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(54) DYNAMO-ELECTRIC MACHINE

(57) A rotating electric machine includes a rotor and
a stator in a housing, and a rotor shaft of the rotor is
connected to a power transmission shaft of a power trans-
mission device. In this rotating electric machine, a bear-
ing is provided on the housing, a base end of the rotor
shaft is supported via the bearing, and the rotor shaft and
the power transmission shaft are coupled to each other
by inserting one of the two shafts into a shaft hole formed
at a tip of the other shaft. The rotor shaft includes a first
spigot portion that is spigot connected to the power trans-
mission shaft at a position corresponding to a tip part of
the one shaft on which the shaft hole is formed, a second
spigot portion that is formed at a position different from
the first spigot portion in an axial direction and is spigot
connected to the power transmission shaft, and a spline
portion that is formed between the first spigot portion and
the second spigot portion and is spline-coupled to the
power transmission shaft.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a rotating elec-
tric machine.

BACKGROUND ART

[0002] JP2009-166591 A discloses a configuration in
which, in a motor for electric vehicles used by being at-
tached to a transmission, a power transmission shaft of
the transmission and a rotor shaft of the motor are cou-
pled to each other.

SUMMARY OF INVENTION

[0003] In general, a rotor shaft of a motor as a rotating
electric machine and a power transmission shaft of a
transmission as a power transmission device are sepa-
rately supported by bearings. Since a bearing has a struc-
tural backlash, the shafts may be supported in an inclined
state when the shafts supported by the bearings are cou-
pled to each other. In this way, in the above configuration,
centering accuracy of the rotor shaft may decrease.
[0004] It is an object of the present invention to provide
a rotating electric machine capable of improving center-
ing accuracy of a rotor shaft.
[0005] According to an aspect of the present invention,
a rotating electric machine including a rotor and a stator
in a housing is provided in which a rotor shaft of the rotor
is connected to a power transmission shaft of a power
transmission device. In this rotating electric machine, a
bearing is provided on the housing, a base end of the
rotor shaft is supported via the bearing, and the rotor
shaft and the power transmission shaft are coupled to
each other by inserting one of the two shafts into a shaft
hole formed at a tip of the other shaft. The rotor shaft
includes a first spigot portion that is spigot connected to
the power transmission shaft at a position corresponding
to a tip part of the one shaft in which the shaft hole is
formed, a second spigot portion that is formed at a posi-
tion different from the first spigot portion in an axial di-
rection and is spigot connected to the power transmission
shaft, and a spline portion that is formed between the
first spigot portion and the second spigot portion and is
spline-coupled to the power transmission shaft.

BRIEF DESCRIPTION OF DRAWINGS

[0006]

FIG. 1 is a partial longitudinal cross-sectional view
of a motor system provided with a transmission and
a motor in a first embodiment of the present inven-
tion.
FIG. 2 is a partial enlarged view of a first spigot por-
tion in FIG. 1.

FIG. 3 is a partial longitudinal cross-sectional view
of a motor system provided with a transmission and
a motor in a second embodiment of the present in-
vention.
FIG. 4 is a partial enlarged view of a first spigot por-
tion in FIG. 3.

DESCRIPTION OF EMBODIMENTS

[0007] Hereinafter, embodiments of the present inven-
tion are described with reference to the drawings.

<First Embodiment>

[0008] FIG. 1 is a partial longitudinal cross-sectional
view of a motor system 100 provided with a transmission
60 and a motor 50 according to a first embodiment of the
present invention.
[0009] As illustrated in FIG. 1, the motor system 100
(rotating electric machine system) is provided with the
motor 50 and the transmission 60, and configures a drive
device for electric vehicles, for example. The motor sys-
tem 100 of this embodiment is described as an automo-
bile system but may be used as a drive device of equip-
ment other than vehicles e.g., various kinds of electric
equipment or industrial machines.
[0010] The motor 50 rotates by receiving the supply of
power from a power supply, such as a battery, mounted
in a vehicle and functions as an electric motor for driving
wheels of the vehicle. The motor 50 also functions as a
generator driven by external force to generate electricity.
Therefore, the motor 50 is configured as a so-called mo-
tor generator (rotating electric machine) functioning as a
motor and a generator. In this embodiment, the motor 50
is configured as a motor generator for electric vehicles
but may be configured as a motor generator to be used
for various kinds of electric equipment or industrial ma-
chines.
[0011] The motor 50 is provided with a rotor 10, a stator
20 disposed to surround the rotor 10, and a housing 30
housing the rotor 10 and the stator 20.
[0012] The rotor 10 is provided with a cylindrical rotor
core 11 and a rotor shaft 12 fixed in an insertion hole 11A
of the rotor core 11. The rotor 10 is disposed inside the
stator 20 and is configured to rotate with respect to the
stator 20. The rotor shaft 12 is configured as a shaft mem-
ber projecting from both end surfaces of the rotor core
11 to the outside in the axial direction. One end portion
121 (left end) of the rotor shaft 12 is rotatably supported
by a bearing 40 provided on the housing 30 and the other
end portion 122 (right end) of the rotor shaft 12 is coupled
to a rotation shaft 61 of the transmission 60. It is prefer-
able that the rotor shaft 12 and the rotation shaft 61 are
disposed so that the rotation centers thereof are located
on the same line.
[0013] The stator 20 is a cylindrical member formed by
laminating a plurality of electromagnetic steel sheets, and
around the teeth of the stator 20, U-phase, V-phase, and

