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receives lubricating oil from the second rolling bearing side,
at a portion around the rotation axis and axially outward of the

?rst rolling bearing.
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BEARING DEVICE, SPEED REDUCTION

one of the eccentric portions of the motor shaft. The pin
insertion holes are arranged at equal intervals aron the
central axis of each center hole.
The outer pins are arranged at equal intervals around the
axis of the motor shaft, and are ?tted to the housing of the
reduction-transmission mechanism.

MECHANISM INCLUDING THE BEARING

DEVICE, AND MOTOR TORQUE
TRANSMISSION DEVICE
INCORPORATION BY REFERENCE

The inner pins are passed through the pin insertion holes of
the revolving members. The inner pins are arranged at equal

The disclosure of Japanese Patent Application No. 2011
195762 ?led on Sep. 8, 2011 including the speci?cation,

intervals on a circle around the axis of the rotation member at
wheel side, and are ?tted to the differential case. Bearings

drawings and abstract, is incorporated herein by reference in
its entirety.

(pin-side bearings) are ?tted to the inner pins. The bearings
are used to reduce contact resistance between the inner pins

BACKGROUND OF THE INVENTION

1. Field of the Invention
The invention relates to a bearing device that is suitably
used in, for example, an electric vehicle that has an electric
motor serving as a driving source, a speed reduction mecha
nism that includes the bearing device, and a motor torque
transmission device.

and the inner peripheries which de?ne the pin insertion holes
of the revolving members.
However, in the motor torque transmission device
described in JP 2007-218407 A, lubricating oil is concen
trated on the outer side in the radial direction of the motor

shaft by centrifugal force resulting from the revolving
20

2. Description of Related Art

that an amount of lubricating oil near the motor shaft reduces

and the lubricating oil is not suf?ciently supplied to the bear

There is a conventional motor torque transmission device
that is mounted in an automobile, and that includes an electric
motor and a reduction-transmission mechanism (for

example, see Japanese Patent Application Publication No.
2007-218407 (JP 2007-218407 A)). The electric motor gen

motions of the revolving members. This may cause a problem

ings located on the inner side in the radial direction of the
motor shaft.
25

SUMMARY OF THE INVENTION

erates motor torque. The reduction-transmission mechanism

reduces the speed of rotation output from the electric motor
and transmits driving force to a differential mechanism.
The electric motor has a motor shaft that is rotated by
electric power from an in-vehicle battery. The motor shaft is

It is an object of the invention to provide a bearing device
in which an amount of lubricating oil on the inner side in the
30

arranged along the axis of the reduction-transmission mecha
nism. Eccentric portions are integrally formed on the outer
periphery of the motor shaft. The central axis of each eccen
tric portion is an axis that is offset from the axis of the motor
shaft by a predetermined eccentric amount.
The reduction-transmission mechanism has a pair of

reduction-transmission units provided around the axis of the
reduction-transmission mechanism, and a housing that
accommodates the reduction-transmission units. The reduc
tion-transmission mechanism is interposed between the elec
tric motor and the differential mechanism, and is coupled to
the motor shaft and the differential mechanism (differential
case). One of the reduction-transmission units is coupled to
the motor shaft, and the other one of the reduction-transmis
sion units is coupled to the differential case.
With the above con?guration, the motor shaft of the elec
tric motor is rotated by electric power from the in-vehicle

35

40

45 ments that roll between an inner raceway and an outer race

way and a cage by which the rolling elements are rollably
retained at equal intervals around the corresponding central
axis. The cage of each of the at least two rolling bearings has
an annular base portion that is interposed between the inner

battery, and accordingly the motor torque is transmitted from
the electric motor to the differential mechanism via the reduc

tion-transmission mechanism and then distributed to right
and left wheels by the differential mechanism.
The reduction-transmission units of the motor torque trans
mission device of this type have a pair of disc-shaped revolv
ing members, a plurality of outer pins and a plurality of inner

radial direction perpendicular to the rotation axis is increased
to suf?ciently supply the lubricating oil to a bearing near the
rotation axis, a speed reduction mechanism including the
bearing device, and a motor torque transmission device.
An aspect of the invention relates to a bearing device,
including: a rotary shaft that has at least two eccentric por
tions that are arranged at equal intervals around a rotation axis
of the rotary shaft, and that have respective central axes that
are spaced apart at equal interval from the rotation axis in a
radial direction of the rotary shaft; and at least two rolling
bearings that include a ?rst rolling bearing and a second
rolling bearing, that are respectively arranged on outer
peripheries of the at least two eccentric portions of the rotary
shaft, and each of which includes a plurality of rolling ele

50

raceway and the outer raceway and a plurality of partition

wall portions for forming pockets together with the base
portion. In the ?rst rolling bearing, part of the base portion
55

pins. The revolving members make revolving motions in

protrudes axially outward from the inner raceway and forms
an oil receiving portion that receives lubricating oil from the
second rolling bearing side, at a portion around the rotation
axis and axially outward of the ?rst rolling bearing.

accordance with the rotation of the motor shaft of the electric

motor. The outer pins apply rotation force to the revolving
members. The inner pins are arranged radially inward of the
outer pins, and output the rotation force of the revolving

BRIEF DESCRIPTION OF THE DRAWINGS
60

Features, advantages, and technical and industrial signi?
cance of exemplary embodiments of the invention will be
described below with reference to the accompanying draw

members to the differential mechanism as driving force

(torque).
The revolving members each have a center hole and a

ings, in which like numerals denote like elements, and

plurality of pin insertion holes. The revolving members are

wherein:
FIG. 1 is a plan view schematically illustrating a vehicle in

rotatably supported by the eccentric portions of the motor
shaft via bearings (cam-side bearings). The central axis of
each center hole coincides with the axis of a corresponding

65

which a motor torque transmission device according to an

embodiment of the invention is mounted;
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FIG. 2 is a sectional view illustrating the motor torque
transmission device according to the embodiment of the

second housing element 21 (an opening portion on the oppo

invention;

element 20-side opening portion (second opening portion)).

site side of the second housing element 21 from a ?rst housing

FIG. 3 is a sectional view schematically illustrating main
portions of a reduction-transmission mechanism of the motor

