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VEHICLE DRIVING DEVICE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

BACKGROUND

The present disclosure relates to a vehicle driving device
including a rotary electrical machine, and an inverter device
for controlling the rotary electrical machine.

For example, a rotary electrical machine included in a
driving device as a driving force source ol a wheel or a
kinetic energy regenerating device 1 a hybrid vehicle nor-
mally requires an inverter device configured with a switch-
ing element as a main body. The rotary electrical machine
and the mnverter device are electrically connected using a
wiring [member] structure, and thus can be disposed at
different positions from each other. However, the rotary
clectrical machine and the inverter device are desirably
integrated 1n one case in view of the convenience 1n mount-
ing on to the vehicle. From such standpoint, the vehicle
driving device in which an inverter device [[inverters 41,
421] (inverters 41, 42) for controlling a rotary electrical
machine [[generator 1, motor 2]] (generator 1, motor 2) is
integrated with a case [[driving device case 3]] (driving
device case 3) for accommodating the rotary electrical
machine, and the like 1s disclosed 1n Japanese Patent Appli-
cation Publication No. 2004-343845.

In the device of Japanese Patent Application Publication
No. 2004-343845, the case includes a first case section
[[front case 31]] (front case 31) for accommodating one
rotary electrical machine [[generator 1]] (generator 1) and a
second case section [[rear case 32]] (rear case 32) for
accommodating the other rotary electrical machine [[motor
2]] (motor 2) and a transmission device [[under drive device
U]] (under drive device U). The first case section and the
second case section are joined to each other 1n an axial
direction (direction in which a rotation axis [center] of the
rotary electrical machine extends). A cover member [[in-
verter case 40 and cover 46]] (inverter case 40 and cover 46)
1s attached to cross the first case section and the second case
section, and the mverter device 1s accommodated 1n a space
formed inside thereof.

However, the structure in which the cover member 1s
provided across the first case section and the second case
section as in Japanese Patent Application Publication No.
2004-343845 has a problem 1n that the physical size of the
entire device tends to become large. Furthermore, a rela-
tively complex seal structure 1s required to prevent liquid
such as water, oil, and the like from entering an accommo-
dation chamber of the inverter device. For example, in the
structure shown 1n FIG. 5 of Japanese Patent Application
Publication No. 2004-343845, a seal member [[52 A, 52 B]]
(524, 52B) for sealing between the cover member and the
case sections 1s required for each of the first case section and
the second case section. In the structure shown in FIG. 3 of
Japanese Patent Application Publication No. 2004-343845, a
common seal member [[52]] (52) that is provided across the
first case section and the second case section 1s used. In this
case, a seal member that can absorb a step diflerence 1is
required and a relatively great amount of seal member 1s also
required on a mating surface between the two case sections.
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In the device of Japanese Patent Application Publication
No. 2004-343845, the wiring [member] structure extending

from the mverter device 1s inserted mnto a through hole
provided 1n the outer peripheral wall of the first case section
and then connected to the rotary electrical machine 1n the
first case section, and the wiring [member] structure is
disposed 1n a space on the outer peripheral side of the first
case section. Thus, a seal member provided across the first
case section and the second case section 1s required to
appropriately seal the entire wiring structure. A seal structure
related to the cover member can be simplified by providing
the cover member only on the second case section. However,
two areas, between the wiring [member] structure and the
cover member and between the wiring [member] structure
and the first case section, are required as the sealing area of
the wiring [member] structure, and hence a complex seal
structure 1s required as a whole 1n the result.

As described 1n Japanese Patent Application Publication
No. 2008-301572, a structure in which a wiring [member]
structure introduced from an inverter device [[PCU 300]]
(PCU 300) to a case [[divided accommodation case 13 and
divided accommodation case 23]] (divided accommodation
case 13 and divided accommodation case 23) 1s connected
to a rotary electrical machine [[motor generator MG1]]
(motor generator MGI) 1n the case 1s also known. However,
Japanese Patent Application Publication No. 2008-3013572
does not refer to the seal structure.

SUMMARY

According to an exemplary aspect of the present disclo-
sure, the entire vehicle dniving device 1s downsized 1nclud-
ing the mverter device and a seal structure of the inverter
accommodation chamber 1s simplified.

A vehicle drniving device according to an exemplary
aspect of the present disclosure includes: [a rotary electrical
machine that functions as a driving force source of a wheel
along with an internal combustion engine; a transmission
device that 1s disposed side by side with respect to the rotary
electrical machine 1in an axial direction, the axial direction
being a direction 1n which a rotation axis center of the rotary
clectrical machine extends; a case including a first case
section that accommodates the rotary electrical machine and
a second case section that accommodates the transmission
device; an inverter device that controls the rotary electrical
machine; and a wiring member that connects the rotary
electrical machine and the inverter device; wherein an
o1l-tight space 1n which the first case section and the second
case section are communicated, 1s formed, the second case
section being jomed to a side opposite to the internal
combustion engine side in the axial direction of the first case
section; an inverter accommodation chamber that accom-
modates the mverter device 1s formed between the second
case section and a cover member joined to the second case
section; the rotary electrical machine 1s accommodated 1n
the oil-tight space; the wiring member 1s provided to pass
through the second case section so as to cross the inverter
accommodation chamber and the oil-tight space; and a seal
member that seals between the second case section and the
wiring member 1s provided.] a rotary electrical machine that
functions as a driving force source of a wheel along with an
internal combustion engine, an axial divection being a
dirvection in which a votation axis of the rotary electrical
machine extends; a transmission device; a case including a
first case section that accommodates the rvotary electrical
machine and a second case section that accommodates the
transmission device; an inverter device that controls the
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rotary electrical machine; and a wiring structurve that con-
nects the rotary electrical machine and the inverter device;
wherein an oil-tight space is formed by the first case section
and the second case section such that oil can communicate
between the first case section and the second case section;
the first case section has a first side facing the internal
combustion engine in the axial divection and a second side
opposite the first side, the second case section being joined
to the second side of the first case section; an inverter
accommodation chamber that accommodates the inverter
device is formed along an outer pervipheral wall of the
second case section; the rotary electrical machine is accom-
modated in the oil-tight space; the wiring structuve includes
a first member passing through the second case section so as
to cross the inverter accommodation chamber and the
oil-tight space; and a seal member that seals between the
second case section and the first member of the wiring
structure is provided.