1 2 



EP 3 968 500 A1

3

5

10

15

20

25

30

35

40

45

50

55

W-phase coils are wound. The stator 20 is fixed to the
housing 30 in a state where the outer peripheral surface
thereof contacts the inner peripheral surface of the hous-
ing 30.
[0014] The housing 30 is a case member housing the
rotor 10 and the stator 20 and includes a housing body
portion 31 and a lid portion 32. The motor 50 and the
transmission 60 are disposed adjacent to each other. The
right side surface of the housing body portion 31 is fixed
to the left side surface of a transmission case 62 of the
transmission 60 by a fastening means, such as a bolt. In
the right side surface of the housing body portion 31, a
through-hole 33 is formed which allows the other end
portion 122 of the rotor shaft 12 to pass through to the
outside of the housing 30.
[0015] The transmission 60 is provided with the rota-
tion shaft 61 and a plurality of gears, which is not illus-
trated, in the transmission case 62. The transmission 60
is configured as a power transmission device changing
the speed of the rotational power of the rotor shaft 12
and transmitting the power to a drive shaft. The rotation
shaft 61 (power transmission shaft) is rotatably supported
by a ball bearing 63 provided on the transmission case
62.
[0016] In the left side surface of the transmission case
62, a through-hole 64 is formed which allows a left end
portion (tip) of the rotation shaft 61 to pass through to the
outside of the transmission case 62. The through-hole
64 of the transmission case 62 is disposed to communi-
cate with the through-hole 33 of the housing 30.
[0017] Next, a support structure of the rotor shaft 12
of the motor 50 and the rotation shaft 61 of the transmis-
sion 60 will be described.
[0018] As illustrated in FIG. 1, the rotor shaft 12 of the
motor 50 is configured of a center portion 123 fixed in
the insertion hole 11A of the rotor core 11, the one end
portion 121 (base end) provided extending from the cent-
er portion 123 to the side opposite to the transmission
60, and the other end portion 122 (tip) provided extending
from the center portion 123 to the transmission 60. The
outer diameters of the one end portion 121 and the other
end portion 122 are formed to be smaller than the outer
diameter of the center portion 123, and the one end por-
tion 121 and the other end portion 122 are shaft members
thinner than the center portion 123.
[0019] Inside the lid portion 32 of the housing 30, a
cylindrical bearing supporting portion 34 supporting the
bearing 40 is formed in a projecting manner. The one
end portion 121 (base end) of the rotor shaft 12 is rotat-
ably supported by the bearing 40 fixed to the inner pe-
ripheral surface of the bearing supporting portion 34. The
bearing 40 is a single-row ball bearing (deep groove ball
bearing), for example. An inner race of the bearing 40 is
attached to the outer peripheral surface of the one end
portion 121, and an outer race of the bearing 40 is at-
tached to the inner peripheral surface of the bearing sup-
porting portion 34. Thus, when viewed in the motor 50
alone, the rotor shaft 12 of the rotor 10 is in a state where