The ?rst housing element 20 is arranged at a second side

(left side in FIG. 2) of the housing 2. The entirety of the ?rst
housing element 20 is formed of a stepped closed-end cylin

torque transmission device according to the embodiment of

the invention;

drical member that is open toward the second housing ele

FIG. 4 is a sectional view illustrating a bearing unit of the
motor torque transmission device according to the embodi
ment of the invention;
FIG. 5 is a sectional view illustrating a bearing unit of the
motor torque transmission device according to a ?rst modi

ment 21. The bottom of the ?rst housing element 20 has a
shaft insertion hole 20a through which one of the rear axle

shafts 106 (shown in FIG. 1) is passed. An annular protrusion
23 that protrudes toward the second housing element 21 is
formed integrally on the open end face of the ?rst housing
element 20. The outer periphery of the protrusion 23 has an

?ed example of the embodiment of the invention; and
FIG. 6 is a sectional view illustrating a bearing unit of the
motor torque transmission device according to a second

outside diameter smaller than the maximum outside diameter
of the ?rst housing element 20, and is formed of a cylindrical
surface of which the central axis coincides with the rotation
axis 0. A seal member 24 is interposed between the inner

modi?ed example of the embodiment of the invention.
DETAILED DESCRIPTION OF EMBODIMENTS

periphery of the ?rst housing element 20 and the outerperiph
Hereinafter, a motor torque transmission device according

20

to an embodiment of the invention will be described in detail

with reference to the accompanying drawings.
FIG. 1 schematically shows a four-wheel drive vehicle 101.
As shown in FIG. 1, the four-wheel drive vehicle 101 has a
front wheel power system that uses an engine as a driving

25

source, and a rear wheel power system that uses an electric
motor 4 as a driving source. The four-wheel drive vehicle 101

includes a motor torque transmission device 1, the engine
102, a transaxle 103, a pair of front wheels 104 and a pair of
rear wheels 105.

30

The motor torque transmission device 1 is arranged in the
rear wheel power system of the four-wheel drive vehicle 101,

The second housing element 21 is arranged at the middle of
the housing 2 in the axial direction. The entirety of the second
housing element 21 is formed of an open-end cylindrical
member that is open toward both sides in the direction of the
rotation axis 0. A stepped inward ?ange 21a, which is inter
posed between the electric motor 4 and the reduction-trans
mission mechanism 5, is formed integrally with the second

opening portion of the second housing element 21 (the open
ing portion on the ?rst housing element 20-side). An annular
member 25, to which a race is ?tted, is ?tted to the inner

and is supported by a vehicle body (not shown) of the four
wheel drive vehicle 101.
The motor torque transmission device 1 is con?gured to
transmit driving force based on the motor torque of the elec
tric motor 4 to the rear wheels 105. Thus, the motor torque of

ery of the rear axle shaft 106. The seal member 24 seals the
shaft insertion hole 20a.

35

the electric motor 4 is output to rear axle shafts 106 via a
reduction-transmission mechanism 5 and a rear differential 3

periphery of the inward ?ange 21a via an annular spacer 26.
An annular protrusion 27, which protrudes toward the ?rst
housing element 20, is formed integrally on the second open
end face of the second housing element 21 (the open end face
on the ?rst housing element 20-side). The outer periphery of
the protrusion 27 has an outside diameter smaller than the
maximum outside diameter of the second housing element
21. The protrusion 27 has substantially the same outside
diameter as the outside diameter of the protrusion 23. The
outer periphery of the protrusion 27 is formed of a cylindrical
surface of which the central axis coincides with the rotation
axis 0.
The third housing element 22 is arranged at the ?rst side

(both will be described later in detail) to drive the rear wheels
105. The details of the motor torque transmission device 1,
and the like, will be described later.
The engine 1 02 is arranged in the front wheel power system
of the four-wheel drive vehicle 101. Thus, the driving force of
the engine 102 is output to front axle shafts 107 via the
transaxle 103 to drive the front wheels 104.
FIG. 2 is an overall view of the motor torque transmission
device. As shown in FIG. 2, the motor torque transmission
device 1 is formed mainly of a housing 2, the rear differential
3, the electric motor 4 and the reduction-transmission mecha
nism 5. The axis of the housing 2 is a rotation axis 0 that
coincides with the axis of each rear axle shaft 106 (shown in
FIG. 1). The rear differential 3 is a driving force transmission
target (i.e., a member to which driving force is transmitted)
that distributes driving force based on the motor torque to the
rear wheels 105 (shown in FIG. 1). The electric motor 4
generates motor torque for driving the rear differential 3. The
reduction-transmission mechanism 5 reduces the speed of
rotation output from the electric motor 4 and transmits driving

40

force to the rear differential 3.

60

shaft 31, a pair ofpinion gears 32 and a pair of side gears 33.
The rear differential 3 is arranged at the second side of the
motor torque transmission device 1.
Thus, the torque of the differential case 30 is distributed
from the pinion gear shaft 31 to the side gears 33 via the

65

pinion gears 32, and further transmitted from the side gears 33
to the right and left rear wheels 105 (shown in FIG. 1) via the
rear axle shafts 106 (shown in FIG. 1).

45

ment 21. The bottom of the third housing element 22 has a
shaft insertion hole 2211 through which the other one of the
50

stator is ?tted, is formed integrally with the third housing
element 22 so as to surround the inner opening of the shaft
insertion hole 2211. A seal member 28 that seals the shaft
55

insertion hole 22a is interposed between the inner periphery
of the third housing element 22 and the outer periphery of the
rear axle shaft 106.
The rear differential 3 is formed of a bevel gear differential
mechanism that includes a differential case 30, a pinion gear

housing 2 is arranged on the vehicle body. The ?rst housing
element 20 accommodates the rear differential 3. The second

rear axle shafts 106 is passed. A cylindrical portion 22b,
which protrudes toward the electric motor 4 and to which a

The housing 2 has a rotation force applying member 52
(described later in detail), a ?rst housing element 20, a second
housing element 21 and a third housing element 22. The

housing element 21 accommodates the electric motor 4. The
third housing element 22 closes a ?rst opening portion of the

(right side in FIG. 2) of the housing 2. The entirety of the third
housing element 22 is formed of a stepped closed-end cylin
drical member that is open toward the second housing ele

