
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
91

2 
84

6
A

1
*EP003912846A1*

(11) EP 3 912 846 A1
(12) EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication: 
24.11.2021 Bulletin 2021/47

(21) Application number: 20806644.9

(22) Date of filing: 13.05.2020

(51) Int Cl.:
B60L 15/00 (2006.01) B60K 17/06 (2006.01)

B60K 17/12 (2006.01)

(86) International application number: 
PCT/JP2020/019165

(87) International publication number: 
WO 2020/230829 (19.11.2020 Gazette 2020/47)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(30) Priority: 13.05.2019 JP 2019090931
31.03.2020 JP 2020065298

(71) Applicant: Aisin Corporation
Kariya-shi, Aichi-ken 448-8650 (JP)

(72) Inventors:  
• YOSHIMI, Takuya

Kariya-shi, Aichi 448-8650 (JP)
• SAITO, Daisuke

Kariya-shi, Aichi 448-8650 (JP)

(74) Representative: Kramer Barske Schmidtchen 
Patentanwälte PartG mbB
European Patent Attorneys 
Landsberger Strasse 300
80687 München (DE)

(54) ELECTRIC DRIVE DEVICE FOR VEHICLE

(57) In an electric drive device for a vehicle, when a
distance between two portions of a transfer shaft sup-
ported by two supporting parts of a drive housing and a
distance between two portions of an input shaft support-
ed by two supporting parts of a power transfer housing
each are a first distance, one of the input shaft and the
transfer shaft that has a longer first distance is one shaft,
the other one of the input shaft and the transfer shaft that

has a shorter first distance is the other shaft, one of the
drive housing and the power transfer housing that sup-
ports the one shaft is one housing, and the other one of
the drive housing and the power transfer housing that
supports the other shaft is the other housing, the one
shaft extends toward the other shaft, crossing a first cen-
tral axis, and a coupling part is accommodated in the
other housing.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an electric drive
device for a vehicle.

BACKGROUND ART

[0002] Conventionally, there is known an electric drive
device for a vehicle that includes a motor, a gear mech-
anism that performs speed change, etc., a differential
gear, and a drive shaft, in which the motor is disposed
on one side relative to the differential gear, the gear
mechanism is disposed on the other side, and power of
the motor is transferred to the gear mechanism through
a through drive shaft.

CITATIONS LIST

PATENT LITERATURE

[0003] Patent Literature 1: EP 3501867 A1

SUMMARY OF INVENTION

TECHNICAL PROBLEMS

[0004] In an electric drive device for a vehicle of this
type, it is assumed that the electric drive device for a
vehicle is configured by forming a power transfer unit
including a gear mechanism and a power transfer hous-
ing that accommodates the gear mechanism, and a drive
unit including a motor and a drive housing that accom-
modates the motor, and by mounting the power transfer
unit and the drive unit on an axle case that accommo-
dates a differential gear and a drive shaft, from both sides
of the axle case. In that case, it is assumed that a through
drive shaft is divided in order to perform test evaluation
for each of the power transfer unit and the drive unit be-
fore mounting the power transfer unit and the drive unit
on the axle case, or for a reason for mounting, etc., and
for example, in a coupling part of the divided through
drive shafts, swing occurring due to rotation of the
through drive shafts may become relatively large de-
pending on the position or structure of the coupling part,
and vibration occurring in the electric drive device for a
vehicle due to the swing may become relatively large.
[0005] Hence, one problem of the present invention is
to obtain an electric drive device for a vehicle that, for
example, suppresses swing occurring in a coupling part
due to rotation of a through drive shaft, by which occur-
rence of vibration is easily suppressed.

SOLUTIONS TO PROBLEMS

[0006] An electric drive device for a vehicle of the
present invention includes, for example, an axle case; a

drive shaft that is accommodated in the axle case and is
rotatable about a first central axis; a motor that is located
on a first direction side relative to the axle case and has
a motor shaft that rotates about a second central axis
extending in the first direction, the first direction side in-
tersecting an axial direction of the first central axis; a first
gear mechanism including an input shaft, at least a part
of which is located on an opposite direction side to the
first direction relative to the axle case, and to which power
is inputted from the motor shaft, the input shaft being
rotatable about a third central axis extending in the first
direction; an output shaft that is rotatable about a fourth
central axis arranged so as to be parallel to the third cen-
tral axis and spaced from the third central axis; and a
plurality of gears that are interposed between the input
shaft and the output shaft and that transfer the power; a
differential gear that is accommodated in the axle case
and coupled to the drive shaft and the output shaft, and
transfers the power from the output shaft to the drive
shaft; a through drive shaft including a transfer shaft, at
least a part of which is located on the first direction side
relative to the axle case, and to which power is inputted
from the motor shaft; the input shaft; and a coupling part
that couples together the transfer shaft and the input
shaft, the through drive shaft being rotatable about a third
central axis extending in the first direction; a drive unit
including the motor; the transfer shaft; and a drive hous-
ing that accommodates the motor and the transfer shaft
and has two supporting parts that support the transfer
shaft so as to be rotatable about the third central axis,
the drive unit being detachably mounted on the axle case
and extending in the first direction from the axle case;
and a power transfer unit including the first gear mech-
anism; and a power transfer housing that accommodates
the first gear mechanism and includes two supporting
parts that support the input shaft so as to be rotatable
about the third central axis, the power transfer unit being
detachably mounted on the axle case and extending in
an opposite direction to the first direction from the axle
case, and when a distance between two portions of the
transfer shaft supported by the two supporting parts of
the drive housing and a distance between two portions
of the input shaft supported by the two supporting parts
of the power transfer housing each are a first distance,
one of the input shaft and the transfer shaft that has a
longer first distance is one shaft, an other one of the input
shaft and the transfer shaft that has a shorter first dis-
tance is an other shaft, one of the drive housing and the
power transfer housing that supports the one shaft is one
housing, and an other one of the drive housing and the
power transfer housing that supports the other shaft is
an other housing, the one shaft extends toward the other
shaft, crossing the first central axis, and the coupling part
is accommodated in the other housing.

ADVANTAGEOUS EFFECTS OF INVENTION

[0007] According to the electric drive device for a ve-
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hicle of an embodiment of the present invention, com-
paring to a configuration in which the other shaft with a
shorter first distance extends toward the one shaft with
a longer first distance, crossing the first central axis, and
the coupling part is accommodated in the one housing,
swing at an end part on a coupling part side of the one
shaft with a longer first distance is easily suppressed.
Namely, the effect of suppressing swing occurring in the
coupling part due to rotation of the through drive shaft is
high. Thus, the electric drive device for a vehicle that
easily suppresses occurrence of vibration can be ob-
tained.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

FIG. 1 is an illustrative plan view of an electric drive
device for a vehicle of a first embodiment.
FIG. 2 is an illustrative diagram showing a schematic
configuration of the electric drive device for a vehicle
of the first embodiment.
FIG. 3 is an illustrative diagram showing a schematic
configuration of an electric drive device for a vehicle
of a second embodiment.

DESCRIPTION OF EMBODIMENTS

[0009] Illustrative embodiments of the present inven-
tion are disclosed below. Note that in this specification,
ordinal numbers are used to distinguish between com-
ponents, parts, etc., and do not indicate position in a se-
ries or priority. Note also that a plurality of embodiments
shown below include the same components. The same
components are given common reference signs and an
overlapping description is omitted.

