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POWER TRANSMITTING APPARATUS FOR HYBRID VEHICLE
BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The present invention relates to a power transmitting apparatus that is
mounted on a hybrid vehicle including plural drive sources having different power

generation principles.

2. Description of Related Art

[0002] A hybrid vehicle is a vehicle including plural drive sources having
different power generation principles, sﬁch as an engine for cohverting thermal energy into
kinetic energy to generate dynamic power and a rotary machine having an energy
regeneration function, as driVe sources for travéling. Thei hybrid'v'ehicle is a vehicle
including an internal combustion engine such as a gasoline engine or a diesel engine and a
rotary machine such as an electric motor having a power generation function or a hydraulic
motor havihg a pressure accumulating func't.ion as drive.soﬁrces.__ ,‘In Addifién,‘tﬁe hy_Brid
vehi'cvlc is a vehicle that can i.r.nprove‘,en'ergy efﬁciency and redtice an anibunt of exhéust
vg'és by effectively using characteristics of the engine and the rotary machine. An éxample
of such a hybrid vehicle is described in Japanese Patent Applicatiori Publication No.
2008-120234 (JP 2008120234 A). | | S

[0003] A hybrid drive device described in JP v200's-120234’)x includes an engine,

a first motor ha\}ing a function of generating electric power with the dynamic power of the

engine, and a second motor outputting dynamic power to ah output m_embef with the
electric power generated by the first motor as drive sources. The first motor and the
second motor are arranged on the same axis and a power split mechanism that splits the

dynamic power output from the engine to the first motor side and the output member side

_ is disposed between the first motor and the second motor. In the hybrid drive device

described in JP 2008-120234 A, a transmission gear device that changes a rotation speed of
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the engine and transmits a torque to the power split mechanism is disposed between the
first motor and the second motor.

[0004]  Japanese Patent Application Publication No. 2008-265598 (JP

© 2008-265598 A) describes a hybrid vehicle having a power split mechanism that includes

an engine, a first motor, a second motor, and a planetary gear unit having three rotation

elements. The hybrid vehicle described in JP 2008-265598 A further includes a clutch
that fixes the output shaft of the engine so as not to be rotatable. The first motor is
connected to the output shaft of the engine via the power split mechanism and the second

motor is connected to driving wheels. The operations of the engine, the first motor, the

-second motor, and the clutch are controlled on the basis of a driving force required for the

vehicle. * The hybrid vehicle is configured to perform motor-driven tx'aveling in which

both the first moto'r and the second motor are driven in a state where the power split
mechanism is madé to serve as a deceleration mechanism or an acceleration mechanism by
engaging the clutch to fix the butput shaft of the engine. - »

' [0005] Japanese ‘Patent Application Publi;:ation No. 2008-265600 (JP
2008-265600 A) describes the same configuration as the hybrid vehicle described in JP

- 2008-265598 A. JP 2008-265600 A describes that the open’atiqn of the ehgin_e is stopped
" and the ;otatioﬁ of the two motors are controlled using a map in which torcjﬁe split for most

‘efﬁciently. driving the two motors is defined on the basis of an accelerator operation

amount, a vehicle speed, and a gear ratio of a transmission when a condition in which the
clutch .is engaged to fix fhe crank shaft of the engine so as not to be rotatable is established.
[0006]  The hybrid drive device desciibed in JP 2008120234 has a configuration
in which a transmission gear mechanism for changing the ‘r(;tatio.n speed of the engine is
added to the conﬁguraﬁon of the péwe'r transmitting vappalatus for a hybrid 'vehicle in> the
related ért including the ehgine, the electric motor, and the power split mechanism. By
em’plbying this conﬁgdration, it is possible to operate the engine at a rotation spéed more
advantageoué in fuel efficiency depending on a required driving force or a traveling state.
Accordingly, it is possible to improve the energy efficiency 6f the hybrid vehicle.

[0007]  On the other hand, the transmission gear mechanism includes a gear
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mechanism and a clutch or a brake for controlling the transmission. Accordingly,
compared with a pdwer transmitting apparatus for a hybrid vehicle in the related art not
having such a transmission gear mechanism, the number of components increases or the
number of assembly steps increases to correspond to the addition of the transmission gear
mechanism. As a result, the assembly of the apparatus may be complicated and the

productivity thereof may be lowered.

SUMMARY OF THE INVENTION

[0008]  The present invention provides a power transmitting apparatus for a hybrid
vehicle that can simplify an apparatus assembling procedure and improvevproductivity
even with a configuration in which a transmission gear mechanism for changing a rotation
speed of an engine is added to an apparatus according to the related art.

[0009]  According th> an aspect of the present invention, a power transmitting
apparatus has the following configurations. The poWer transmitting apparatus is for a
hybrid vehicle, in which the hybrid vehicle ihcludes an engine ‘and at leést Qneb rotary
machinc as drive.sources. The poWer transmitting apparatus incl_udeé a power split
mechanism and a transmission gear mechanism. The power split mechanism is
éonstituted by a differential device. The power split mechanism is configured to split or
combine and transmit dynamic power between the drive sources and‘ a driy¢ shaft. The
differehti‘al device includes three rotation eléments. The t‘hree‘ rotation elehexxts includes a
first rotation element that is connected to a first input member, a seéond rotation el'ement

that is connected to the rotary machine, and a third rotation element that is connected to the

* drive shaft via a first output member. The transmission gear mechanism is configured to

change a rotation speed of the ehgine input via a second input member. - The transmission
gem' mechanism is configured to transmit a torque to the first input member and the first
rotation element via a second output member. The transmission giear mechanism and the
power split mechanism are disposed on the same rotation axis as an output shaft of the
engine. The transmission geat mechanism and the power split mechanism are arranged in

the order of the transmission gear mechanism and the power split mechanism from the side
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closer to the engine. The second output member and the first input member are connected
to each other by a spline or a serration.
[0010] In the power transmitting apparatus according to the present invention, the

transmission gear mechanism for changing the rotation speed of the engine is disposed

between the engine and the power split mechanism. In the present invention, the output

member of the transmission gear mechanism and the input member of the power split
mechanism are connected to each other by a spline or a serration. This is a configuration
for preventing assemblability or productivity of the apparatus from being lowered by

providing the transmission gear mechanism. Therefore, according to the present

invention, when assembling the power transmitting apparatus, the power split mechanism

and the transmission gear mechanism can be easily connected to each other so as to enable
power transmission by causing the power split mechanism and the transmission gear
niechanism to relatively move in the rotation axis direction,

[0011] The housing houses the power split mechanism and the rotary machine

and is an important part of the power transmitting apparatus. Particularly, the

“transmission gear mechanism, the input member and the output member of the

transmission gear mechanism, and the like can be sub-assembled as a transmission gear
{mit to the housing. Accordingly, by attaching the transmission gear unit from the
rotafibn axis direction to the housing, it is possible to easily assemble the housing and the
tranémission gear unit. The transmission gear unit houses the transmission gear
mechanism, and the housing houses the power split mechaniém, the rotary machine, and
the like. In this case, the spline or the serration is formed in connecting parts of the
output member of the transmission gear mechanism and the input member of the power

split mechanism as described above. Accordihgly, the housing that houses the power split

mechanism and the transmission gear unit housing the transmission gear mechanism can be

eaéily and satisfactorily assembled. As a result, it is possible to improve assemblability or

productivity of the power transmitting apparatus including the transmission gear

- mechanism and the power split mechanism.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Features, advantages, and technical 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 diagram illustrating a drivetrain of a hybrid vehicle to which the

present invention is applied and is a diagram illustrating an example of a drivetrain in

*which a transmission gear mechanism is constituted by a single-pinion planetary gear unit

and which can be suitably mounted on an FR type vehicle;
FIG. 2 is a skeleton diagram illustrating a drivetrain of a hybrid vehicle to which the

present invention is applied and is a diagram illustrating an example of a drivetrain in

“which a transmission gear mechanism is constituted by a single-pinion planetary gear unit

.and which can be suitably mounted on an FF type vehicle;

FIG. 3 is a table showing operating states of a clutch, a brake, and motor{eneratom in
operating conditions of the dl‘ivetréin illustrated in FIGS. 1,2; |

FIG. 4 is a nomograph of a power split mechanism and a transmission gear

mechanism in the drivetrain illustrated in FIGS. 1, 2 and is a diagram illustrating a state

-where the hybrid vehicle travels with only the output of a second motor-generator ;

“FIG. 5 is' a nomograph of a power split mechanism and a ‘transmission gear

mechanism in the drivetrain illustrated in FIGS. 1, 2 and is a diagram illustrating a state

-where the hybrid vehicle travels using the outputs of both the first motor-generator and

the second motor-generator ;

