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(57) Abstract: A hybrid system includes an engine (ENG), a speed change device (20), a differential device (30), a rotary machine
(MG1), a first engagement device (CL1), a case (60), and a cover wall (71). The first engagement device (CL1) is configured to shift
the speed change device (20), and be actuated by hydraulic pressure. The first engagement device (CL1) includes a first oil chamber.
The rotary machine (MG1) is arranged between the first engagement device (CL1) and the engine (ENG). The case (60) houses the
rotary machine (MG1), the speed change device (20), the differential device (30), and the first engagement device (CL1), and is con-
nected to the engine (ENG) and has an opening on the engine side. The cover wall (71) covers the opening, and operating oil is sup -
plied to the first oil chamber via the cover wall (71a).
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HYBRID SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to hybrid system of a hybrid vehicle that uses an

engine and a rotary machine as power sources.

2. Description of Related Art

[0002]  One such known hybrid system includes an engine, two rotary machines (e.
g., electric motors), and a power split device (i.e., a planetary gear unit). In this hybrid
system, a rotating shaft of the engine, rotating shafts of a first rotary machine and a second
rotary machine and driving wheels, are connected to corresponding rotating elements of
the power .split device. For example, in a hybrid system described in Japanese Patent
Application Publication No. 2008-120234 (JP 2008-120234 A) below, a planetary gear unit
capable of opefating as a speed change unit is arranged between the engine and the power
split device. This speed change unit idcludes a rotatihg element that is connected to the
rotating shaft of the engine, and a rotating element thét is connected {o a rotating element
of the power split device. The rotating element of the power split device is a rotating
element other than a rotating element that is connected to the rotating shaft of the first
rotary machine and the rotating shaft of the second rotary machine, and the driving wheels.
Moréover, the hybrid system described in JP 2008-]20234 A is provided with an
engagement device (i.e., a switching device) that changes speed ratios of the speed change
device by switching the peed change device between a differential rotation possible state
and a differential rotation not possible state. A hybrid system described in Japanese
Patent Application Publication No. 2008-120234 (JP 2008-120234 A) and Japanese Patent
Application Publication No. 2008-265600 (JP 2008-265600 A) is provided with a clutch
(i.e., 2 fixed element) that fixes a rotating shaft of the engine. With this hybrid system,

the vehicle is able to travel using the power of both the first rotary machine and the second
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rotary machine, by engaging this clutch and stopping the rotation of the rotating shaft of
the engine. Therefore, in this hybrid system, the power source to be used for traveling is
selected by controlling the engine, the first rotary machine, the second rotary machine, and
the clutch, according to the required driving force. Also, with the hybrid system in JP
2008-265600 A, when traveling by the power of both the first rotary machine and the
second rotary machine, the torque split of the first rotary machine and the second rotary
machine is determined according to the efficiency of both the first rotary machine and the
second rotary machine.

[0003] With a vehicle that employs a layout in which the engine is longitudinal
mounted, such as a FR (Front-engine, Rear—whéel drive) vehicle, a power transmitting
apparatus such as a transmission is covered by a floor tunnel Below a ﬂobr panel. A floor
tunne! is a tunnel portion of the body floor panel. Therefore, when a hybrid system
having a structure such as that described in JP 2008-120234 A is mounted in this type of
vehicle, a first rotary machine, a second rotary machine, a speed change device, a power
split device, and an engagement device and the like are all arranged beneath this floor
tunnel. Here, typically the floor tunnel becomes smaller in diameter toward the vehicle
rear side, matching the shape of the case of the transmission. ‘Thei‘efore, when mounting
this kind of hybrid system, it is desirable that the first rotary machine which, from among
these, has a large diameter, be arranged toward the front of the vehicle in the floor tunnel.
However, with this hybrid system, a hydraulically actuated engagerhent device has to be
arranged farther toward the vehicle rear than the first rotary machine due to the
arrangement of this first rotary machine, so the arrangement of an oﬂ passage to supply

hydraulic pressure to this engagement device is difficult.

SUMMARY OF THE INVENTION
[0004] The invention thus provides a hybrid system capable of suéplying

hydraulic pressure to an engagement device when a rotary machine is arranged toward a

vehicle front side.

[6005}]  To achieve this, one aspect of the invention relates to a hybrid system that
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includes an engine; a rotary machine; a shift device that has an input shaft, the input shaft
being connected to a rotating shaft of the engine; a differential device that has a plurality of
differential rotating elements capable of differential rotation, the plurality of differential
rotating elements including a first differential rotating element to which an output shaft of
the shift device is connected, and a second differential rotating element to which a rotating
shaft of the rotary machine is connected; a first engagement device configured to shift the
shift device, the first engagement device being configured to be actuated by hydraulic
pressure, the first engagement device including a first oil chamber, the rotary machine
being arranged between the first engagement device and the engine; a case within which
the rotary machine, the shift device, the differential device, and the first engagement device
are housed, and the case is connected to the engine, and the case has an opening on the
engine side; and a cover wall that covers the opening, operating oil being supplied to the
first oil chamber via the cover wall. v

[0006] The hybrid system according to the invention is able to supply operating
oil to an engagement device for a speed change device via a cover wall interposed between
an engine and a rotary machine, even if the rotary machine is arranged toward the engine,

and the engagement device is arranged in a position farther away from the engine than the

rotary machine.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Features, advantages, and  techmical and industrial significance of
exemplary embodiments of the invention will be described below with .reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:
FIG. 1 is a skeleton view of the structure of one example embodiment of a hybrid
system according to the invention; '

FIG. 2 is a sectional view of the structure of the inside of a case of the hybrid system

of the example embodiment;

FIG. 3 is an input / output relationship diagram of the hybrid system according to the

invention;
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FIG. 4 is a view of a clutch and brake operation chart of the hybrid system according
to the invention;

FIG 5 is an alignment graph according to a single motor EV mode;

FIG 6 is an alignment graph according to a double motor EV mode;

FIG. 7 is an alignment graph according to an HV high mode;

FIG. 8 is an alignment graph according to an HV low mode;

FI1G. 9 is a view illustrating an EV traveling range and an HV traveling range;

FIG. 10 is an enlarged view of a clutch and a brake in FIG. 2; |

FIG. 11 is a skeleton view of the structure of a first modified example of the hybrid
system according to the invention;

FIG. 12 is a skeleton view of the structure of a second modified example of the hybrid
system according to the invention;

FIG. 13 is a sectional view of the structure of the inside of a case of the hybrid system
of the example embodiment;

FIG. 14 is an enlarged view of a brake in FIG. 13;

FIG. 15 is an enlarged view of a clutch in FIG. 13;

FIG. 16 is a skeleton view of the structure of a third modified example of the hybrid

system according to the invention;

FIG. 17 is a skeleton view of the structure of a fourth modified example of the hybrid

system according to the invention; and

FIG. 18 is a skeleton view of the structure of a fifth modified example of the hybrid

system according to the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
[0008]  Hereinafter, example embodiments of the hybrid system according to the
invention will be described in detail with reference to the accompanying drawings. The

invention is not limited by these example embodiments.

[0009]  The example embodiment of the hybrid system according to the invention

will now be described with reference to FIGS. 1 to 10.
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[0010] The hybrid system of this example embodiment is denoted by reference
character 1 - 1 in FIGS. 1 and 2.

(6011} The hybrid system 1 — 1 includes an engine ENG, a first rotary machine
MG, and a second rotary machine MG2 as power sources. The first rotary machine
MG1 and the second rotary machine MG2 are motor generator. In addition, the hybrid
system 1 — 1 is provided with a power transmitting apparatus that is capable of transmitting
power between these power sources, and is also capable of transmitting power between
each of these power sources and a driving wheel W.  This power transmitting apparatus
includes a speed change device 20 and a differential device 30 that are connected together
in series.

{0012] This hybrid system 1 — 1 is mounted in a vehicle that employs a layout in
which the engine ENG is longitudinal mounted, such as a FR vehicle. Therefore, this
hybrid system 1 — 1 is a uniaxial system in which an engine rotating shaft 11, a rotating
shaft of the first rotary machine MG1 (hereinafter, referred to as “MG1 rotating shaft™) 12,
a rotating shaft of the second rotary machine MG2 (hereinafter, referred to as “MG2

rotating shaft”) 13, a rotational axis center of the speed change device 20, and a rotational

"axis center of the differential device 30 are all arranged on the same axis. In this hybrid

system 1 — 1, the engine ENG, the first rotary machine MG1, the speed change device 20,
the differential device 30, and the second rotary machine MG2 are all arranged in order,
from the vehicle front side, on the same axis. Although not shown in FIG. 2, the engine -
ENG is arranged on the left side of the paper on which FIG. 2 is drawn, and the second
rotary machine MG2 is arranged on the rigﬁt side of the paper on which FIG. 2 is drawn.

[0013]  The engine ENG is an engine such as an internal combustion engine or an
external combustion engine that outputs mechanical power (i.e., engine torque) from an
engine rotating shaft 11. Operation of this engine ENG is controlled by an electronic
contro! unit (hereinafter referred to as “engine ECU”) 101.