In the present application, the term “rotary electrical
machine” 1s a concept that includes a motor (electrical
motor), a generator (power generator), and a motor genera-
tor that has the functions of both the motor and the generator,
as needed.

According to the characteristic configuration, the cover
member for forming the mverter accommodation chamber
between the case and the cover member 1s fitted only within
a range occupied by the second case section without cross-
ing the first case section and the second case section. Thus,
with the [wiring member] first member of the wiring struc-
ture being provided to pass through the second case section,
the seal structure for preventing liquid such as water, oil, and
the like from mixing 1nto the inverter accommodation cham-
ber 1s simplified. That 1s, an approprate seal structure can be
casily realized by simply sealing between the cover member
and the second case section, and between the second case
section and the [wiring member] first member of the wiring
structure through simple methods. In particular, the sealing,
between the wiring [member] structure and the case is
performed in only one area where the [wiring member] firs?
member of the wiring structure passes through the second
case section since the rotary electrical machine 1s disposed
in the communicated oi1l-tight space formed 1n the first case
section and the second case section. Thus, both the seal
structure of the inverter accommodation chamber and the
seal of the wiring [member] structure can be simplified.

Furthermore, since the cover member can be fitted only
within the range occupied by the second case section, the
physical size of the entire device can be reduced. Further-
more, since the iverter device 1s disposed at a position
spaced farther apart from the internal combustion engine
when the mounting state on the vehicle 1s taken nto con-
sideration, the inverter device can be disposed in a relatively
large space avoiding the auxiliary machines disposed in the
vicinity of the internal combustion engine, Thus, the in-
vehicle mountability of the entire vehicle driving device
including the mverter device can be improved.

Preferred aspects of the present disclosure will he
described below,

According to one aspect, preferably, the case further
includes an intermediate wall disposed between the rotary
clectrical machine and the transmission device in the axial
direction; the [wiring member is provided through] wiring
structure includes a second member connected to the first
member and extending through a through hole formed 1n the
intermediate wall 1n the oi1l-tight space; and the through-hole
1s formed at a position overlapping the rotary electrical
machine as viewed 1n the axial direction.
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In the present application, with respect to the positions of
two members, the phrase “overlapping as viewed 1n a certain
direction” means that when a virtual line parallel to a
viewing direction 1s moved in each direction orthogonal to
the virtual line, a region where the virtual line intersects both
of the two members exists [in at least one part].

According to such configuration, even if the intermediate
wall exists between the rotary electrical machine and the
transmission device, the path length of the wiring [member]
structure can be suppressed to be short by providing the
[wiring member so as to pass] second member of the wiring
structure passing through the through hole formed in the
intermediate wall. In particular, since the through hole
overlaps the rotary electrical machine as viewed in the axial
direction, the [wiring member] second member of the wiring
structure can be linearly disposed along the axial direction,
and the path length of the wiring [member] structure can be
suppressed to be as short as possible. Furthermore, since the
wiring [member] structure can be introduced into the first
case section on the radially mnner side than the end on the
radially outer side from the rotary electrical machine, the
enlargement 1n the radial direction of the first case section
can be suppressed. Therefore, the space for disposing the
auxiliary machines can be easily ensured in the n-vehicle
state. The tool clearance for fasteming the vehicle driving
device and the internal combustion engine with a bolt can
also be easily ensured.

According to another aspect, preferably, the rotary elec-
trical machine includes a stator with a stator core and a coil
disposed 1n the stator core; the coil includes two coil end
portions respectively projecting toward both sides in the
axial direction from the stator core; and a connection ter-
minal of the coil with the [wiring member] second member
of the wiring structure 1s provided on the coil end portion on
the transmission device side 1n the axial direction of the two
coil end portions.

According to such configuration, the [wiring member]
second member of the wiring structure extending from an
internal space of the second case section disposed on the
transmission device side with respect to the rotary electrical
machine can be connected to the connection terminal of the
coil with a short wiring length.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a schematic view showing a schematic configu-
ration of a vehicle driving device.

FIG. 2 1s a view showing the vehicle driving device as
viewed 1n an axial direction.

FIG. 3 1s a view of the vehicle driving device as viewed
in a vertical direction.

FIG. 4 1s an exploded perspective view of the vehicle
driving device.

FIG. 5 1s a schematic view showing a positional relation-
ship of the components as viewed 1n a horizontal direction.

FIG. 6 1s a partially enlarged view of FIG. 5.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

s

An embodiment of a vehicle driving device according to
the present disclosure will be described with reference to the
drawings. A vehicle driving device 1 according to the
present embodiment 1s a vehicle dniving device (hybnd
vehicle driving device) for driving a vehicle (hybrid vehicle)
including both an internal combustion engine E and a rotary
electrical machine MG as a driving force source of [a wheel
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W] wheels W. Specifically, the vehicle driving device 1 is
configured as a driving device for a single-motor parallel
type hybnid vehicle. In the following description, the direc-
tion, position, and the like for each member may allow a
difference caused by an error tolerable 1n manufacturing.
The direction for each member represents the direction 1n a
state 1n which the members are assembled to the vehicle
driving device 1.

As shown 1n FIG. 1, the vehicle driving device 1 includes
an mput shaft I drivingly connected to the internal combus-
tion engine E, a plurality of (two in the present example)
output shafts O respectively drivingly connected to a plu-
rality of (two i the present example) wheels W, a rotary
electrical machine MG, and a transmission device TM. The
term “drivingly connect” means a state in which two rota-
tional elements are connected such that a driving force
(synonym for torque) can be transmitted. This concept also
includes a state 1n which the two rotational elements are
connected so as to rotate together, and a state in which the
two rotational elements are connected such that a driving
force can be transmitted via one or more transmitting
members. In the present embodiment, the vehicle driving
device 1 further includes an engagement device CL, a
counter gear mechanism C, and a differential gear device
DF. The engagement device CL, the rotary electrical
machine MG, the transmission device TM, the counter gear
mechanism C, and the differential gear mechamism DF are
provided on a power transmission path connecting the input
shaft I and the output [shaft] skafis O. These elements are
provided in the order of description from the mput shait I.
Furthermore, the elements are accommodated 1n a case
(driving device case) 2.