US 8,827,854 B2
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When there arises a difference in driving resistance
between the right and left rear wheels 105, the torque of the
differential case 30 is differentially distributed to the right and
left rear wheels 105 by the rotations of the pinion gears 32.
The differential case 30 is arranged on the rotation axis 0.

from the axis of the motor shaft 42 (rotation axis 0) by an
eccentric amount 61. The central axis of the eccentric portion
42b is an axis 02 that is offset from the rotation axis 0 by an

eccentric amount 62 (61:62:6). The eccentric portion 42a and
the eccentric portion 42b are arranged so as to be next to each

The differential case 30 is rotatably supported by the ?rst
housing element 20 via a ball bearing 34, and is rotatably
supported by a motor shaft (rotary shaft) 42 of the electric

other along the rotation axis 0 and apart from each other in
the circumferential direction aron the rotation axis 0 at

equal intervals) (180°). That is, the eccentric portion 42a and

motor 4 via a ball bearing 35. The differential case 30 is

con?gured to rotate about the rotation axis 0 upon reception
of driving force based on the motor torque of the electric
motor 4 from the reduction-transmission mechanism 5.

10

The differential case 30 has an accommodation space 30a

and a pair of shaft insertion holes 30b. A differential mecha

nism unit (the pinion gear shaft 31, the pinion gears 32 and the
side gears 33) is accommodated in the accommodation space
30a. The shaft insertion holes 30b communicate with the
accommodation space 3011, and the right and left rear axle
shafts 106 are passed through the shaft insertion holes 30b.
An annular ?ange 300 that faces the reduction-transmis
sion mechanism 5 is formed integrally with the differential
case 30. The ?ange 300 has a plurality of (six in the present

20

The pinion gears 32 are rotatably supported by the pinion

portion 22b. The resolver 47 has a stator 470 and a rotor 471,
25

30

35

The electric motor 4 includes a stator 40, a rotor 41 and the

40

FIG. 3 shows the reduction-transmission mechanism. FIG.
4 shows part of oil supply passages. As shown in FIG. 2 and
FIG. 3, the reduction-transmission mechanism 5 includes a
speed reduction unit A, a lubricating oil supply unit B and a

bearing unit C (bearing device). The reduction-transmission
mechanism 5 is interposed between the rear differential 3 and
the electric motor 4.

The speed reduction unitA has a pair of input members 50,
51, the rotation force applying member 52 and output mem
bers 53. The speed reduction unitA is con?gured to reduce the
speed of rotation output from the electric motor 4 and output

rear differential 3 via the reduction-transmission mechanism
5. The stator 40 is connected to an electronic control unit

(ECU) (not shown). The electric motor 4 is con?gured such
45

driving force to the rear differential 3.

The input member 50 (second input member) is formed of

with the use to the stator 40 and the rotor 41, and the rotor 41

motor shaft 42.
The motor shaft 42 is arranged on the rotation axis 0. In

A spiral groove 420 is formed in the inner periphery of the
motor shaft 42. Through the groove 420, lubricating oil is
supplied from the ?rst opening portion on the resolver 47- side
(right side in FIG. 2) to the second opening portion on the rear
differential 3-side (left side in FIG. 2) as the motor shaft 42
rotates.

motor shaft 42, and is coupled, on the rotation axis 0, to the

is rotated together with the motor shaft 42.
The stator 40 is arranged at the outer peripheral side of the
electric motor 4, and is ?tted to the inward ?ange 21a of the
second housing element 21 with a ?tting bolt 43.
The rotor 41 is arranged at the inner peripheral side of the
electric motor 4, and is ?tted to the outer periphery of the

and is accommodated inside the third housing element 22.
The stator 470 is ?tted to the inner periphery of the cylindrical
portion 22b. The rotor 471 is ?tted to the outer periphery of
the motor shaft 42.

gear shaft 31, and are accommodated in the accommodation
space 30a of the differential case 30.
The side gears 33 each have a shaft insertion hole 33a in
which a corresponding one of the rear axle shafts 106 (shown
in FIG. 1) is spline-coupled. The side gears 33 are accommo
dated in the accommodation space 3011 of the differential case
30. The side gears 33 are con?gured such that the gear axes
are perpendicular to the gear axes of the pinion gears 32 and
the side gears 33 are in mesh with the pinion gears 32.

that the stator 40 receives a control signal from the ECU,
motor torque for driving the rear differential 3 is generated

motor shaft 42. The resolver 47 serves as a rotation angle

detector, and is interposed between the outer periphery of the
motor shaft 42 and the inner periphery of the cylindrical

embodiment) pin ?tting holes 3000 that are arranged at equal
intervals around the rotation axis 0.
The pinion gear shaft 31 is arranged along an axis L per
pendicular to the rotation axis 0 in the accommodation space
30a of the differential case 30. Rotation of the pinion gear
shaft 31 about the axis L and movement of the pinion gear
shaft 31 in the direction of the axis L are restricted by a pin 36.

the eccentric portion 42b are arranged on the outer periphery
of the motor shaft 42 such that the distance from the axis 01
to the rotation axis 0 and the distance from the axis 02 to the
rotation axis 0 are equal to each other (the axes Ol, 02 are
spaced apart at an equal interval from the rotation axis 0 in the
radial direction) and the distance between the axis 01 and the
axis 02 in one of the circumferential directions around the
rotation axis 0 and the distance between the axis 02 and the
axis 01 in the other circumferential direction around the rota
tion axis 0 are equal to each other.
A resolver 47 is arranged at the ?rst end portion of the

an external gear that has a center hole 50a of which the central

axis coincides with the axis 0. The input member 50 is
arranged so as to be closer to the rear differential 3 than the
50

input member 51 (?rst input member). In addition, the input
member 50 is rotatably supported by the motor shaft 42 via a

ball bearing 54 (second rolling bearing). The ball bearing 54
55

addition, the second end portion of the motor shaft 42 is

is interposed between the inner periphery of the input mem
ber 50, which de?nes the center hole 50a, and the eccentric
portion 42a. The input member 50 is con?gured to make
circular motion (revolving motion about the rotation axis 0)

rotatably supported by the inner periphery of the annular

in the directions of the arrows m1, m2 with the eccentric

member 25 via a ball bearing 44 and a sleeve 45, and the ?rst

amount 6, upon reception of motor torque from the electric

end portion of the motor shaft 42 is rotatably supported by the
inner periphery of the third housing element 22 via a ball
bearing 46. The entirety of the motor shaft 42 is formed of a

motor 4.
60

cylindrical (hollow) shaft member through which the rear
axle shafts 106 (shown in FIG. 1) is passed.
An eccentric portion 42a and an eccentric portion 42b, both
of which are circular in planar view, are formed integrally
with the second end portion of the motor shaft 42. The central
axis of the eccentric portion 42a is an axis 01 that is offset

