacturing method for manufacturing a rotor, the
rotor comprising: a cylindrical iron core having a through
hole for receiving a rotational shaft; and a squirrel-cage con-
ductive body including a plurality of conductive bars and a
pair of annular conductive end rings provided at both ends of
the plurality of conductive bars, the conductive bars extend-
ing along a direction in which the rotational shaft is received
and being arranged at an outer circumference of the iron core
at certain intervals, wherein

the method comprises:

spraying conductive particles in a solid phase onto at
least a part of an outer surface of the conductive end
ring so as to form a conductive reinforcing layer
thereon.

6. The method according to claim 5, further comprising
spraying conductive particles in a solid phase onto at least a
part of an outer surface of the iron core so as to further form
a conductive reinforcing layer thereon.
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