FIG. 6 is a nomograph of a power split mechanism and a fransmission gear
mechanism in the drivetrain illustrated in FIGS. 1, 2 and is a diagram illustrating a state
where the tr_én‘smissidn gear mechanism is set to a overdn'veﬂ(O/D) state (High) and the
hybrid véhicle travels with the output of an engine;

FIG. 7 is a nomograph of a power split mechanism and a transmission gear

" mechanism in the drivetrain illustrated in FIGS. 1, 2 and is a diagram illustrating a state

where the transmission gear mechanism is set to a directly connected state (Low) and the

hybrid vehicle travels with the output of an engine;
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FIG 8 is a block diagram illustrating a control system of the hybrid vehicle to which
the present invention is applied;
FIG. 9 is a map illustrating used for a driving control of the hybrid vehicle to which

the present invention is applied and a transmission gear control of a transmission gear

-mechanism, where an engine-driven traveling range and a motor-driven traveling range are

shown; ‘

FIG. 10 is a skeleton diagram illustrating a drivetrain of a hybrid vehicle to which the
present invention is applied and is a diagram illustrating an example of a drivetrain in
which a transmission gear mechanism is constituted by a double-pinion planetary gear unit
and which éan be suitably mounted on an FR type ivehicle;

FIG. 11 is a skeleton diagram illustrating a drivetrain of a hybrid vehicle to which the
present invention is applied and is a diagram illustrating an example of a drivetrain in
which a transmission gear mechanism is constituted by a double-pinion planetary gear unit
and which can be suitabiy mounted on an FF type vehicle; R

FIG. 12 is a cross-sectional view specifically illustrating a configuration of a power

- transmitting apparatus for a hybrid vehicle according to the present invention, where the

* transmission gear mechanism is constituted by a single-pinion planetary gear unit; and

FIG. 13 is a cross-sectional view specifically illustrating the configuration of the
'power transmitting apparatus for the hybrid vehicle according to the present invention,
where the transmission gear mechanism is constituted by a double-pinion planetary gear

unit,

DETAILED DESCRIPTION OF EMBODIMENTS _
[6013] Hereinafiel', the present invention will be described in detail with reference

to the accompanying drawings. A power transmitting apparatus according to the present

invention is mounted on a vehicle having an engine for converting thermal energy into

kinetic energy to generate dynamic power and a rotary machine (e. g., electric motor)
capable of regenerating energy as a drive source, that is, a hybrid vehicle including plural

drive sources having different power generation principles.
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[0014] A gasoline engine is generally used as an engine of the hybrid vehicle. In
addition, the engine in the present invention may employ an internal combustion engine
using a fuel other than gasoline, such as a diesel engine or an LPG engine. On the other

hand, a motor having a power generation function (that is, a motor-generator) is generally

" used as a rotary machine. In addition, the rotary machine in the present invention may

employ a pressure motor having a function of accumulating a pressure such as an oil
pressure or an air pressure, a flywheel capable of accumulating and discharging rotational
energy, or the like.

[0015] The hybrid vehicle to which the present invention is applied is configured

‘to select an “engine-driven traveling mode” or a “hybrid (HV) traveling mode” in which
the hybrid vehicle travels with dynamic power output from the engine and a traveling

~ mode in which the hybrid vehicle travels with dynamic power output from the rotary

machine. Particularly, when a motor is used as the rotary machine, the hybrid vehicle is

configured to select the “engine-driven traveling mode” and a “motor-driven traveling

mode” in which the hybrid vehicle travels by driving the motor with electric power

‘accumulated in a battery.

[0016] - An example of a powertrain of a hybrid vehicle to which the present
inventibn can be applied is illustrated in FIG. 1. The example illustrated in the drawing is
a so-called. two-motor hybrid vehicle Ve having an engine -(ENG) 1 and two rotary

machines of a first motor-generatbr MG1) 2, and a second motor—genérator (MG2) 3

~ as drive sources. The hybrid vehicle Ve is configured to split and transmit dynamic

power output from the engine 1 to the first motor-generator 2 side and a drive shaft 5 side

by the use of a power split mechanism 4. The hybrid vehicle Ve is also configured to

-'supply electric power generated from the first motor- generator 2 to the second

motor-genexaton - (MG2) 3 and to add dynamic power output ﬁom the second
motor-generator 3 with the dynamlc power to the drive shaft 5.

[0017] © The power split mechanism 4 is constituted by a differential mechanism
including three rotation clements. - Specifically, the poWer split mechanism 4 is

constituted by a planetary gear unit having a sun gear, a carrier, and a ring gear. In the
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example illustrated in FIG. 1, a single-pinion planetary gear unit is used.

[0018] The planetary gear unit constituting the power split mechanism 4 is
disposed on the same axis as the engine 1. The first motor-generator 2 is connected to the
sun gear 6 of the planetary gear unit. That is, a rotor 2a of the first motor-generator 2 is
connected to the sun gear 6. The ring gear 7 is disposed in a concentric circle with the
sun gear 6. A pinion gear engaging with the sun gear 6 and the ring gear 7 is supported
by the carrier 8 so as to rotate and revolve. An output shaft la of the engine 1 is
connected to.the carrier 8 via a transmission gear mechanism 17 to be described later.
One end of a propeller shaft 9 is connected to the ring gear 7. The other end of the

propeller shaft 9 is connected to a drive shaft 5 and driving wheels 11 via a differential

‘gear 10.

{0019] A torque output from the second motor-generator 3 can be added to the
torque transmitted from the power split mechanism 4 to the propeller shaft 9 and the
drfving wheels 11. Specifically, the second motor-generator 3 is disposed on the same
rotation axis as the engine 1 and the second motor—genefator 3is connectgd to the propeller
shaft 9 via a gear train 12. »

[0020] " Inthe example illustfated in FIG. 1, a single planétary_ type planetary gear

unit is used for the gear train 12, A sun gear 13 of the planetary gear unit constituting the

; gear train 12 is connected to the rotor 3a of the second motor-generator 3. A carrier 14 is

~ connected to the propeller shaft9. A ring gear 15 is fixed to a ﬁxing‘ member 16 such as a

casing so as not to rotate. That is, in the gear train 12, the ring gear 15 serves as a fixed
element. The carrier 14, which serves as an output element when the sun gear 13 serves
as an input element, rotates at a rotation speed lower than that of the sun gear 13 in the

same direction as the sun gear 13.  Accordingly, the gear train 12 serves as a deceleration

- mechanism at the time of outputting the torque input to the sun gear 13 from the carrier 14.

That is, the gear train 12 is conﬁguréd to amplify the torque input from the ‘second
motor-generator 3 to the sun'gear 13 and to transmit the amplified torque to the propeller

shaft 9.

[0021] The first motor-generator 2 and the second motor-generator 3 are
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connected to a battery via controllers such as inverters not illustrated, respectively. The
currents of both the first motor-generator 2 and the second motor-generator 3 are controlled
S0 as to serve as a motor or a power generator. On the other hand, the degree of throttle
opening or the ignition time of the engine 1 can be controlled. The engine 1 is configured
to control automatic stopping, starting, and restarting of a combustion operation.
[0022] In the hybrid vehicle Ve to which the present invention is applied, the
transmission gear mechanism 17 is disposed between the engine 1 and the power split
mechanism 4 and the first motor-generator 2. The transmission gear mechanism 17 is

configured to be switched to a directly connected state and an acceleration state, that is, an

.overdrive (O/D) state. In the example illustrated in FIG. 1, the transmission gear

mechanism 17 is constituted by a single-pinion planetary gear unit 17a. A carrier 18 of

the planetary gear unit 17a is connected to the output shaft 1a of the engine 1. A ring gear
19 is connected to the carrier 8 of the power split mechanism 4 so as to rotate togethef. A

clutch C1 for selectively connecting a sun gear 20 and the carrier 18 is disposed between

‘the sun gear 20 and the carrier 18. A brake B1 for selectively fixing the sun gear 20 so as
.hot to rotate is provided. The clutch C1 and the brake B1 can be constituted, for example,

by a frictibnal engaging mechanism béing engaged by an oil pressure.

[0023] * In the transmission gear mechanism 1.7', the sun gear 20 and the carrier 18

of the planetary gear unit 17a are connected to each other by engaging the clutch C1. As

- aresult, the entire planetary gear unit 17a rotates as a unified body and a so-called directly

connected state in which an acceleration operation and a deceleration operation are not
perforrhed is realized. By engaging the brake Bl in addition to the clutch C1, the entire

transmission gear mechanism 17 is fixed as a unifiecd body and the rotations of the carrier 8

of the péwer split mechanism 4 and the engine 1 are stopped. On the othcr'hand, by -

engaging only the brake B1, the sun gear 20 of the transmission geér mechanism 17 serves
as a fixed element and the carrier 18 serves as an input element. Accordingly, the ring
gear 19 serving as an output element when the carrier 18 serves as an input element rotates
at a rotation speed higher than that of the carrier 18 in the same direction as the carrier 18.