The input member 50 has a plurality of (six in the present
embodiment) pin insertion holes (through-holes) 50b that are
arranged at equal intervals aron the axis 0 1. The hole
diameter of each pin insertion hole 50b is set to a value that is

larger than a value obtained by adding the outside diameter of
65

a needle roller bearing 55 to the outside diameter of each

output member 53. External teeth 500, having an involute
tooth pro?le, are formed on the outer periphery of the input

US 8,827,854 B2
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member 50 at a portion of which the central axis coincides

holes 50b of the input member 50 and the pin insertion holes
51b of the input member 51 and then ?tted in the pin ?tting

with the axis 0 l . The number Z l of the external teeth 500 is set

to 195 (Zl:195), for example. The outside diameter of each

holes 3000 of the differential case 30. In addition, the output

needle roller bearing 55 is set to a value that is smaller than the

members 53 are arranged so as to be passed through an

outside diameter of the ball bearing 54.
The input member 51 is formed of an external gear that has

and the input member 51. The output members 53 are con

annular spacer 58 that is interposed between each head 53b

?gured to receive rotation force, applied by the rotation force
applying member 52, from the input members 50, 51 and

a center hole 51a of which the central axis coincides with the
axis 02. The input member 51 is arranged so as to be closer to
the electric motor 4 than the input member 50. In addition, the

output the rotation force to the differential case 30 as the
torque of the differential case 30.

input member 51 is rotatably supported by the motor shaft 42
via a ball bearing 56 (?rst rolling bearing). The ball bearing 56
is interposed between the inner periphery of the input mem

The needle roller bearing 55 and the needle roller bearing
57 are ?tted to the outer periphery of each output member 53
at a portion between the threaded portion 53a and the head
53b. The needle roller bearing 55 reduces contact resistance

ber 51, which de?nes the center hole 51a, and the eccentric

portion 42b. The input member 51 is con?gured to make
circular motion (revolving motion about the rotation axis 0)

between each output member 53 and the inner periphery,
which de?nes the corresponding pin insertion hole 50b of the
input member 50. The needle roller bearing 57 reduces con

in the directions of the arrows m1, m2 with the eccentric

amount 6, upon reception of motor torque from the electric
motor 4.

tact resistance between each output member 53 and the inner

The input member 51 has a plurality of (six in the present
embodiment) pin insertion holes (through-holes) 51b that are
arranged at equal intervals around the axis 02. The hole

periphery, which de?nes the corresponding pin insertion hole
20

The needle roller bearings 55 each have a race 550 and
needle rollers 551. The race 550 is able to contact the inner

diameter of each pin insertion hole 51b is set to a value that is

larger than a value obtained by adding the outside diameter of

periphery, which de?nes a corresponding one of the pin inser
tion holes 50b of the input member 50. The needle rollers 551

a needle roller bearing 57 to the outside diameter of each

output member 53. External teeth 510, having an involute
tooth pro?le, are formed on the outer periphery of the input
member 51 at a portion of which the central axis coincides

25

outside diameter of the ball bearing 56.
The rotation force applying member 52 is formed of an
internal gear of which the central axis coincides with the
rotation axis 0. The rotation force applying member 52 is
interposed between the ?rst housing element 20 and the sec
ond housing element 21. The entirety of the rotation force
applying member 52 is formed of an open-end cylindrical
member that constitutes part of the housing 2 and that is open
toward both sides in the direction of the rotation axis 0. The
rotation force applying member 52 is in mesh with the input
members 50, 51. The rotation force applying member 52 is
con?gured to apply rotation force in the direction of the arrow
nl to the input member 50 that makes revolving motion upon
reception of motor torque from the electric motor 4, and to

roll between the race 550 and the outer periphery of a corre

sponding one of the output members 53. The needle roller
bearings 57 each have a race 570 and needle rollers 571. The
race 570 is able to contact the inner periphery, which de?nes

with the axis 02. The number Z2 (ZZIZI) of the external teeth
510 is set to 195, for example. The outside diameter of each
needle roller bearing 57 is set to a value that is smaller than the

51b of the input member 51.

a corresponding one of the pin insertion holes 51b of the input
30

35

member 51. The needle rollers 571 roll between the race 570
and the outer periphery of a corresponding one of the output

members 53.
The lubricating oil supply unit B includes an oil tank (not
shown), oil delivery passages 61, 62, an oil introduction pas
sage 63 and an oil supply passage 64. The lubricating oil

supply unit B is con?gured such that the lubricating oil is
supplied to the ball bearings 54, 56, and the like, through the
oil supply passage 64 by centrifugal force generated in accor
40

dance with the rotation of the motor shaft 42.
The oil delivery passages 61, 62 are open toward the inside

and outside of the housing 2, and communicate with the oil
tank via tube members (not shown). The oil delivery passages
61, 62 are formed in the ?rst housing element 20 at equal
intervals around the rotation axis 0. The oil delivery passages

motor torque from the electric motor 4.