[0014] The first rotary machine MG1 is a motor-generator that functions as both
an electric motor and a generator, and generates output torque (hereinafter, referred to as

“MG]1 torque™) that is outputs to the MG1 rotating shaft 12. The second rotary machine
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MG?2 is similar, and generates output torque (hereinafler, referred to as “MG2 torque™) that
it outputs to the MG2 rotating shaft 13. Operation of these first and second rotary
machines MG1 and MG2 is controlled by an electronic control unit (hereinafter, referred to
as “MG ECU™) 102 shown in FIG. 3.

[0015]  The speed change device 20 has a first power transmitting element that
transimits power to ‘and from the engine ENG, and a second power transmitting element that
transmits power to and from the differential device 30. This speed change device 20 is
ablé to change the rate of the rotation input to one of these power transmitting elements,
and transmit the rotation at the changed rate to the other power transmitting element.

[0616] The speed change device 20 described here includes a planetary gear unit.
The planetary gear unit illustrated here is a single pinion planetary gear unit, and includes a
sun gear S1, a ring gear R1, a plurality of pinion gears P1, and a carrier C1, as a plurality
of rotating elements capable of differential rotation (hereinafter, referred to as
“speed-changing rotating elements™). In this speed change devicé 20, one of the sun gear
S1, the ring gear R1, and the carrier Cl, is. connected to the engine ENG, and one of the
remaining two is connected to the differential device 30. In this example, the engine
rotating shaft 11 and the carrier C1 are connected via a rotating shaft 21 so as to be able'to
rotate together as a unit, Therefore, here, the carrier C1 or the rotating shaft 21 of the
carrier C1 is the first power transmitting element described above. Also in this example
embodiment, the differential device 30 is connected to the rihg gear R1 via a rotating shaft
22. The ring gear R1 or the rotating shaft 22 of the ring gear Rl is the second power
transmitting element described above, and is connepted to- one of the differential rotating
elements of the differential device 30.in a manner so as to be able to rotate together as a
unit with this differential rotating element. This differential rotating element of the .
differential device 30 is a carrier C2 that will be described later.

[0017]  The hybrid system 1 — 1 is provided with a shift control apparatus that
operates (i.e., shifts) the speed change device 20. This shift control apparatus is used to
change the speed ratio or speed of the speed change device 20. The shift control

apparatus is also used to switch between a state in which power transmission is possible,
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and a neutral state that will be described later., More specifically, this shift control
apparatus includes two engagement devices that adjust the stopped state or rotation state of
a predetermined speed-changing rotating element in the speed change device 20. In this
example, a clutch CL1 and a brake BK1 are provided as the engagement devices.

[0018] The clutch CL1 is a hydraulically actuated clutch apparatus that adjusts a
connected / disconnected state between the sun gear S1 and the carrier C1. This clutch
CL1 has a first engagement member that rotates together as a unit with the sun gear Si,
and a second engagement member that rotateés together as a unit with the carrier C1. This

clutch CL1 is a friction engagement-type. clutch that is placed in a released state, a

- partially-engaged stage, or a fully engaged state according to control by a HV ECU 100

that will be described later. In the released state, the first engagement member is
disconnected from the second engagement member, such that the sun gear S1 and the
carrier C1 are able to rotate relative one another, thus allowing differential rotation of the
planetary gear unit in the speed change device 20. In the partially-engaged state, the first
engagement member and the second engagement member are made to slip, such that
relative rotation of the sun gear S1 and the carrier C1 is allowed within a range in which
the first engagement member and the second engagement member do not rotate together as
a unit. In the fully engaged state, the first engagement member and the second
engagement member are locked together, such that the sun gear S1 and the carrier C1 are
unable to rotate relative to one another, thus prohibiting differential rotation of the.
planetary gear unit in the speed change device 20. If the clutch CL1 is a mesh-type clutch
(e. g., a dog clutch), it is controlled to either a released state or a fully engaged state.
[0019] The brake BK1 is a hydraulically actuated brake apparatus that restricts
rotation of the sun gear S1. This brake BK1 has a first engagement member that rotates
together as a unit with the sun gear S1, and a second engagement member that is fixed to a
vehicle body. The vehicle body is, for example, a case of the power transmitting
apparatus or the like. This brake BK1 is a friction engagement-type brake that is placed
in a release state, a partially-engaged state, or a fully engaged state, according to control by

the HV ECU 100. In the released state, the first engagement member is disconnected
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from the second engagement member, such that rotation of the sun gear S1 is allowed. In
the partially-engaged state, the first engagement member and the second engagement
member are made to slip, such that rotation of the sun gear S1 is allowed within a range in
which the first engagement member and the second engagement member do not rotate
together as a unit. In the fully engaged state, the first engagement member and the second
engagement member are locked together, such that rotation of the sun gear S1 is prohibited.
If the brake BK1 is a mesh-type brake, it is controlled to either a released state or a fully
engaged state.

[0020] When both the clutch CL1 and the brake BK1 are in the released state, the
speed change device 20 is in a neutral state in which power is unable to be transmitted
between input and output. Between input and output refers to between the first power
transmitting element and the second power transmitting element. In this neutral state, the
transmission of power between the engine ENG and the differential device 30 is
interrupted.

[0021) On the other hand, when one of the clutch CL1 and the brake BK1 in the
speed change device 20 is engaged, power is able to be transmitted between input and
output, so power is able to be transmitted between the engine ENG and the differential
device 30.

[0022] For example, a case in which the clutch CL1 is released and the brake
BK1 is fully engaged will be described. In this case, in the speed change device 20,
differential rotation is performed with the sun gear S1 is held stationary (i.e., is in a
rotation stopped state), such that the rate of the rotation of the engine ENG input to the
carrier C1 is increased and rotation at this increased rate is output to the ring gear R1.
That is, the speed change device 20 is placed in overdrive (OD) that has a speed ratio of
less than 1. In contrast, a case in which the clutch CL1 is fully engaged and the brake
BK1 is released will be described. In this case, in the s‘peed'change device 20, all of the
speed-changing rotating elements rotate together as a unit, so differential rotation is
prohibited. Input and output,.i.e., the carrier Cl1 and the ring gear RI, are directly

connected, so the rotation of the engine ENG input to the carrier C1 is output from the ring



10

15 -

20

25

WO 2015/015272 PCT/IB2014/001397

9

gear R1 at a constant speed. That is, the speed ratio in the speed change device 20 in this
case is 1. In this way, the speed change device 20 is placed in a speed on the high speed
side (i.e., a high speed) as a reéult of the clutch CL1 being released and the brake BKI
being fully engaged, and is placed in a speed on the low speed side (i.c., a low speed) as a
result of the clutch CL1 being fully engaged and the brake BK1 being released. With this
hybrid system 1 — 1, the speed ratio of the speed change device 20 is équal to or less than 1
in this way, so it is not absolutely necessary to obtain high torque from the first rotary
machine MG1.

[0023] The differential device 30 includes a planetary gear unit. The planetary
gear unit illustrated here is a single pinion planetary gear unit, and includes a sun gear S2,
a ring gear R2, a plurality of pinion gears P2, and a carrier C2, as a plurality of rotating
elements capable of differential rotation (hereinafter, referred to as “differential rotating
elements”). In this differential device 30, the sun gear S2, the ring geér R2, and the
carrier C2 can also be said to be power transmitting elements that transmit power to a
connecting mate. One of the sun gear S2, the ring gear R2, and the carrier C2 is
connected via the speed change device 20 to the engine ENG, one of the remaining two is
connected to the first rotary machine MG1, and the last one is connected to the second
rotary machine MG2 an'él' the driving wheel W. In this example, the carrier C2 is
connected to the ring gear R1 via a rotating shaft 31 of the carrier C2 and the rotating shaft
22 of the ring gear R1 of the speed change device 20. The sun gear S2 is connected to the
MGH rotating shaft 12 so as to be able to rotate together as a unit with this MG1 rotating
shaft 12. The ring gear R2 is connected to the second rotary machine MG2 and the
driving wheel W. » v |

[0024] A planetary gear unit 40 that is on the same axis as the ring gear R2 and
the second rotary machine MG2 is interposed between them. The planetary gear unit 40
illustrated here is a s)ingle pinion planetary gear unit that operates as a reduction
mechanism, and includes a sun gear S3, a ring gear R3, a plurality of pinion gears P3, and
a carrier C3, as a differential rotating elements. The sun gear S3 is connected to the MG2

rotating shaft 13 so as to rotate together as a unit with the MG2 rotating shaft 13. The
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ring gear R3 is fixed to a vehicle body. The vehicle body side is, for example, a case of
the power transmitting apparatus or the like. The carrier C3 is connected via a rotating
shaft 14 thereof to a rotating shaft 32 of the ring gear R2 of the differential device 30.
The carrier C3 and the ring gear R2 of the differential device 30 rotate together as a unit.
The rotating shaft 14 of the carrier C3 and the rotating shaft 32 of the ring gear R2 of the
differential device 30 are connected to a drive shaft 51 and the driving wheel W via a
differential gear unit S0.