only the one end portion 121 is supported by the bearing
40.
[0020] Next, a coupling portion between the other end
portion 122 of the rotor shaft 12 and the rotation shaft 61
of the transmission 60 will be described.
[0021] In the rotor shaft 12 of the present embodiment,
the tip of the rotation shaft 61 is inserted into a shaft hole
12A formed in the other end portion 122 (tip). The rotation
shaft 61 is a shaft member formed such that the outer
diameter thereof reduces stepwise toward the tip. A third
insertion portion 613, a second insertion portion 612, and
a first insertion portion 611 are formed at the tip part of
the rotation shaft 61 in this order from the tip side. The
second insertion portion 612 is located on the right side
(base end side) of the third insertion portion 613, and has
an outer diameter larger than the outer diameter of the
third insertion portion 613. The first insertion portion 611
is located on the right side (base end side) of the second
insertion portion 612, and has an outer diameter larger
than the outer diameter of the second insertion portion
612.
[0022] The rotor shaft 12 of the rotor 10 has the shaft
hole 12A formed to be recessed in the axial direction from
a tip surface. The shaft hole 12A includes a first spigot
portion 124, a spline portion 125 having an inner diameter
smaller than that of the first spigot portion 124, and a
second spigot portion 126 having an inner diameter
smaller than that of the spline portion 125 from the tip
thereof toward a hole bottom 12B.
[0023] In a state where the rotation shaft 61 is inserted
into the shaft hole 12A of the rotor shaft 12, the first spigot
portion 124 of the rotor shaft 12 is spigot connected to
the rotation shaft 61 at a position where the first spigot
portion 124 faces the first insertion portion 611. That is,
the first spigot portion 124 formed on the inner peripheral
surface of the shaft hole 12A of the rotor shaft 12 is fitted
to the outer peripheral surface of the rotation shaft 61
(first insertion portion 611) at a position including the tip
part of the rotor shaft 12 (position closer to an opening
end of the shaft hole 12A). The second spigot portion
126 of the rotor shaft 12 is spigot connected to the rotation
shaft 61 at a position where the second spigot portion
126 faces the third insertion portion 613. That is, the sec-
ond spigot portion 126 formed on the inner peripheral
surface of the shaft hole 12A of the rotor shaft 12 is fitted
to the outer peripheral surface of the rotation shaft 61
(third insertion portion 613) at a position closer to the tip
of the rotation shaft 61 (position closer to the hole bottom
of the shaft hole 12A).
[0024] The spline portion 125 of the rotor shaft 12 is
formed between the first spigot portion 124 and the sec-
ond spigot portion 126 in the axial direction. In other
words, at the other end portion 122 of the rotor shaft 12,
the first spigot portion 124 and the second spigot portion
126 are disposed at a distance in the axial direction via
the spline portion 125. The spline portion 125 is config-
ured to be spline-coupled to the outer peripheral surface
of the rotation shaft 61 (second insertion portion 612).
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Since the rotor shaft 12 and the rotation shaft 61 are
spline-coupled to each other, relative rotational move-
ment between the two shafts is regulated.
[0025] According to the above configuration, the rotor
shaft 12 is coupled to the rotation shaft 61 via the first
and second spigot portions 124 and 126 disposed at a
distance in the axial direction with the spline portion 125
interposed therebetween. As a result, since the coupling
portion between the rotor shaft 12 and the rotation shaft
61 is long, it is possible to more reliably prevent the de-
viation of shaft centers between the shafts at the time of
assembling.
[0026] In the motor system 100 as described above,
various stresses act on the coupling portion between the
rotor shaft 12 and the rotation shaft 61 in accompany with
the rotation of the rotor shaft 12 during the operation of
the motor 50 or the like. Such stresses may cause wear
in the shaft coupling portion. Therefore, even when the
centering accuracy of the shafts is increased, it is desir-
able to prevent the wear of the shaft coupling portion.
[0027] Therefore, the motor system 100 of the present
embodiment is configured to supply lubricating oil to the
shaft coupling portion.
[0028] An oil supply path 14 communicating with the
shaft hole 12A is formed in the rotor shaft 12, and the
lubricating oil is supplied to the coupling portion between
the rotor shaft 12 and the rotation shaft 61 through the
oil supply path 14. The lubricating oil is supplied to the
oil supply path 14 from a pump P disposed outside the
motor 50 or the like.
[0029] Although the rotor shaft 12 and the rotation shaft
61 are spigot connected and spline-coupled, even in such
a shaft coupling portion, there are minute gaps between
the first spigot portion 124 and the first insertion portion
611, between the spline portion 125 and the second in-
sertion portion 612, and between the second spigot por-
tion 126 and the third insertion portion 613. These gaps
are necessary to insert the tip part of the rotation shaft
61 into the shaft hole 12A of the rotor shaft 12 and do
not adversely affect spigot connection and spline con-
nection. Further, in the shaft hole 12A of the rotor shaft
12, a clearance C1 is provided between the tip of the
third insertion portion 613 of the rotation shaft 61 and the
hole bottom 12B. In the present embodiment, the lubri-
cating oil supplied from the oil supply path 14 is supplied
to the shaft coupling portion through the above minute
gaps and the clearance C1. Thus, in the present embod-
iment, a gap existing between the inner peripheral sur-
face of the shaft hole 12A and the outer peripheral surface
of the rotation shaft 61 from the clearance C1 to the first
spigot portion 124 functions as an oil supply space F1
for supplying the lubricating oil to the shaft coupling por-
tion.
[0030] To prevent the lubricating oil supplied from the
oil supply path 14 through the space F1 from leaking from
the tip of the rotor shaft 12, a seal member S1 is disposed
between the inner peripheral surface of the shaft hole
12A in the first spigot portion 124 of the rotor shaft 12