Accordingly, the transmission gear mechanism 17 serves as an acceleration mechanism.
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That is, the transmission gear mechanism 17 is set to the O/D state.
| [0024] The hybrid vehicle Ve illustrated in FIG. 1 is configured to transmit a drive
torque output from a.drive source to the drive shaft 5 and the driving wheels 11 via the
propeller shaft 9. That is, an example of a drivetrain that can be suitably mountéd on a
so-called FR type hybrid vehicle Ve in which the drive source is disposed on the front side
of the vehicle and the driving force is generated from the rear wheels is illustrated. On
the other hand, the present invention may be applied to a so-called FF type hybrid vehicle
Ve in which the drive source is disposed on the front §ide of the vehicle and the driving
force is generated from the front wheels. An exarﬁple of the drivetrain that can be
suitably mounted on the FF type vehicle is illustrated in FIG. 2.
[0025] The hybrid vehicle Ve illustrated in FIG. 2 includes an engine 1, a first
motor-generator 2, and a second motor-generator 3 as drive sources, similarly to the

example illustrated in FIG. 1. The hybrid vehicle Ve includes. a transmission gear

‘mechanism 17, a power split mechanism 4, and a gear train 12. The transmission gear
‘mechanism 17 includes a single-pinion planetary gear unit-17a, a clutch C1, and a brake

‘B1, similarly to the example illustrated in FIG. [. The carrier 18 of the planetary gear unit

17a is connected to the output shaft 1a of the engine 1. The ring gear 19 is connected to

‘the carrier 8 of the power split mechanism 4. On the other hand, in the example

illustrated in FIG. 2, the ring gear 7 of the power split mechanism 4 is connected to a drive

gear 25. The gear train 12 includes the drive gear 25, a counter shaft 26, a counter driven

gear 27, a reduction gear 28, and a differential drive gear 29.

[0026) Specifically, the counter shaft 26 is disposed to be parallel to the rotation

27 engaging with the drive gear 25 is attached to the counter shaft 26 so as to rotate

together. A torque output from the second motor-generator 3 can be added to the torque
transmitted from the power split mechanism 4 to the drive shaft 5. That is, the secondv
motor-generator 3 is disposed to be pérallel to the counter shaft 26, and the reduction gear
28 connected to the rotor 3a thereof engages with the counter driven gear 27. The

reduction gear 28 is constituted by a gear having a diameter smaller than that of the counter
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driven gear 27. Accordingly, the gear train 12 serves as a deceleration mechanism at the
time of transmitting the torque input to the reduction gear 28 to the counfer shaft 26 via the
counter driven gear 27. That is, the gear train 12 is configured to amplify the torque
output from the second motor-generator 3 and to transmit the amplified torque to the
counter shaft 26.

[0027]  The differential drive gear 29 is attached to the counter shaft 26 so as to
rotate together. In the example illustrated in FIG. 2, a ring gear 30 is formed on the outer
circumference of the differential gear 10. The differential drive gear 29 engages with the
ring gear 30 formed on the differential gear 10. Accordingly, the torque input to the
power split mechanism 4 and output from the ring gear 7 and the torque output from the
second motor-generator 3 are transmitted to the drive shaft 5 and the driving wheels 11 via
the gear train 12 and the differential gear 10. In FIG. 2, for the purpose of convenience in
pfeparatiqn of the drawing, the position of the differential igear» 10 is deviated to the right
side in FIG. 2. - |

[0028]  The traveling modes of the hybrid vehicles Ve iillustrated in FIGS. 1,2 or
the engaged and disengaged states of the clutch C1 and the brake B1 in the reverse

traveling state, and the operating states of the first motor-generator 2 and the second

'nlotox-generator 3 are shown in the table of FIG. 3. Briefly speaking about the

operating states, “EV” in FIG 3 represents a motor-driven traveling mode. In a
“single-motor-driven traveling mode”, both the clutch C1 and the brake B1 are disengaged.

The second motor-generator 3 serves as a motor (M), and the first motor-generator 2 serves

~as a power generator (G). In this case, the first motor-generator 2 may idle.  This state is

illustrated in the nomograph of FIG. 4. When an enginé braking effect is caused in the
“singl(a—motor»dri#en traveling mode”, one of the clutch C1 and the brake BI is engaged
énd the rotation speed of the ring gear 7 in the power split mechanism 4 is suppressed.

| [0029] In a “double-motor-driven traveling mode” of thev motor-driven traveling
modé,. both the first motor-generator 2 and the second motor-generator 3 serve as a motor.
In order to transmit the torque output from the first mbtor—generator 2 to the drive shaft 5,

both the clutch C1 and the brake Bl arc engaged and the carrier 8 of the power split
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mechanism 4 is fixed so as not to rotate. In this state, the gear ratios of the rotation
elements are set so that the power split mechanism 4 serves as a deceleration mechanism.
Accordingly, in this case, the torque output from the first motor-generator 2 is amplified
and is transmitted from the ring gear 7 of the power split mechanism 4 to the propeller
shaft 9. This state is illustrated in the nomograph of FIG. 5.

[0030] On the other hand, “HV” in the table of FIG. 3 represents a hybrid
operating state in which the engine 1 is operated. In a state where thé hybrid vehicle Ve
travels with a small load at a middle or high vehicle speed, the transmission gear

mechanism 17 is set to the O/D state (High). That is, the clutch C1 is disengaged and the

-'brake Bl is engaged. This state is illustrated in the nomograph of FIG. 6. In this state,

-as described above, the engine rotation speed is controlled to a rotation speed at which the

fuel efficiency is good by the first motor-generator 2. In this case, the electric power

generated by causing the first motor-generator 2 to serve as a power generator is supplied

-to the second motor-generator 3.  As a result, the second motor-generator 3 serves as a

motot and outputs a drive torque. When a large driving force is required such as when

the accelerator operation amount increases at a low vehicle speed, the transmission gear’

- mechanism 17 is controlled to the directly connected state (Low). That is, the clutch CI

is eﬁgaged aﬁd the brake BI1 is disengaged. As a reéult, the entire transmission gear
hqechanism 17 rotates as a unified body. This state is iliustrated fn the 'ndmograph of FIG.
7. In this case; similarly to. the O/D state (High), the first motor—generatdr 2 serves as a
power generator and the second motor-generator 3 serves as a motor. |
[0031) " An electronic control unit (ECU) 21 that ‘performls the Opcrétion control df
the engine 1, the operation control of the first motor—generatof 2 and the second

motor-generatbr 3, and the engaging and disengag'ivng control of the clutch C1 and the

- brake B1 is provided. The control system of the ECU 2_1 is 'illustmted in the block

diagram of FIG. 8. .
[0032] The ECU 21 includes a hybrid control unit (HV-ECU) 22 that controls
traveling as a whole, a motor-generator control unit (MG-ECU) 23 that controls the first

motor-generator 2 and the second motor-generator 3, and an engine control unit
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(E/G-ECU) 24 that controls the engine 1. The control units 22, 23, and 24 are configured
to use a microcomputer as a main body, to perform computations using input data and
previously-stored data, and to output the computation results as control command signals.

(0033] As the input data input to the ECU 21, for example, the vehicle speed, the

-accelerator operation amount, the rotation speed of the first motor-generator 2, the rotation

speed of the second motor-generator 3, the rotation speed of the ring gear 7 (the rotation

- speed of the output shaft), the rotation speed of the engine 1, and the SOC of the battery

are input to the HV-ECU 22.  As the control signals output from the ECU 21, for example,

a torque command value of the first motor-generator 2, a torque command value of the

.second motor-generator 3, a torque command value of the engine 1, an oil pressure
:command value PCl of the clutch C1, and an oil pressure command value PB1 of the

_brake B1 are output from the HV-ECU 22.

{0034]  The torque command value of the first motor-generator 2 and the torqﬁe

. command value of the second motor-generator 3 are input as contro! data to the MG-ECU
.23. The MGfECU 23 is configured to perform 'a computation based on the torque

" command values and tb output current command signals of the first motor-generator 2 and
* the second motof—gencrator 3. The engine torque command signal is input as control data

- to the E/G-ECU 24.  The E/G-ECU 24 is configured to performva computation based on

the éngine torque command value and to output a thro'ttle’opening signal fox_‘ an clectronic
throttle valve (not illustfated), an ighition signal for contx’olliﬁg an igﬁition time, and the
like. | | -

[0035] - As described above, the engine 1, fhe first rhotor—generator 2, ahd the
second motor-generator 3 constituting the drive sources of the .hvyb.rid vehicle Ve have
different power pérformance or different driving chz'a.ractetistics.‘ For example, the cﬁgine

1 can operate in a broad operation range from a low-torque and low-speed range to a

‘ high-torque and high-speed range. The energy efficiency of the engine 1 becomes better

in an operation range in which the torque and the rotation speed are high to a certain
degree. On the contrary, the first motor-generator 2 has characteristics of outputting a

large torque at a low rotation speed so as to perform a control of adjusting the rotation
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speed of the engine 1 or a crank angle or the like at the time of stopping the engine 1 and to

output the driving force. The second motor-generator 3 has characteristics that it can

operate at a rotation speed higher than that of the first motor-generator 2 so as to output the
torque to the driving wheels 11 and the maximum torque is smaller than that of the first
motor-generator 2.