[0025]) This hybrid system 1 — 1 is provided with an oil pump, not shown, that
supplies oil. This oil is used to cool and lubricate various parts in the power transmitting
apparatuses such as the speed change device 20 and the differential device 30. This oil is
also used as the operating oil (i.e., hydraulic fluid) of the clutch CL1 and the brake BK1.

[0026] In this power transmitting apparatus, the overall speed ratio, i.e., the
system speed ratio of the hybrid system 1 — 1, is determined by the speed ratio of the speed
change device 20 and the speed ratio of the differential device 30. This system speed
ratio is the rotation speed ratio between the input and output in this power transmitting
apparatus, and repr;sents a ratio of the input side rotation speed to the output side rotation
speed of this power transmitting apparatus, i.c., represents a reduction ratio. The output
side rotation speed is the rotation speed of the ring gear R2 of the differential device 30.
The input side rotation speed is the rotation speed of the éarrier C1 of the speed change
device 20. Therefore, the range of the speed ratio in this power transmitting apparatus is
broader than the range of the Speed ratio when only. the differential device 30 serves as the
transmission. _

[0027] This hybrid system 1 - 1 is provided with an integrated ECU (hereinafter,
referred to as “HV ECU™) 100 that comprehensively controls the engine ECU 101 and the
MG ECU 102, and performs integrated control on the system, as shown in FIG. 3. The
control apparatus of this system is formed by these ECUs.

[0028]  The HV ECU 100 is connected to various sensors, such as a vehicle speed
sensor, an accelerator opening sensor, a MG1 rotation speed sensor, a MG2 rotation speed

sensor, an output shaft rotation speed sensor, and a battery sensor. This HV ECU 100
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obtains the vehicle speed, the accelerator opening, the rotation speed of the first rotary
machine MGI1 (i.e., the MGI rotation speed), the rotation speed of the second rotary
machine MG2 (i.e., the MG2 rotation speed), the rotation speed of an output shaft of a
power transmitting apparatus, and the SOC (State-Of-Charge) of a secondary battery and
the like, from these various sensors. The outputs shaft of the power transmitting
apparatus is the output shaft of the ring gear R2 of the differential device 30, for example.

[0029] The HV ECU 100 calculates a required vehicle driving force, a required
power, and a required torque and the like of the hybrid vehicle, based on the obtained
information. Based on this, the HV ECU 100 calculates a required engine torque, a
required MG1 torque, and a required MG2 torque, and outputs output control commands to
the engine ECU 101 and the MG ECU 102.

[0030]) The HV ECU 100 also outputs a command value (PbCL1) for the
hydraulic pressure to be supplied to the clutch CL1, and a command value (PbBK1) for the
hydraulic pressure to be supplied to the brake BK1, to a hydraulic pressure regulating
apparatus, not shown. The hydraulic pressure regulating apparatus executes an
engagement operation or a release operation of the clutch CL1 and the brake BKI
according to these command values,

[0031] In this hybrid system 1 — 1, an electric vehicle (EV) traveling mode and a
hybrid (HV) traveling mode are set. The EV traveling mode is a traveling mode

according to which the vehicle travels using the power of at least one of the first and

 second rotary machines MG1 and MG2. The HV traveling mode is a traveling mode

according to which the vehicle travels using only the power of the engine ENG, or using
the power of the second rotary machine MG2 in addition to the power of the engine ENG.
[0032] FIG. 4 is a view of a clutch and brake operation chart of the hybrid system
1 — 1 in each traveling mode. In the column of the clutch CL1 and the column of the
brake BK1 in this clutch and brake operation chart, a circle indicates a fully engaged state,
and a blank space indicates a released state. Also, a triangle indicates that the brake BK1
is in the released state if the clutch CL1 is in the fully engaged state, and the brake BK1 is

in the fully engaged state if the clutch CL1 is in the released state. In the column of the
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first rotary machine MG! and the column of the second rotary machine MG?2 in this clutch
and brake operation chart, “G” indicates that the operating state is mainly that of a
generator, and “M” indicates that the operating state is mainly that of an electric motor.
[0033] The EV traveling mode is divided into a single motor EV mode in which
only the second rotary machine MG2 is the power source, and a double motor EV mode in
which both the first and second rotary machines MG1 and MG2 are the power source.

The single motor EV mode is selected when operating at a low load, and the double motor

EV mode is selected when operating at a higher load.

[0034] When the secondary battery is able to be charged, power consumption by
the engine brake is not absolutely necessary. Therefore, in the single motor EV mode in
this case, both the clutch CL1 and the brake BK1 are released, such that the speed change
device 20 is placed in the neutral state. When traveling forward, the HV ECU 100
outputs positive MG2 torque according to the required vehicle driving force to the second
rotary machine MG2., At this time, the second rotary machine MG2 operates in a forward
(i.e., positive) direction. The forward direction is a rotational direction of the MG2
rotating shaft 13 and the ring gear R2 of the differential device 30 when traveling forward
(i.e., when the vehicle is traveling forward). FIG. 5 is an alignment graph when traveling
forward. On the other hand, when the traveling in reverse (i.e., when the vehicle is
traveling in reverse), the HV ECU 100 outputs negative MG2 torque according to the
required vehicle driving force to the second rotary machine MG2. At this time, the
second rotary machine MG2 operates in a reverse (i.e., negative) direction.

[0035] When in this EV traveling mode, the ring gear R1 of the speed change
device 20 is dragged along (i.e., rotated), but because the speed change device 20 is in the
neutral state, the engine ENG is not dragged along. Therefore, when in this EV traveling
mode, a large amount of regenerative power is able to be obtained from the first rotary
machine MG1. Furthermore, here, the vehicle is able to be travel with the engine ENG
stopped, and dragging loss of the engine ENG will not occur, so fuel and power
consumption are able to be improved.

[0036] Here, with this single motor EV mode, it is preferable to reduce the drag
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loss of the first rotary machine MG1 that accompanies the differential rotation of the
differential device 30. More specifically, the HV ECU 100 is able to reduce drag loss of
the first rotary machine MG1 by applying slight torque to the first rotary machine MGl1 to
generate power, and feedback-controlling the MG1 rotation speed thereof to be 0. Also,
when the rotation speed of the first rotary fnachine MG]1 is able to be kept at 0 without
applying torque to the first rotary machine MGI, drag torque of the first rotary machine
MG1 may be reduced without applying torque to the first rotary machine MG1. Also, in
order to reduce the drag loss of the first rotary machine MG, the rotation speed of the first
rotary machine MG1 may be made 0 using a d-axis lock or cogging torque of the first
rotary machine MG1. A d-axis lock refers to controlling the rotation speed of the first
rotary machine MG1 to 0 by supplying current that generates a magnetic field that will
hold the rotdr stationary from an inverter to the first rotary machine MGl1.

[0037] Also, when charging of the secondary battery is prohibited, the vehicle
need simply be made to travel in the single motor EV mode combined with the engine
brake to discharge the secondary battery. In this case, engine brake is generated by
dragging the engine ENG, which is achieved by engaging only one of the clutch CL1 and
the brake BK1, as shown in FIG. 4. At this tiine, the HV ECU 100 increases the engine
speed by controlling the first rotary machine MG1.

[0038] In the double motor EV mode, the HV ECU 100 fully engages both the
clutch CL1 and the brake BK1, thus stopping all of the speed-changing rotating elements
of the speed changé device 20. As a result, the rotation speed of the engine ENG
becomes 0, and the carrier C2 of the differential device 30 is locked at a rotation speed of 0.
FIG. 6 is an alignment graph at this time.

[6039] The HV ECU 100 outputs the MGl torque and the MG2 torque according
to the required vehicle driving force. At this time, the carrier C2 is prohibited from
rotating, and is thus able to receive the reaction force from the MG1 torque. Therefore,
when traveling forward, positive rotation torque is able to be output from the'ring gear R2
by outputting negative MG1 torque with negative rotation to the first rotary machine MGI.

On the other hand, when traveling in reverse, negative rotation torque is able to be output
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from the ring gear R2 by outputting positive MG1 torque with positive rotation to the first
rotary machine MG1.

[0040] In the HV traveling mode, the vehicle travels by only engine torque or
both engine torque and MG2 torque, wﬁile receiving reaction force with the first rotary
machine MGI1. The engine torque transmitted to the drive shaft 51 at this time is
so-called engine-direct torque, and is mechanically transmitted from the engine ENG to the
drive shaft 51 without going through an electrical path. This HV traveling mode is
divided into a traveling mode when the speed change device 20 is in a high speed
(hereinafter, referred to as “HV high mode”), and a traveling mode when the speed change
device 20 is in a low speed (hercinafter, referred to as “HV low mode”). FIG 7 is an
alignment graph of the HV high mode. Also, FIG 8 is an alignment graph of the HV low
mode. In the HV traveling mode, basically the differential device 30 is in a state in which
it is able to perform differential rotation, and the speed of the speed change device 20 is

changed by controlling the state (i.e., the engaged state or the released state) of the clutch

" CL1 and the brake BK1.

[0041]  The HV ECU 100 controls the traveling mode to the HV high mode by
releasing the clutch CL1 and fully engaging the brake BK1. On the other hand, the HV
ECU 100 controls the traveling mode to the HV low mode by fully engaging the clutch
CL1 and releasing the brake BK1.