61, 62 are con?gured such that, through the delivery passages
61, 62, the lubricating oil inside the housing 2 is delivered to
the outside of the housing 2 and the lubricating oil is caused

The inner periphery of the rotation force applying member
52 has a ?rst ?tting portion 52a and a second ?tting portion

to ?ow toward the oil tank with the use of, for example, a
pump.

apply rotation force in the direction of the arrow 1 1 to the input

45

member 51 that makes revolving motion upon reception of

52b that are located at a predetermined distance in the direc

tion of the rotation axis 0. The ?rst ?tting portion 52a is ?tted
to the outer periphery of the protrusion 23. The second ?tting
portion 52b is ?tted to the outer periphery of the protrusion
27. In addition, the inner periphery of the rotation force apply
ing member 52 has internal teeth 520 having an involute tooth
pro?le. The internal teeth 520 are located between the ?rst

50

55

?tting portion 52a and the second ?tting portion 52b. The
external teeth 500 of the input member 50 and the external
teeth 510 of the input member 51 are in mesh with the internal
teeth 520. The number Z3 of the internal teeth 520 is set to 208,
for example. Thus, the reduction gear ratio 0t of the reduction
transmission mechanism 5 is calculated according to an equa

60

groove 420 of the motor shaft 42, and functions as an oil
passage that extends from the oil introduction passage 63 to

tion, (FZZ/(Z3—Z2).
The output members 53 are a plurality of (six in the present
embodiment) bolts each having a threaded portion 5311 at one
end and a head 53b at the other end. The threaded portions 53a

of the output members 53 are passed through the pin insertion

The oil introduction passage 63 functions as an oil passage

that extends from the oil tank to the oil supply passage 64, and
is formed in the third housing element 22 with a portion
thereof exposed on the outside of the housing 2. The oil
introduction passage 63 is con?gured such that the lubricat
ing oil in the oil tank ?ows through the oil introduction
passage 63 to be introduced into the oil supply passage 64.
The oil supply passage 64 has a ?rst oil supply passage 640,
a second oil supply passage 641 and a third oil supply passage
642. The oil supply passage 64 is formed in the motor shaft 42
and the input member 50.
The ?rst oil supply passage 640 communicates with the

the third oil supply passage 642. The ?rst oil supply passage
65

640 is formed in the motor shaft 42.

The second oil supply passage 641 has, for example, an oil
?ow passage 641a (?rst oil ?ow passage) and an oil ?ow
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passage 6411) (second oil ?ow passage). The oil ?ow passage
64111 is formed in the eccentric portion 42b. The oil ?ow
passage 64119 is formed in the input member 50. The second
oil supply passage 641 is con?gured such that the lubricating
oil is supplied from the ball bearing 54-side to the ball bearing
56 by centrifugal force generated in accordance with the

elements 562 are rollably retained by the cage 563 at equal

intervals around the central axis 01 (shown in FIG. 2).
The cage 563 has an annular base portion 563a and a

plurality of partition wall portions 56319. The base portion
56311 is interposed between the inner ring 560 and the outer
ring 561. The partition wall portions 563!) are used to form
pockets together with the base portion 56311. Part of the base

rotation of the motor shaft 42.
The oil ?ow passage 64111 is formed in the eccentric por
tion 42b, and is open between an inner ring 540 and an outer

portion 563a protrudes axially outward (outward of the inner
ring 560 and the outer ring 561) from the end face (inner
raceway) of the inner ring 560, and forms an oil receiving
portion that receives the lubricating oil from the ball bearing

ring 541 ofthe ball bearing 54. The oil ?ow passage 64119 is
formed in the input member 50, and is open between an inner
ring 560 and an outer ring 561 of the ball bearing 56.

54-side, at a portion aron the rotation axis 0 (shown in the

drawing) and axially outward of the ball bearing 56. The base
portion 56311 is arranged at the second side (left side in FIG.
4) of the cage 563. The partition wall portions 563!) are
arranged at the ?rst side (right side in FIG. 4) of the cage 563

The third oil supply passage 642 functions as an oil passage
that extends from the ?rst oil supply passage 640 to a space G

between the ball bearing 54 and the ball bearing 35. The third
oil supply passage 642 is formed in the motor shaft 42 so as to

open at the inner periphery and outer periphery of the motor
shaft 42. The third oil supply passage 642 is con?gured to

supply lubricating oil from the ?rst oil supply passage 640 to
the space G by centrifugal force generated in accordance with

20

the rotation of the motor shaft 42.

The bearing unit C includes the ball bearings 54, 56, and is
25

Next, the operation of the motor torque transmission
device according to the present embodiment will be described
with reference to FIG. 1 to FIG. 4. Referring to FIG. 2, when

30

electric power is supplied to the electric motor 4 of the motor
torque transmission device 1 to drive the electric motor 4, the
motor torque of the electric motor 4 is applied to the reduc
tion-transmission mechanism 5 via the motor shaft 42. Thus,
the reduction-transmission mechanism 5 is driven.

arranged on the outer periphery of the motor shaft 42. The

bearing unit C is con?gured such that the ball bearing 54 is
interposed between the inner periphery of the input member
50, which de?nes the center hole 50a, and the outer periphery
of the eccentric portion 42a to support the input member 50
such that the input member 50 is rotatable relative to the
motor shaft 42. In addition, the bearing unit C is con?gured
such that the ball bearing 56 is interposed between the inner
periphery of the input member 51, which de?nes the center
hole 51a, and the outer periphery of the eccentric portion 42b
to support the input member 51 such that the input member 51
is rotatable relative to the motor shaft 42.

The ball bearing 54 includes the inner ring 540, the outer
ring 541, a plurality of rolling elements 542 and a cage 543.
The ball bearing 54 is formed of, for example, a deep groove
ball bearing. The rolling elements 542 roll between a ?rst
raceway (inner raceway) of the inner ring 540 and a second
raceway (outer raceway) of the outer ring 541. The rolling
elements 542 are rollably retained by the cage 543 at equal
intervals around the central axis 01 (shown in FIG. 2).

Therefore, in the reduction-transmission mechanism 5, the
input members 50, 51 each make circular motion with the

35

40

51, the inner peripheries, which de?ne the pin insertion holes
45

insertion holes 51b, contact the races 570 of the correspond

50

51 are not transmitted to the output members 53 and only the
rotation motions of the input members 50, 51 are transmitted
to the output members 53. Rotation force resulting from the
rotation motions is output from the output members 53 to the
differential case 30 as the torque of the differential case 30.