<First Embodiment>

[0010] FIG. 1 is an illustrative plan view of an electric
drive device for a vehicle 1 of the present embodiment.
The electric drive device for a vehicle 1 is provided on a
vehicle and rotationally drives wheels 18L and 18R of
the vehicle. Note that in the following description, for con-
venience, three directions orthogonal to each other are
defined. An X-direction is the same as a front direction
of a vehicle front-rear direction, a Y-direction goes along
a vehicle width direction, and a Z-direction is the same
as an up direction of a vehicle up-down direction. The
electric drive device for a vehicle 1 is also referred to as
an electric axle device.
[0011] FIG. 2 is an illustrative diagram showing a sche-
matic configuration of the electric drive device for a ve-
hicle 1 of the embodiment. As shown in FIG. 2, the electric
drive device for a vehicle 1 includes an axle case 10, a
motor 11, a connection mechanism 12, a transmission
13, a differential gear 14, drive shafts 15L and 15R, a
parking brake 16, and a parking lock gear 17. In the elec-

tric drive device for a vehicle 1, power outputted from the
motor 11 is transferred to the drive shafts 15L and 15R
through the connection mechanism 12, the transmission
13, and the differential gear 14. By this, the wheels 18L
and 18R fixed to the drive shafts 15L and 15R rotate.
[0012] In addition, as shown in FIGS. 1 and 2, the elec-
tric drive device for a vehicle 1 includes a drive unit 100
and a power transfer unit 200.
[0013] As shown in FIG. 2, the drive unit 100 includes
the motor 11, the connection mechanism 12, and a drive
housing 101.
[0014] The drive unit 100 is detachably mounted on
the axle case 10, with the drive unit 100 located on an
X-direction side, i.e., a front-direction side, of the axle
case 10. The drive unit 100 extends in the X-direction,
i.e., the front direction, from the axle case 10. In other
words, the drive unit 100 protrudes in the X-direction from
the axle case 10. The X-direction is an example of a first
direction.
[0015] The power transfer unit 200 includes the trans-
mission 13, the differential gear 14, the parking brake 16,
the parking lock gear 17, and a power transfer housing
201. The power transfer unit 200 is detachably mounted
on the axle case 10, with the power transfer unit 200
located on an opposite side to the X-direction, i.e., a rear-
direction side, of the axle case 10.
[0016] The power transfer unit 200 extends in an op-
posite direction to the X-direction, i.e., a rear direction,
from the axle case 10. In other words, the power transfer
unit 200 protrudes in the opposite direction to the X-di-
rection from the axle case 10.
[0017] The drive unit 100 and the power transfer unit
200 are mounted on the axle case 10 independently of
each other. In other words, the drive unit 100 and the
power transfer unit 200 are mounted on the axle case 10
separately from each other. Namely, the motor 11 and
the transmission 13 are mounted on the axle case 10
independently of each other.
[0018] The axle case 10 is a rigid axle case, and ac-
commodates the differential gear 14 and the drive shafts
15L and 15R.
[0019] The axle case 10 includes a combination of a
plurality of members. Specifically, the axle case 10 has
a base member 91 and two cylindrical members 93R and
93L. The base member 91 is formed in frame form (end-
less form), and has therein an accommodating room that
accommodates the differential gear 14. In addition, the
two cylindrical members 93R and 93L extend from the
base member 91 in the vehicle width direction and in
opposite directions to each other. Specifically, the cylin-
drical member 93R extends in the Y-direction from the
base member 91, and the cylindrical member 93L ex-
tends in an opposite direction to the Y-direction from the
base member 91. The two cylindrical members 93R and
93L are fixed to the base member 91 by coupling devices
such as screws or bolts, welding, etc. The two cylindrical
members 93R and 93L have accommodating rooms that
accommodate the drive shafts 15L and 15R, respective-
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ly. Note that means for fixing the members of the axle
case 10 is not limited to those described above. The axle
case 10 is also referred to as a case or a rigid axle.
[0020] In addition, the base member 91 has two mating
surfaces 91a and 91b. The mating surface 91a is an edge
surface in the X-direction, i.e., the front direction, and
faces in the X-direction. The mating surface 91b is an
edge surface in the opposite direction to the X-direction,
i.e., the rear direction, and faces in the opposite direction
to the X-direction. The mating surfaces 91a and 91b are
planar.
[0021] The drive shafts 15L and 15R extend in the Y-
direction, i.e., the vehicle width direction. The drive shafts
15L and 15R are disposed on a straight line in the Y-
direction (vehicle width direction) with spacing therebe-
tween. The differential gear 14 is disposed between the
drive shafts 15L and 15R. The drive shafts 15L and 15R
are accommodated in the axle case 10, and are support-
ed by the axle case 10 with bearings therebetween so
as to be rotatable about a central axis Ax1. The central
axis Ax1 extends in the Y-direction, i.e., the vehicle width
direction. The central axis Ax1 is an example of a first
central axis.
[0022] The drive housing 101 of the drive unit 100 has
a base member 102 and a cover member 94. The base
member 102 has a mating surface 102a. The mating sur-
face 102a is an edge surface in the opposite direction to
the X-direction, i.e., the rear direction, and faces in the
opposite direction to the X-direction. The mating surface
102a overlaps the mating surface 91a of the axle case
10. The base member 102 is fixed to the base member
91 by coupling devices such as screws or bolts on the
X-direction side, i.e., the front-direction side, of the base
member 91 of the axle case 10, with the base member
102 overlapping the base member 91. The base member
102 is provided with a part of an accommodating room
that accommodates the connection mechanism 12 and
a part of an accommodating room that accommodates
the differential gear 14, etc. The cover member 94 is fixed
to the base member 102 by coupling devices such as
screws or bolts on the X-direction side, i.e., the front-
direction side, of the base member 102, with the cover
member 94 overlapping the base member 102. The ac-
commodating room that accommodates the connection
mechanism 12 is provided between the base member
102 and the cover member 94.
[0023] The motor 11 has a motor case 11a and a motor
shaft 11b. The motor case 11a is supported (fixed) by
the axle case 10. Specifically, the motor case 11a is de-
tachably mounted on the cover member 94 by screws,
etc. Namely, the motor 11 is detachably mounted on the
axle case 10 with the cover member 94 and the base 101
member therebetween. The motor case 11a accommo-
dates therein a part of the motor shaft 11b, a rotor (not
shown) that rotates together with the motor shaft 11b,
and a stator (not shown) that encloses an outer circum-
ference of the rotor.
[0024] The motor shaft 11b is supported by the motor