[0042] When traveling in reverse, the HV low mode is used. When traveling in
reverse, the first rotary machine MGl operates as a generator and the second rotary
machine MG2 operates as an electric motor.  This second rotary machine MG2 rotates in
the opposite direction when traveling forward.

[0043] The HV ECU 100 executes cooperative shift contro!l that simultaneously
shifts the speed change device 20 and the differential device 30, when performing a switch
between the HV high mode and the HV low mode. In this cooperative shift control, the
HV ECU 100 increases the speed ratié of one of the speed change device 20 and the
differential device 30, and reduces the speed ratio of the other. A speed shifting system of

the entire system is formed by the speed change device 20, the differential device 30, the
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first rotary machine MG1, the clutch CL1, and the brake BK1 in this hybrid system 1 - 1.
Therefore, these structures are able to be operated as an electric continuously variable
transmission in which the system speed ratio is able to be continuously (i.e., steplesély)
changed by electrically controlling the rotation of the first rotary machine MG1l. When
regenerating power, mainly the second rotary machine MG?2 is used.

[0044] More specifically, when switching from the HV high mode to the HV low
mode, the HV ECU 100 changes the speed ratio of the differential device 30 to the high
gear side in synchronization with shifting the speed change device 20 to a low gear, such
that the system speed ratio stays constant throughout the switching process. In contrast,
when switching from the HV low mbde to the HV high mode, the HV ECU 100 changes
the speed ratio of the differential device 30 to the low gear side in synchronization with
shifting the speed change device 20 to a high gear, such that the system speed ratio stays
constant throughout the switching process. In this way, ih this hybrid system 1 ~ 1, a
discontinuous change of the system speed ratio is inhibited or reduced, so the adjustment
amount of the engine speed that accompanies a shift is reduced, or an adjustment of the
engine speed that accompanies a shift is not necessary.

[0045] After a switch to the HV low mode, the HV ECU 100 changes the system
speed ratio continuously (i.e., steplessly) to the low gear side, by speed ratio control of the
differential device 30, for example. On the other hand, after a switch to thé HV high
mode, the ‘HV ECU 100 changes the system speed ratio continuously (i.e., steplessly) to
the high gear side, by speed ratio control of the differential device 30, for example. This
speed ratio control of the differential device 30 is performed by controlling the first rotary
machine MG or the second rotary machine MG2, for example. In this hybrid system 1 -
1, a shifting system of the entire system is formed by the speed change device 20, the
differential device 30, the first rotary machine MGl, the clutch CL1, and the brake BK1.
Therefore, these structures are able to be operated as an electric continuously variable
transmission in which the system speed ratio is able to be continuously (i.e., steplessly)
changed by electrically controlling the rotation of the first rotary machine MG1.

[0046]  Here, FIG 9 is a view of an example of a corresponding relationship of the
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vehicle speed, the required vehicle driving force, and the traveling mode. With this
hybrid system 1 — 1, EV traveling is performed when the required vehicle driving force is
for a low load. However, this EV traveling range becomes narrower as the vehicle speed
becomes higher than a given speed, according to the output characteristics of the first
rotary machine MG1 and the second rotary machine MGZ. When the required vehicle
driving force is for a low load and the vehicle speed is high, fuel economy is improved by
HV traveling that controls the speed change device 20 to the overdrive state (i.e., a high
speed). In the remaining range, HV traveling is used by controlling the speed change

device 20 to a directly connected state (i.e., a2 low speed). The remaining range is when

. the required vehicle driving force is for a middle load and a high load, regardless of the

vehicle speed, and when the required vehicle driving force is for a low load and the vehicle
speed is medium. Also, the speed change device 20 is controlled to the directly
connected state as the vehicle speed decreases, even if the required vehicle driving force is
for a low load and the vehicle speed is high. EV traveling is give priority over HV
traveling when the SOC of the secondary battery is large enough for the battery to be able
to be discharged.

[0047] In this way, when performing HV traveling, the HV high mode that allows
for a decrease in the power environment is selectéd when thé vehicle is traveling at a high
vehicle speed, and the HV low mode is selected when traveling at a medium or low vehicle
speed that is lower than that, With this hybrid system 1 — 1, the system speed ratio has
two mechanical points (i.e., system speed ratio yl # system speed ratio y2) that are on the
high gear side of 1. Therefore, in the HV traveling mode, transmission efficiency when
operating in a high gear is able to be improved, so fuel economy when traveling at a high
vehicle speed is able to be improved. |

[0048] The HV ECU 100 starts the stopped engine ENG when there is a switch
from the EV traveling mode to the HV traveling mode. When the current EV traveling
mode is the single motor EV mode that does not require an engine brake, the HV ECU 100
shifts into a target speed according to the HV traveling mode (i.e., the HV high mode or the

HV low mode) after the speed change device 20 in the neutral state is switched. Also,
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when the current EV traveling mode is the single motor EV mode with the engine brake,
and the current speed (i.e., a high speed or a low speed) of the speed change device 20 is
different from a target speed according to the HV traveling mode after the switch, the HV
ECU 100 shifts the speed change device 20 to this target speed. Also, when the current
EV traveling mode is the double motor EV mode, the HV ECU 100 shifts the speed change
device 20 that is in the directly connected state to a target speed according to the HV
traveling mode after the switch. - When starting the engine ENG, the rotation speed of the
engine ENG is increased by the first rotary machine MG1 to achieve ignition. At this
time, the MG2 torque to which cancel torque for the rea'ction force received by the first
rotary machine MG1 has been added is output to the second rotary machine MG2.

[0049] This hybrid system 1 — 1 is largely divided into the engine ENG and

structure other than the engine ENG. The structure other than the engine ENG is placed

" in a case 60 (FIG. 2). This case 60 includes a housing 61 and an main case 62. The

housing 61 is fastened by a bolt to a rear end of the engine ENG, and the main case 62 is
fastened by a bolt to the housing 61. In this hybrid system 1 — 1, the entire engine ENG,
or most of the engine ENG with the exception of a rear end portion thereof, is placed in an
engine compartment, and the case 60, i.e., the structure other than the engine ENG, is
arranged below a floor tunnel on the vehicle rear side relative to the engine compartment.

[0050] Hereinafter, the arrangement inside the case 60 of the hybrid system 1 — 1,
i.e., the arrangement of the structure other than the engine ENG, will be described in detail
with reference to FIG. 2. Below, unless otherwise specifically stated, a direction alon.g the
axial center of the hybrid system 1 — 1 will be referred to as the “axial direction”, and a
direction around this axis will be referred to as the “circumferential direction”. The axial
center is the rotaﬁonal center of the engine rotating shaft 11 and the MG1 rotating shaft 12
and the like. Also, a direcfion orthogonal to this axial center will be referred to as the
“radial direction”™, and in this radial direction, a side toward the inside will be referred to as
the “radially inner side” or “radially inside”, and a side toward the outside will be referred
to as the “radially outer side” or “radially outside”.

[0051]  In the structure other than the engine ENG the first rotary machine MGI
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is the structure with the largest outside diameter. Therefore, the first rotary machine MG1
is preferably arranged on the vehicle front side, i.e., the engine ENG side, that has the
largest diameter in the floor tunnel. That is, this first rotary machine MG1 is preferably
arranged in the case 60, near the engine ENG. This first rotary machine MG1 is arranged
on the vehicle front side in the case 60, as shown in FIG. 2. Also, as described above, the
speed change device 20 and the differential device 30 are arranged in positions farther
from the engine ENG than the first rotary machine MGl is, i.e., on the vehicle rear side of
the first rotary machine MG1. Therefore, in this hybrid system 1 — |, the clutch CL1 and
the brake BK1 that operate the speed change device 20 are also arranged on the vehicle
rear side of than first rotary machine MG1.

[0052] More specifically, the engine ENG, the first rotary machine MGI, the
clutch CL1 and the brake BK1, the speed change device 20, the differential device 30, and
the second rotary machine MG2 are arranged on the same axis in this order from the
vehicle front side. The first rotary machine MGI, the clutch CLI, the brake BK1, the
speed change device 20, and the differential deviée 30 are placed in the housing 61. Also,
the second rotary machine MG2 and the planetary gear unit 40 are placed in the main case
62.

[0053]  The opening of the housing 61 on the engine ENG side, i.e., the opening
provided on the engine ENG side of the case 60, is covered by a disk-like cover wall 71
that is concentric with the engine ENG and the first rotary machine MG1. On the other
hand, é concentric disk-fike partiti(;n wall 72 is provided between the first rotary machine
MG], and the clutch CL1 and the brake BK1, in the housing 61. Therefore, the inside of
the housing 61 is divided into a housing space for the first rotary machine MG1 that is
surrounded by the cover wall 71 and the partition wall 72, and a housing space in which
the clutch CL1, the brake BK1, the speed change device 20, and the differential device 30
that are on the vehicle rear side of the partition wall 72 are housed.