[0036] In the hybrid vehicle Ve using the engine 1, the first motor-generator 2,
and the second motor-generator 3 as the drive sources, the drive sources are effectively
used to improve the energy efficiency or the fuel efficiency. That is, as described above,
the “engine-driven traveling mode” in which the vehicle travels with the output of the
engine 1 and the “motor-driven traveling mode” in which the vehicle travels with at least
one output of the first motor-generator 2 and the second motor-generator 3 are selected and
set depending on the traveling condition of the hybrid vehicle Ve.

| [6037] The operation ranges in which the traveling modes are set are illustrated in
the map of FIG 9. FIG 9 is a diagram illustrating the operation ranges of the hybrid
vehicle Ve in which the vehicle speed is set as the horizontél axis and the required driving
foi‘ce is set as the vertical axis. The range denoted by reference sign | ié an engine-driven

traveling range in which the “engine-driven traveling mode™ is executed and the range

“denoted by reference sign I is a motor-driven traveling range in which the “motor-driven

traveling mode” is executed. In the enginé-driven traveling range 1, a threshold value T
for partitioning an range in which the transmission gear mechanism 17 is controlled to the
directly connected state (Low) and an range in which the transmission gear mechanism 17
is controlled to the O/D state (High) is set. Thé traveli‘ng modes and the transmission
gear stages of the transmission gear mechanism 17 are selected and set depending on the
driving force required for the hybrid vehicle Ve. For e){ample, as deﬁoted by arrow a in
FIG. 9, an operating point determined by the vehicle speed and the required driving force
moves from the range of the directly connected state (Low) to the range of the O/D state
(High), whereby the transmission gear control of the transmission gear mechanism 17 from
the directly connected state (Low) to the O/D state (High) is performed. The ECU 21 is

configured to perform the control for switching of the traveling mode depending on the
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variation in the operation range or switching of the transmission gear stage of the
transmission gear mechanism 17.

[0038] In the hybrid vehicle Ve illustrated in FIGS. 1, 2, the transmission gear
mechanism 17 is constituted by the single-planetary type planetary gear unit 17a. On the

other hand, in the present invention, the transmission gear mechanism 17 may be

_constituted by a double-planetary type planetary gear unit. An example where the

transmission gear mechanism 17 is constituted by the double-planetary type planetary gear
unit and an example of the drivetrain that can be suitably mounted on an FR type vehicle
are illustrated in FIG, 10.

_ [0039] The hybrid vehicle Ve illustrated in FIG. 10 is different from the hybrid

‘vehicle Ve illustrated in FIG. 1, in the configuration of the transmission gear mechanism 17

and the connection relation between the transmission gear mechanism 17 and the engine 1
and the first motor-generator 2.  Specifically, in the example illustrated in FIG. 10, the

transmission gear mechanism 17 is constituted by a double-pinion planetary gear unit 17b.

‘A ring gear 31 of the planetary gear unit 17b is connected to the'output shaft 1a of the

4 50 as to rotate together. One side of the carrier 32 in the example illustrated in FIG. 10
engages with a sun géér 33, the other side engages with the ring gear 31, and two pinion
gears engagiﬁg with each 6ther are supported so as to rotate and revolve. . A clutch C1 for
selectiveiy connecting the sun gear 33 and the carrier 32 is disposed between the sun gear .
33 and the carrier 32. A brake B1 for selectively fixing the sun gear 33 so as not to rotate
is provided. - o

‘ [0040] In the transmission gear mechanism 17 in the exé.mple illustrated in FIG.
10, similarly to the exarﬁple_illustrated in FIG. 1, the sun gear 33‘at_1d the carrier 32 of the
planetéry gear unit 17b are connected to eéch ofher by engaging the clutch C1. As é .
result, the entire planetary gear unit 17b rotates as a unified body and a so-called directly
connected state in which an acceleration operation and a deceleration operation are not
performed is realized. By engaging the brake B1 in addition to fhe clutch C1, the entire

transmission gear mechanism 17 is fixed as a unified body and the rotations of the carrier 8
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of the power split mechanism 4 and the engine 1 are stopped. On the other hand, in the
transmission gear mechanism 17 in the example illustrated in FIG. 10, by engaging only
the brake B1, the sun gear 33 of the transmission gear mechanism 17 serves as a fixed
element and the ring gear 31 serves as an input element. Accordingly, the carrier 32
serving as an output element when the ring gear 31 serves as an input clement rotates at a
rotation speed higher than that of the ring gear 31 in the same direction as the ring gear 31.
Accordingly, the transmission gear mechanism 17 serves as an acceleration mechanism.
That is, the transmission gear mechanism 17 is set to the O/D state (High).

[0041] An example where the transmission gear mechanism 17 is constituted by
the double-planetary type planetary gear unit and an example of the drivetrain that can be
suitably mounted on an FF type vehicle are illustrated in FIG. 11. The hybrid vehicle Ve
illustrated in FIG. 11 is different from the hybrid vehicle Ve illustrated in FIG. 2, in the
configuration of the transmission gear mechanism 17 and the connection relation between
the transmission gear mechanism 17 and the engine 1 and the first motor-generator 2.
The transmission gear mechanism 17 constituted by the double-pinion planetary gear unit
17b and the connection rélations between the trahsmission gear mechanism 17 and the
engine | and the first motor-generator 2 are the same as the drivetrain of the hybrid vehicle
Ve illustrated in FIG. 10. |

[0042]  As described above, in the power trans‘mitﬁng abpafatus TM for a hybrid
vehicle according to the present inventibn, the transmission gear mechanism 17 for
changing the rotation speed of the engine 1 is disposed between the engine 1 and the power

split mechanism 4. Accordingly, compared with a power transmitting apparatus for a

hybrid vehicle in the related art not having the configuration of the transmission gear

mechanism 17, the assembling work is complicated and the number of assembling

- processes increases as the number of components of the transmission gear mechanism 17

-increases.

[0043] Accordingly, in the power transmitting apparatus for a hybrid vehicle
according to the present invention, it is possible to simplify the assembly of the apparatus

and to improve productivity even when the transmission gear mechanism 17 is added to the
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configuration in the related art. A specific example of the configuration is illustrated in
FIG 12. The power transmitting apparatus TM illustrated in FIG. 12 corresponds to the
configuration of the drivetrain illustrated in FIGS. 1, 2. -That is, the transmission gear
mechanism 17 is constituted by the single-pinion planetary gear unit 17a.

[0044]  The power transmitting apparatus TM includes a transmission gear
mechanism 17, a first motor-generator 2, and a power split mechanism 4. In FIG 12; the
transmission gear mechanism 17, the first motor-generator 2, and the power split
mechanism 4 afe arranged in the order of the transmission geaf mechanism 17, the first

motor-generator 2, and the power split mechanism 4 from the side closer to the engine 1

not illustrated, that-is, from the front side of the power transmitting apparatus TM.

Hereinafter, “front” and “front side” represent the left side in FIG. 12 or 13 and “rear” and
“rear side” represent the right side in FIGS. 12 or 13.
[0045]  The transmission gear mechanism 17 includes a single-pinion planetary

gear unit 17a, a clutch Cln, a brake B1, an input shaft 100, and an output flange 101. The

" clutch C1 includes a frictional mehber 102 for connecting the sun gear 20 and the carrier

18 of the planetary gear unit 17a to each other and a hydraulic actuator 103 and a return

spring 104 for causing the frictional member 102 to operate so as to control the clutch Cl1

-to the engaging and disengaging states. The hydraulic actuator 103 is supplied with an oil

pressure for engaging the clutch C1 via an oil passage 116 to be described later. On the
other hand, the brake B! includes a frictional member 105 for fixing the sun gear 20 of the
planetary gear unit 17a so as not to rotate and a hydraulic actuator 106 andva return spring
107 for causing the frictional member 105 to operate so as to control the brake B1 to the
engaging and disengaging states. The hydraulic actuator 106 is supplied with aﬁ oil
préssure for engaging the brake B1 via an oil passage 117 to be described later.

[0046] A front cover 108 for housing the planetary gedr unit 17a, the clutch Cl,

the brake B1, and .the input 'shaft 100 is provided. The front boyér 108 is a- member

covering a part facing the engine 1 in a state where the power transmitting apparatus T™ is
completely assembled. In the power transmitting apparatus TM illustrated in FIG., 12, the

planetary gear unit 17a, the clutch C1, the brake Bl, the input shaft 100, and the output
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flange 101 are disposed inside the front cover 108.