Thus, the rear differential 3 is driven, and driving force
55

60

The cage 543 may be, for example, a snap cage.

raceway (outer raceway) of the outer ring 561. The rolling

bearings 55, and the inner peripheries, which de?ne the pin

ing needle roller bearings 57.
Therefore, the revolving motions of the input members 50,

addition, the dimensions of the cage 543 are set such that the
inner diameter gradually increases from a second axial end

The ball bearing 56 includes the inner ring 560, the outer
ring 561, a plurality of rolling elements 562 and a cage 563.
The ball bearing 56 is formed of, for example, a deep groove
ball bearing. The rolling elements 562 roll between a ?rst
raceway (inner raceway) of the inner ring 560 and a second

51 rotates about the axis 02 (in the direction of the arrow
shown in FIG. 3) while the external teeth 510 are meshed with
the internal teeth 520 of the rotation force applying member
52. In this case, due to the rotation of the input members 50,
50b, contact the races 550 of the corresponding needle roller

the circumferential direction of the base portion 54311. In

portion toward a ?rst axial end portion except for the pockets.

eccentric amount 6, for example, in the direction of the arrow
ml shown in FIG. 3.
Accordingly, the input member 50 rotates about the axis 0 l
(in the direction of the arrow nl shown in FIG. 3) while the
external teeth 500 are meshed with the internal teeth 520 of

the rotation force applying member 52, and the input member

As shown in FIG. 4, the cage 543 has an annular base

portion 543a and a plurality of partition wall portions 54319.
The base portion 54311 is interposed between the inner ring
540 and the outer ring 541. The partition wall portions 543!)
are used to form pockets together with the base portion 54311.
Part of the base portion 543a protrudes axially outward (out
ward of the inner ring 540 and the outer ring 541) from the end
face (inner raceway) of the inner ring 540, and forms an oil
receiving portion that receives the lubricating oil from the
third oil supply passage 642. The base portion 54311 is
arranged at the second side (left side in FIG. 4) of the cage
543. The partition wall portions 543!) are arranged at the ?rst
side (right side in FIG. 4) of the cage 543 at equal intervals in

at equal intervals in the circumferential direction of the base
portion 56311. In addition, the dimensions of the cage 563 are
set such that the inner diameter gradually increases from a
second axial end portion toward a ?rst axial end portion
except for the pockets. The cage 563 may be, for example, a
snap cage.

65

based on the motor torque of the electric motor 4 is distributed
to the rear axle shafts 106 shown in FIG. 1 and transmitted to
the right and left rear wheels 105.
In the motor torque transmission device 1, when the motor

shaft 42 of the electric motor 4 rotates, ?ow of the lubricating
oil from the oil introduction passage 63-side of the ?rst oil
supply passage 640 toward the third oil supply passage 642 is
formed in accordance with the rotation of the motor shaft 42,
and centrifugal force acts on the lubricating oil in the ?rst oil

supply passage 640.
Therefore, after the lubricating oil introduced from the oil
introduction passage 63 to the ?rst oil supply passage 640

?ows through the ?rst oil supply passage 640, the lubricating
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oil ?ows through the third oil supply passage 642 as shown in
FIG. 4, and is supplied to the space G between the ball bearing
54 and the ball bearing 35. In this case, in the ball bearing 54,
the lubricating oil supplied to the space G is received by the
base portion 54311 of the cage 543.

circumferential direction. The rolling elements 652 roll
between a ?rst raceway (inner raceway) of the inner ring 650
and a ?rst raceway (inner raceway) of the outer ring 651. The
cage 653 is formed of a window-type cage that retains the

rolling elements 652 at equal intervals in the circumferential

Thus, the lubricating oil ?ows from the base portion 54311

direction such that the rolling elements 652 are rollable. The

of the cage 543 to a space between the inner ring 540 and the

dimensions of the cage 653 are set such that a second axial

outer ring 541, ?ows between the inner ring 540 and the outer

end portion protrudes axially outward from the end face (in

ring 541, and is discharged from the ball bearing 54.
Then, the lubricating oil discharged from the ball bearing

ner raceway) of the inner ring 650 and the inner diameter
gradually increases from the second axial end portion toward
a ?rst axial end portion except for the pockets.
Similarly, the ball bearing 66 includes an inner ring 660, an
outer ring 661, a plurality of rolling elements 662 and a cage
663. The cage 662 is formed of a window-type cage, and the
rolling elements 662 are rollably retained by the cage 663 at

54 ?ows into the second oil supply passage 641 (oil ?ow
passages 641a, 6411)), ?ows through the oil ?ow passages
641a, 641b, and is supplied to the ball bearing 56. In this case,
in the ball bearing 56, the base portion 56311 of the cage 563
receives the lubricating oil.
Thus, the lubricating oil ?ows from the base portion 56311

equal intervals in the circumferential direction. The rolling
elements 662 roll between the ?rst raceway (inner raceway)
of the inner ring 660 and the ?rst raceway (outer raceway) of

of the cage 563 to a space between the inner ring 560 and the

outer ring 561, ?ows between the inner ring 560 and the outer

ring 561, and is discharged from the ball bearing 56.
Thus, in the present embodiment, the lubricating oil is
supplied to the ball bearings 54, 56 by the lubricating oil
supply unit B to lubricate the ball bearings 54, 56.

20

The dimensions of the cage 663 are set such that a second

Note that, in the above-described embodiment, the case
where the input members 50, 51 are caused to make circular
motions in the direction of the arrow ml to drive the motor

25

torque transmission device 1 is described. However, the
motor torque transmission device 1 may be driven as in the
case of the above-described embodiment even when the input
members 50, 51 are caused to make circular motions in the
direction of the arrow m2. In this case, the rotation motion of
the input member 50 is made in the direction of the arrow n2,

30

and the rotation motion of the input member 51 is made in the
direction of the arrow 12.
According to the above described embodiment, the follow

ing advantageous effects are obtained.
It is possible to increase the amount of lubricating oil that
is supplied to the inner side (ball bearings 54, 56) in the
direction perpendicular to the rotation axis 0. Therefore, it is
possible to supply a suf?cient amount of lubricating oil to the

35

ball bearings 54, 56.
The bearing device, the speed reduction mechanism
including the bearing device, and the motor torque transmis

40

ally increases from the second axial end portion toward a ?rst
45

The invention may be implemented in various other embodi
ments without departing from the scope of the invention, and,
for example, the invention may be implemented in the fol
50

sions of the cage 683 are set such that a second axial end
55

of the input members.
(2) In the above-described embodiment, the ball bearing 54

axial end portion except for the pockets.
(3) In the above-described embodiment, the eccentric por
60