and the outer peripheral surface of the shaft in the first
insertion portion 611 of the rotation shaft 61. The seal
member S1 is, for example, an O-ring attached to the
outer peripheral surface of the first insertion portion 611
of the rotation shaft 61.
[0031] Next, a configuration of a region D1 of the first
spigot portion 124 in the first embodiment will be de-
scribed. FIG. 2 is an enlarged view of the region D1 of
the first spigot portion 124.
[0032] An annular groove G1 for disposing a seal mem-
ber is formed in the circumferential direction on the outer
peripheral surface of the first insertion portion 611 of the
rotation shaft 61 of the transmission 60. An axial dimen-
sion of the groove G1 is substantially equal to a diameter
R1 of the seal member S1 in a cross section. The ring-
shaped seal member S1 is fitted into the groove G1 of
the first insertion portion 611 and fixed in the axial direc-
tion of the rotation shaft 61.
[0033] The left side of the first spigot portion 124 of the
rotor shaft 12, that is, the first spigot portion 124 on the
hole bottom 12B side of the shaft hole 12A with respect
to the seal member S1, is a part where the outer periph-
eral surface of the rotation shaft 61 is spigot connected
to the inner peripheral surface of the shaft hole 12A. The
outer diameter of the rotation shaft 61 at this part is
formed to be slightly smaller than the diameter of the
shaft hole 12A. As a result, a gap LO1 is formed at the
coupling portion between the rotor shaft 12 and the ro-
tation shaft 61.
[0034] On the other hand, the right side of the first spig-
ot portion 124, that is, the first spigot portion 124 on the
tip side of the rotor shaft 12 with respect to the seal mem-
ber S1, has a gap LA1 larger than the gap LO1. An upper
limit of the size of the gap LA1 is a size at which the seal
member S1 does not fall out of the groove G1, and a
lower limit of the size of the gap LA1 is a size at which
the rotor shaft 12 and the rotation shaft 61 do not come
into contact with each other even when the rotor shaft 12
is inclined due to rotational operation or backlash of bear-
ings.
[0035] The gaps LO1 and LA1 are designed by adjust-
ing either or both of the inner diameter of the first spigot
portion 124 and the outer diameter of the first insertion
portion 611. As described above, in the first spigot portion
124 of the rotor shaft 12 of the present embodiment, the
gap LA1 that is a so-called air tightening margin is larger
than the gap LO1 that is a so-called oil tightening margin.
[0036] As described above, the lubricating oil for lubri-
cating the coupling portion between the rotor shaft 12
and the rotation shaft 61 is supplied to the space F1 con-
stituting the gap LO1 as the oil tightening margin. In the
present embodiment, as illustrated in FIG. 1, the lubri-
cating oil discharged from the pump P is supplied from
the base end side to the tip side of the oil supply path 14,
flows into the space F1 from the clearance C1, and is
guided to the first spigot portion 124 through the second
spigot portion 126. By supplying the lubricating oil in this
way, it is possible to prevent wear at a coupling part be-
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tween the rotor shaft 12 and the rotation shaft 61.
[0037] As illustrated in FIG. 1, in the present embodi-
ment, the lubricating oil is supplied from the base end
side toward the tip side of the rotor shaft 12. However, a
supply direction of the lubricating oil is not limited thereto.
For example, the oil supply path 14 may be formed along
the shaft center of the rotation shaft 61. In this case, the
lubricating oil is supplied from the base end to the tip of
the rotation shaft 61, and then flows into the space F1
from the clearance C1.
[0038] When the inside of the motor 50 is cooled by oil
or the like, the oil supplied to the shaft coupling portion
may flow out to the outer periphery of the rotation shaft
61. In such a case, the seal member S1 may not be pro-
vided.
[0039] The motor 50 (rotating electric machine) of the
motor system 100 according to the present embodiment
described above can obtain the following effects.
[0040] The motor 50 of the motor system 100 of the
present embodiment includes the rotor 10 and the stator
20 in the housing 30, and the rotor shaft 12 of the rotor
10 is connected to the rotation shaft 61 of the transmis-
sion 60. The housing 30 is provided with the bearing 40,
one end portion 121 of the rotor shaft 12 is supported via
the bearing 40, and the rotor shaft 12 and the rotation
shaft 61 are coupled to each other by inserting the rota-
tion shaft (one of the two shafts) 61 into the shaft hole
12A formed at the tip of the rotor shaft (the other shaft)
12. The rotor shaft 12 includes the first spigot portion 124
that is spigot connected to the rotation shaft 61 at a po-
sition including the tip part of the rotor shaft 12 in which
the shaft hole 12A is formed, the second spigot portion
126 that is formed at a position different from the first
spigot portion 124 in the axial direction and is spigot con-
nected to the rotation shaft 61, and the spline portion 125
that is formed between the first spigot portion 124 and
the second spigot portion 126 and is spline-coupled to
the rotation shaft 61.
[0041] Thus, the rotor shaft 12 is coupled to the rotation
shaft 61 by spigot connection at two locations using the
first spigot portion 124 and the second spigot portion 126
which are disposed at a distance in the axial direction,
and accordingly the coupling portion between the rotor
shaft 12 and the rotation shaft 61 is long. As a result,
even in the case where the rotor shaft 12 is supported
by the bearing 40 including a backlash, it is possible to
prevent the deviation of the shaft centers of the shafts at
the time of assembling and improve the centering accu-
racy of the rotor shaft 12.
[0042] In the motor system 100 of the present embod-
iment, the seal member S1 is disposed between the first
spigot portion 124 of the rotor shaft 12 and the first in-
sertion portion 611 of the rotation shaft 61, and at least
one of the rotor shaft 12 and the rotation shaft 61 is formed
with the oil supply path 14 that communicates with the
shaft hole 61A and supplies the lubricating oil to the cou-
pling portion between the rotor shaft 12 and the rotation
shaft 61.