[0047]  Specifically, the hydraulic actuator 103, the return spring 104, the
hydraulic actuator 106, and the return spring 107 are disposed on the front side in the front
cover 108, that is, on the side close to the engine 1 not illustrated in FIG. 12 (on the left
side in FIG. 12). The planetary gear unit 17a is disposed on the inner diameter side in the
rear of the hydraulic actuators 103, 106 and the return springs 104, 107.

[0048]  In the inner circumference of the sun gear 20 of the planetary gear unit 17a,

the input shaft 100 serving as an input member of the transmission gear mechanism 17 is

‘disposed to rotate relative to the sun gear 20. The input shaft 100 is shpported by a
needle bearing 109 disposed in the inner circumference of a through-hole 108a formed in

.the front cover 108 and a bush 128 disposed in the inner circumference of a counterbore

formed in the input shaﬁ 125 of the power split mechanism 4 to be described later.

-[0049] A flange 113 rotating together with the input shaft 100 is formed in the"

‘input shaft 100, and the carrier 18 of the planctary gear unit 17a is connected to'.the flange

- 113 so as to rotate togeﬁhér. That is, the input shaft 100 and the carrier 18 are connected

to each other so as to rotate together. The front end of the input shaft 100 protrudes from

.the through-hole 108a so as to connect the input shaft 100 to the ouiput shaft 1a of the
- engine 1 via a damper mechanism (not illustrated). The feal' end of the input shaft 100 is

-'éupported by an input shaft 125 of the power split mechanism 4 to be described later.

[0050] In the outer circumference of the rear end of the input shaft 100; an output
flange 101 is disposed on the rear side of the flange 113. The output flange 101 serves as
an output member of the transmission gear mechanism 17 and is d_isposed to rotate relative

to the input shaft 100. Thc output flange 101 is supported by a thrust bearing 114

" disposed between the output flange 101 and the ﬂan‘ge 113 and a thrust bearing 115

disposed between the ouipﬁt flange 101 and an MG cover 118 to be described later.

[0051)  The ring gea1' 19 of the planetary gear unit 17a is connected to the output
flange 101 so as to rotate together. A spline hole 101a for connecting the output flange
101 to the input shaft 125 of the power split mechanism 4 to be described later is formed at

the rear end of the dutput flange 101. That vis, a spl'ine shaft 125a is formed at the front



10

15

20

25

WO 2015/036838 PCT/IB2014/001787

19

end of the input shaft 125 of the power split mechanism 4, and the output flange 101 and
the input shaft 125 are fitted to each other by a spline.
[0052] The frictional member 102 of the clutch C1 is disposed on the outer

(SN

circumference side of the hydraulic actuator 103, the return spring 104, and the planetary
gear unit 17a. A part of the frictional member 102 is connected to the sun gear 20 of the
planetary gear unit 17a so as to rotate together. The other part of the frictional member
102 is connected to the carrier 18 of the planetary gear unit 17a so as to rotate together.
The frictional member 105 of the brake B1 is disposed on the outer circumference side of
the clutch C1. A part of the frictional member 105 is connected to the sun gear 20 of the

planetary gear unit 17a so as to rotate together. The other part of the frictional member

105 is fixed to a fixing member 16 formed inside the front covef 108.

[0053]  The oil passage 116 for supplying a engaging oil pressure to the clutch Cl1
and the oil passage 117 for supplying a engaging oil pressure to the brake B1 are formed in
the front cover 108. The oil passage 116 can be easily formed, for example, by
performing a drilling process on three positions in the example illustrated in FIG. 12.
Similarly, the oil passage 117 can be easily formed, for example, by pefforming a drilling

procéss on three positions. The oil passage 116 and the oil passage 117 are configured to

- be connected to supply oil passages 122b formed in an MG cover 118 to the described

later and the housing 122 by assembling the froht cover 108 to the MG1 cover 118 and the
housing 122. The supply oil passages 122b are supplied with oil pressul'es for the clutch
C1 and the brake B1 from a valve body (not illustrated) side.

[0054]  The members constituting the transmission gear mechanism 17 such as the
planetary gear unit 17a, the clutch C1, the brake B1, and the input shaft 100 are housed and
assembled in the front cover 108. In the state where the members constituting the
transmission gear mechanism 17 are assembled, the MG1 cover 118 is attached to. the
opening portion on the rear side of the front cover 108. For example, illustrated in FIG.
12, the front cover 108 and the MG1 cover 118 are fixed as a unified body by plural bolts
119. The same through-hole 118a as in the front cover 108 is formed in the MG1 cover

118. In a part of the through-hole 118a, the input shaft 100 of the transmission gear
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mechanism 17 and the input shaft 125 of the power split mechanism 4 to be described later
are connected to each other so as to relatively rotate, and the output flange 101 of the
transmission gear mechanism 17 and the input shaft 125 of the power split mechanism 4 to
be described later are fitted by a spline.

[0055] The MG1 cover 118 is formed along the shape of the front (left in FIG. 12)
end of the first motor-generator 2. Accordingly, a part of the outer circumference of the
MGTI cover 118 is formed to correspond to the front end of a coil end 2b of the first
motor-generator 2, and the central part of the MG1 cover 118 having the through-hole 118a
formed therein has a shape invading the inner circumference of the coil end 2b or a stator
2¢. That is, as illustrated in the cross-sectional view of FIG. 12, the central part of the
MGT cover 118 protrudes to the right side in FIG. 12 and the through-hole 118a is located
on the inner circumference of the first motor-generator 2.  Accordingly, the output flange
101 of the transmission gear mechanism 17 and the input shaft 125 of the power split
mechanism 4 are connected to each other by a spline on the inner circumference of the first
motor-generator 2. _

[0056] In this way, in the power transmitting apparatus TM according to the
present invention, the transmission gear mechanism 17 and the power split mechanism 4
are arranged effectively using the space of the inner circumference of the first
motor-generator 2. Accordingly, it is possible to shorten the entire length in the rotation
axis direction of the power transmitting apparatus TM and to achieve a decrease in size and
weight of the power transmitting apparatus TM. |

[0057] In the example illustrated in FIG. 12, a space 108b is formed between the
outer circumference of the fixing member '16_ to which the frictional member 105 of the
brake Bl and the inner circumference of the front cover 108. The space 108b effectively
serves as an oil return patﬁ or an oil reservoir of the oil shpplied to the transmission gear
mechanism 17.

[0058] A ball bearing 120 for supplying the front end of the rotor.2a of the first
motor-generator 2 is attached to the side surface on the rear side of the MG1 cover 118.

Specifically, an outer race 120a of the ball bearing 120 is fixed to the MG1 cover 118. By
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attaching the MG1 cover 118, which has been fixed as a unified body to the front cover
108, to the housing 122 housing the first motor-generator 2 to be described later, the rotor
2a is incorporated into an inner race 120b of the ball bearing 120. The end on the rear
side of the rotor 2a is supported by a ball bearing 124 to be described later.

[06059] As described above, the transmission gear mechanism 17 is formed as a
single unit in a state where the members constituting the transmission gear mechanism 17
such as the planetary gear unit 17a, the clutch C1, the brake B1, and the input shaft 100 are
incorporated into the front cover 108 and are covered with the MG1 cover 118. That is,
the transmission gear mechanism 17 in the present invention can be formed as a
itransmission gear unit covered with the front cover 108 and the MG1 cover 118 and the
‘transmission gear unit can be treated as a sub-assembly.

[0060] The housing 122 for housing the first motor-generator 2, a resolver 121,
and the like is disposed on the rear side of the front cover 108 and the MG1 cover 118

housing the transmission gear mechanism 17. That is, the front cover 108 and the MGl

cover 118 housing the transmission gear mechanism 17 to form the transmission gear unit

as described above are fixed to the front side of the housinig 122. For example, as

illustrated in FIG. 12, the front cover 108, the MGl cover 118, and the housing 122 are

-fixed as a unified body by plural bolts 123.

[0061]  The housing 122 is opened to the front side, that is, the MG cover 118
side (the left side in FIG. 12) and the resolver 121 is attached to the inside of a side wall
portion 122a on‘the rear side of the housing 122. A through-hole is formed in the side
wall portion 122a and the ball bearing 124 is attached,to the inner circumference of the
through-hole. The stator 2¢ of the first motér-generator 2 is fixed to the inside of the
housing 122 oh the front side of the resolver 121. ) v

[0062]  The rotor 2a of the first motor-generator 2 is insertcd .into the inner
circumference of the stator 2c. The front end of the rotoi' 2a is supported on the MGI
cover 118 by the ball bearing 120 by assembling the housing 122, the front cover 108, and
the MG1 cover 118 as a unified body as described above. On the other hand, the rear end

of the rotor 2a is supported on the housing 122 by the ball bearing 124. A spline hole 2d
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for connecting the rotor 2a to the sun gear 6 of the power split mechanism 4 so as to enable
power transmission is formed at the rear end of the rotor 2a. That is, a spline shaft 127a
is formed in a flange 127 connected as a unified body to the sun gear 6 of the power split
mechanism 4 to be described later, and the rotor 2a and the flange 127 are fitted by a
spline.