However, the invention is not limited to this con?guration. As

shown in FIG. 5, ball bearings 65, 66 formed of angular
contact ball bearings may be used. In FIG. 5, the ball bearing
65 includes an inner ring 650, an outer ring 651, a plurality of
rollably retained by the cage 653 at equal intervals in the

portion protrudes axially outward from the end face (inner
raceway) of the inner ring 680 and the inner diameter gradu
ally increases from the second axial end portion toward a ?rst

includes the cage 543 formed of a snap cage, the ball bearing
56 includes the cage 563 formed of a snap cage, and the ball

rolling elements 652 and a cage 653. The cage 653 is formed
of a window-type cage, and the rolling elements 652 are

between a ?rst raceway (inner raceway) of the inner ring 680
and a second raceway (outer raceway) of the outer ring 681.
The cage 683 is formed of a window-type cage, and the
rolling elements 682 are rollably retained by the cage 683 at
equal intervals in the circumferential direction. The dimen

motor shaft 42 (eccentric portions 42a, 42b); however, the

bearings 54, 56 are formed of deep groove ball bearings.

axial end portion except for the pockets.
Similarly, the cylindrical roller bearing 68 includes an
inner ring 680, an outer ring 681, a plurality of rolling ele
ments 682 and a cage 683. The rolling elements 682 roll

lowing alternative embodiments.

invention is not limited to this con?guration. Of course, the
number of bearings is determined on the basis of the number

used as shown in FIG. 6. In FIG. 6, the cylindrical roller
bearing 67 includes an inner ring 670, an outer ring 671, a
plurality of rolling elements 672 and a cage 673. The cage 673
is formed of a window-type cage, and the rolling elements
672 are rollably retained by the cage 673 at equal intervals in
the circumferential direction. The rolling elements 672 roll
between a ?rst raceway (inner raceway) of the inner ring 670
and a second raceway (outer raceway) of the outer ring 671.
The cage 673 is formed of a window-type cage, and the
rolling elements 672 are rollably retained by the cage 673 at
equal intervals in the circumferential direction. The dimen
sions of the cage 673 are set such that a second axial end

sion device according to the invention are described on the

(1) In the above-described embodiment, the two ball bear
ings 54, 56 are used to support the input members 50, 51 such
that the input members 50, 51 are rotatable relative to the

axial end portion protrudes axially outward from the end face
(inner raceway) of the inner ring 660 and the inner diameter
gradually increases from the second axial end portion toward
a ?rst axial end portion except for the pockets.
In addition, according to the invention, needle roller bear
ings or long roller bearings may be used instead of the ball
bearings 54, 56, and cylindrical roller bearings 67, 68 may be

portion protrudes axially outward from the end face (inner
raceway) of the inner ring 670 and the inner diameter gradu

basis of the above-described embodiment. However, the
invention is not limited to the above-described embodiment.

the outer ring 661. The cage 663 is formed of a window-type
cage, and the rolling elements 662 are rollably retained by the
cage 663 at equal intervals in the circumferential direction.

65

tion 42a and the eccentric portion 42b are arranged on the
outer periphery of the motor shaft 42 such that the distance
from the axis 01 of the center hole 50a to the rotation axis 0
and the distance from the axis 02 of the center hole 51a to the
rotation axis 0 are equal to each other and the distance
between the axis 01 of the center hole 50a and the axis 02 of
the center hole 51a in one of the circumferential directions
around the rotation axis 0 and the distance between the axis
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02 of the center hole 51a and the axis 01 of the center hole 50a
in the other circumferential direction around the rotation axis
0 are equal to each other. Further, the motor shaft 42 of the
electric motor 4 is provided with the input members 50, 51 at
portions that are apart from each other in the circumferential
direction around the axis of the motor shaft 42 (rotation axis

output members 53 at a portion between the threaded portion
53a and the head 53b. However, the invention is not limited to
this con?guration. A roller bearing other than a needle roller
bearing or a ball bearing may be used instead of the needle
roller bearing. Such a ball bearing or a roller bearing may be,
for example, a deep groove ball bearing, an angular contact

0) at equal intervals (180°). The input members 50, 51 are

ball bearing, a long cylindrical roller bearing, a cylindrical
roller bearing, a tapered roller bearing, a spherical roller
bearing, or the like. In addition, according to the invention, a
plain bearing may be used instead of a rolling bearing.
According to the invention, the amount of lubricating oil at
the inner side in the direction perpendicular to the rotation
axis is increased, and it is possible to supply a suf?cient

arranged so as to correspond to the eccentric portions 42a,
42b, respectively. However, the invention is not limited to this
con?guration, and the number of the input members may be
changed as needed.
That is, when the number of the input members is n (n23),
the axis of the ?rst eccentric portion, the axis of the second

amount of lubricating oil to the bearings near the rotation
axis.
What is claimed is:

eccentric portion, . . . , and the axis of the nth eccentric portion

are successively arranged in one direction about the axis of
the motor shaft on an imaginary plane that is perpendicular to
the axis of the electric motor (motor shaft). In this case, the
eccentric portions are arranged around the motor shaft such
that the distance from the axis of each eccentric portion to the
axis of the motor shaft is equal to one another and an angle
formed between line segments that connect the axis of the
motor shaft to the respective axes of any adjacent two eccen

1. A bearing device, comprising:
a rotary shaft that has at least two eccentric portions that are
20

tric portions among the ?rst eccentric portion, the second
eccentric portion, . . . , and the nth eccentric portion is set to

3 60°/n. Furthermore, the n input members are arranged on the
motor shaft at portions that are spaced at intervals of 360°/n
about the axis of the motor shaft so as to correspond to the

25

arranged at equal intervals around a rotation axis of the
rotary shaft, and that have respective central axes that are
spaced apart at equal interval from the rotation axis in a

radial direction of the rotary shaft; and
at least two rolling bearings that include a ?rst rolling
bearing and a second rolling bearing, that are respec
tively arranged on outer peripheries of the at least two
eccentric portions of the rotary shaft, and each of which
includes a plurality of rolling elements that roll between

respective eccentric portions.

an inner raceway and an outer raceway and a cage by

For example, when the number of the input members is
three, the axis of the ?rst eccentric portion, the axis of the
second eccentric portion and the axis of the third eccentric
portion are successively arranged in one direction around the

which the rolling elements are rollably retained at equal
intervals around the corresponding central axis, wherein

axis of the motor shaft on an imaginary plane that is perpen
dicular to the axis of the motor shaft. In this case, the eccentric
portions are arranged around the motor shaft such that the
distance from the axis of each eccentric portion to the axis of
the motor shaft is equal to one another and an angle formed
between line segments that connect the axis of the motor shaft
to the respective axes of any adjacent two eccentric portions

among the ?rst eccentric portion, the second eccentric portion
and the third eccentric portion is set to 120°. Furthermore, the

30

the cage of each of the at least two rolling bearings has an

annular base portion that is interposed between the inner
raceway and the outer raceway and a plurality of parti
35

40

bearing.