case 11a so as to be rotatable about a central axis Ax2.
The motor shaft 11b is inserted into an opening part 94a
provided in the cover member 94 and extends within the
cover member 94. Namely, the motor shaft 11b passes
through the opening part 94a. The central axis Ax2 ex-
tends in the X-direction (vehicle front-rear direction), i.e.,
a direction orthogonal to (intersecting) an axial direction
of the central axis Ax1. For example, the central axis Ax2
extends in the vehicle front-rear direction. In addition, a
portion of the motor shaft 11b protruding from the motor
case 11a is rotatably supported by two bearings B1 and
B2. The two bearings B1 and B2 are arranged in the X-
direction with spacing therebetween. The two bearings
B1 and B2 are supported by the cover member 94. Name-
ly, the portion of the motor shaft 11b protruding from the
motor case 11a is rotatably supported by the cover mem-
ber 94 with the two bearings B 1 and B2 therebetween.
[0025] The motor 11 gives torque (power) about the
central axis Ax2 to the motor shaft 11b by supplying elec-
tric power thereto. Namely, the motor shaft 11b outputs
power. The power outputted from the motor shaft 11b of
the motor 11 is inputted to the transmission 13 through
the connection mechanism 12.
[0026] The connection mechanism 12 includes a sin-
gle gear 70. The gear 70 includes a first gear 71, a second
gear 72, and a transfer shaft 73. The connection mech-
anism 12 is a reduction mechanism that reduces the
speed of rotation inputted to the first gear 71 and outputs
the rotation from the second gear 72. Note that the con-
nection mechanism 12 may be, for example, an increase
mechanism that increases the speed of rotation inputted
to the first gear 71 and outputs the rotation from the sec-
ond gear 72, or a mechanism that does not perform speed
reduction or speed increase. The connection mechanism
12 is also referred to as a coupling mechanism or a power
transfer mechanism. The connection mechanism 12 is
an example of a second gear mechanism.
[0027] The transfer shaft 73 is disposed so as to be
spaced apart from and parallel to the motor shaft 11b of
the motor 11. The transfer shaft 73 is supported by the
drive housing 101 so as to be rotatable about a central
axis Ax3. The central axis Ax3 is arranged so as to be
parallel to the central axis Ax2 and spaced from the cen-
tral axis Ax2. Specifically, the transfer shaft 73 is rotatably
supported by two supporting parts 101a and 101b of the
drive housing 101 with two bearings B3 and B4 therebe-
tween. The two supporting parts 101a and 101b are ar-
ranged in the X-direction with spacing therebetween.
Thus, the two bearings B3 and B4 are also arranged in
the X-direction with spacing therebetween. The support-
ing part 101a and the bearing B3 are located in the X-
direction of the supporting part 101b and the bearing B4.
The two supporting parts 101a and 101b are cylindrical
surface portions of the drive housing 101 that overlap the
bearings B3 and B4, respectively. The supporting part
101a is included in the cover member 94, and the sup-
porting part 101b is included in the base member 102.
Thus, the bearing B3 is provided in the cover member
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94, and the bearing B4 is provided in the base member
102. The bearings B3 and B4 are an example of transfer
shaft bearings.
[0028] The first gear 71 is fixed to the motor shaft 11b
of the motor 11, and rotates about the central axis Ax2
together with the motor shaft 11b.
[0029] The second gear 72 is fixed to the transfer shaft
73, and rotates about the central axis Ax3 together with
the transfer shaft 73. The second gear 72 is provided
between the two supporting parts 101a and 101b on the
transfer shaft 73 of the drive housing 101.
[0030] The power transfer housing 201 of the power
transfer unit 200 includes a differential gear housing 202
and a transmission housing 24 which will be described
later. The transmission housing 24 is also referred to as
a transmission case.
[0031] The differential gear housing 202 has two mat-
ing surfaces 202a and 202b. The mating surface 202a
is an edge surface in the X-direction, i.e., the front direc-
tion, and faces in the X-direction. The mating surface
202a overlaps the mating surface 91b of the axle case
10. The mating surface 202b is an edge surface in the
opposite direction to the X-direction, i.e., the rear direc-
tion, and faces in the opposite direction to the X-direction.
The mating surface 202b is included in a partition 202c
of the differential gear housing 202. The mating surfaces
202a and 202b are planar. The mating surface 202b is
an example of a first mating surface.
[0032] The differential gear housing 202 is fixed to the
base member 91 by coupling devices such as screws or
bolts on an opposite direction side to the X-direction, i.e.,
the rear-direction side, of the base member 91 of the axle
case 10, with the differential gear housing 202 overlap-
ping the base member 91. The differential gear housing
202 is provided with a part of the accommodating room
that accommodates the differential gear 14, etc.
[0033] The transmission 13 is disposed on an opposite
side of a ring gear 52 and the central axis Ax1 of rotation
of the drive shafts 15L and 15R from the motor 11. Name-
ly, the central axis Ax1 is located between the motor 11
and the transmission 13. More specifically, the motor 11
and the transmission 13 are arranged in the vehicle front-
rear direction with the central axis Ax1 therebetween.
[0034] The transmission 13 includes a gear mecha-
nism 29 and the transmission housing 24. The gear
mechanism 29 includes an input shaft 21, an output shaft
22, a plurality of gears 30, and a gear connection mech-
anism 23. The gear mechanism 29 is accommodated in
the transmission housing 24. The transmission 13 is con-
figured to, for example, reduce the speed of rotation
(power) inputted to the input shaft 21 and increase the
speed of rotation (power) inputted to the input shaft 21.
Note that the transmission 13 may be configured to per-
form only speed reduction or may be configured to per-
form only speed increase. Namely, the transmission 13
may be configured to perform at least one of speed re-
duction and speed increase. The gear mechanism 29 is
an example of a first gear mechanism, and the transmis-

sion housing 24 is an example of a gear housing.
[0035] The transmission housing 24 has a mating sur-
face 24a. The mating surface 24a is an edge surface in
the X-direction, i.e., the front direction, and faces in the
X-direction. The mating surface 24a overlaps the mating
surface 202b of the differential gear housing 202. The
mating surface 24a is an example of a second mating
surface.
[0036] The transmission housing 24 is supported
(fixed) by the axle case 10. Specifically, the transmission
housing 24 is supported (fixed) by the axle case 10 with
the differential gear housing 202 therebetween. The
transmission housing 24 is detachably mounted on the
differential gear housing 202 by screws, etc. Namely, the
transmission 13 is detachably mounted on the axle case
10.
[0037] In addition, the transmission housing 24 in-
cludes a plurality of members. Specifically, the transmis-
sion housing 24 includes a first housing member 25 in-
cluding the mating surface 24a, and a second housing
member 26 located on an opposite direction side to the
X-direction of the first housing member 25 and fixed to
the first housing member 25. The first housing member
25 is formed in cylindrical shape open at both ends. The
first housing member 25 has a mating surface 25a in
addition to the mating surface 24a. The mating surface
25a is an edge surface in the opposite direction to the X-
direction, i.e., the rear direction, and faces in the opposite
direction to the X-direction. The mating surface 25a is
planar. The first housing member 25 accommodates at
least one gear 30. The second housing member 26 is
formed in bottomed cylindrical shape open in the X-di-
rection. The second housing member 26 has a mating
surface 26a. The mating surface 26a is an edge surface
in the X-direction, i.e., the front direction, and faces in
the X-direction. The mating surface 26a is planar. The
mating surface 26a overlaps the mating surface 25a of
the first housing member 25. The second housing mem-
ber 26 accommodates the parking lock gear 17.
[0038] The input shaft 21 and the output shaft 22 are
disposed so as to be spaced apart from each other and
parallel to each other. The input shaft 21 is supported by
the power transfer housing 201 so as to be rotatable
about the central axis Ax3. The central axis Ax3 extends
in a direction orthogonal to (intersecting) the central axis
Ax1. Specifically, the input shaft 21 is rotatably supported
by supporting parts 201a and 201b of the power transfer
housing 201 with two bearings B5 and B6 therebetween.
The supporting parts 201a and 201b are arranged in the
X-direction with spacing therebetween. Thus, the two
bearings B5 and B6 are also arranged in the X-direction
with spacing therebetween. The supporting part 201a
and the bearing B5 are located in the X-direction of the
supporting part 201b and the bearing B6. The two sup-
porting parts 201a and 201b are cylindrical surface por-
tions of the power transfer housing 201 that overlap the
bearings B5 and B6, respectively. The supporting part
201a is included in the differential gear housing 202, and
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the supporting part 201b is included in the transmission
housing 24. Thus, the bearing B5 is provided in the dif-
ferential gear housing 202, and the bearing B6 is provided
in the transmission housing 24. As such, the two bearings
B5 and B6 are supported by the power transfer housing
201. Namely, the input shaft 21 is rotatably supported by
the power transfer housing 201 with the two bearings B5
and B6 therebetween. More specifically, the bearing B5
is supported by the differential gear housing 202 by fitting
into an opening part 202d provided in the partition 202c
of the differential gear housing 202. The bearing B6 is
supported by the transmission housing 24. The input
shaft 21 is inserted into the opening part 202d and passes
through the opening part 202d. The bearings B5 and B6
are an example of input shaft bearings.
[0039] The output shaft 22 is supported by the trans-
mission housing 24 so as to be rotatable about a central
axis Ax4. The central axis Ax4 extends in a direction or-
thogonal to (intersecting) the central axis Ax1. The cen-
tral axis Ax4 is arranged so as to be parallel to the central
axis Ax3 and spaced from the central axis Ax3. Specifi-
cally, the output shaft 22 is rotatably supported by two
bearings B7 and B8.
[0040] The two bearings B7 and B8 are arranged in
the X-direction with spacing therebetween. The bearing
B7 is located in the X-direction of the bearing B8. The
bearing B7 is one of the two bearings B7 and B8 closer
to the differential gear 14. The two bearings B7 and B8
are supported by the power transfer housing 201. Name-
ly, the input shaft 21 is rotatably supported by the power
transfer housing 201 with the two bearings B7 and B8
therebetween. More specifically, the bearing B7 is sup-
ported by the differential gear housing 202 by fitting into
an opening part 202e provided in the partition 202c of
the differential gear housing 202. The bearing B8 is sup-
ported by the transmission housing 24. The output shaft
22 is inserted into the opening part 202e and passes
through the opening part 202e. Here, the opening part
202d and the opening part 202e are spaced apart from
each other. In addition, the opening part 202d and the
opening part 202e are spaced apart from the opening
part 94a. The central axes Ax1 to Ax4 are also referred
to as the axes of rotation. The bearings B7 and B8 are
an example of output shaft bearings.
[0041] Power of the motor 11 is inputted to the input
shaft 21 through the connection mechanism 12, and the
input shaft 21 rotates by the power.
[0042] The plurality of gears 30 each are a constant
mesh gear and are provided across the input shaft 21
and the output shaft 22. The plurality of gears 30 have
different gear ratios (a gear ratio = the number of rotations
of the input shaft 21/the number of rotations of the output
shaft 22). The gear 30 is also referred to as a gear pair.
The gear ratio is also referred to as a transmission gear
ratio.
[0043] The plurality of gears 30 include a 1st gear 31
and a 2nd gear 32. The 1st gear 31 and the 2nd gear 32
are disposed in an axial direction of the central axis Ax2