[0063]  The power split mechanism 4 is disposed in the housing 122 housing the
first motor-generator 2. The power split mechanism 4 is constituted by a single-pinion
planetary gear unit as described above, and includes thve input shaft 125 to which the carrier
8 thereof is connected so as to rotate together and the output shaft 126 to which the ring
gear 7 thereof is connected so as to rotate together. The flauge 127 is connected to the
sun gear 6 of the power split mechanism 4 so as to rotate together. The spline shaft 127a
is formed on the outer circumference of the front end of the flange 127. The flange 127
and the rotor 2a of the first motor-generator 2 having thé spline hole 2d formed therein are
fitted to each other by a spline. That is, the sun gear 6 of the power split mechanism 4 is
connected to the rotor 2a of the first motor-generator 2 by a spline so as to rotate together.

[0064]  The input ishaft 125 is inserted into the inher circumference of the sun gear
6 and the flange 127 so as to rotate relative to the sun gear 6 of the power split mechanism
4 and the flange 127. A part on the front side of the input shaft 125 pfotrudes from the ‘
flange 127 and the part protruding from the flange 127. is inserted into the inner
circumference .of the rotor 2a so as to rotate relative to the 1j0tdr 2a. A spline shaft 125a is
formed on the outer circumference of the front end of the input shaft 125. The input shaft
125 and the output ﬂange. 101 of the transmission geai‘ mechanism 17 having the spline
hole 101a formed therein are fitted to each other by a spline. That is, the output flange
jOl as the output member of the transmission gear mechanism 17 ahd the input shaft 125
as the input member of the powén‘ split mechanism 4 are connected to each other by a
spline so as to rotate together. The output flange 101 and the input shaft 125 may be
connected to each other by a serration instead of the spline.

[0065] A count‘efbore for supporting the rear (right in FIG. 12) end of the input

shaft 100 of the transmission gear mechanism 17 so as to relatively rotate is formed at the
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front end of the input shaft 125. A bush 128 is formed between the rear end of the input
shaft 100 and the counterbore formed at the front end of the input shaft 125.

[0066] A flange 129 rotating together with the output shaft 126 is formed at the
front end of the output shaft 126, and the ring gear 7 of the power split mechanism 4 is
connected to the flange 129 so as to rotate together. That is, the output shaft 126 and the
ring gear 7 are connected so as to rotate together. On the other hand, the rear end of the
output shaft 126 is connected to the propeller shaft 9, which is not illustrated in FIG. 12, so
as to rotate together. The part on the rear side of the output shaft 126 is supported on a
case 130 attached to the rear side of the housing 122. That is, a through-hole is formed in
a side wall portion 130a on the front side of the case 130 and the part on the rear side of the
output shaft 126 is inserted into the throug,h -hole of the side wall portion 130a. The
output shaft 126 is supported on the inner mrcumference of the tluough hole of the side
wall portion 130a.

[0067] A counterbore for supporting the rear end of the input shaft 125 of the

power split mechanism 4 so as to relatively rotate is formed at the front end of the output

‘shaft 126. A bush 131 is disposed between the rear end of the input shaft 125 and the

counterboxe formed at the front end of the output shaft 126

[0068] I’he example describes the configuration in which the rmg gear 7 of the
power spl'it mechanism 4 is connected to the propeller shaft 9 via the output shaft 126, that
is, the configuration in which the power transmitting apparatus TM according to the
present invention is applied to the drivetrain that can be éuitably mounted on the FR type
vehicle illustrated in FIG. 1. On the other hand, when the power tfansmitting apparatus.
TM according to the presert invention is applied to the drivetrain that can be suitably
mounted on the FF type vehicle illustrated in FIG. 2, the ring gear 7 of the power split
mechanism 4 is connected to the drive gear 25 éonstituting the gear train. 12 via the'output
shaft 126 so as to rotate togethel‘. The other conﬁguraﬁon may be .thev same as in the
example illustrated in FIG. 12.

[0069] FIG. 13 illustrates another configuration example of the power

transmitting apparatus according to the present invention. The power transmitting
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apparatus TM illustrated in FIG. 13 corresponds to the drivetrain illustrated in FIGS. 10, 11.
That is, the transmission gear mechanism 17 is constituted by the double-pinion planetary
gear unit 17b.

[0070] In FIG 13, the power transmitting apparatus TM includes a transmission
gear mechanism 17, a first motor-generator 2, and a power split meqhanism 4, similarly to

the configuration illustrated in FIG. 12. In FIG. 13, the transmission gear mechanism 17,

" the first motor-generator 2, and the power split mechanism 4 are arranged in this order

from the side close to the engine 1 not illustrated, that is, from the front side of the power
transmitting apparatus TM.

‘ [0071] In the configuration illustrated. in FIG 13, the transmission gear
mechanism 17 is constituted by a double-pinion planetary gear unit 17b, a clutch Cl, a
brake B1, an input shaft 200, and an intermediate shaft 201. = The clutch C1 includes a
frictional member 202 for connecting the sun gear 33 and the carrier 32 of the planctary

gear unit 17b to each other and a hydraulic actuator 203 and a return spring 204 for causing

‘the  frictional member 202 to operate so as to control the clutch C1 to the engaging and

-disengaging states. The hydraulic actuator 203 is supplied with an oil pressure for

engaging the clutch Cl via an oil passage 218 to be described later. On the other hand,

‘the brake BI includes a frictional member 205 for fixing the sun gear 33 of the planetary

gear unit 17b so as not to rotate and a hydraulic actuator 206 and a return spring 207 for

‘éausing the frictional member 205 to operate so as to control the brake Bl to the engaging

and disengaging states. The hydraulic actuator 206 is supplied with an oil pressure for

- engaging the brake Bl via an oil passage 219 to be-deécx'ibed later.

[0072]) A front cover 208 for h_ousing the planetary gear unit 17b, the clutch Cl,
the -brake B'l, and the ihput shaft 200 is'prox‘/ided‘. The fronf cover 208 is a member
covering a part f“acing the engine 1 in a state where the powér transmitti_n‘g apparatus T™ is
completely assembled. In the power trans-mitting apparatus TM illustrated in FIG. 13, the
planetary gear unit 17b, the clutch Cl, the brake BI, the»inpﬁt shaft 200, and the
intermediate shaft 201 are disposed inside the front cover 208.

[0073] - Specifically, the planetary gear unit 17b is disposed on the front side in the
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front cover 208, that is, on the side close to the engine 1 not illustrated in FIG. 13 (on the
left side in FIG. 13). In the inner circumference of the sun gear 33 of the planetary gear
unit 17b, the input shaft 200 serving as an input member of the transmission gear
mechanism 17 is disposed to rotate relative to the sun gear 33 and the intermediate shaft
201. The input shaft 200 is supported by a needle bearing 209 disposed on the inner
circumference of a through-hole 208a formed in the front cover 208 and a bush 210
disposed on the inner circumference of the intermediate shaft 201 as described later. The
hydraulic actuator 203, the return spring 204, the hydraulic actuator 206, and the return
spring 207 are attached to the rear side of the planctary gear unit 17b.

[0074] A flange 211 rotating together with the input shaft 200 is formed in the
input shaft 200, and the ring gear 31 of the planetary gear unit 17b is connected to the
flange 211 so as to rotate together. That is, the input shaft 200 and the ring gear 31 are
connected to each other so as to rotate together. The front end of the input shaft 200
protrudes from the tHfough-hole 208a so as to connect the input shaft 200 to the output
shaft la of the engine 1 via a _damper mechanism (not illustrated). The rear end of the
input shaft 200 is supported by the intermediate shaft 201 as described later. The part on

the rear side from the flange 211 of the input shaft 200 has an outer diameter smaller than

that of the other part so as to be inserted into the counterbore formed in the intermediate

shaft 201.
{0075]  In-addition to the input shaft 200, the intermediate shaft 201 serving as an

output member of the transmission gear mechanism 17 is disposed on the inner
circumference of the sun gear 33 of the planetary gear unit 17b so as to rotate relative to
the input shaft 200 and the sun gear 33. The interfnediate shaft 201- is disposed.on the -
same rotation axis as the input shaft 200 on the rear side of the input shaft 200. The
intermediate shaft 201 is. supported by a needle bearing 215 vdisposed on the inner
circumference of a through-hole 217a formed in an MG1 cover 217 to be described later
and a needle bearing 216 disposed on the inner circumference of the rotor 2a of the first
motor-generator 2. |