[0043] As a result, the lubricating oil can be supplied
to the space F1 between the inner peripheral surface of
the shaft hole 12A of the rotor shaft 12 and the outer
peripheral surface of the rotation shaft 61 sealed by the
seal member S1, and the friction coefficient between the
rotor shaft 12 and the rotation shaft 61 can be lowered
to prevent wear. Further, since the lubricating oil does
not flow out of the space F1 by providing the seal member
S1, the lubricating oil does not flow into the inside of the
motor 50.
[0044] Further, in the present embodiment, in the first
spigot portion 124, the gap LA1 between the rotor shaft
12 and the rotation shaft 61 on the tip side of the rotor
shaft 12 with respect to the seal member S1 is larger
than the gap LO1 between the rotor shaft 12 and the
rotation shaft 61 on the spline portion 125 side with re-
spect to the seal member S1.
[0045] Thus, in order to improve the centering accura-
cy, the gap LO1 located in the first spigot portion 124 is
narrowed, and the gap LA1 on the tip side of the rotor
shaft 12 is designed to be larger than LO1, so that even
when the rotor shaft 12 is inclined, it is possible to prevent
the rotor shaft 12 and the rotation shaft 61 from coming
into contact with each other.
[0046] Further, in the present embodiment, the rotor
shaft 12 has the shaft hole 12A at the tip thereof into
which the rotation shaft 61 is inserted, the first spigot
portion 124 is formed on the inner peripheral surface of
the shaft hole 12A and is fitted to the outer peripheral
surface of the rotation shaft 61 at a position including the
tip part of the rotor shaft 12, and the second spigot portion
126 is formed on the inner peripheral surface of the shaft
hole 12A and is fitted to the outer peripheral surface of
the rotation shaft 61 at a position closer to the tip of the
rotation shaft 61.
[0047] According to this configuration, the centering
accuracy of the shafts can be improved by merely pro-
viding two spigot connection portions at different posi-
tions in the axial direction on the inner peripheral surface
of the shaft hole 12A of the rotor shaft 12. Thus, even
when no other parts are added to the periphery of the
rotor shaft 12 or the rotation shaft 61, the shaft centers
of the shafts can be made to coincide with each other,
and the centering accuracy can be improved with a sim-
ple configuration.
[0048] Further, the oil supply path 14 of the present
embodiment is formed along the shaft center of the rotor
shaft 12, and the lubricating oil is supplied from the base
end side toward the tip side of the rotor shaft 12.
[0049] In this way, since the oil supply path 14 is formed
along the shaft center of the rotor shaft 12, the direction
of flow of the lubricating oil supplied to the shaft center
of the rotor shaft 12 coincides with the direction in which
the space F1 extends, and thus the lubricating oil is easily
guided to the space F1.
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<Second Embodiment>

[0050] Next, a motor system 100 provided with a trans-
mission 60 and a motor 50 according to a second em-
bodiment is described with reference to FIG. 3. The
present embodiment differs from the first embodiment
mainly in a configuration of a coupling portion between
a rotor shaft 12 and a rotation shaft 61.
[0051] The rotor shaft 12 of the present embodiment
is inserted into a shaft hole 61A formed at a tip of the
rotation shaft 61. The rotation shaft 61 of the transmission
60 has the shaft hole 61A in which a tip surface is formed
to be recessed in an axial direction. The shaft hole 61A
is configured such that an inner diameter stepwise de-
creases from the tip toward a hole bottom 61B, and in-
cludes a first insertion portion 614, a second insertion
portion 615, and a third insertion portion 616 in order from
a tip side. The second insertion portion 615 is located on
a right side (base end side) of the first insertion portion
614 and has an inner diameter smaller than that of the
first insertion portion 614. The third insertion portion 616
is located on the right side (base end side) of the second
insertion portion 615, and has an inner diameter smaller
than that of the second insertion portion 615.
[0052] The other end portion 122 of the rotor shaft 12
is a shaft member formed so that the outer diameter
thereof is stepwise reduced toward the tip. A second spig-
ot portion 129, a spline portion 128, and a first spigot
portion 127 are formed in order from the tip side of the
other end portion 122. The spline portion 128 is located
on the right side (tip side) of the first spigot portion 127,
and has an outer diameter smaller than the outer diam-
eter of the first spigot portion 127. The second spigot
portion 129 is located on the right side (tip side) of the
spline portion 128, and has an outer diameter smaller
than the outer diameter of the spline portion 128.
[0053] In a state in which the rotor shaft 12 is inserted
into the shaft hole 61A of the rotation shaft 61, the first
spigot portion 127 of the rotor shaft 12 is spigot connected
to the rotation shaft 61 at a position where the first spigot
portion 127 faces the first insertion portion 614. That is,
the first spigot portion 127 formed on an outer peripheral
surface of the rotor shaft 12 is fitted to an inner peripheral
surface of the shaft hole 61A (first insertion portion 614)
at a position closer to the tip of the rotation shaft 61 (po-
sition closer to an opening end of the shaft hole 61A).
The second spigot portion 129 of the rotor shaft 12 is
spigot connected to the rotation shaft 61 at a position
where the second spigot portion 129 faces the third in-
sertion portion 616. That is, the second spigot portion
129 formed on the outer peripheral surface of the rotor
shaft 12 is fitted to the inner peripheral surface of the
shaft hole 61A (third insertion portion 616) at a position
including a tip part of the rotor shaft 12 (position closer
to the hole bottom of the shaft hole 61A).
[0054] The spline portion 128 of the rotor shaft 12 is
formed between the first spigot portion 127 and the sec-
ond spigot portion 129 in the axial direction. In other