of the input shaft 21 so as to be spaced from each other.
The gear ratio of the 2nd gear 32 is relatively smaller
than the gear ratio of the 1st gear 31. The 1st gear 31
forms a reduction mechanism 41 with the input shaft 21
and the output shaft 22. The reduction mechanism 41
reduces the speed of rotation inputted to the input shaft
21 and outputs the rotation from the output shaft 22. The
2nd gear 32 forms an increase mechanism 42 with the
input shaft 21 and the output shaft 22. The increase
mechanism 42 increases the speed of rotation inputted
to the input shaft 21 and outputs the rotation from the
output shaft 22. In addition, the reduction mechanism 41
and the increase mechanism 42 are supported by the
axle case 10 with the transmission housing 24 and the
differential gear housing 202 therebetween. The 1st gear
31 is also referred to as a low gear, and the 2nd gear 32
is also referred to as a high gear. Note that the configu-
ration of the plurality of gears 30 is not limited to that
described above. For example, both of the 1st gear 31
and the 2nd gear 32 may be reduction mechanisms, or
both of the 1st gear 31 and the 2nd gear 32 may be
increase mechanisms.
[0044] The 1st gear 31 includes a drive gear 33 and a
driven gear 34 that mesh together, and the 2nd gear 32
includes a drive gear 35 and a driven gear 36 that mesh
together. Namely, the transmission 13 includes the plu-
rality of drive gears 33 and 35 and the plurality of driven
gears 34 and 36. The drive gear 33 is an example of an
input gear, and the driven gear 34 is an example of an
output gear.
[0045] The drive gears 33 and 35 are fixed to the input
shaft 21 and rotate about the central axis Ax3 together
with the input shaft 21. Namely, the drive gears 33 and
35 are provided on the input shaft 21. The drive gears
33 and 35 are provided between the two supporting parts
201a and 201b on the input shaft 21 of the power transfer
housing 201.
[0046] The driven gears 34 and 36 are supported by
the output shaft 22 with bearings (not shown) therebe-
tween so as to be rotatable relative to the output shaft
22, and rotate about the central axis Ax4. Namely, the
driven gears 34 and 36 are provided on the output shaft
22. The driven gears 34 and 36 can spin on the output
shaft 22 in a state in which the driven gears 34 and 36
are not connected to the output shaft 22 by the gear con-
nection mechanism 23. In addition, the driven gears 34
and 36 are limited in their movement in an axial direction
of the central axis Ax4.
[0047] In addition, the output shaft 22 is provided with
a final gear 38. The final gear 38 is fixed to the output
shaft 22 and rotates about the central axis Ax4 together
with the output shaft 22.
[0048] The gear connection mechanism 23 is provided
between the driven gear 34 of the 1st gear 31 and the
driven gear 36 of the 2nd gear 32. The gear connection
mechanism 23 selectively switches between a connect-
ed state (coupled state) and a disconnected state (non-
coupled state) between the output shaft 22 and the driven
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gear 34 of the 1st gear 31 and the driven gear 36 of the
2nd gear 32. Namely, the gear connection mechanism
23 switches between the states of transfer of rotation
between the output shaft 22 and the driven gears 34 and
36. The gear connection mechanism 23 is also referred
to as a switching mechanism or a selection mechanism.
[0049] The gear connection mechanism 23 includes a
hub 43 and a sleeve 44. The hub 43 is coupled to the
output shaft 22 and rotates about the central axis Ax4
together with the output shaft 22. The sleeve 44 is cou-
pled to the hub 43 by spline coupling and rotates about
the central axis Ax4 together with the hub 43, and can
move in an axial direction of the output shaft 22 relative
to the hub 43. Namely the sleeve 44 rotates about the
central axis Ax4 together with the output shaft 22, and
can move in the axial direction of the output shaft 22
relative to the output shaft 22.
[0050] The sleeve 44 is configured to be movable be-
tween a first coupling position in which the sleeve 44 is
coupled to the driven gear 34, a second coupling position
in which the sleeve 44 is coupled to the driven gear 36,
and a neutral position between the first coupling position
and the second coupling position (FIG. 2). By an actuator
and a movement mechanism which are not shown, the
sleeve 44 is selectively located in any of the first coupling
position with the driven gear 34, the second coupling po-
sition with the driven gear 36, and the neutral position.
In a state in which the sleeve 44 is located in the first
coupling position with the driven gear 34, the output shaft
22 and the driven gear 34 can rotate together. In this
case, there is formed a transfer path for first-gear rotation
from the motor shaft 11b of the motor 11 to the drive
shafts 15L and 15R through the connection mechanism
12, the drive gear 33, the driven gear 34, the output shaft
22, the final gear 38, and the differential gear 14.
[0051] In addition, in a state in which the sleeve 44 is
located in the second coupling position with the driven
gear 36, the output shaft 22 and the driven gear 36 can
rotate together. In this case, there is formed a transfer
path for second-gear rotation from the motor shaft 11b
of the motor 11 to the drive shafts 15L and 15R through
the connection mechanism 12, the drive gear 35, the driv-
en gear 36, the output shaft 22, the final gear 38, and the
differential gear 14.
[0052] In a state in which the sleeve 44 is located in
the neutral position, the driven gears 34 and 36 can spin
on the output shaft 22.
[0053] The differential gear 14 includes a differential
gear case 51, the ring gear 52, and a differential mech-
anism (not shown).
[0054] The differential gear case 51 is accommodated
in the differential gear housing 202. The differential gear
case 51 is supported by the differential gear housing 202
with bearings B9 and B10 therebetween so as to be ro-
tatable about the central axis Ax1. In such a configuration,
the differential gear 14 is rotatably supported by the axle
case 10 with the power transfer housing 201 therebe-
tween.