The rotary electrical machine MG 1s disposed coaxially
with the iput shaft I. The transmission device TM 1s
disposed [side by side with] rext fo the rotary electrical
machine MG in a direction of the rotation axis [center] of the
input shait I and the rotary electrical machine MG. In the
present embodiment, the transmission device TM 1s dis-
posed coaxially with the iput shaft I and the rotary elec-
trical machine MG. The mput shait I, the rotary electrical
machine MG, and the transmission device TM are disposed
in the order of description from the internal combustion
engine E. The counter gear mechanism C 1s disposed on a
different axis with the rotation axis [center] parallel to those
of the mput shait I, and the like. Furthermore, the differential
gear mechanism DF i1s disposed on a different axis with the
rotation axis [center] parallel to that of the input shaft I, and
the like and that of the counter gear mechanism C. The term
“parallel to” refers to a parallel state or a substantially
parallel state (e.g., state of intersecting at an angle of smaller
than or equal to 3°).

In the present embodiment, a rotation axis [center] com-
mon to the mput shaft I, the rotary electrical machine MG,
and the transmission device TM 1s referred to as a “first axis
[center] X1”. The rotation axis [center] of the counter gear
mechanism C is referred to as a “second axis [center] X2,
and the rotation axis [center] of the differential gear mecha-
nism DF is referred to as a “third axis [center] X3”. As
shown in FIG. 2, the first axis [center] X1, the second axis
[center] X2, and the third axis [center] X3 are disposed to be
located at the vertices of a triangle (obtuse triangle in the
present example) as viewed 1n an axial direction L parallel
to such [axis centers] axes. Such multiple-axis configuration
(three-axis configuration 1n the present example) 1s suitable
as, for example, a configuration 1n which the vehicle driving
device 1 1s mounted on a Front Engine Front Drive (FF)
vehicle.
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In the present embodiment, a direction toward the internal
combustion engine E side (right side in FIG. 1) as viewed
from the rotary electrical machine MG 1n the axial direction
L. 1s defined as an “axial first direction LL1”. A direction
toward the transmission device TM side (left side 1n FIG. 1)
as viewed from the rotary electrical machine MG 1s defined
as an “axial second direction L2,

As shown 1n FIG. 1, the input shait I serving as an 1nput
member 1s drivingly connected to the internal combustion
engine E. The internal combustion engine E 1s a motor
(gasoline engine, diesel engine, etc.) that 1s driven by the
combustion of fuel in the interior of the engine to extract
power. The internal combustion engine E functions as a
driving force source of the [wheel] wheels W along with the
rotary electrical machine MG. In the present embodiment,
the mput shait I 1s drivingly connected to the output shaft
(crankshatt, etc.) of the internal combustion engine E. The
output shait of the internal combustion engine E and the
input shait I may be drivingly connected through a damper,
and the like.

The engagement device CL 1s provided on the power
transmission path connecting the mnput shait I and the rotary
clectrical machine MG. The engagement device CL selec-
tively drivingly connects the input shait I (internal combus-
tion engine E) and the rotary electrical machine MG. The
engagement device CL functions as an engagement device
for separating an internal combustion engine which sepa-
rates the internal combustion engine E from the [wheel]
wheels W. In the present embodiment, the engagement
device CL 1s configured as a hydraulic drive type friction
engagement device. An electromagnetic drive type Iriction
engagement device, a meshing type engagement device, and
the like may also be adopted.

The rotary electrical machine MG functions as a driving,
force source of the [wheel] wheels W along with the internal
combustion engine E. The rotary electrical machine MG
includes a stator St fixed to the case 2, and a rotor Ro
supported rotatably on a radially inner side of the stator St.
The stator St includes a stator core Sc and a coi1l Co disposed
in the stator core Sc (see FIG. 5). The coil Co includes two
coil end portions Ce projecting from the both sides of the
stator core Sc 1n the axial direction L.

The rotary electrical machine MG can function as a motor
(electric motor) that receives a supply of electric power to
generate power, and also function as a generator (power
generator) that receives a supply of power to generate
clectric power. As shown in FIG. 1, the rotary electrical
machine MG 1s electrically connected to an electric storage
device B (battery, capacitor, etc.) serving as a DC power
supply through the mverter device 3. The rotary electrical
machine MG receives the supply of electric power from the
clectric storage device B and performs power running, or
supplies the electric power generated by the torque of the
internal combustion engine E and the inertia force of the
vehicle to the electric storage device B to store the electric
power therein. The rotor Ro of the rotary electrical machine
MG 1s drivingly connected to an intermediate shait M so as
to rotate together. The intermediate shaft M also serves as an
input shaft (transmission input shaft) of the transmission
device TM.

In the present embodiment, the transmission device TM 1s
an automatic stepped transmission device that includes a
plurality of gear mechanisms and a plurality of shifting
engagement devices, and that can switch between a plurality
of shift speeds having different speed ratios. For the trans-
mission device TM, an automatic continuously variable
transmission device that can steplessly change the speed
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ratio, a manual stepped transmission device that has a
plurality of shift speeds having different speed ratios to be
manually switchable by a driver, a constant transmission
device having a single shift speed of a fixed speed ratio, and
the like may be used. The transmission device TM transiers
rotation and torque iput to the intermediate shait M to a
transmission output gear Go, which 1s an output member
(transmission output member) of the transmission device
TM, with the speed changed at a speed ratio at each timing
and with torque converted.

The transmission output gear Go 1s drivingly connected to
the counter gear mechanism C. The counter gear mechanism
C includes a first gear G1 and a second gear G2, which are
cach formed on a common shaft member. The first gear G1
meshes with the transmission output gear Go of the trans-
mission device TM. The second gear G2 meshes with a
differential imput gear G1 of the differential gear mechanism
DF. In the present embodiment, the second gear G2 1is
disposed on the axial first direction L1 side (internal com-
bustion engine E side) with respect to the first gear G1. The
second gear G2 1s formed so as to have a smaller diameter
(smaller number of teeth) than the first gear G1.