words, at the other end portion 122 of the rotor shaft 12,
the first spigot portion 127 and the second spigot portion
129 are disposed at a distance in the axial direction via
the spline portion 128. This spline portion 128 is config-
ured to be spline-coupled to the inner peripheral surface
of the rotation shaft 61 (second insertion portion 615).
Since the rotor shaft 12 and the rotation shaft 61 are
spline-coupled to each other, relative rotational move-
ment between the two shafts is regulated.
[0055] According to the above configuration, the rotor
shaft 12 is coupled to the rotation shaft 61 via the first
and second spigot portions 127 and 129 disposed at a
distance in the axial direction with the spline portion 128
interposed therebetween. As a result, since the coupling
portion between the rotor shaft 12 and the rotation shaft
61 is long, it is possible to more reliably prevent the de-
viation of shaft centers between the shafts at the time of
assembling.
[0056] Next, supply of lubricating oil in the present em-
bodiment will be described.
[0057] As in the first embodiment, although the rotor
shaft 12 and the rotation shaft 61 are spigot connected
and spline-coupled, even in such a shaft coupling portion,
there are minute gaps between the first spigot portion
127 and the first insertion portion 614, between the spline
portion 128 and the second insertion portion 615, and
between the second spigot portion 129 and the third in-
sertion portion 616. These gaps are necessary to insert
the tip part of the rotor shaft 12 into the shaft hole 61A
of the rotation shaft 61 and do not adversely affect spigot
connection and spline connection. Further, in the shaft
hole 61A of the rotation shaft 61, a clearance C2 is pro-
vided between the tip of the second spigot portion 129
of the rotor shaft 12 and the hole bottom 61B. In the
present embodiment, the lubricating oil supplied from an
oil supply path 15 is supplied to the shaft coupling portion
through the above minute gaps and the clearance C2.
Thus, in the present embodiment, a gap existing between
the inner peripheral surface of the shaft hole 61A and the
outer peripheral surface of the rotor shaft 12 from the
clearance C2 to the first spigot portion 127 functions as
an oil supply space F2 for supplying the lubricating oil to
the shaft coupling portion.
[0058] To prevent the lubricating oil supplied from the
oil supply path 15 through the space F2 from flowing out
from the tip of the rotation shaft 61, a seal member S2 is
disposed between the outer peripheral surface of the
shaft 12 in the first spigot portion 127 of the rotor shaft
12 and the inner peripheral surface of the first insertion
portion 614 of the shaft hole 61A. The seal member S2
is, for example, an O-ring attached to the outer peripheral
surface of the first spigot portion 127 of the rotor shaft 12.
[0059] Next, a configuration of a region D2 of the first
spigot portion 127 in the second embodiment will be de-
scribed. FIG. 4 is an enlarged view of the region D2 of
the first spigot portion 127.
[0060] As illustrated in FIG. 4, an annular groove G2
for disposing a seal member is formed in the circumfer-
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ential direction on the outer peripheral surface of the rotor
shaft 12 in the first spigot portion 127. An axial dimension
of the groove G2 is substantially equal to a diameter R2
of the seal member S2 in a cross section. The ring-
shaped seal member S2 is fitted into the groove G2 of
the first spigot portion 127 and fixed in the axial direction
of the rotor shaft 12.
[0061] The right side of the first spigot portion 127 of
the rotor shaft 12, that is, the first spigot portion 127 on
the side of the spline portion 128 with respect to the seal
member S2, is a part where the outer peripheral surface
of the rotor shaft 12 is spigot connected to the inner pe-
ripheral surface of the shaft hole 61A. The outer diameter
of the shaft 12 at this part is slightly smaller than the
diameter of the shaft hole 61A. As a result, a gap LO2 is
formed at the coupling portion between the rotor shaft 12
and the rotation shaft 61.
[0062] On the other hand, the left side of the first spigot
portion 127, that is, the first spigot portion 127 on the tip
side of the rotation shaft 61 with respect to the seal mem-
ber S2, has a gap LA2 larger than the gap LO2. An upper
limit of the size of the gap LA2 is a size at which the seal
member S2 does not fall out of the groove G2, and a
lower limit of the size of the gap LA2 is a size at which
the rotor shaft 12 and the rotation shaft 61 do not come
into contact with each other even when the rotor shaft 12
is inclined due to rotational operation or backlash of bear-
ings.
[0063] The sizes of the gaps LO2 and LA2 can be de-
signed by adjusting either or both of the outer diameter
of the first spigot portion 127 and the inner diameter of
the first insertion portion 614. As described above, in the
second spigot portion 129 of the present embodiment,
the gap LA2 that is a so-called air tightening margin is
larger than the gap LO2 that is a so-called oil tightening
margin.
[0064] As described above, the lubricating oil for lubri-
cating a coupling part between the rotor shaft 12 and the
rotation shaft 61 is supplied to the space F2 constituting
the gap LO2 as the oil tightening margin. In the present
embodiment, as illustrated in FIG. 3, the lubricating oil
discharged from a pump P is supplied from the base end
side to the tip side of the oil supply path 15, flows into
the space F2 from the clearance C2, and is guided to the
first spigot portion 127 through the second spigot portion
129. By supplying the lubricating oil in this way, it is pos-
sible to prevent wear at the coupling part between the
rotor shaft 12 and the rotation shaft 61.
[0065] In the present embodiment, the lubricating oil
is supplied from the base end side of the rotation shaft
61 toward the tip side. However, a supply direction of the
lubricating oil is not limited thereto. For example, the oil
supply path 15 may be formed along the shaft center of
the rotor shaft 12. In this case, the lubricating oil is sup-
plied from the base end to the tip of the rotor shaft 12,
and then flows into the space F2 from the clearance C2.
[0066] When the inside of the motor 50 is cooled by
the lubricating oil or the like, the lubricating oil supplied