[0055] The ring gear 52 is fixed to the differential gear
case 51, and rotates about the central axis Ax1 together
with the differential gear case 51. Namely, the ring gear
52 is supported by the differential gear housing 202 with
the bearing B7 therebetween so as to be rotatable about
the central axis Ax1. In addition, the ring gear 52 meshes
with the final gear 38, and power is transferred to the ring
gear 52 from the final gear 38. The final gear 38 and the
ring gear 52 form a reduction gear ratio (so-called final
reduction ratio).
[0056] The differential mechanism is accommodated
in the differential gear case 51. The differential mecha-
nism includes a pinion shaft, two pinion gears, and two
side gears. The pinion shaft extends in a direction or-
thogonal to the central axis Ax1. The pinion shaft is sup-
ported by the differential gear case 51. The pinion gears
are supported by the pinion shaft so as to be rotatable
about the pinion shaft. The pinion shaft and the pinion
gears rotate about the central axis Ax1 together with the
differential gear case 51. The two side gears mesh with
the two pinion gears, with the two side gears fixed to end
parts of the two drive shafts 15L and 15R, respectively.
[0057] In the differential gear 14 having the above-de-
scribed configuration, when the ring gear 52 rotates, the
differential gear case 51 rotates together with the pinion
shaft. The pinion shaft allows the pinion gears to revolve
about the central axis Ax1. By this, the side gears rotate
about the central axis Ax1 and the drive shafts 15L and
15R rotate. When differential rotation occurs in the side
gears, the pinion gears rotate about the pinion shaft,
thereby smoothing out the differential rotation.
[0058] The power transfer unit 200 having the above-
described configuration includes a combination of a plu-
rality of units. Specifically, the power transfer unit 200
includes a differential gear unit 203 and a gear unit 204.
[0059] The differential gear unit 203 includes the dif-
ferential gear 14 and the differential gear housing 202.
The gear unit 204 includes the transmission 13 (the re-
duction mechanism 41, the increase mechanism 42, and
the transmission housing 24). The gear unit 204 is de-
tachably mounted on the differential gear unit 203.
[0060] In addition, the transfer shaft 73 and the input
shaft 21 of the transmission 13 are disposed on the same
straight line, and are coupled together by a coupling part
80. The transfer shaft 73, the input shaft 21, and the cou-
pling part 80 compose a through drive shaft 81 that trans-
fers power between the motor 11 and the transmission
13. In other words, the transfer shaft 73, the input shaft
21, and the coupling part 80 form the through drive shaft
81. The through drive shaft 81 is rotatable about the cen-
tral axis Ax3 and extends from the X-direction side (the
front-direction side) of the axle case 10 to the opposite
side to the X-direction (the rear-direction side) of the axle
case 10, and power outputted from the motor shaft 11b
is transferred to the through drive shaft 81. The through
drive shaft 81 is accommodated in the axle case 10, and
is supported by the axle case 10 with the bearings B3 to
B6 therebetween so as to be rotatable about the central
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axis Ax3. The through drive shaft 81 is also referred to
as a coupling shaft. One of the transfer shaft 73 and the
input shaft 21 is also referred to as a first portion and the
other is also referred to as a second portion.
[0061] The through drive shaft 81 extends in the X-
direction, i.e., the vehicle front-rear direction, in a position
spaced apart from the drive shaft 15R (the central axis
Ax1), specifically, in the Z-direction, i.e., an upper side,
of the central axis Ax1. Therefore, the through drive shaft
81 overlaps (intersects) the central axis Ax1 as viewed
from the top. Note that the through drive shaft 81 may be
provided above the drive shaft 15L or the differential gear
14, or may be provided below the drive shaft 15R, the
drive shaft 15L, or the differential gear 14.
[0062] The coupling part 80 separably couples togeth-
er the transfer shaft 73 and the input shaft 21. The cou-
pling part 80 is accommodated in the differential gear
housing 202. The coupling part 80 is located closer to
the drive gear 33 of the reduction mechanism 41 in the
transmission 13 out of the second gear 72 of the connec-
tion mechanism 12 and the drive gear 33. The coupling
part 80 is located in the rear of the drive shaft 15R as
viewed from the top. Note that the position of the coupling
part 80 is not limited to that described above.
[0063] The coupling part 80, for example, couples via
splines the transfer shaft 73 and the input shaft 21 to-
gether. Specifically, the coupling part 80 includes a male
spline part 80a provided on the input shaft 21; and a
female spline part 80b provided on the transfer shaft 73
and coupled via splines to the male spline part 80a. In
such a configuration, by allowing the transfer shaft 73
and the input shaft 21 to be spaced apart from each other
in an axial direction of the central axis Ax3, the transfer
shaft 73 and the input shaft 21 can be separated from
each other, and by allowing the transfer shaft 73 and the
input shaft 21 to come close to each other in the axial
direction of the central axis Ax3, the transfer shaft 73 and
the input shaft 21 can be coupled together. Note that the
coupling part 80 may separably couple together the
transfer shaft 73 and the input shaft 21 by coupling de-
vices such as screws or bolts.
[0064] In the present embodiment, when a distance
between two portions 73a and 73b of the transfer shaft
73 that are supported by the two supporting parts 101a
and 101b of the drive housing 101 with the two bearings
B3 and B4 therebetween (a distance in the axial direction
of the central axis Ax3) and a distance between two por-
tions 21a and 21b of the input shaft 21 that are supported
by the two supporting parts 201a and 201b of the power
transfer housing 201 with the two bearings B3 and B4
therebetween (a distance in the axial direction of the cen-
tral axis Ax3) each are a first distance, the input shaft 21
has a longer first distance than the transfer shaft 73. The
portions 73a and 73b of the transfer shaft 73 have cylin-
drical surfaces that overlap the bearings B3 and B4, re-
spectively, and the portions 21a and 21b of the input shaft
21 have cylindrical surfaces that overlap the bearings B5
and B6, respectively. Note that the transfer shaft 73 may

have a longer first distance than the input shaft 21.
[0065] In addition, the parking brake 16 and the parking
lock gear 17 are connected to the output shaft 22 of the
transmission 13.
[0066] In addition, in the present embodiment, the mo-
tor 11 and the transmission 13 (the reduction mechanism
41 and the increase mechanism 42) are disposed on op-
posite sides to each other relative to the ring gear 52 and
the central axis Ax1 of rotation of the drive shafts 15L
and 15R. Namely, the central axis Ax1 is located between
the motor 11 and the transmission 13 (the reduction
mechanism 41 and the increase mechanism 42). More
specifically, the motor 11 and the transmission 13 (the
reduction mechanism 41 and the increase mechanism
42) are arranged in the vehicle front-rear direction with
the central axis Ax1 therebetween.
[0067] In the electric drive device for a vehicle 1 having
the above-described configuration, power outputted from
the motor shaft 11b of the motor 11 is inputted to the
input shaft 21 of the transmission 13 through the connec-
tion mechanism 12. The power inputted to the transmis-
sion 13 is inputted to the ring gear 52 of the differential
gear 14 through a selected one of the plurality of gears
30 (the 1st gear 31 or the 2nd gear 32). The power in-
putted to the ring gear 52 is inputted to the drive shafts
15L and 15R through the differential mechanism.
[0068] As described above, in the present embodi-
ment, the electric drive device for a vehicle 1 includes
the axle case 10, the drive shafts 15L and 15R, the motor
11, the through drive shaft 81, the reduction mechanism
41 and the increase mechanism 42 (first gear mecha-
nism), the differential gear 14, the drive unit 100, and the
power transfer unit 200. The drive shafts 15L and 15R
are accommodated in the axle case 10 and are rotatable
about the central axis Ax1 (first central axis). The motor
11 is located on an X-direction (first direction) side inter-
secting the axial direction of the central axis Ax1, relative
to the axle case 10. The motor 11 has the motor shaft
11b that rotates about the central axis Ax2 (second cen-
tral axis) extending in the X-direction. The through drive
shaft 81 includes the transfer shaft 73, at least a part of
which is located on the X-direction side relative to the
axle case 10 and to which power is inputted from the
motor shaft 11b; the input shaft 21, at least a part of which
is located on an opposite direction side to the X-direction
relative to the axle case 10; and the coupling part 80 that
couples together the transfer shaft 73 and the input shaft
21, and the through drive shaft 81 is rotatable about the
central axis Ax3 (third central axis) extending in the X-
direction. The reduction mechanism 41 and the increase
mechanism 42 include the input shaft 21, the output shaft
22 that is rotatable about the central axis Ax4 (fourth cen-
tral axis) arranged so as to be parallel to the central axis
Ax3 (third central axis) and spaced from the central axis
Ax3, and the plurality of drive gears 33 and 35 and driven
gears 34 and 36 (gears) that are interposed between the
input shaft 21 and the output shaft 22 and transfer power.
The differential gear 14 is accommodated in the axle case
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10 and coupled to the drive shafts 15L and 15R and the
output shaft 22, and transfers power from the output shaft
22 to the drive shafts 15L and 15R. The drive unit 100 is
detachably mounted on the axle case 10 and extends in
the X-direction from the axle case 10. The power transfer
unit 200 is detachably mounted on the axle case 10 and
extends in an opposite direction to the X-direction from
the axle case 10. The drive unit 100 includes the motor
11 and the transfer shaft 73. The power transfer unit 200
includes the differential gear unit 203 and the gear unit
204. The differential gear unit 203 includes the differential
gear 14; and the differential gear housing 202 that is lo-
cated on the opposite direction side to the X-direction
relative to the axle case 10, and has the mating surface
202b (first mating surface) facing in the opposite direction
to the X-direction, and accommodates the differential
gear 14. The gear unit 204 includes the reduction mech-
anism 41 and the increase mechanism 42; and the trans-
mission housing 24 (gear housing) that is located on the
opposite direction side to the X-direction relative to the
differential gear housing 202, and has the mating surface
24a (second mating surface) coupled to the mating sur-
face 202b, and accommodates the reduction mechanism
41 and the increase mechanism 42, and the gear unit
204 is detachably mounted on the differential gear unit
203.
[0069] According to such a configuration, for example,
even when there are a plurality of types of specifications
for the gear unit 204, differential gear units 203 of the
same configuration can be used for the gear units 204
having the plurality of specifications. Namely, there is no
need to change the differential gear housing 202 of the
differential gear unit 203. Thus, comparing to a case of
changing the entire power transfer housing 201 of the
power transfer unit 200 for each of the gear units 204
having a plurality of specifications, an increase in the cost
of the electric drive device for a vehicle 1 can be sup-
pressed. In addition, replacement of the gear unit 204 is
easily done. Namely, a problem about making replace-
ment of the gear unit 204 easy can be solved.
[0070] In addition, in the present embodiment, the dif-
ferential gear unit 203 is supported by the differential gear
housing 202 and has the bearing B7 (output shaft bear-
ing) that rotatably supports the output shaft 22.
[0071] According to such a configuration, while a
meshed state of the differential gear 14 is maintained,
the differential gear unit 203 and the gear unit 204 can
be divided.
[0072] In addition, in the present embodiment, the dif-
ferential gear unit 203 is supported by the differential gear
housing 202 and has the bearing B5 (input shaft bearing)
that rotatably supports the through drive shaft 81.
[0073] According to such a configuration, a configura-
tion (the partition 202c) for supporting the bearing B5 and
a configuration (the partition 202c) for supporting the
bearing B7 can be made common.
[0074] In addition, in the present embodiment, the elec-
tric drive device for a vehicle 1 includes the through drive