45

uses both the engine 102 and the electric motor 4 as the

motor as a driving source. In addition, the invention may also
be applied to a four-wheel drive vehicle that has a ?rst drive
shaft driven by an engine and an electric motor and a second
drive shaft driven by an electric motor, as in the case of the

50

a speed reduction unit that includes input members and
outputs member, and that reduces a speed of rotation
55

(5) In the above-described embodiment, the description is
60

sponding one of the pin insertion holes 50b of the input
member 50, is ?tted to the outer periphery of each of the
output members 53 at a portion between the threaded portion
53a and the head 53b, and the needle roller bearing 57 that is
able to contact the inner periphery, which de?nes a corre

sponding one of the pin insertion holes 51b of the input
member 51, is ?tted to the outer periphery of each of the

in the second rolling bearing, part of the base portion
protrudes axially outward from the inner raceway and
forms an oil receiving portion that receives lubricating
oil from the oil supply passage.

3. A speed reduction mechanism, comprising:

above-described embodiment.
made on the case where the needle roller bearing 55 that is
able to contact the inner periphery, which de?nes a corre

the rotary shaft is formed of a hollow shaft member that has
an oil supply passage that is open at an inner periphery
and an outer periphery of the hollow shaft member; and

each of the at least two rolling bearings is formed such that,

invention is applied to the four-wheel drive vehicle 101 that
driving sources is described. However, the invention is not
limited to this con?guration. The invention may also be
applied to an electric vehicle, which is a four-wheel drive
vehicle or a two-wheel drive vehicle, using only an electric

trudes axially outward from the inner raceway and forms
an oil receiving portion that receives lubricating oil from
the second rolling bearing side, at a portion around the
rotation axis and axially outward of the ?rst rolling

2. The bearing device according to claim 1, wherein:

three input members are arranged on the motor shaft at por
tions that are spaced at intervals of 120° about the axis of the
motor shaft so as to correspond to the ?rst eccentric portion,

the second eccentric portion and the third eccentric portion.
(4) In the above-described embodiment, the case where the

tion wall portions for forming pockets together with the
base portion, and
in the ?rst rolling bearing, part of the base portion pro

input into the input members and outputs the rotation
with a reduced speed from the output members; and
a bearing unit by which the input members of the speed
reduction unit are rotatably supported aron respective
central axes of the input members, wherein
the bearing unit is the bearing device according to claim 1,
and
the input members of the speed reduction unit include a

?rst input member that is supported by the ?rst rolling
bearing, and a second input member that is supported by
65

the second rolling bearing.
4. A speed reduction mechanism, comprising:
a speed reduction unit that includes input members and
outputs member, and that reduces a speed of rotation
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input into the input members and outputs the rotation
with a reduced speed from the output members; and
a bearing unit by which the input members of the speed
reduction unit are rotatably supported around respective

8. A motor torque transmission device, comprising:
an electric motor that generates motor torque; and
a reduction-transmission mechanism that reduces a speed

of rotation of the electric motor and transmits driving
force to a driving force transmitted target, wherein
the reduction-transmission mechanism is the speed reduc
tion mechanism according to claim 4.
9. A motor torque transmission device, comprising:

central axes of the input members, wherein

the bearing unit is the bearing device according to claim 2,
and
the input members of the speed reduction unit include a

an electric motor that generates motor torque; and
a reduction-transmission mechanism that reduces a speed

?rst input member that is supported by the ?rst rolling
bearing, and a second input member that is supported by
the second rolling bearing.
5. The speed reduction mechanism according to claim 3,

of rotation of the electric motor and transmits driving
force to a driving force transmitted target, wherein
the reduction-transmission mechanism is the speed reduc
tion mechanism according to claim 5.
10. A motor torque transmission device, comprising:

wherein:
in the bearing unit, the rotary shaft has a ?rst oil ?ow
passage that is open at a position between the inner
raceway and the outer raceway of the second rolling

an electric motor that generates motor torque; and
a reduction-transmission mechanism that reduces a speed

bearing; and
in the speed reduction unit, the second input member has a
second oil ?ow passage that communicates with the ?rst

20

oil ?ow passage and that is open at a position between
the inner raceway and the outer raceway in the ?rst

rolling bearing.

ing force to a differential mechanism that serves as the

6. The speed reduction mechanism according to claim 4,
wherein:
in the bearing unit, the rotary shaft has a ?rst oil ?ow
passage that is open at a position between the inner
raceway and the outer raceway of the second rolling

25

the reduction-transmission mechanism transmits the driv
ing force to a differential mechanism that serves as the
30

13. The motor torque transmission device according to
the reduction-transmission mechanism transmits the driv
ing force to a differential mechanism that serves as the

rolling bearing.
35

driving force transmitted target.
14. The motor torque transmission device according to
claim 10, wherein

an electric motor that generates motor torque; and
a reduction-transmission mechanism that reduces a speed

of rotation of the electric motor and transmits driving
force to a driving force transmitted target, wherein
the reduction-transmission mechanism is the speed reduc
tion mechanism according to claim 3.

driving force transmitted target.
claim 9, wherein

the inner raceway and the outer raceway in the ?rst

7. A motor torque transmission device, comprising:

driving force transmitted target.
12. The motor torque transmission device according to
claim 8, wherein

bearing; and
in the speed reduction unit, the second input member has a
second oil ?ow passage that communicates with the ?rst
oil flow passage and that is open at a position between

of rotation of the electric motor and transmits driving
force to a driving force transmitted target, wherein
the reduction-transmission mechanism is the speed reduc
tion mechanism according to claim 6.
11. The motor torque transmission device according to
claim 7, wherein
the reduction-transmission mechanism transmits the driv

the reduction-transmission mechanism transmits the driv
ing force to a differential mechanism that serves as the
40

driving force transmitted target.
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