The differential gear device (output differential gear
mechanism) DF is drivingly connected to the [wheel] wheels
W through the output [shaft] skafts O serving as the output
member. The differential gear mechanism DF includes a
differential mput gear Gi, and a differential main body
portion (main body portion of the differential gear mecha-
nism DF) coupled to the differential mput gear Gi. The
differential main body portion 1s configured to include a
plurality of mutually meshing bevel gears and a differential
case for accommodating the bevel gears, and plays a central
role 1 the differential mechanism. The differential gear
mechamism DF distributes and transmits the rotation and the
torque 1nput to the differential mput gear Gi from the rotary
clectrical machine MG side through the transmission device
TM and the counter gear mechanism C to two, left and right,
output shaits O (that 1s, two, left and right, wheels W) in the
differential main body portion. Thus, the vehicle driving
device 1 can transmit the torque of at least one of the internal
combustion engine E and the rotary electrical machine MG
to the [wheel] wheels W to enable the vehicle to travel.

As shown 1n FIG. 3, the case 2 accommodating the rotary
electrical machine MG, the transmission device TM, and the
like includes a first case section 21 and a second case section
23 formed 1n a divided manner in the axial direction L. The
first case section 21 mainly forms an accommodation space
for the rotary electrical machine MG and the engagement
device CL. The second case section 23 mainly forms an
accommodation space for the transmission device TM and
the counter gear mechanism C. In the present embodiment,
the accommodation space for the differential gear mecha-
nism DF 1s formed across the first case section 21 and the
second case section 23 (see FIG. 4). The second case section
23 1s joined to the first case section 21 from a side (axial
second direction L2 side) opposite to the internal combus-
tion engine E side in the axial direction L. A liquid gasket
(example of a seal) such as Formed In Place Gaskets (FIPG)
1s disposed on the mating surface between the {first case
section 21 and the second case section 23.

As shown 1n FIG. 5, 1n the present embodiment, the case
2 further includes an intermediate wall 22 disposed between
the rotary electrical machine MG and the transmission
device TM 1n the axial direction L. The intermediate wall 22
1s formed as a wall portion extending in a radial direction
and a circumierential direction. The mtermediate wall 22 1s

provided on an end portion on the transmission device TM
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side (axial second direction L2 side) in the first case section
21, The intermediate wall 22 includes a plurality of through
holes (a through hole where the intermediate shaft M 1s
disposed, a through hole 22a where a connection cable 48 to
be described later 1s disposed) that pass through the inter-
mediate wall 22 1n the axial direction L. The accommodation
space for the rotary electrical machine MG and the engage-
ment device CL, the accommodation space for the trans-
mission device TM and the counter gear mechanism C, and
the accommodation space for the differential gear mecha-
nism DF are communicated with each other through the
through holes. The common spaces 1n communication with
cach other are formed to an o1l-tight manner (state 1n which
o1l 1s internally sealed). In other words, the spaces are
combined with the first case section 21 and the second case
section 23 joined to form a common o1l-tight communica-
tion space Q. The oil-tight communication space (Q consti-
tutes a “driving element accommodation chamber” for
accommodating the main driving elements of the vehicle
driving device 1 such as the rotary electrical machine MG,
the engagement device CL, the transmission device TM, the
counter gear mechanism C, the differential gear mechanism
DF, and the like. In the present embodiment, the oil-tight
communication space (Q corresponds to a “communicated
oil-tight space™ 1n the present disclosure.

In the present example, a configuration in which the
vehicle driving device 1 includes a damper 1s 1llustrated,
where a third case section 29 forming an accommodation
space for the damper 1s joined to the first case section 21
from the internal combustion engine E side (axial first
direction L1 side), Thus, the third case section 29, the first
case section 21, and the second case section 23 are disposed
such that the length of the separation along the axial direc-
tion L from the internal combustion engine E becomes larger
in the order of description.

As shown 1n FIG. 2, the inverter device 3 that controls the
rotary electrical machine MG 1s integrated with the case 2.
The mverter device 3 1s directly fixed and integrated with the
case 2 without interposing an inverter case, and the like for
accommodating the inverter device 3. In other words, in the
vehicle driving device 1 according to the present embodi-
ment, an verter case-less structure 1s adopted. In such
inverter case-less structure, a dedicated inverter case does
not need to be provided, of course, and a fixing seat for
fixing the mverter case to the case 2 also does not need to be
provided, either. Thus, the reduction 1n the number of
components leads to reduction 1n cost. The entire device can
also be downsized.

As well shown 1n FIG. 3, 1n the present embodiment, the
inverter device 3 i1s fixed to the second case section 23 for
accommodating the transmission device TM, and the like
not to the first case section 21 for accommodating the rotary
clectrical machine MG, and the like. In the present embodi-
ment, a thin rotary electrical machine MG having a large
diameter 1s used to suppress the length 1n the axial direction
L. of the entire device to be short (see FIG. 5). Thus, the
transmission device TM has a small diameter compared to
the rotary electrical machine MG, and an annular space
formed by the difference between the outer diameter of the
rotary electrical machine MG and the outer diameter of the
transmission device TM 1s formed on a radially outer side of
the transmission device TM. At least a part of the annular
space 1s ellectively utilized to dispose the inverter device 3,
so that the entire vehicle dnving device 1 including the
inverter device 3 to be itegrated 1s downsized.

Furthermore, the mverter device 3 1s fixed only to the
second case section 23 disposed on the side opposite to the
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internal combustion engine E with respect to the first case
section 21. Such configuration 1s advantageous 1n that a first
cover member 51 for forming an mverter accommodation
chamber P (first accommodating section P1) between the
case 2 and the first cover member 51 can be fitted only
within a range 1n the axial direction L occupied by the
second case section 23. In other words, for example, the
physical size of the entire device can be reduced compared
to the case where the first cover member 31 1s disposed
across the first case section 21 and the second case section
23. Moreover, the mverter device 3 1s disposed so as to be
spaced apart from the internal combustion engine E by
greater than or equal to an axial length of the first case
section 21. Thus, the mverter device 3 can be disposed 1n a
relatively large space while avoiding auxiliary machines to
be disposed 1n the vicinity of the internal combustion engine
E. As a result, even 1f the inverter device 3 projects toward
the radially outer side (upper side in the present example)
slightly more than the transmission device TM and the rotary
clectrical machine MG, inconvenience 1in mounting the
vehicle driving device 1 on the vehicle hardly occurs.
Furthermore, the heat of the internal combustion engine E
can be prevented from aflecting the inverter device 3.