[0054] In the first rotary machine MG, an inner race of each of two annular
bearings BR1 and BR2 are fit into an outer peripheral surface of a rotor that is also the

MG rotating shaft 12. Meanwhile, an outer race of the bearing BR1 is fit into a radially
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inside portion of the cover wall 71. Also, the outer race of the bearing BR2 is fit into a
radially inside portion of the partition wall 72.  Here, the cover wall 71 and the paﬁition

wall 72 are fixed to the housing 61 at radially outside portions, and do not rotate in the

circumferential direction. Therefore, the rotor of the first rotary machine MG1 is able to

rotate in the circumferential direction inside the housing 61. This rotation is detected by a
resolver R that serves as the MG rotation speed sensor.

[0655] The rotating shaft 21 of the carrier C1 that is also the inpuf shaft of the
speed change device 20 is arranged on the radial inner side of the sun gear S1, and is fixed

to the clutch CL1 on the vehicle rear side (i.e., the driving wheel W side) of the speed

" change device 20. In this speed change device 20, annular bearings BR3 and BR4 are

" interposed between an outer peripheral surface of the rotating shaft 21 and an inner

peripheral surface of the sun gear S1, and allow relative rotation in the circumferential

direction between the two. The rotating shaft 21 extends in the axial direction toward the

- engine ENG side, and is connected to the engine rotating shaft 11 side via a damper limiter,

not shown, at a tip that has passed through the cover wall 71. Therefore, this rotating

{0056] Meanwhile, the rotating shaft 22 of the ring gear R1 that is also the output
shaft of the speed change device 20 is a disk-like member that is provide to the vehicle rear
side of the fixed portion of the carrier C1 and the rotating shaft 21. This rotating shaft 22
has a hole provided in an axial center portion thereof. An ‘outer peripheral surface of a
rotéting shaft 31 of the carrier C2 in the differential device 30 is spline-engaged with an
inner peripheral surface formed by this hole. The rotating shaft Bi of the carrier C2 is an
input shaft of the differential device 30. The rotating shaft 32 of the ring gear R2
corresponds to an output shaft of the differential device 30.

[0057] Also, the sun gear S2 of the differential device 30 is connected to the MGl
rotating shaft 12, i.e., the rotor, as described above, and rotates together as a unit with this
MG1 rotating shaft 12. The sun gear S2 and the MG] rotating shaft 12 are connected
together via first and second connecting members 73 and 74. These first and second

connecting members 73 and 74 are arranged to the vehicle rear side of the partition wall
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72.

(0058] The first connecting member 73 is a cylindrical member that is open on
the vehicle front and rear sides, and is concentric with the differential device 30 and the
like. The opening on the vehicle rear side is closed off by the differential device 30. The
clutch CL1, the brake BK1, and the speed change device 20 are housed inside this first
connecting member 73. That is, this first connecting member 73 is arranged on the
radially outer side of the clutch CL1, the brake BK1, and the speed change device 20.
This first connecting member 73 is arranged farther toward the vehicle front side than the
differential device 30, and is fixed at a radially inside portion thereof on the vehicle rear
side to the sun gear 82 by welding or the like. Therefore, the rotating shaft 31 of the
carrier C2 extends to the inside the first connecting member 73.

[0059] The second connecting member 74 is a disk-like member that blocks off
the opening on the vehicle front side of the first connecting member 73. This second
connecting member 74 is fixed to the first connecting member 73 by being inserted inside
the first connecting member 73, and arranging a snap ring 75 to a radially outside portion
thereof. Meanwhile, the radially inside portion of the second connecting member 74 is
spline-engaged with the outer peripheral surface of the MG1 rotating shaft 12.

[0660] The clutch CL.1 is a multiple disc clutch apparatus, and includes a cylinder
member 81, a hub member 82, a plurality of first plates 83, a plurality of second plates 84,
a piston member 85, and elastic members 86 (FIG. 10). The second plates 84 are friction
plates.

{0061) The cylinder member 81 is a member that has an annular space concentric
with the speed change device 20 and the like, and is arranged farther to the vehicle front
side than the speed change device 20. This annular space is closed off by a wall surface
on the vehicle front side, and is open on the vehicle rear side. This cylinder member 81 is
fixed at a radially inside portion to the sun gear Sl of the speed change device 20 by
welding or the like. The plurality of annular first plates 83 are arranged spaced apart in
the axial direction, on an inner peripheral surface of a radially outside portion of the

cylinder member 81, These first plates 83 correspond to the first engagement member
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deécribed above.

[0062] The hub member 82 is an annular member that is concentric with the
speed change device 20 and the like. Thi§ hub member 82 is arranged inside the cylinder
member 81, with an outer peripheral surface opposing an inner peripheral surface of a
radially outside portion of the cylinder member 81. The plurality of second plates 84 are
arranged spaced apart in the axial direction, on the outer peripheral surface of the hub
member 82. These second plates 84 correspond to the second engagement member
described above, and are provided with friction material on each annular surface in the
axial direction. These second plates 84 are arranged between adjacent first plates 83,
This hub member 82 is fixed to the carrier C1 of the speed change device 20.

[0063] The piston member 85 is a member that is arranged in a state able to move
back and forth in the axial direction with respect to the cylinder member 81, inside the
cylinder member 81. This piston member 85 is a member formed in a same shape as the
cylinder member 81, and has an annular space. This annular space is closed off by a wall
surface on the vehicle front side. An annular seal member 87 is arranged on both a
ra'clia]iy outside portion and a radially inside portion, between the piston member 85 and
the cylinder member 81. The annular seal member is an O-ring, for example. Therefore,
an annular, extremely liquid-tight oil chamber is formed between the piston member 85
and the cylinder member 81.

[0064] Operating oil for the clutch CL1 is supplied to this oil chamber. When
the operating oil is supplied to this oil chamber and the hydraulic pressure rises, the piston
member 85 moves toward the vehicle rear side and applies pressure to the first plates 83 at
a radially outside portion. As a result, the clutch CL1 is placed in an engaged state in this
case. On the other hand, when the hydraulic pressure in the oil chamber is reduced, the
clutch CL1 is placed in a released state. In order to create this released state, a plurality
of elastic members 86 are arranged spaced apart in the circumferential direction, in the
annular spacé inside the piston member 85. These elastic members 86 generate spring |
force in advance in the released state, and are compressed as the piston member 85 moves

in the direction in which the clutch CL1 engages. These elastic members 86 push the
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piston member 85 back toward the vehicle front side with the spring force generated from
their compression, when hydraulic pressure in the oil chamber is reduced. Therefore, in
this clutch CL1, one end of each elastic member 86 is retained by the piston member 85,
and the other end is retained by a retaining member 88. This retaining member 88 is
arranged covering the annular opening of the piston member 85. Movement of the
retaining member 88 in the axial direction is regulated by the elastic members 86, and a
snap ring 89 provided on the sun gear S1.

[0065] The brake BK1 is a multiple disc brake apparatus. In this example, the
cylinder member 81 of the clutch CL1 is also used as a hub member of the brake BKI.
This brake BK1 includes a cylinder member 91, a hub member that is shared with the
cylinder member 81 of the clutch CL1, a plurality of first plates 93, a plurality of second
plates 94, a piston member 95, and elastic members 96 (FIG. 10).

[0066] The cylinder member 91 is a member that has an annular space concentric
with the speed change device 20 and the like, and is arranged farther to the vehicle front
side than the speed change device 20. This annular space is closed off by a disk-like wall
portion 91a on the vehicle front side, and is open on the vehicle rear side. The clutch CL1
is arranged in this space. The plurality of first plates 93 are arranged space apart in the
axial direction, on an outer peripheral surface of the cylinder member 81 of the clutch CL1.
These first plates 93 correspond to the first engagement member describéd above, and are
provided with friction material on each annular surface in the axial direction. The outer
peripheral surface of the cylinder member 81 opposes the inner peripheral surface of the
radially outside portion of the cylinder member 91 that forms the annular space. The

plurality of annular second plates 94 are arranged spaced apart in the axial direction on an .

inner peripheral surface of a radially outside portion thereof. The first plates 93 are

arranged between adjacent second plates 94. In this way, the brake BK1 is arranged on

the radially outer side of the clutch CL1.
[0067) The piston member 95 is an annular member that is arranged in a state
able to moving back and forth in the axial direction with respect to the cylinder member 91,

on a radially outside portion of the inside the cylinder member 91. An annular seal
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member 97 is arranged between this piston member 95 and the radially outside portion of
the cylinder member 91. This piston member 95 includes, on the inside thereof, a

retaining portion 91b that supports the piston member 95 from the radially inner side.

- This retaining portion 91b is an annular portion that extends from a wall portion 91a

- toward the vehicle rear side. In this brake BKI1, an annular seal member 97 is also

arranged between this retaining portion 91b and the piston member 95. Therefore, an

annular, extremely liquid-tight oil chamber is formed between the piston member 95 and

the cylinder member 91.

[0068] Operating oil for the brake BK1 is supplied to this oil chamber. When

- the operating oil is supplied to this oil chamber and the hydraulic pressure rises, the piston

* member 95 moves toward the vehicle rear side and applies pressure to the second plates 94.