[0076] The carrier 32 of the planetary gear unit 17b is connected to the
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intermediate shaft 201 so as to rotate together. A counterbore for supporting a
small-diameter portion on the rear side of the input shaft 200 so as to relatively rotate is
formed at the front end of the intermediate shaft 201. A bush 210 is formed between the
rear end of the input shaft 200 and the counterbore formed at the front end of the
intermediate shaft 201. A spline hole 201a for connecting the intermediate shaft 201 and
the input shaft 125 of the power split mechanism 4 so as to enable power transmission is
formed at the rear end of the intermediate shaft 201.  That is, a spline shaft 125a is formed
at the front end of the input shaft 125 of the power split mechanism 4 and the intermediate

shaft 201 and the input shaft 125 are fitted to each other by a spline. Accordingly, the

intermediate shaft 201 as the output member of the transmission gear mechanism 17 and

‘the input shaft 125 as the input member of the power split mechanism 4 are connected to

each other by a spline so as to rotate together. The intermediate shaft 201 and the input
shaft 125 may be connected to each other by a serration instead of the spline.
[0077]  The frictional member 202 of the clutch C1 is disposed on the outer

circumference of the hydraulic actuator 203, the return spring 204, and the planetary gear

-unit 17b. A part of the frictional member 202 is connected to the sun gear 33 of the

planetary gear unit 17b so as to rotate together. The other part of the frictional member
202 is connected to the carrier 32 of the planetary gear unit 17b so as to rotate together.
The frictional member 205 of the brake B1 is dispoéed on the outer circumference of the
clutch C1. A part of the frictional member 205 is fixed to the ﬁxing member 16 formed
in the MG1 cover 217.

[0078]) The memBers constituting fﬁe transmissién gear mechanism 17 such as the
planetary gear unit. 17b, the clufch Cl, the brake Bl, the input ‘shaft 200, and the
intermediate shaft 201 are housed and aéserhbiéd in the front cover 208. In the state
where the members constituting the transmission geé.r mechahism 17 are assembled, the
MG cover 217 is attached to the opening portion on the rear sfde of the front cover 208.
For example, as illustrated in FIG. 13, the front coveér 208 and the MG1 cover 217 are fixed
as a unified body by plural bolts 119. A through-hole 217a as in the front cover 208 is

formed in the MG1 cover 217. The intermediate shaft 201 is inserted into the inner
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circumference of the through-hole 217a. The rear end of the intermediate shaft 201
having the spline hole 201a formed therein protrudes from the through-hole 217a to the
rear side so as to be fitted to the input shaft 125 of the power split mechanism 4 by a spline
on the inner circumference of the rotor 2a of the first motor-generator 2.

[0079] The MG1 cover 217 is formed along the shape of the front (left in FIG. 13)
end of the first motor-generator 2.  Accordingly, a part of the outer circumference of the
MG1 cover 217 is form_ed to correspond to the front end of the coil end 2b of the first
motor-generator 2, and the central part of the MG1 cover 217 having the through-hole 217a

formeéd therein has a shape invading the inner circumference of the coil end 2b or the stator

‘2¢. That 1s, as illustrated in the cross-sectional view bf FIG. 13, the cent;-al part of the

MG cover 217 protrudes to the right side in FIG. 13 and the through-hole 217a is located
on the inner circumference of the first motor-generator 2.  Accordingly, the intermediate
shaft 201 of the transmission gear mechanism 17 and the inpixt shaft 125 of the power split
mechanism 4 are connected to each other by a spline on the inner circumference of the first
motor-generator 2,

[0080] In the example illustrated iﬁ FIG. 13, similarly to the example illustrated in
FIG. 12, in tl_{e pbwer transmitting appafﬁtus TM according to the present invention, the
transmission gear mechanism 17 and the power split mechanism 4 are arranged effectively
using the space of the inner circumference of the first motor—generatof 2. Accordingly,
it is bossible to shorten the entire length in the rotation axis direction of the power
transmitting apparatus TM and to achieve a decrease in size and weight of the power
transmitting apparatus TM. | '

[0081] In the example illustrated in FIG. 13, the oil passage 218 for supplying a

-engaging oil pre'ssuré to the clutch C1 and the oil passage 219 for supplying a engaging oil

pressure to the brake Bl are formed in the MG1 c.over 217. The oil passage 218 is
formed by fixing or holding a tubular member, which is formed in a predetermined shape
corresponding to the shape of the MG1 cover 217, to the inner side surface (the left side in
FIG. 13) of the MG1 cover 217. On the other hand, the oil passage 219 can be easily

formed, for éxample, by performhg a drilling proceés on three positions. The oil passage
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218 and the oil passage 219 are connected to the supply oil passages 122b formed in the
MGt cover 217 and the housing 122 by assembling the front cover 208, the MG1 cover
217, and the housing 122. The supply oil passages 122b are supplied with oil pressures
for controlling the clutch C1 and the brake B1 from a valve body (not illustrated).

[0082] A ball bearing 120 for supporting the front end of the rotor 2a of the first
motor-generator 2 is attached to the side surface on the rear side of the MG1 cover 217.
Specifically, an outer race 120a of the ball bearing 120 is fixed to the MG1 cover 217. By
attaching the MG1 cover 217, which has been fixed as a unified body to the front cover
208, to the housing 122 housing the first motor-generator 2, the rotor 2a is incorporated
into an inner race 120b of the ball bearing 120.

- [0083] As described above, the transmission gear mechanism 17 is formed as a
single unit in a state where the members constituting the transmission gear mechanism 17
such as the planetary gear unit 17b, the clutch C1, the brake B1, the input shaft 200, and
the intermediate shaft 201 are incorporated into the front cover 208 and are covered with
the MG1 cover 217. That is, the ti'ansmission gear mechanism 17 in the present invention
can be formed as a transmission gear unit covered with the front cover 208 and the MG1
c':over 217 and the transmission gear unit can be treated as a sub-assembly.

[0084]  The housing 122 for housing the first motor-generator 2, the resolver 121,
and the like is disposed on the rear side of the front cover 208 and the MG1 cover 217
hpusing'the transmission gear mechanism 17. That is, the front cover 208 and the MG1
cover 217 housing the transmission gear mechanism 17 to form the transmission gear unit
as described above are ﬁxed tb the front side of the housing 122. TFor example, as
illustrated in FIG. 13, the front coi/er 208, the MG1 cover 217, and the hbusing 122 are
fixed as a unified body by .plural bolts 123. The configuration on tlie rear side of the front
cover 208 and the MG1 cover 217, that is, the conﬁgﬁration on the rear side of the housing
122, is the same as the configuration illustrated in FIG. 12.

[0085] The assembling procedure of the power transmitting apparatus TM
illustrated in FIG. 12 or 13 will be described below. First, the bearing 124 and the

resolver 121 are attached to the inside of the housing 122. Subsequently, the stator 2¢ of



10

15

20

25

WO 2015/036838 PCT/IB2014/001787

29

the first motor-generator 2 is attached. Then, the rotor 2a of the first motor-generator 2 is
incorporated into the inner circumference of the stator 2¢.

[0086] Independently of attachment of the resolver 121 or the first
motor—generatqr 2 into the housing 122, the transmission gear unit is assembled. That is,
the clutch C1 and the brake Bl are attached to the inside of the front cover 108.
Subsequently, the planetary gear unit 17a, the input shaft 100, and the output flange 101
are attached. - Then, the MG cover 118 is attached to cover the front cover 108.
Accordingly, in the state where the transmission gear mechanism 17 is covered with the
front cover 108 and the MG1 cover 118, the transmission gear mechanism 17 is assembled
as the transmission gear unit. Alternatively, the planetary gear unit 17b, the input shaft
200, and the intermediate shaft 201 are attached to the inside of the front cover 208.
Subsequently, the clutch C1 and the brake Bl are attached. Then, thé MGI cover 217 is
attached to cover the front cover 208. Accordingly, in the state where the transmission
geéar mechanism 17 is covered with fhe frbnt cerr 208 and the MGI1 cover 217, ‘the
transmission gear mechanism 17 is assembled as the transmission gear unit.

[0087] The transmission gear unit, that is, transmission gear mechanism 17

attached into the front cover 108 and the MGI cover 118 or the transmission gear

-mechanism 17 attached into the front cbvei' 208 and the MG1 cover 217, is attached into

the housing 122 housing the resolver 121 and the first motor-generator 2. That is, the
trans’rr-)iss.ion gear unit having the transmission gear.mechanism 17 incorporated therein is
attached to the left side of the ﬁousing 122 in FIG. 12 or 13.