As shown 1n FIGS. 2 and 3, the second case section 23
includes an outer peripheral wall 24 formed 1n a deformed
tubular shape along the outer shapes of the transmission
device TM, the counter gear mechanism C, and the difler-
ential gear mechanism DF, and a pair of projecting walls 25
disposed facing each other so as to project toward the outer
side from the outer peripheral wall 24. A space defined by
the outer peripheral wall 24 and the pair of projecting walls
25 15 the inverter accommodation chamber P. Thus, the
iverter accommodation chamber P 1s formed along the
outer peripheral wall 24 of the case 2 (second case section
23). The 1mverter device 3 1s accommodated in the inverter
accommodation chamber P. The mverter device 3 1s 1nte-
grally fixed to the case 2 (second case section 23) in the
iverter accommodation chamber P.

The 1nverter device 3 includes a conversion unit 31 and a
capacitor 36. The conversion unit (DC/AC conversion unit)
31 converts the DC electric power and the AC electric
power. As shown 1n FIG. 2, the conversion unit 31 includes
a flat plate-shaped base plate 32, and a plurality of switching
clements 33 fixed on the base plate 32. The base plate 32 1s
composed of a material having high heat conductivity (e.g.,
metal material such as copper, aluminum, and the like), and
also functions as a heat sink. An insulated gate bipolar
transistor (IGBT), a metal oxide semiconductor field effect
transistor (MOSFET), and the like, for example, are used for
the switching [element] elements 33. The conversion unit 31
includes a rectitying element made from a diode, and the
like, for example, and the rectifying element 1s connected 1n
parallel with respect to the switching [element] e/ements 33.
A control substrate 34 for controlling the switching of the
switching [element] elements 33 is fixed to the base plate 32.

The capacitor 36 smoothes (suppresses fluctuation of) the
DC electric power exchanged between the electric storage
device B and the conversion unit 31. A film capacitor made
of synthetic resin, a ceramic capacitor made of norganic
material, and the like, for example, can be used for the
capacitor 36. Such capacitor 36 has a relatively large degree
of design freedom regarding the size and shape, and can be
adjusted according to the size and shape of the space 1n
which the capacitor 36 1s disposed 1n. The inverter device 3
may further include various components for constituting a
boost circuit.

10

As shown 1n FIGS. 3 and 4, 1n the present embodiment,
the case 2 includes a crossing wall portion 26 that connects
the pair of projecting walls 25. The case 2 includes a

plate-shaped 1solation wall 27 (see FIG. 2) extending from

5 the outer peripheral wall 24 toward the crossing wall portion
26. The nverter accommodation chamber P 1s partitioned
into a first accommodating section P1 and a second accom-
modating section P2 by the 1solation wall 27. The first
accommodating section P1 accommodates the conversion

10 unit 31 and the second accommodating section P2 accom-
modates the capacitor 36.

As shown 1 FIGS. 2 and 4, the first accommodating
section P1 and the second accommodating section P2 open
in directions different from each other. Specifically, the first

15 accommodating section P1 opens toward [the upper side.] a
first side and the second accommodating section P2 opens
toward [the side.] a second side different than the first side.
The conversion unit 31 thus can be inserted to the first
accommodating section P1 from the [upper] first side along

20 the vertical direction, and fixed to the second case section
23. The capacitor 36 can be inserted to the second accom-
modating section P2 from the second side along the hori-
zontal direction and fixed to the second case section 23. The
conversion unit 31 and the capacitor 36 can be fixed to the

25 second case section 23 by processes independent from each
other. Note that each of the first cover member 351 and the
second cover member 52 1s joined to the second case section
23 1n this state. The first cover member 51 covers the first
accommodating section P1 constituting the inverter accom-

30 modation chamber P, and the second cover member 52
covers the second accommodation chamber P2. In the pres-
ent embodiment, each of the first cover member 51 and the
second cover member 52 corresponds to a “cover member”
in the present disclosure.

35 As shown in FIG. 5, the wiring [member] structure 40 is
provided to electrically connect the inverter device 3 and the
rotary electrical machine MG (coil Co of the stator St). In the
present embodiment, [the wiring member] a portion of the
wiring structure 40 1s provided to pass through the second

40 case section 23 so as to cross the mverter accommodation
chamber P (first accommodating section P1) and the oil-tight
communication space Q. [The wiring member] Another
portion of the wiring structure 40 1s disposed 1n the o1l-tight
communication space QQ so as to cross the second case

45 section 23 and the first case section 21. Thus, the wiring
[member] structure 40 connected to the inverter device 3 in

the inverter accommodation chamber P i1s thus passed

through the second case section 23 and guided to the
oil-tight communication space ), and connected to the

50 rotary electrical machine MG 1n the o1l-tight commumnication
space Q.

As shown in FIG. 6, the wiring [member] structure 40
includes [a bus bar] bus bars 41, a terminal unit 42, and a
connection cable 48. The bus [bar] bars 41 electrically

55 [connects] connect the inverter device 3 (conversion unit 31
in the present example) and the terminal unit 42. The bus
[bar 41 is] bars 41 are composed of a band-shaped conduc-
tor plate made of metal. In the present embodiment, the
rotary electrical machine MG 1s configured to be driven by

60 a three phase AC electric power, and the bus bar 41 for each
phase 1s provided to correspond to the three phases of the
coil Co. The bus [bar 41 is] bars 41 are disposed to extend
along the substantially horizontal direction.

The terminal unit 42 electrically connects the bus [bar]

65 bars 41 and the connection cable 48. The terminal unit 42 1s
a unit in which [a] first relay [terminal] terminals 43 and a
holding stand 44 for holding the first relay [terminal] zer-
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minals 43 are integrated. The bus [bar 41 is] bars 41 are
fixed to the first relay [terminal] terminals 43 by a fastening
member such as a bolt, and the like. In the present embodi-
ment, the first relay terminal 43 for each phase i1s provided
to correspond to the bus bars 41 of the three phases. A total
of three first relay terminals 43, one for each phase, are
collectively held by one holding stand 44. The first relay
[terminal 43 is] terminals 43 are composed of a rod-shaped
conductor made of metal. The first relay [terminal 43 is}
terminals 43 are disposed to substantially extend in the
vertical direction. The holding stand 44 1s, for example,
composed of an insulating material such as resin, and the
like.