As a result, the brake BK! is placed in an engaged state in this case. On the other hand,
when the hydraulic pressure in the oil chamber is reduced, the brake BK1 is placed in a
released state. In order to create this released state, a plurality of elastic members 96 are
arranged spaced apart in the circumferential direction, between the piston member 95 and a
retaining member 98. These elastic members 96 are retained at one end by the piston

member 95, and are retained at the other end by the retaining member 98. This retaining

. member 98 is an annular member that is arranged between the piston member 95 and the

- second plates 94. The elastic members 96 generate spring force in advance in the

released state, and are compressed as the piston member 95 moves in the direction in
which the brake BK1 engages. These elastic members 96 push the piston member 95
back toward the vehicle front side with the spring force generated from their compression,
when hydraulic pressure in the oil chamber is reduced. Movement of the retaining
member 98 in the axial direction is regulated by the elastic members 96, and a snap ring 99
provided on a radially outside portion of the cylinder member 91.

[0069]  Here, the oil passages of the operating oil.of the clutch CL1 and the brake
BK1 will be described.

[0070] This operating oil is pressure-fed by an oil pump and sent to the vehicle

front side via oil passages 61a and 61b formed inside the wall surface of the housing 61
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(FIG. 2). The oil passage 61a is an oil passage for the clutch CL1, while the oil passage
61b is an oil passage for the brake BK1. The oil passages 6la and 61b are formed
isolated from each other by a phase difference in the circumferential direction.

[0071] The oil passage 6la for the clutch CL1 is communicated with an oil
passage 71a for the clutch CL1 that is formed inside of a wall surface of the cover wall 71.
Also, the oil passage 61b for the brake BK 1 is communicated with an oil passage 71b for
the brake BK1 that is formed inside of a wall surface of the cover wéll 71. These oil
passages 71a and 71b of the cover wall 71 each have an oil passage that extends in the
radial direction, and are formed isolated from each other by a phase difference in the
circumferential direction. Also, in this example, the oil passages 71a and 71b are
arranged also offset in the axial direction. These oil passages 7la and 71b are
communicated at radially outside portions to the oil passages 61a and 61b of the housing
61.

[0072] Operating oil is supplied from the oil passages 71a and 71b arranged in the
cover wall 71, to the clutch CL1 and the brake BK1. However, the first rotary machine
MG]1 is between the clutch CL1 and the brake BK1, and the oil passages 71a and 71b.
Therefore, in this hybrid system 1 - 1, oil passages are provided connecting these together.
In order to provide these oil passages, a cylindrical portion 91c that extends in the axial
direction from a radially inside portion of the wall portion 91a toward the vehicle front side
is provided in the cylinder member 91.

[0073]  This cylindrical portion 91c extends to the radial inside of the cover wall
71. The cylindrical portion 91c and the cover wall 71 are connected by a spline bearing
SB. Therefore, the cylfnder member 91 is prohibited from rotating in the circumferential
direction with respect to the case 60. However, the spline bearing SB is formed so that
the cover wall 71 is able to be easily assembled to the cylindrical portion 91c. The
éylindrica] portion 91c ié concentric with the rotating shaft 21 of the carrier C1, and covers
this rotating shaft 21 from the radially outer side by the rotating shaft 21 being inserted

inside of it. Annular bearings BRS5 and BR6 are arranged between the cylindrical portion

- 91c and the rotating shaft 21, and the cylindrical portion 91¢ and the rotating shaft 21 are
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mutually supported by these bearings BR5 and BR6. Therefore, the rotating shaft 21 is
able to rotate relative to the cylindrical portion 91¢ (i.e., the cylinder member 91) in the
circumferential direction. Also, the cylindrical portion 91é is inserted inside the MGI
rotating shaft (rotor) 12, and is covered from the radially outer side by this MG1 rotating
shaft 12. Annular bearings BR7 and BR8 are arranged between the cylindrical portion
91c and the MG1 rotating shaft 12, and the cylindrical portion 91¢ and the MG1 rotating
shaft 12 are mutually supported by these bearings BR7 and BR8. Therefore, the MG1
rotating shaft 12 is able to rotate relative to the cyiindrical portion 9lc in the
circumferential direction.

[0074]  An oil passage 9lc¢, for the clutch CL1, and an oil passage 9lc; for the
brake BK1 are formed inside the wall surface of the cylindrical portion 91c. The oii
passage 91c| for the clutch CL1 is communicated with the oil passage 71a for the clutch
CL1 of the cover wall 71. Also, the oil passage 91c¢; for the brake BK1 is communicated
with the oil passage 71b for the brake BK1 of the cover wall 71. These oil passage 91c¢,
and 9lc; each have an oil passage that extends in the axial direction, and are isolated from
each other by a phase difference in the circumferential direction.

[0075] The oil passage 91c¢; for the clutch CL1 is communicated with an oil
passage 8la formed in a radially inside portion of the cylinder member 81. This oil
passage 81a is a through-hole that communicates an outer peripheral surface side (i.e., the
side with the cylinder member 91) of the radially inside portion of the cylinder member 81
with an inner peripheral surface sidé (i.e., the side with the oil chamber of the clutch CL1)
thereof. As a result, operating oil is able to move back and forth between the oil passage
91¢; and the oil chamber of the clutch CL1. Therefore, the clutch CL1 is able to perf‘orm
both an engagement operation and a release operation. In this example, two annular seal
members 76 are arranged between the inner peripheral surface of the radially inside portion
of the cylinder member 81, and the outer peripheral surface of the radially inside portion of
the cylinder member 91 (FIG. 10), thus inhibiting operating oil from leaking out from a
connecting portion of the oil passage 81a and the oil passage 9l¢;.

[0076] On the other hand, the oil passage 9lc; for the brake BKI is
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comfnunicated with an oil passage 91a; formed in the wall portion 91a. This oil passage
91a; has an oil passage that extends in the radial direction, inside a wall surface of the wall
portion 91a. This oil passage 91a; is communicated with the oil chamber of the brake
BK1. As a result, operating oil is able to move back and forth between the oil passage
91a, and the oil chamber of the brake BK1. Therefore, the brake BK1 is able to perform
an engagement operation and a release operation.

[0077] As described above, in the hybrid system 1 — ! of this example
embodiment, even if the first rotary machine MG1 having a large outside diameter is
arranged on the vehicle front side, the oil passages of the operating oil for the clutch CL1
and the brake BK1 of the power transmitting apparatus that are arranged farther to the
vehicle rear side than the first rotary machine MG1 are able to be ensured. Therefore,
with this hybrid system 1 — 1, the first rotary machine MG1 that has a large outside
diameter is able to be arranged toward the vehicle front side, so mountability in the vehicle
is able to be improved.

[0078] Here, in this hybrid system 1 — 1, the speed change device 20 and the like
is able to be assembled in the housing 61 as described below.

[0079] First, a worker inserts the speed change device 20, the clutch CL1, and the
brake BK1 into the first connecting member 73, and attaches the differential device 30 to
the outside of the first connecting member 73. The worker then blocks the opening of the
first connecting member 73 with the second connecting member 74, fastens the second
connecting member 74 with the snap ring 75, and houses this assembled part inside the
housing 61, ‘

[0080]  Next, the worker houses the partition wall 72 inside the housing 61, and
fastens the two together with a bolt or the like. The bearing BR2 may also be attached to
the partition wall 72. Then, the worker houses the first rotary machine MG1 with the
resolver R and the bearing BR1 and the like attached, inside the housing 61, while
inserting it into the cylindrical portion 91c of the brake BK1, and fits the MG1 rotating
shaft (rotor) 12 into the second connecting member 74, Then the worker inserts the cover

wall 71 into the cylindrical portion 91c, closing off the opening of the housing 61.
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[0081] A hybrid system according to a first modified example is denoted by
reference character 1 — 2 in FIG. 11. This hybrid system I ~ 2 is the same as the hybrid
system 1 — 1 of the example embodiment, but with a speed change device 120 instead of
the speed change device 20. Therefore, in this hybrid system 1 — 2 as well, oil passages
of the operating oil for the clutch CL1 and the brake BK1 are configured and arranged just
as they are in the hybrid system 1 — 1 of the example embodiment. Therefore, the hybrid
system 1 — 2 of this modified example is able to improve mountability in the vehicle,
similar to the example embodiment,

[0082] Here, the speed change device 120 of the modified example is provided

with a planetary gear unit, similar to the example embodiment. The planetary gear unit of
this example is a double pinion planetary gear unit, and has a sun gear S1, aring gear Rl, a
plufality of pinion gears Pla and P1b, and a carrier Cl, as a plurality of rotating elements
(i.e., speed-cbanging rotating elements) capable of differential _rotation. In this speed
_change device 120, one of the sun gear S1, the ring gear Rl, and the carrier ClI, is
connected to the engine ENG, and one of the remaining two is connected to the differential
device 30. In this example, the engine rotating shaft 11 and the ring gear R1 are
connected via the rotating shaft 22 so as to be able to rotate together as a unit. Also in
this example, the carrier C2 of the differential device 30 is connected to the carrier C1 via
the rotating shafts 21 and 31. The parts to which the clutch CL1 and the brake BK1 are
connected are the same as they are in the example embodiment.