to the shaft coupling portion may flow out to the outer
periphery of the rotor shaft 12. In such a case, the seal
member S2 may not be provided.
[0067] The motor 50 (rotating electric machine) of the
motor system 100 according to the present embodiment
described above can obtain the following effects.
[0068] The motor 50 of the motor system 100 of the
present embodiment includes the rotor 10 and the stator
20 in the housing 30, and the rotor shaft 12 of the rotor
10 is connected to the rotation shaft 61 of the transmis-
sion 60. The housing 30 is provided with the bearing 40,
one end portion 121 of the rotor shaft 12 is supported via
the bearing 40, and the rotor shaft 12 and the rotation
shaft 61 are coupled to each other by inserting the rotor
shaft 12 (one of the two shafts) into the shaft hole 61A
formed at the tip of the rotation shaft 61 (the other shaft).
The rotor shaft 12 includes the first spigot portion 127
that is spigot connected to the rotation shaft 61 at a po-
sition corresponding to the tip part of one shaft in which
the shaft hole 61A is formed, the second spigot portion
129 that is formed at a position different from the first
spigot portion 127 in the axial direction and is spigot con-
nected to the rotation shaft 61, and the spline portion 128
that is formed between the first spigot portion 127 and
the second spigot portion 129 and is spline-coupled to
the rotation shaft 61.
[0069] Thus, the rotor shaft 12 is coupled to the rotation
shaft 61 by spigot connection at two locations using the
first spigot portion 127 and the second spigot portion 129
which are disposed at a distance in the axial direction,
and thus the coupling portion between the rotor shaft 12
and the rotation shaft 61 is long. As a result, even in the
case where the rotor shaft 12 is supported by the bearing
40 including a backlash, it is possible to prevent the de-
viation of the shaft centers of the shafts at the time of
assembling and improve the centering accuracy of the
rotor shaft 12.
[0070] Further, in the present embodiment, the seal
member S2 for sealing between the rotor shaft 12 and
the rotation shaft 61 is disposed in the first spigot portion
127, and at least one of the rotor shaft 12 and the rotation
shaft 61 is formed with the oil supply path 15 that com-
municates with the shaft hole 61A and supplies the lu-
bricating oil to the coupling portion between the rotor shaft
12 and the rotation shaft 61.
[0071] As a result, the lubricating oil can be supplied
to the space F2 between the outer peripheral surface of
the rotor shaft 12 and the inner peripheral surface of the
shaft hole 61A of the rotation shaft 61 sealed by the seal
member S2, and the friction coefficient between the rotor
shaft 12 and the rotation shaft 61 can be lowered to pre-
vent wear. Further, since the lubricating oil does not flow
out of the space F2 by providing the seal member S2,
the lubricating oil does not flow into the inside of the motor
50.
[0072] Further, in the first spigot portion 127, the gap
LA2 between the rotor shaft 12 and the rotation shaft 61
on the tip side of the rotation shaft 61 with respect to the