shaft 81 and the drive unit 100. The through drive shaft
81 includes the transfer shaft 73, at least a part of which
is located on the X-direction side relative to the axle case
10, and to which power is inputted from the motor shaft
11b; the input shaft 21, at least a part of which is located
on the opposite direction side to the X-direction relative
to the axle case 10; and the coupling part 80 that couples
together the transfer shaft 73 and the input shaft 21, and
the through drive shaft 81 is rotatable about the central
axis Ax3 (third central axis) extending in the X-direction.
The drive unit 100 includes the motor 11 and the transfer
shaft 73, and is detachably mounted on the axle case 10
and extends in the X-direction from the axle case 10.
[0075] According to such a configuration, the drive unit
100 can be attached to and detached from the axle case
10.
[0076] In addition, in the present embodiment, the drive
unit 100 includes the connection mechanism 12 (second
gear mechanism) including the first gear 71 that rotates
together with the motor shaft 11b; the transfer shaft 73;
and the second gear 72 to which power is transferred
from the first gear 71 and which rotates together with the
transfer shaft 73.
[0077] According to such a configuration, comparing
to a configuration in which the motor shaft 11b and the
input shaft 21 are arranged coaxially and coupled togeth-
er, the flexibility in disposition of the motor 11 is high.
[0078] In addition, in the present embodiment, the cou-
pling part 80 includes the male spline part 80a provided
on one of the transfer shaft 73 and the input shaft 21 (for
example, the input shaft 21); and the female spline part
80b provided on the other one of the transfer shaft 73
and the input shaft 21 (for example, the transfer shaft
73), and coupled via splines to the male spline part 80a.
[0079] According to such a configuration, coupling be-
tween the transfer shaft 73 and the input shaft 21 can be
relatively easily performed.
[0080] In addition, in the present embodiment, the mo-
tor 11 and the transmission 13 are mounted on the axle
case 10 independently of each other.
[0081] According to such a configuration, for example,
the motor 11 and the transmission 13 can be independ-
ently attached to and detached from the axle case 10,
and thus, comparing to a configuration in which a motor
is mounted on an axle case with a transmission therebe-
tween, replacement of the motor 11 and the transmission
13 is easily done. In addition, by unifying parts (mounting
surfaces) of a plurality of motors 11 having different spec-
ifications (performances) where the axle case 10 is
mounted, all motors 11 can be mounted on the axle case
10. In addition, by unifying parts (mounting surfaces) of
a plurality of transmissions 13 having different specifica-
tions (performances) where the axle case 10 is mounted,
all transmissions 13 can be mounted on the axle case
10. Thus, the number of combinations of the motor 11
and the transmission 13 is easily increased.
[0082] In addition, in the present embodiment, the mo-
tor 11 and the transmission 13 are located on opposite
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sides to each other relative to the axle case 10.
[0083] According to such a configuration, for example,
comparing to a configuration in which a motor and a trans-
mission are located on the same side relative to the axle
case 10, working space for replacing the motor 11 and
the transmission 13 is easily provided, and thus, replace-
ment of the motor 11 and the transmission 13 is easily
done. In addition, the weight balance of the electric drive
device for a vehicle 1 improves.
[0084] In addition, according to the above-described
configuration, the opening part 94a into which the motor
shaft 11b of the motor 11 is inserted and the opening
parts 202d and 202e into which the input shaft 21 and
the output shaft 22 of the transmission 13 are inserted
are easily provided in positions distant from each other.
Thus, a reduction in the strength and stiffness of the elec-
tric drive device for a vehicle 1 is easily suppressed.
[0085] In addition, in the present embodiment, the
opening parts 94a, 202d, and 202e are spaced apart from
each other, and thus, comparing to a configuration in
which the opening parts 94a, 202d, and 202e are formed
as one opening part, a reduction in the strength and stiff-
ness of the electric drive device for a vehicle 1 is easily
suppressed.
[0086] In addition, in the present embodiment, the elec-
tric drive device for a vehicle 1 includes, for example, the
through drive shaft 81. The through drive shaft 81 in-
cludes the transfer shaft 73 to which power is transferred
from the motor 11; the input shaft 21 to which power is
transferred from the transfer shaft 73; and the coupling
part 80 that separably couples together the transfer shaft
73 and the input shaft 21, and the through drive shaft 81
transfers power between the motor 11 and the transmis-
sion 13.
[0087] According to such a configuration, the through
drive shaft 81 can be separated into the transfer shaft 73
and the input shaft 21, and thus, replacement of the motor
11 and the transmission 13 is easily done.

<Second Embodiment>

[0088] FIG. 3 is an illustrative diagram showing a sche-
matic configuration of an electric drive device for a vehicle
1 of a second embodiment.
[0089] The present embodiment differs from the first
embodiment in the coupling part 80. The coupling part
80 of the present embodiment is accommodated in the
drive housing 101. In addition, the male spline part 80a
is provided on the transfer shaft 73, and the female spline
part 80b is provided on the input shaft 21.
[0090] In addition, the drive unit 100 has a bearing B11
that rotatably supports the coupling part 80. The bearing
B 11 supports an outer circumference 80c of the female
spline part 80b provided on the input shaft 21. The bear-
ing B11 is supported by a supporting part 101c provided
in the drive housing 101. Specifically, the supporting part
101c is provided in the base member 102. The bearing
B11 is a different bearing than the bearings B3 to B6.