[0083] . A hybrid system according to a second modified example is denoted by
reference character | — 3 in FIGS. 12 and 13.  This hybrid system 1 - 3 is the same as the
hybrid system 1 — 1 of the example embodiment, except for that the brake BK1 is moved
to the vehicle front side of the first rotary machine MG1. That is, in this hybrid system 1
— 3, the engine ENG, the brake BK1, the first rotary machine MG1, the clutch CL1, the
speed change device 20, the differential device 30, and the second rotary machine MG2 are
arranged on the same ax‘is in this order from the vehicle front side.

[0084] In the hybrid system 1 — 3, the changes described below with respect to

the hybrid system 1 — 1 are made due to the change in the arrangement of the brake BK1.
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Reference characters in FIG. 13 that are used in FIGS. 2 and 10 in the example

. embodiment denote the same parts and the like as they do in the example embodiment, so

descriptions of thereof will be omitted.

[0085] In this modified example, the one cover wall 71 in the example

' embodiment is replaced with a cover wall 171 shown in FIG. 13. This cover wall 171 has

a two-part structure that includes a first cover member 171A and a second cover member
171B that are arranged lined up in the vehicle longitudinal direction. In this cover wall
171, the first cover member 171A is arranged on the vehicle front side, and the second
cover member 171B is arranged on the vehicle rear side. These first and second cover

members 171A and 171B are fixed at radially outside portions thereof to the housing 61.

the cover wall 71 of the example embodiment. Also, a radially inside portion of the first

cover member 171A is inserted into a rotating shaft 121 of the carrier Cl of the speed

© change device 20. This rotating shaft 121 extends farther to the vehicle front side than

the cover wall 171, just like the rotating shaft 21 of the example embodiment. A radially

inside portion of the second cover member 171B is attached to the MG1 rotating shaft

(rotor) 12 via a bearing BR1.

[0086] In this modified example, a brake BK1 is arranged in an annular space on

the vehicle front side formed on the radially inside of the first rotary machine MGl (i.e., in

a space on the radially inside of the stator) (FIG. 13). Therefore, some of the function of
the brake BK1 is assumed by the cover wall 171. This brake BKI is arranged in an
annular space provided between the first cover member 171A and the second cover
member 171B. This space is formed in a bulging portion where the radially inside
portion of the second cover member 171B bulges out toward the vehicle rear side.

[0087]  The brake BK1 will be described with reference to FIG. 14. The function
of a cylinder member of the brake BK1 is assumed by the second cover member 171B.
This second cover member 171B is fixed to the housing 61, so a plurality of annular
second plates 194 that serve as the second engagement member are arranged spaced apart

in the axial direction, on an inner peripheral surface of the bulging portion of the second
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cover member 171B. A hub member 192 of the brake BK1 is provided in an annular
space formed by this bulging portion. A plurality of annular first plates 193 that serve as
the first engagement member are arranged spaced apart in the axial direction, on an outer
peripheral surface of the hub member 192, The first plates 193 are provided with friction
material on each annular surface in the axial direction, and are arranged between adjacent
second plates 194.

[0088]  This hub member 192 is able to rotate together with the sun gear S1 of the
speed change device 20 in the circumferential direction. More specifically, the sun gear
S1 of this modified example includes a cylindrical portion 123 that extends in the axial
direction toward the vehicle front side. This cylindrical portion 123 extends to the
position where the hub member 192 is arranged. This cylindrical portion 123 may be
integrally formed with the sun gear S1, or may be fixed to the sun gear S1 by welding or
the like. The cylindrical portion 123 is inserted into a gap between the outer peripheral
surface of the rotating shafi 121 and the inner peripheral surface of the MG1 rotating shaft
(rotor) 12. Annular bearings BR5 and BR6 are provided between the inner peripheral
surface of the cylindrical portion 123 and the outer peripheral surface of the rotating shaft
121. Therefore, the cylindrical portion 123 and the rotating shaft 121 are able to rotate
relative tb one another in the circumferential direction. Also, annular bearings BR7 and
BRS8 are provided between the outer peripheral surface of the cylindrical portioh 123 and
the inner peripheral surface of the MG rotating shaft 12. Therefore, the cylindrical
portion 123 and the MG1 rotating shaft 12 are able to rotate relative to one another in the
circumferential direction. A connecting portion 177 is provided bctweer{ an end portion
on the vehicle front side of the cylindrical portion 123 and the hub member 192. This
connecting portion 177 is inserted between the end portion on the vehicle front side of the
cylindrical bortion 123 and the hub member 192 in the axial direction, and is in mesh with
these. The connecting portion 177 has a structure that meshes dog teeth provided on the
cylindrical portion 123 with dog teeth provided on the hub member 192, for example.
Therefore, the hub member 192 is able to rotate together with the sun gear S1 as a unit.

An annular bearing BR9 is provided between the inner peripheral surface of the hub
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member 192 and the outer peripheral surface of the rotating shaft 121.

[0089] Meanwhile, an annular piston member 195 that pushes and moves the
second plates 194 at the time of engagement is provided on the first cover member 171A.
This piston member 195 is arranged in a state able to move back and forth in the axial
direction, in an annular groove formed in a vehicle rear side wall surface of the first cover
member 171A. An annular seal member 197 is arranged on both a radially outside
portion and a radially inside portion, between this groove and the piston member 195.
Therefore, an annular, extremely liquid-tight oil chamber is formed between these.

{0090] Operating oil for the brake BKI1 is supplied to this oil chamber. When

. the operating oil is supplied to this oil chamber and the hydraulic pressure rises, the piston

member 195 moves toward the vehicle rear side and applies pressure to the second plates
194. As aresult, the brake BK1 is placed in an engaged state in this case. On the other
hand, when the hydraulic pressure in the oil chamber is reduced, the brake BK1 is placed
in a released state. In order to create this released state, the brake BK1 is provided with a
plurality of elastic members 196 arranged spaced apart in the circumferential direction, an
annular first fetaining member 198A that retains one end of these elastic members 196, and
moves together as a unit with the piston member 195, and an annular second retaining
member 198B that retains the other end of these elastic members 196, and is retained by
the first cover member 171A. The elasfic members 196 generate spring force in advance
in the released state, and are compressed as the piston member 195 moves in the direction
in which the brake BK1 engages. These elastic members 196 push the piston member.
195 back toward the vehicle front side with the spring force generated from their
compression, when hydraulic pressure in the oil chamber is reduced. Movement of the
second retaining member 198B in the axial direction is regulated by the elastic members
196, and a snap ring 199 provided on a radially outside portion of the first cover member
171A.

[0091] Operating oil is supplied from the first cover member 171A to the oil
chamber of the brake BK1. An oil passage 171b for the brake BK1 is formed inside a

wall surface of the first cover member 171A. This oil passage 171b has an oil passage
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that extends in the radial direction, and is communicated at a radially outside portion with
the oil passage 61b for the brake BK1 of the housing 61, énd is communicated at a radially
inside portion with the oil chamber of the brake BK1. As a result, operating oil is able to
move back and forth between this oil chamber and the oil passage 171b. Therefore, the
brake BK1 is able to perform both an engagement operation and a release operation. _

[0092] An oil passage 171a for the clutch CL1 is also formed inside a wall
surface-of the ﬁrst cover member 171A. This oil passage 171a has an oil passage that
extends in the radial direction, and is communicated at a radially outside portion with the
oil passage 61a for the clutch CL1 of the housing 61. This oil passage 171a and the oil
passage 171b for the brake BK1 are formed isolated from each other by a phase difference
in the circumferential direction. This oil passage 17la is communicated with an oil
passage 121a of the rotating shaft 121. This oil passage 121a has an oil passage that
extends in the axial direction. In this example, two annular seal members 178 are
arranged between the first cover member 171 A and the rotating shaft 121, thus inhibiting
operating oil from leaking out from a connecting portion of the oil passage 171a and the oil
passage 121a.

[0093]  The clutch CL1 of this modified example is similar to the clutch CL1 of
the example embodiment, but differs from the clutch CL1 of the example embodiment with
respect to the points described below. The clutch CL1 of this modified example is the
same as the clutch CL1 in the example embodiment, except for that a cylinder member 181
is used instead of the cylinder member 81 (FIG. 15). This cylinder member 181 includes
a disk-like disk portion 181la, and a cylindrical portion 181b that extends toward the
vehicle rear side from a radially outside portion of this disk portion 181a. A through-hole
that is concentric with the cylindrical portion 123 of the sun gear S1 is formed in this disk
portion 181a, and the cylindrical portion 123 is inserted into it. This cylinder member
181 is able to rotate together as a unit with the sun gear S1, by the radially inside portion of
the disk portion 181a being fixed to the outer peripheral surface of the cylindrical portion

123 by welding or the like. ‘
[0094]  Also, in the clutch CL1, an annular space is formed by the inner peripheral
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surface of the cylindrical portion 181b of the cylinder member 181 and the outer peripheral
surface of the cylindrical portion 123 of the sun gear S1, and component parts of the clutch
CL1, such as the first and second plates 83 and 84, are érranged in this space. The first
plates 83 are arranged on the inner peripheral surface of the cylindrical portion 181b.