The holding stand 44 includes a main body portion 45, [a
leg portion] /leg portions 46, and a lid portion 47. The main
body portion 45 1s a portion that plays a core role 1n holding
the first relay [terminal] terminals 43. The main body
portion 45 1s formed in a block shape, and includes a
plurality of through holes 45a (three through holes corre-
sponding to the number of first relay terminals 43) extending
along the vertical direction. The inner diameter of the
through [hole] 2oles 45a corresponds to the outer diameter
of the first relay [terminal] terminals 43. When a portion on
the lower end side of the first relay [terminal 43 is] terminals
43 are inserted to the through [hole] /oles 45a, the first relay
[terminal 43 is] terminals 43 are held by the holding stand
44.

The leg [portion] portions 46 extending along the vertical
direction [is] are provided on the upper side of the main
body portion 45 in the holding stand 44. The leg [portion 46
is] portions 46 are formed in a thin-plate shape, the thick-
ness of which 1s smaller than the length in the vertical
direction. Furthermore, the leg [portion 46 is] portions 46
are disposed on an outer edge portion of the main body
portion 45 as viewed 1n the vertical direction. In the present
embodiment, the main body portion 45 1s formed 1n a
substantially rectangular shape as viewed in the vertical
direction (not shown), and four leg portions 46 are disposed
so as to surround the respective four sides of the main body
portion 45. The main body portion 45 and the four leg
portions 46 are integrally formed. Furthermore, the holding
stand 44 1s formed 1n a tank shape by the main body portion
45 and the four leg portions 46 so as to open toward the
upper side. Moreover, a flange-shaped lock piece 46a
extending toward the outer side along the horizontal direc-
tion 1s provided on the upper end portion of each of the leg
portions 46. The leg [portion] portions 46 and the lock
[piece] pieces 46a are integrally formed.

In the present embodiment, the outer peripheral wall 24 of
the second case section 23 includes a through hole 24a that
communicates the mverter accommodation chamber P (first
accommodating section P1) and the oil-tight communication
space Q. When the terminal unit 42 i1s disposed 1n the
through hole 24a, [the wiring member] a portion of the
wiring structure 40 1s provided to pass through the second
case section 23. A receiving portion 24b having an L-shaped
cross-section 1s provided toward the center side of the
through hole 24a at the periphery of the through hole 24a on
the surface of the outer peripheral wall 24 on the inverter
accommodation chamber P side. The holding stand 44 1is
stably fixed by the receirving portion 24b engaged with the
lock [piece] pieces 46a.

[A second relay terminal] Second relay terminals 49
provided integrally with the connection cable 48 [is] are
connected to the lower end portion of the first relay [termi-
nal] terminals 43. In the present embodiment, the second
relay terminal 49 for each phase 1s provided to correspond
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to each of the first relay terminals 43 of the three phases. The
second relay [terminal 49 is] terminals 49 are composed of
a band-shaped conductor plate made of metal. The hid
portion 47 1s attached to the main body portion 45 from the
lower side so as to cover the connecting area between the
first relay terminals 43 and the second relay terminals 49.

The connection cable 48 electrically connects the terminal
unit 42 and the rotary electrical machine MG (coil Co of the
stator St). The connection cable 48 1s composed of a
conductor wire made of metal and an insulating covering
material that covers the periphery of the conductor line. The
integrated second relay [terminal] terminals 49 and connec-
tion cable 48 are disposed to linearly extend in the substan-
tially axial direction L. The connection cable 48 1s disposed
at a position overlapping the stator St of the rotary electrical
machine MG as viewed 1n the axial direction L on the
radially outer side of the transmission device TM. The
connection cable 48 1s disposed at a position overlapping
only the stator St without overlapping the rotor Ro as viewed
in the axial direction L on the radially outer side of the rotor
Ro. Although the intermediate wall 22 1s provided between
the transmission device TM and the rotary -electrical
machine MG 1n the axial direction L, the through hole 22a
passing through the intermediate wall 22 1n the axial direc-
tion L 1s formed at the position in the intermediate wall 22
overlapping the connection cable 48 and the stator St as
viewed 1n the axial direction L. The connection cable 48
[constituting the wiring member] of the wiring structure 40
1s thus provided to pass through the through hole 22a formed
in the mtermediate wall 22 1n the o1l-tight communication
space Q.

The connection cable 48 1s connected to the connection
terminal 71 provided in the coil Co. The connection cable 48
for each phase 1s connected to the connection terminal 71 of
the coil Co for each phase. Such connection terminal 71 1s
provided at the coil end portion Ce projecting 1n the axial
direction L from the stator core Sc in the coil Co. In the
present embodiment, the connection terminal 71 1s provided
at the coil end portion Ce on the transmission device TM
side (axial second direction L2 side) in the axial direction L
of the two coil end portions Ce on both sides 1n the axial
direction L. Thus, the connection cable 48 extending 1n the
axial direction L from the internal space of the second case
section 23 disposed on the axial second direction L2 side
with respect to the rotary electrical machine MG toward the
axial first direction L1 side can be connected to the connec-
tion terminal 71 at the shortest distance.

A predetermined amount of o1l i1s stored in the oil-tight
communication space (Q formed between the {first case
section 21 and the second case section 23, which are joined
to each other, to appropriately perform cooling, lubrication,
and the like of the rotary electrical machine MG, the
transmission device TM, and the like. The o1l scatters in the
oil-tight communication space Q when raked up by the
differential mnput gear Gi1 of the differential gear mechanism
DF, for example, during the travelling of the vehicle. Mean-
while, the inverter accommodation chamber P formed
between the first cover member 51 joined to the second case
section 23 and the second cover member 52 joined to the
second case section 23 includes electronic components such
as the switching [element] elements 33, and the like, and
thus the liquid such as water, o1l, and the like needs to be
prevented from mixing therein. The vehicle driving device 1
according to the present embodiment includes a first seal
member 61 and a second seal member 62 for sealing
between the second case section 23 and [the wiring member]
a portion of the wiring structure 40 passing through the
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second case section 23. In the present embodiment, the first
seal member 61 and the second seal member 62 respectively
corresponds to a “seal member” 1n the present disclosure.
The vehicle driving device 1 includes a third seal member 63
for sealing between the second case section 23 and the {first
cover member 51 joined to the second case section 23 and
a fourth seal member 64 for sealing the second case section
23 and the second cover member 352 joimned to the second
case section 23 (see FIG. 2).