The outside diameter of the bearing B11 is smaller than
the outside diameters of the bearings B3 to B6. The bear-
ing B11 is an example of a coupling part bearing.
[0091] In addition, in the present embodiment, as in
the first embodiment, when a distance between the two
portions 73a and 73b of the transfer shaft 73 that are
supported by the two supporting parts 101a and 101b of
the drive housing 101 (a distance in the axial direction of
the central axis Ax3) and a distance between the two
portions 21a and 21b of the input shaft 21 that are sup-
ported by the two supporting parts 201a and 201b of the
power transfer housing 201 (a distance in the axial direc-
tion of the central axis Ax3) each are a first distance, the
input shaft 21 has a longer first distance than the transfer
shaft 73. The input shaft 21 extends toward the transfer
shaft 73, crossing the central axis Ax1. In other words,
the input shaft 21 protrudes toward the input shaft 21
from the power transfer housing 201. Namely, the input
shaft 21 intersects (for example, is orthogonal to) the
central axis Ax1 as viewed in a direction (e.g., the Z-
direction) orthogonal to the axial direction of the central
axis Ax1 and the axial direction of the central axis Ax3.
In addition, the coupling part 80 is accommodated in the
drive housing 101. Note that the transfer shaft 73 may
have a longer first distance than the input shaft 21, and
the transfer shaft 73 may extend toward the input shaft
21, crossing the central axis Ax1. In this case, the cou-
pling part 80 is accommodated in the power transfer
housing 201.
[0092] As described above, in the present embodi-
ment, when a distance between the two portions 73a and
73b of the transfer shaft 73 that are supported by the two
supporting parts 101a and 101b of the drive housing 101
and a distance between the two portions 21a and 21b of
the input shaft 21 that are supported by the two support-
ing parts 201a and 201b of the power transfer housing
201 each are a first distance, one of the input shaft 21
and the transfer shaft 73 that has a longer first distance
is one shaft (for example, the input shaft 21), the other
one of the input shaft 21 and the transfer shaft 73 that
has a shorter first distance is the other shaft (for example,
the transfer shaft 73), one of the drive housing 101 and
the power transfer housing 201 that supports the one
shaft (for example, the input shaft 21) is one housing (for
example, the power transfer housing 201), and the other
one of the drive housing 101 and the power transfer hous-
ing 201 that supports the other shaft (for example, the
transfer shaft 73) is the other housing (for example, the
drive housing 101), the one shaft (for example, the input
shaft 21) extends toward the other shaft (for example,
the transfer shaft 73), crossing the central axis Ax1, and
the coupling part 80 is accommodated in the drive hous-
ing 101.
[0093] According to such a configuration, comparing
to a configuration in which the other shaft with a shorter
first distance (for example, the transfer shaft 73) extends
toward the one shaft with a longer first distance (for ex-
ample, the input shaft 21), crossing the central axis Ax1,
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and the coupling part 80 is accommodated in the one
housing (for example, the power transfer housing 201),
swing of an end part on a coupling part 80 side of the
one shaft with a longer first distance (for example, the
input shaft 21) is easily suppressed. Namely, the effect
of suppressing swing occurring in the coupling part 80
due to rotation of the through drive shaft 81 is high. Thus,
occurrence of vibration in the through drive shaft 81,
eventually, the electric drive device for a vehicle 1, is
easily suppressed.
[0094] In addition, in the present embodiment, the drive
unit 100 includes a second gear 72 mechanism including
the single gear 70 including the first gear 71 that rotates
together with the motor shaft 11b, the transfer shaft 73,
and the second gear 72 to which power is transferred
from the first gear 71 and which rotates together with the
transfer shaft 73. The gear mechanism 29 includes the
plurality of gears 30. The one shaft is the input shaft 21
and the one housing is the power transfer housing 201.
[0095] According to such a configuration, the weight
balance in the vehicle front-rear direction is excellent.
[0096] In addition, in the present embodiment, the plu-
rality of gears 30 in the gear mechanism 29 (first gear
mechanism) include the plurality of drive gears 33 and
35 provided on the input shaft 21; and the plurality of
driven gears 34 and 36 to which power is transferred from
the plurality of drive gears 33 and 35, and which are pro-
vided on the output shaft 22. The electric drive device for
a vehicle 1 includes the plurality of drive gears 33 and
35 between the two supporting parts 201a and 201b on
the input shaft 21 of the power transfer housing 201. The
electric drive device for a vehicle 1 includes the second
gear 72 between the two supporting parts 101a and 101b
on the transfer shaft 73 of the drive housing 101.
[0097] In addition, in the present embodiment, the cou-
pling part 80 is supported by the other housing (for ex-
ample, the drive housing 101).
[0098] According to such a configuration, swing of an
end part on a coupling part 80 side of the one shaft with
a longer first distance (for example, the input shaft 21) is
more easily suppressed.
[0099] In addition, in the present embodiment, the cou-
pling part 80 includes the female spline part 80b provided
on the one shaft (for example, the input shaft 21) and the
male spline part 80a provided on the other shaft (for ex-
ample, the transfer shaft 73) and coupled via splines to
the female spline part 80b, and the bearing B 11 (coupling
part bearing) is provided between the outer circumfer-
ence 80c of the female spline part 80b and the other
housing (for example, the drive housing 101).
[0100] According to such a configuration, swing of the
end part on the coupling part 80 side of the one shaft with
a longer first distance (for example, the input shaft 21) is
more easily suppressed.
[0101] In addition, in the present embodiment, the two
supporting parts 101a and 101b of the drive housing 101
support the transfer shaft 73 with the bearings B3 and
B4 (transfer shaft bearings) therebetween, respectively,

so as to be rotatable about the central axis Ax3. The two
supporting parts 201a and 201b of the power transfer
housing 201 support the input shaft 21 with the bearings
B5 and B6 (input shaft bearings) therebetween, respec-
tively, so as to be rotatable about the central axis Ax3.
The coupling part 80 is supported by the other housing
(for example, the drive housing 101) with the bearing B11
(coupling part bearing) therebetween. The bearing B11
is smaller in outside diameter than the bearings B3 and
B4 and the bearings B5 and B6.
[0102] A load applied to a shaft supporting part of the
bearing B11 which is provided to suppress swing is small
compared to the bearings B3 and B4 and the bearings
B5 and B6 which are provided to support rotation of the
transfer shaft 73 and the input shaft 21, and thus, the
diameter of the bearing B11 can be reduced. By this, the
radial size of a portion of the drive unit 100 near the cou-
pling part 80 can be shrunk.
[0103] In addition, in the present embodiment, the drive
unit 100 includes the drive housing 101 that accommo-
dates the motor 11 and the transfer shaft 73, and the
coupling part 80 is accommodated in the drive housing
101.
[0104] According to such a configuration, the transfer
shaft 73 of the through drive shaft 81 is easily shortened.
Thus, swing of the transfer shaft 73 is easily suppressed.
[0105] In addition, in the present embodiment, the elec-
tric drive device for a vehicle 1 has the bearing B11 (cou-
pling part bearing) that rotatably supports the coupling
part 80.
[0106] According to such a configuration, even when
the spacing between the coupling part 80 and the bearing
B5 that supports the input shaft 21 is relatively long, swing
of an end part (front end part) of the input shaft 21 that
is supported by the coupling part 80 is easily suppressed.
Note that the bearing B11 may be applied to the first
embodiment.
[0107] In addition, in the present embodiment, the di-
ameter of the bearing B11 (coupling part bearing) is
smaller than the diameter of the bearing B5 (input shaft
bearing).
[0108] According to such a configuration, the space
where the bearing B11 is disposed is reduced compared
to a case in which the diameter of the bearing B11 is
greater than or equal to the diameter of the bearing B5.
[0109] In addition, in the present embodiment, the cou-
pling part 80 includes the male spline part 80a provided
on the transfer shaft 73, and the female spline part 80b
provided on the input shaft 21 and coupled via splines to
the male spline part 80a.
[0110] According to such a configuration, the effect of
preventing swing of the input shaft 21 is higher.
[0111] Note that the male spline part 80a may be pro-
vided on the input shaft 21, the female spline part 80b
may be provided on the transfer shaft 73, and the female
spline part 80b on the transfer shaft 73 may be supported
by the bearing B11. In this case, even in a state in which
the bearing B11 is installed, the input shaft 21 can be
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easily coupled to the transfer shaft 73.
[0112] Note that although the above-described em-
bodiments show an example in which the motor 11 and
the transmission 13 are located on opposite sides to each
other relative to the axle case 10, the configuration is not
limited thereto. For example, the motor 11 and the trans-
mission 13 may be located on the same side relative to
the axle case 10. In this case, the motor 11 and the trans-
mission 13 may be arranged in the vehicle width direction
or may be arranged in the up-down direction.
[0113] In addition, although each of the above-de-
scribed embodiments shows an example in which the
first gear mechanism is the reduction mechanism 41 and
the increase mechanism 42, the configuration is not lim-
ited thereto. For example, the first gear mechanism may
include only one reduction mechanism 41 or only one
increase mechanism 42. Namely, the first gear mecha-
nism may be configured not to be able to select a gear
30. In addition, the first gear mechanism may have a
configuration in which the number of rotations of the input
shaft 21 is identical to the number of rotations of the out-
put shaft 22, i.e., a configuration in which speed reduction
or speed increase is not performed.
[0114] In addition, the motor shaft 11b and the transfer
shaft 73 may not be different shafts, but may be an inte-
gral shaft. Namely, the motor shaft 11b and the transfer
shaft 73 may be coaxially and integrally provided without
the gear 70 therebetween.
[0115] In addition, the differential gear 14 may be ro-
tatably supported by the axle case 10 without the power
transfer housing 201 therebetween.
[0116] Although the embodiments of the present in-
vention are described above, the above-described em-
bodiments are merely examples, and are not intended
to limit the scope of the invention. The above-described
new embodiments can be implemented in various
modes, and various omissions, substitutions, or changes
can be made without departing from the spirit of the in-
vention. In addition, the above-described embodiments
are included in the scope and spirit of the invention and
included in inventions described in the claims and in the
range of equivalency thereof.