[0088] In the state where the transmission geér unit is aitached into the housing

122 as described above, the first motor-generator 2 can be inspected. Specifically, a

-dummy shaft (not illustrated) having the same spline shaft 127a instead of the flange 127

-of the power split mechanism 4 héving the spliné shaft 127a formed therein is fitted into

the spline hole 2d formed at the rear end (the right side in FIGS. 12, 13) of the rotor 2a of
the first motor-generator 2. By connecting the dummy shaft to a predetermined
measuring instrument and causing the first motor-generator 2 to test-operate, it is possible

to check the operation of the first motor-generator 2, to easily adjust the resolver 121, or
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the like.
[0089]  The power split mechanism 4 is attached to the housing 122 having the
transmission gear unit attached thereto. Specifically, the power split mechanism 4 is

attached from the right side of the housing 122 in FIG 12 or 13. In the power split

‘mechanism 4, the input shaft 125, the flange 127, the output shaft 126, and the like are

attached to the planetary gear unit in advance. The input shaft 125 of the power split
mechanism 4 is inserted into the inner circumference of the rotor 2a of the first
1notox'-generat01' 2 attached to the housing 122. The spline shaft 125a formed in the input

shaft 125 and the spline hole 101a formed in the output flange 101 of the transmission gear

:mechanism 17 are fitted to each other by a spline. Alternatively, the spline shaft 125a

formed in the input shaft 125 and the spline hole 201a formed in the intermediate shaft 201
of the transmission gear mechanism 17 are fitted to each other by a spline. That is, the
output member of the transmission geai' mechanism 17 and the input member of the power
split mechanism 4 are connected to each other by a spline.

V [00901 Thereafter, the case 130 is attached to the rear end of the housing 122.

By attaching the case 130 to the housing 122, the output shaft 126 of the power split

mechanism 4 is supported and the assembling of the power transmitting apparatus TM is
completéd. |

[0091] As described above, in the power transmitting.app.aratus TM according to
the present invention, the tiansmission gear mechanism 17 for changing the rotation speed
of the engine 1 is disposed between the engihe 1 and the power split mechanism 4. In the
poWer trahsmitting apparatus TM, the output member of the transmission gear mechanism
17 and the input member of the power split mechanism"4 are connected to each other by a
spline (or serration). Accordingly, in the power transmitting apparatus TM according to
the present invenfion, the power split rhechanism 4 and the transmission gear mechanism
17 can be easily connected éo as to enable power transmission by causing the power split
mechanism 4 and the transmission gear mechanism 17 to relatively move in the rotation
axis direction at the time of assembling the power transrhitting apparatus TM.

[0092] Particularly, in the power transmitting apparatus TM according to the
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present invention, the transmission gear mechanism 17, the input member, the output
member, and the like are assembled as a single transmission gear unit to the housing 122
that houses the power split mechanism 4, the first motor-generator 2, and the like and that
is an important part of the power transmitting apparatus TM. Accordingly, by attaching
the transmission gear unit housing the transmission gear mechanism 17 to the housing 122
housing the power sp}it mechanism 4, the first motor-generator 2, and the like ffom the
rear side in the rotation axis direction, the housing 122 and the transmission gear unit can
be easily attached to each other.

.[0093] In this case, a spline (or serration) is formed in the connecting part

between the output member of the transmission gear mechanism 17 and the input member

-of the power split mechanism 4 as described above. Accordingly, the output member of

the transmission gear mechanism 17 and the input member of the power split mechanism 4
can be easily and satisfaciorily engaged to each other. As a result, it is possible to
improve assemblability or productivi‘ty of the power transmitting apparatus TM including
the transmission gear mechaﬁism 17 and the power split mechanism 4.

[0094] In the above-mentioned specific examples, a configuration of a so-called
two-motor hybrid vehicle including the engine 1, the first motor—génerator 2, and the
seéohd motor-generator 3 as the drive sources is described as the Hybrid vehicle to which
the present invention is appiied, but, for example, a hybrid vehicle including the engine
and three or more motot-generators may be employed. A so-called plug-in hybrid vehicle
in which a battery can be directly charged with an external power supply may be

employed.
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CLAIMS:

1. A power transmitting apparatus for a hybrid vehicle including an engine and at
least one rotary machine as drive sources, the power transmitting apparatus comprising:

a power split mechanism constituted by a differential device, the power split
mechanism configured to split or combine and transmit dynamic power between the drive
sources and a drive shaft, the differential device including three rotation elements, and the
three rotation elements including:

a first rotation element that is connected to a first input member,

a second rotation element that is connected to the rotary machine, and

a third rotation element that is connected to the drive shaft via a first output
member; and

a transmission gear mechanism configured to change a rotation speed of the engine
input via a second input member, the transmission gear mechanism being configured to
transmit a torque to the first input member and the first rotation element via a second
output member, the transmission gear mechanism and the power split mechanism being
disposed on fhe samé rotation axis as an output shaft of the engine, the transmission gear

“mechanism and the power split mechanism being arranged in‘the'order of the transmission
gear méchanism and the power split mechanism ftom the side closer to the engine, and the
second output fnember and the first input member being connected to each other by one of

a spline and a serration.

2 The. power transmitting apparatus according to claim 1, further comprising:
a front cover that covers the ehginc side of the transmission gear mechanism; |
a rotary machine cover that covers the power split mechanism side of the
transmission gear mechanism; and
a housing that houses the power split mechanism and the rotary machine, wherein
the transmission gear mechanism is housed in the front cover and the transmission

gear mechanism is covered with the front cover and the rotary machine cover,
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the transmission gear mechanism, the front cover, and the rotary machine cover
constitute a transmission gear unit,

the second input member is supported by the front cover and the first input member
or the second input member is supported by the front cover and the second output member,
and

the transmission gear unit is attached to an end on the transmission gear mechanism

side of the housing.

3. The.power transmitting apparatus according to claim 1 or 2, wherein the second
:output member includes a flange member, the flange member is disposed at an end on the
power splft mechanism side of the second output member, and the flange member includes
one of a spline hble, a serration hole, a spline shaft and a serration shaft, and

the first input member inclﬁdes a shaft member, the shaft member is disposed at an
end on the tx'ansfnission gear mechanism side of the first input member, and the shaft
‘member supports an ehd on the power split mechanism side of the sécond input member so
as to rotate relative to the first input member and the shaft member includes one
corresponding to the flange member out of followihg four members:

j a spline shaft fitted to the spline hole of the second output member;
a serration shaft fitted to thé serration hole of the second oﬁtput member;
a spline hole fitted to the spline shaft of the second output member; and

a serration hole fitted to the serration shaft of the second output member.

4. The powér‘transmitting apparatus according to claim 1 or 2, wheiein the second
output member includes a segoﬁd shaft membert, the second' shaft member is disposed at an
end on the power split meéhanism side of the second output member, and the second shaft

- member includes one of a spline hole,.a serration hole, a spline shaft and a serration shaft
and the shaft member supports a part on the power split mechanism of the second input

member so as to relatively rotate, and

the first input member includes a first shaft member, the _ﬁrst shaft member is
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disposed at an end on the transmission gear mechanism side of the first input member, and
the first shaft member includes one corresponding to the second shaft member out of
following four members:

a spline shaft fitted to the spline hole of the second output member;

a serration shaft fitted to the serration hole of the second output member;

a spline hole fitted to the spline shaft of the second output member; and

a serration hole fitted to the serration shaft of the second output member.

5. The power transmitting apparatus according to any one of claims 1 to 3, wherein
the transmission gear mechanism includes:

a planetary gear unit that is of a single planetary gear unit and that includes a carrier,
a ring gear, and a sun gear;

a clutch that setectively connects the sun gear and the carrier to each other; and

dbrake that selectively fixes the sun gear so as not to rotate,

the ring gear ié connected to the second output member so as to rotate together,

the carrier is connected to the second input member so as to rotate together, and

the end on the power split mecharﬁsm side of the second input member is supported
by an inner circumferential portion of the end on the fransmissfqn gear mechanism side of

- the first input member so as to relatively rotate.

6. The power ' transmittiﬁg apparatus according to any one of claims 1, 2, and 4,
wherein the transmission gear mechanism includes:

a planetary gear unit that is of a double planetary gear unit and that includes a carrier,
aring gear, and a sdn gear; _ . | |

a clutch that selectively connects the sun gear and the carrier to each other; and

a brake' that selectively fixes the sun gear sP as hot to rotate, ‘

the second output member is disposed on an inner circumferential portion of the sun
gear so as to rotate relative to the sun gear, ‘

the carrier is connected to the second output member so as to rotate together,
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the ring gear is connected to the second input member so as to rotate together, and
the end on the power split mechanism side of the second input member is supported
by an inner circumferential portion on the engine side of the second output member so as

to relatively rotate.

7. The power transmitting apparatus according to any one of claims 1 to 6, wherein
the rotary machine includes an inner-rotor electric motor including a rotor with a hollow
structure, the rotary machine is disposed on the same rotation axis as the output shaft of the
engine, and the rotary machine is disposed between the transmission gear mechanism and
the power split mechanism, ‘

the first input member is supported by an inner circumferential portion of the rotor so
as to relatively rotate, and

the second output member and the first input member are connected to each other in

an inner circumferential portion of the inner-rotor electric motor.
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