As shown 1n FIG. 6, the first seal member 61 1s disposed
between the first relay [terminal] terminals 43 and the
through [hole] %oles 45a in the main body portion 45 of the
holding stand 44. In the present embodiment, the first seal
member 61 for each phase i1s provided so as to correspond
to each of the first relay terminals 43 of the three phases. An
O-ring, an X-ring, and the like composed of a rubber
material such as nitrile rubber, styrene rubber, silicone
rubber, fluorine-contained rubber, and the like can be used
for the first seal member 61. Furthermore, the liquid gasket
such as FIPG, and the like can be used. Thus, the entry of the
o1l 1n the o1l-tight communication space Q 1nto the inverter
accommodation chamber P through a small gap between the
first relay [terminal] zerminals 43 and the holding stand 44
(main body portion 43) can be eflectively suppressed.

As shown 1in FIG. 6, the second seal member 62 1s
disposed between the outer peripheral wall 24 of the second
case section 23 and the lock [piece] pieces 46a of the leg
[portion] portions 46 of the holding stand 44. In the present
embodiment, one second seal member 62 1s provided so as
to correspond to the one holding stand 44 collectively
holding the first relay terminals 43 of the three phases. An
O-ring, an X-ring, and the like composed of a rubber
material such as nitrile rubber, styrene rubber, silicone
rubber, fluorine-contained rubber, and the like can be used
tor the second seal member 62. Furthermore, a liquid gasket
such as FIPG, and the like can be used. Thus, the entry of the
o1l 1n the o1l-tight communication space Q 1nto the inverter
accommodation chamber P through a small gap between the
outer peripheral wall 24 and the holding stand 44 (leg
[portion] portions 46) can be effectively suppressed.

As shown 1n FIG. 6, the third seal member 63 1s disposed
on the mating surface of the projecting [wall] walls 25 of the
second case section 23 and the first cover member 51. In the
present embodiment, the first cover member 51 1s joined
only to the second case section 23 without crossing the first
case section 21 and the second case section 23. Thus, for
example, a step that may inevitably be formed in manufac-
turing in the area of the mating surface between the first case
section 21 and the second case section 23 does not need to
be taken 1nto consideration. Therefore, a liquid gasket such
as FIPQG, and the like can be used for the third seal member
63 without using a cork gasket, a foamed rubber, a grommet,
and the like that can absorb such step. An O-ring, an X-ring,
and the like composed of a rubber material can also be used.,
of course, and a cork gasket, a foamed rubber, a grommet,
and the like can also be used. Thus, the moisture can be
cllectively prevented from externally entering the inverter
accommodation chamber P through a small gap between the
second case section 23 and the first cover member 51.

As shown 1n FIG. 2, the fourth seal member 64 1s disposed
on the mating surface between the outer peripheral wall 24
and the crossing wall portion 26 of the second case section
23, and the second cover member 32. In the present embodi-
ment, the second cover member 52 1s joined only to the
second case section 23. A liquid gasket such as FIPG, and
the like can be used for the fourth seal member 64. An
O-ring, an X-ring, and the like composed of a rubber
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material can be used, of course, and a cork gasket, a foamed
rubber, a grommet, and the like can also be used. Thus, the
moisture can be effectively prevented from externally enter-
ing the iverter accommodation chamber P through a small
gap between the second case section 23 and the second cover
member 52.

In the present embodiment, the small gap existing in [the
wiring member] a portion of the wiring structure 40 itself
(between the second case section 23 and [the wiring mem-
ber] a portion of the wiring structure 40 in a broad sense)
can be appropriately sealed through a simple method using
the first seal member 61 composed of an O-ring, an X-ring,
and the like. Furthermore, the small gap between the second
case section 23 and [the wiring member] a portion of the
wiring structure 40 can be appropnately sealed through a
simple method using the second seal member 62 composed
of an O-ring, an X-ring, and the like. Furthermore, a small
gap without a step between the second case section 23, and
the first cover member 51 and the second cover member 52
can be appropnately sealed using the third seal member 63
and the fourth seal member 64 composed of a liquid gasket,
and the like, respectively. Thus, the seal structure of the
inverter accommodation chamber P can be simplified.

[|Other Embodiments]] Other Embodiments:

Lastly, other embodiments of the vehicle driving device
according to the present disclosure will be described. Note
that the configuration disclosed in each of the following
embodiments can be applied 1n combination with the con-
figuration disclosed in other embodiments unless inconsis-
tency occurs.

(1) In the embodiment described above, the configuration
in which the through hole 22a 1s formed at the position
overlapping the rotary electrical machine MG (specifically,
stator St) as viewed 1n the axial direction L in the interme-
diate wall 22 has been described as an example. However,
the embodiment of the present disclosure i1s not limited to
this example. For example, the through hole 22a may be
formed at the position overlapping the rotor Ro without
overlapping the stator St as viewed 1n the axial direction L.
The through hole 22a may be formed at the position not
overlapping the rotary electrical machine MG as viewed 1n
the axial direction L on the radially outer side from the rotary
clectrical machine MG.

(2) In the embodiment described above, the configuration
in which the mtermediate wall 22 1s provided on the end
portion on the transmission device TM side (axial second
direction L2 side) in the first case section 21 has been
described as an example. However, the embodiment of the
present disclosure 1s not limited to this example. For
example, the intermediate wall 22 may be provided on the
end portion on the rotary electrical machine MG side (axial
first direction L1 side) in the second case section 23. The
intermediate wall 22 may be provided at any position in the
axial direction L 1n the first case section 21 or the second
case section 23.

(3) In the embodiment described above, the configuration
in which the connection terminal 71 of the coil Co 1s
provided on the coil end portion Ce on the transmission
device TM side of the two coil end portions Ce on both sides
in the axial direction L has been described as an example.
However, the embodiment of the present disclosure 1s not
limited this example. For example, the connection terminal
71 may be provided on the coil end portion Ce on the
internal combustion engine E side.