REFERENCE SIGNS LIST

[0117] 1: Electric drive device for a vehicle, 10: Axle
case, 11: Motor, 11b: Motor shaft, 12: Connection mech-
anism (second gear mechanism), 14: Differential gear,
15L, 15R: Drive shaft, 21: Input shaft, 21a, 21b: Portion,
22: Output shaft, 24: Transmission housing (gear hous-
ing), 24a: Mating surface (second mating surface), 29:
Gear mechanism (first gear mechanism), 30: Gear, 33,
35: Drive gear (gear), 34, 36: Driven gear (gear), 70:
Gear, 71: First gear, 72: Second gear, 73: Transfer shaft,
73a, 73b: Portion, 80: Coupling part, 80a: Male spline
part, 80b: Female spline part, 80c: Outer circumference,
81: Through drive shaft, 100: Drive unit, 101: Drive hous-
ing, 101a, 101b: Supporting part, 200: Power transfer

unit, 201: Power transfer housing, 201a, 201b: Support-
ing part, 202: Differential gear housing, 202b: Mating sur-
face (first mating surface), 203: Differential gear unit, 204:
Gear unit, Ax1: Central axis (first central axis), Ax2: Cen-
tral axis (second central axis), Ax3: Central axis (third
central axis), Ax4: Central axis (fourth central axis), B3,
B4: Bearing (transfer shaft bearing), B5, B6: Bearing (in-
put shaft bearing), B7: Bearing (output shaft bearing),
and B11: Bearing (coupling part bearing).

Claims

1. An electric drive device for a vehicle comprising:

an axle case;
a drive shaft that is accommodated in the axle
case and is rotatable about a first central axis;
a motor that is located on a first direction side
relative to the axle case and has a motor shaft
that rotates about a second central axis extend-
ing in the first direction, the first direction side
intersecting an axial direction of the first central
axis;
a first gear mechanism including an input shaft,
at least a part of which is located on an opposite
direction side to the first direction relative to the
axle case, and to which power is inputted from
the motor shaft, the input shaft being rotatable
about a third central axis extending in the first
direction; an output shaft that is rotatable about
a fourth central axis arranged so as to be parallel
to the third central axis and spaced from the third
central axis; and a plurality of gears that are in-
terposed between the input shaft and the output
shaft and that transfer the power;
a differential gear that is accommodated in the
axle case and coupled to the drive shaft and the
output shaft, and transfers the power from the
output shaft to the drive shaft;
a through drive shaft including a transfer shaft,
at least a part of which is located on the first
direction side relative to the axle case, and to
which power is inputted from the motor shaft;
the input shaft; and a coupling part that couples
together the transfer shaft and the input shaft,
the through drive shaft being rotatable about a
third central axis extending in the first direction;
a drive unit including the motor; the transfer
shaft; and a drive housing that accommodates
the motor and the transfer shaft and has two
supporting parts that support the transfer shaft
so as to be rotatable about the third central axis,
the drive unit being detachably mounted on the
axle case and extending in the first direction from
the axle case; and
a power transfer unit including the first gear
mechanism; and a power transfer housing that

21 22 



EP 3 912 846 A1

13

5

10

15

20

25

30

35

40

45

50

55

accommodates the first gear mechanism and in-
cludes two supporting parts that support the in-
put shaft so as to be rotatable about the third
central axis, the power transfer unit being de-
tachably mounted on the axle case and extend-
ing in an opposite direction to the first direction
from the axle case,
wherein
when a distance between two portions of the
transfer shaft supported by the two supporting
parts of the drive housing and a distance be-
tween two portions of the input shaft supported
by the two supporting parts of the power transfer
housing each are a first distance, one of the input
shaft and the transfer shaft that has a longer first
distance is one shaft, an other one of the input
shaft and the transfer shaft that has a shorter
first distance is an other shaft, one of the drive
housing and the power transfer housing that
supports the one shaft is one housing, and an
other one of the drive housing and the power
transfer housing that supports the other shaft is
an other housing, the one shaft extends toward
the other shaft, crossing the first central axis,
and the coupling part is accommodated in the
other housing.

2. The electric drive device for a vehicle according to
claim 1, wherein

the drive unit includes a second gear mecha-
nism including a single gear including a first gear
that rotates together with the motor shaft, the
transfer shaft, and a second gear to which the
power is transferred from the first gear and which
rotates together with the transfer shaft,
the first gear mechanism includes a plurality of
gears, and
the one shaft is the input shaft, and the one hous-
ing is the power transfer housing.

3. The electric drive device for a vehicle according to
claim 2, wherein

the plurality of gears in the first gear mechanism
include a plurality of drive gears provided on the
input shaft; and a plurality of driven gears to
which the power is transferred from the plurality
of drive gears, and which are provided on the
output shaft,
the electric drive device for a vehicle includes
the plurality of drive gears between the two sup-
porting parts on the input shaft of the power
transfer housing, and
the electric drive device for a vehicle includes
the second gear between the two supporting
parts on the transfer shaft of the drive housing.

4. The electric drive device for a vehicle according to
any one of claims 1 to 3, wherein the coupling part
is supported by the other housing.

5. The electric drive device for a vehicle according to
any one of claims 1 to 4, wherein

the coupling part includes a female spline part
provided on the one shaft and a male spline part
provided on the other shaft and coupled via
splines to the female spline part, and
a coupling part bearing is provided between an
outer circumference of the female spline part
and the other housing.

6. The electric drive device for a vehicle according to
claim 5, wherein

the two supporting parts of the drive housing
support the transfer shaft with transfer shaft
bearings between the two supporting parts and
the transfer shaft, respectively, so as to be ro-
tatable about the third central axis,
the two supporting parts of the power transfer
housing support the input shaft with input shaft
bearings between the two supporting parts and
the input shaft, respectively, so as to be rotatable
about the third central axis,
the coupling part is supported by the other hous-
ing with a coupling part bearing between the
coupling part and the other housing, and
the coupling part bearing is smaller in outside
diameter than the transfer shaft bearings and
the input shaft bearings.
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