11 12 



EP 3 968 500 A1

8

5

10

15

20

25

30

35

40

45

50

55

seal member S2 is larger than the gap LO2 between the
rotor shaft 12 and the rotation shaft 61 on the spline por-
tion 128 side with respect to the seal member S2.
[0073] Thus, in order to improve the centering accura-
cy, the gap LO2 located in the first spigot portion 127 is
narrowed, and the gap LA2 on the tip side of the rotation
shaft 61 is designed to be larger than L02, so that even
when the rotor shaft 12 is inclined, it is possible to prevent
the rotor shaft 12 and the rotation shaft 61 from coming
into contact with each other.
[0074] Further, the rotor shaft 12 is inserted into the
shaft hole 61A formed at the tip of the rotation shaft 61.
The first spigot portion 127 is formed on the outer periph-
eral surface of the rotor shaft 12, and is fitted to the inner
peripheral surface of the shaft hole 61A at a position clos-
er to the tip of the rotation shaft 61. The second spigot
portion 129 is formed on the outer peripheral surface of
the rotor shaft 12, and is fitted to the inner peripheral
surface of the shaft hole 61A at a position including the
tip part of the rotor shaft 12.
[0075] According to this configuration, the centering
accuracy of the shafts can be improved by merely pro-
viding two spigot connection portions at different posi-
tions in the axial direction on the outer peripheral surface
of the rotor shaft 12. Thus, even when no other parts are
added to the periphery of the rotor shaft 12 or the rotation
shaft 61, the shaft centers of the shafts can be made to
coincide with each other, and the centering accuracy can
be improved with a simple configuration.
[0076] Further, in the present embodiment, the oil sup-
ply path 15 is formed along the shaft center of the rotation
shaft 61, and the lubricating oil is supplied from the base
end side toward the tip side of the rotation shaft 61.
[0077] In this way, since the oil supply path 15 is formed
along the shaft center of the rotation shaft 61, the direc-
tion of flow of the lubricating oil supplied to the shaft center
of the rotation shaft 61 coincides with the direction in
which the space F2 extends, and thus the lubricating oil
is easily guided to the space F2.
[0078] Although the embodiments of the present in-
vention have been described above, the embodiments
merely exemplify some of application examples of the
present invention and do not intend to limit the technical
scope of the present invention to the specific configura-
tions of the above embodiments.
[0079] The rotor core 11, the stator 20, the core sup-
porting portion 13, etc. described in the above embodi-
ments are cylindrical members, but may be tubular-
shaped members of polygonal shapes.
[0080] Moreover, in each embodiment described
above, the motor 50 is assembled to the transmission 60
as a power transmission device, but the motor 50 may
be assembled to power transmission devices such as a
decelerator. Also in this case, the rotor shaft 12 of the
motor 50 and the rotation shaft of the decelerator can be
coupled to each other by the application of the technical
idea in each embodiment.
[0081] Furthermore, in the above embodiments, the

regulation of the relative rotation between the rotor shaft
12 and the rotation shaft 61 is implemented with a spline
joint structure but may be implemented by joint structures
other than the spline joint structure.

Claims

1. A rotating electric machine comprising a rotor and a
stator in a housing, the rotor having a rotor shaft con-
nected to a power transmission shaft of a power
transmission device, wherein:

a bearing is provided on the housing,
the rotor shaft has a base end supported via the
bearing, and
the rotor shaft and the power transmission shaft
are coupled to each other by inserting one of the
two shafts into a shaft hole formed at a tip of the
other shaft,
the rotor shaft includes:

a first spigot portion that is spigot connected
to the power transmission shaft at a position
corresponding to a tip part of the one shaft
on which the shaft hole is formed;
a second spigot portion that is formed at a
position different from the first spigot portion
in an axial direction and is spigot connected
to the power transmission shaft; and
a spline portion that is formed between the
first spigot portion and the second spigot
portion and is spline-coupled to the power
transmission shaft.

2. The rotating electric machine according to claim 1,
wherein:

a seal member for sealing between the rotor
shaft and the power transmission shaft is dis-
posed in the first spigot portion, and
at least one of the rotor shaft and the power
transmission shaft is formed with an oil supply
path that is communicated with the shaft hole to
supply lubricating oil to a coupling portion be-
tween the rotor shaft and the power transmission
shaft.

3. The rotating electric machine according to claim 2,
wherein:
in the first spigot portion, a gap between the rotor
shaft and the power transmission shaft on a tip side
of the one shaft on which the shaft hole is formed
with respect to the seal member is larger than a gap
between the rotor shaft and the power transmission
shaft on the spline portion side with respect to the
seal member.
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4. The rotating electric machine according to claim 2
or 3, wherein:

the rotor shaft has the shaft hole at a tip thereof
into which the power transmission shaft is in-
serted,
the first spigot portion is formed on an inner pe-
ripheral surface of the shaft hole, and is fitted to
an outer peripheral surface of the power trans-
mission shaft at a position including a tip part of
the rotor shaft, and
the second spigot portion is formed on the inner
peripheral surface of the shaft hole, and is fitted
to the outer peripheral surface of the power
transmission shaft at a position closer to a tip of
the power transmission shaft.

5. The rotating electric machine according to claim 4,
wherein:

the oil supply path is formed along a shaft center
of the rotor shaft, and
the lubricating oil is supplied from a base end
side to a tip side of the rotor shaft.

6. The rotating electric machine according to claim 2
or 3, wherein:

the rotor shaft is inserted into the shaft hole
formed at a tip of the power transmission shaft,
the first spigot portion is formed on an outer pe-
ripheral surface of the rotor shaft, and is fitted
to an inner peripheral surface of the shaft hole
at a position closer to the tip of the power trans-
mission shaft, and
the second spigot portion is formed on the outer
peripheral surface of the rotor shaft, and is fitted
to the inner peripheral surface of the shaft hole
at a position including a tip part of the rotor shaft.

7. The rotating electric machine according to claim 6,
wherein:

the oil supply path is formed along a shaft center
of the power transmission shaft, and
the lubricating oil is supplied from a base end
side to a tip side of the power transmission shaft.
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