(4) In the embodiment described above, the wiring [mem-
ber] structure 40 including the terminal unit 42 has been
described by 1llustrating the specific structure as an example.
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However, the embodiment of the present disclosure 1s not
limited to this example. Any specific structure can be
adopted for the wiring [member] structure 40 (in particular,
terminal unit 42). In the embodiment described above, an
example 1n which the first relay terminals 43 for each of the
phases are collectively held by one holding stand 44 has
been described. However, for example, the first relay termi-
nals 43 for each of the phases may be individually held by
the holding stand 44 corresponding to each phase. In other
words, 1n this case, the terminal unit 42 for each phase 1s
individually provided. Furthermore, for example, the con-
nection cable, and the like may be used for connecting the
inverter device 3 and the terminal unit 42. A bus bar, and the
like may be used for connecting the terminal unit 42 and the
rotary electrical machine MG.

(3) In the embodiment described above, an example 1n
which the first cover member 51 and the second cover
member 52 are joined to the second case section 23 to
constitute the mverter accommodation chamber P has been
described. However, the embodiment of the present disclo-
sure 1s not limited to this example. For example, a wall
portion corresponding to the second cover member 52 may
be 1ntegrally formed with the second case section 23, and
only the first cover member 51 may be joined to the second
case section 23 to constitute the mnverter accommodation
chamber P. Accordingly, the installation of the fourth seal
member 64 can be omitted, which 1s advantageous from the
standpoint of sealing property of the mverter accommoda-
tion chamber P. However, since the capacitor 36 and the
conversion unit 31 need to be sequentially inserted from the
upper side along the vertical direction, either the 1solation
wall 27 needs to be configured to be removably attached or
the installation of the isolation wall 27 itself needs to be
omitted.

(6) In the embodiment described above, the description
has been made assuming the transmission device TM having,
a uniaxial configuration in which the intermediate shait M
serving as a transmission input shait and the transmission
output gear Go serving as a transmission output member are
coaxially disposed. However, the embodiment of the present
disclosure 1s not limited to this configuration. For example,
the transmission device TM having a multiple-axis configu-
ration in which the transmission mput shait and the trans-
mission output member are disposed on different axes may
be used. In this case as well, the rotation axis [center] (first
axis [center] X1) of the transmission device TM is defined
based on the rotation axis [center] of the input shaft (trans-
mission input shaft) of the transmission device TM. In this
case, the phrase “the transmission device TM 1s coaxially
disposed with the rotary electrical machine MG means that
the rotation axis [center] of the transmission input shaft
coincides with the rotation axis [center] of the rotary elec-
trical machine MG (rotor Ro), where the rotation axis
[center] of the transmission output member may not coin-
cides with the rotation axis [center] of the rotary electrical
machine MG (rotor Ro).

(7) The embodiments disclosed 1n the present specifica-
tion are illustrative 1n all respects regarding other configu-
rations as well, and should be recognized that such embodi-
ments do not limit the scope of the disclosure. Those skilled
in the art should easily recogmize that modifications can be
appropriately made without departing from the scope of the
disclosure. Therefore, other embodiments modified without
departing from the scope of the disclosure are also included

in the scope of the disclosure.

INDUSTRIAL APPLICABILITY

The present disclosure can be used, for example, 1 the
driving device for the hybrid vehicle.
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The mnvention claimed 1s:

1. A vehicle driving device comprising;:

a rotary electrical machine that functions as a driving
force source of a wheel along with an internal com-
bustion enginel;l ar axial dirvection being a direction
in which a rotation axis of the votary electvical machine
extends;

a transmission device [that is disposed side by side with
respect to the rotary electrical machine 1 an axial
direction, the axial direction being a direction in which
a rotation axis center of the rotary electrical machine
extends];

a case mcluding a first case section that accommodates the
rotary electrical machine and a second case section that
accommodates the transmission device;

an 1nverter device that controls the rotary electrical
machine; and

a wiring [member] structure that connects the rotary
electrical machine and the i1nverter device; wherein
an oil-tight [space, in which] space is formed by the

first case section and the second case section [are
communicated, 1s formed, the second case section
being joined to a side opposite to the internal com-
bustion engine side 1n the axial direction of the first
case section] such that oil can communicate between
the first case section and the second case section;
the first case section has a first side facing the internal
combustion engine in the axial direction and a
second side opposite the first side, the second case
section being joined to the second side of the first

case section;

an 1nverter accommodation chamber that accommo-
dates the inverter device is formed [between the
second case section and a cover member joined to]
along an outer peripheral wall of the second case
section;

the rotary electrical machine 1s accommodated in the
oil-tight space;

[the wiring member is provided to pass] the wiring
structure includes a first member passing through the
second case section so as to cross the inverter
accommodation chamber and the oil-tight space;
[and]

a seal member that seals between the second case
section and the [wiring member] first member of the
wiring structure 1s provided,

the case further includes an intermediate wall disposed
between the rotary electrical machine and the trans-
mission device in the axial divection;

the wiring structure includes a second member con-
nected to the first member and extending through a
through hole formed in the intermediate wall; and

the through hole is formed at a position overlapping the
rotary electrical machine as viewed in the axial
dirvection.

[2. The vehicle driving device according to claim 1,

wherein

the case further includes an intermediate wall disposed
between the rotary electrical machine and the transmis-
sion device i1n the axial direction;

the wiring member 1s provided through a through hole
formed in the intermediate wall 1n the oil-tight space;
and

the through hole 1s formed at a position overlapping the
rotary electrical machine as viewed 1n the axial direc-
tion.]
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3. The vehicle driving device according to claim 1,
wherein
the rotary electrical machine includes a stator with a stator
core and a coil disposed 1n the stator core;
the coil includes [two coil end portions projecting from
the both sides of the stator core in the axial direction;]
a first coil end portion on a first side of the stator core
in the axial direction that faces the transmission device
and a second coil end portion on a second side of the
statorv core opposite the first side of the stator cove in
the axial dirvection; and
a connection terminal of the coil with the [wiring mem-
ber] second member of the wiring structure is provided
on the first coil end portion Jon the transmission device
side in the axial direction of the two coil end portions].
[4. The vehicle driving device according to claim 2,
wherein
the rotary electrical machine includes a stator with a stator
core and a coil disposed in the stator core;

the coil includes two coil end portions projecting from the
both sides of the stator core in the axial direction; and

a connection terminal of the coil with the wiring member
1s provided on the coil end portion on the transmission
device side in the axial direction of the two coil end
portions.]
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