[0095] Also, the radially inside portion of the piston member 85 of this modified
example is slidably retained by the outer peripheral surface of the cylindrical portion 123
of the sun gear S1 via the seal member 87, and outer peripheral surface side of the piston
member 85 is slidably retained by the inner peripheral surface of*the cylindrical portion
181b of the cylinder member 181 via the seal member 87.

[6096] As described above, the operating oil of the clutch CL1 is supplied to the
oil passage 121a of the rotating shaft 121. Here, in the cylindrical portion 123 of the sun
gear S1, a through-hole that communicates the inner peripheral surface side with the outer
peripheral surface side is formed, and this through-hole is used as an oil passage 123a of
the operating oil for the clutch CL1, This oil passage 123a is communicated at a radially
inside portion with the oil passage 121a of the rotating shaft 121, and is communicated at a

radially outside portion with the oil chamber of the clutch CL1. As a result, operating oil

| _is able to move back and forth between the oil passage 121a and the oil chamber of the

clutch CL1 via the oil passage 123a. Therefore, the clutch CL1 is able to perform both an
engagement operation and a release operation. In this example, two annular seal
members 179 are arranged between the outer peripheral surface of the rotating shaft 121,
and the inner peripheral surface of the cylindrical portion 123, thus inhibiting operating oil
from leaking out from a connecting portion of the oil passage 121a and the oil passage
123a.

[0097]  As described above, in the hybrid system 1 — 3 of this modified example,
even if the first rotary machine MG1 that has a large outside diameter is arranged on the
vehicle front side, an oil passage of operating oil for the clutch CL1 of the power
transmitting apparatus that is arranged farther to the vehicle rear side than the first rotary
machine MG1 is able to be ensured. Therefore, with this hybrid system 1 ~ 3, the first

rotary machine MG1 that has a large outside diameter is able to be arranged toward the
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vehicle front side, so mountability in the vehicle is able to be improved.

[0098]) Here, in this hybrid system 1 — 3, the speed‘change device 20 aﬁd the like
is able to be assembled in the housing 61 as described below.

[0099}  First, a worker inserts the speed change device 20 and the clutch CL1 into
the first connecting member 73, and attaches the differential device 30 to the outside of the
first connecting member 73. The worker then blocks the opening of the first connecting
member 73 with the second connecting member 74, fastens the second connecting member
74 with the snap ring 75, and houses this assembled part inside the housing 61.

[0100]) Next, the worker houses.the pattition wall 72 inside the housing 61, and

fastens the two together with a bolt or the like. The bearing BR2 may also be attached to

resolver R and the bearing BRI and the like attached, inside the housing 61, while
inserting it into the cylindrical portion 123 of the sun gear S1, and fits the MG1 rotating

shaft (rotor) 12 into the second connecting member 74. Then the worker inserts the cover

-~ wall 171 into the rotating shaft 121 and the cylindrical portion 123 of the sun gear Si,
- closing off the opening of the housing 61. The brake BK1 is attached to the cover wall

171 beforehand.
[0101] A hybrid system according to a third modified example is denoted by

- reference character 1 — 4 in FIG 16. This hybrid system 1 — 4 is the same as the hybrid

system 1 - 3 of the second modified example, but with the speed change device 120 of the
first modified example (i.e., the double pinion planetary gear unit) instead of the speed
change device 20. In this speed change device 120, one of the sun gear S1, the ring gear
R1, and the carrier Cl is connected to the engine ENG, and one of the remaining two is
connected to the differential device 30. In this example, the engine rotating shaft 11 and
the ring gear R1 are connected via the rotating shaft 22 so as to be able to rotate together as
a unit. Also in this example, the carrier C2 of the differential device 30 is connected to
the carrier C1 via the rotating shafts 21 and 31. The parts to which the clutch CL1 and
the brake BK 1 are connected are the same as they are in the second modified example.

[0102]  In this hybrid system 1 — 4 as well, the oil passages of the operating oil for
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the clutch CL1 and the brake BK1 are configured and arranged just as they are in the
hybrid system 1 — 3 of the second modified example. Therefore, the hybrid system 1 — 4
of this modified example is able to improve mountability in the vehicle in the same way
' that the second modified example is.

[0103] A hybrid system according to a fourth modified example is denoted by
reference character 1 — 5 in FIG. 17.  This hybrid system 1 — 5 is the same as the hybrid
system 1 — 3 of the second modified example, except with the arrangement of the speed
change device 20 and the differential device 30 switched around. In this hybrid system |
- 5, the engine ENG, the brake BK1, the first rotary machine MG, the differential device
30, the clutch CLI1, the speed change device 20, and the second rotary machine MG2 are
arranged on the same axis in this order from the vehicle front side.

[0104] This hybrid system 1 — 5 is like the hybrid system 1 — 3 of the second
modified example, except with the arrangement of the speed change device 20 and the
differential device 30 switched around, but there is no change with respect to the parts to
which the sun gear S1, the ring gear R1, and the carrier C1 of the speed change device 20
are connected, and the parts to which the sun gear S2, the ring gear R2, and the carrier C2
of the differential device 30 are connected.

[0105] In the hybrid system 1 — 5 of this modified example, even if the first rotary
machine MG1 that has a large outside diameter is arranged on the vehicle front side, an oil
paséage of operating oil for the clutch CL1 of tl"lé power transmitting apparatus that is
arranged farther to the vehicle rear side than the first rotary machine MG1 is able to be
ensured. Therefore, with this hybrid system 1 — 5, the first rotary machine MG1 that has
a large outside diameter is able to be arranged toward the vehicle front side, so
mountability in the vehicle is able to be improved. |

[0106] A hybrid system according to a fifth modified example is denoted by
reference éharacter 1 - 6 in FIG 18. This hybrid system 1 — 6 is the same as the hybrid
system | — 5 of the fourth modified example, except with the speed change device 120 of
the first modified example (i.e., the double pinion planetary gear unit) instead of the speed

change device 20. In this speed change device 120, one of the sun gear S1, the ring gear
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R1, and the carrier Cl is connected to the engine ENG, and one of the remaining two is
connected to the differential device 30. In this example, the engine rotating shaft 11 and
the ring gear R1 are connepted via the rotating shaft 22 so as to be able to rotate together as
a unit.  Also in this example, the carrier C2 of the differential device 30 is connected to
* the carrier C1 via the rotating shafts 21 and 31. The parts to which the clutch CL1 and

the brake BK1 are connected are the same as they are in the fourth modified example.
[0107] In this hybrid system 1 — 6 as well, the oil passages of the operating oil for
the clutch CL1 and the brake BK1! are configured and arranged just as they are in the
hybrid system | — 5 of the fourth modified example. Therefore, the hybrid system 1 — 6

of this modified example is able to improve mountability in the vehicle in the same way

- that the fourth modified example is.
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CLAIMS:

1. A hybrid system comprising:

an engine;

a rotary machine;

a speed change device that has an input shaft, the input shaft being connected to a
rotating shaft of the engine;

a differential device that has a plurality of differential rotating elements capable of
differential rotation, the plurality of differential rotating elements including a first

 differential rotating element to which an output shaft of the speed change device is
connected, and a second differential rotating element to which a rotating shaft of the rotary
machine is conﬁected;

a first engagement device configured to shift the speed change device, the first
engagement device vbeing configured to be actuated by hydraulic pressure, the first
engagement device including a first oil chamber, the rotary machine being arranged
between the first engagement device and the engine; |

a case within which the rotary machine, the speed change device, the differential
device, and the first engagement device are housed, the case being connected to the engine,
and the case having an opening on the engine side; agd

a cover wall that covers the opening, operating oil being supplied to the first oil

chamber via the cover wall.

2. The hybrid system according to claim 1, further comprising:
a first oil passage arranged inside a wall surface of the cover wall; and

a second oil passage that connects the first oil passage to the first oil chamber.

3, The hybrid system according to claim 2, further comprising:
a second engagement device that is a different engagement device than the first

engagement device, the second engagement device being configured to shift the speed
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change device, the second engagement device being configured to be actuated by hydraulic
pressure, the second engagement device being arranged inside the case, and the rotary
machine being arranged between the second engagement device and the engine,

wherein the second oil passage is provided in the second engagement device.

4. The hybrid system according to claim 3, wherein

the sécond engagement device includes a second oil chamber,

the hybrid system further comprising:

a third oil passage arranged inside a wall surface of the cover wall; and

a fourth oil passage that connects the third oil passage to the second oil chamber, the

fourth oil passage provided in the second engagement device.

5. The hybrid system according to claim 2, further comprising:

a second engagement device that is a different engégement device than the first
engagement device, the second engagement device being configured to shift the speed
change device, the second engagement device being configured to be actuated by hydraulic
pressure, the second engagement device being arranged inside the case, and the second
engagement device being arranged between the rotary machine and the engine,

wherein the second oil passage is provided in the input shaft of the speed change

device.

6. The hybrid system according to claim 5, wherein
the second engagement device includes a second oil chamber,
the hybrid system further comprising a third oil passage that is arranged inside a wall

surface of the cover wall, and the third oil passage is configured to supply operating oil to

the second oil chamber.
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