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(57) Abstract: In a power transmitting apparatus (TM) for a hybrid vehicle, including a power split mechanism (4) that splits or
combines dynamic power and transmits the power between an engine (1) and a drive shaft (5), and a transmission gear mechanism
(17) that changes a rotational speed of the engine (1) through engagement and release of a clutch (C1) and a brake (B1) using hy-
draulic actuator s (103, 106), the transmission gear mechanism (17) is formed as a transmission gear unit covered with a front cover
(108) and a rotary machine cover (118), and the transmission gear unit is mounted to a housing (122) in which the power split mech-
anism (4) and a motor-generator (2) are disposed, while oil passages (116, 117) for shift control used for supplying hydraulic pres-
sure to the hydraulic actuators (103, 106) are formed in the front cover (108) or the rotary machine cover (118).
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POWER TRANSMITTING APPARATUS FOR HYBRID VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to a power transmitting apparatus on which a hybrid
vehicle including two or more sources of driving force having different dynamic power

generation principles is installed.

2. Description of Related Art

[0002] A hybrid vehicle includes two or more driving sources having difference
dynamic power generation principles, as sources of driving force for traveling the vehicle.
The driving sources include, for example, an engine that generates dynamic power by
converting thermal energy to kinetic energy, and a rotary machine (e. g., electric motor)
having an energy regeneration capability. For example, an internal combustion engine,
such as a gasoline engine or a diesel engine, and a rotary machine, such as an electric
motor that functions as a generator, or a hydraulic motor that functions as an accumulator,
may be installed on the hybrid vehicle. By utilizing respective characteristics possessed
by the engine and the rotary machine, it is possible to improve the energy efficiency and
reduce exhaust gas or emissions. One example of hybrid drive system for use in this type
of hybrid vehicle is described in Japaﬁese Patent Application Publication No. 2008-120234
(JP 2008-120234 A). |

[0003] The hybrid drive system described in JP 2008-120234 A includes an
engine, a first motor having a function of generating electric power using dynamic power
of the engine, and a sccond motor that generates dynamic power to an output member
using the electric power generated by the first motor. The first motor and the second
motor are disposed on the same axis, and a power split mechanism that distributes the
dynamic power generated by the engine to the first motor and the output member is

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

[0004] In Japanese Patent Application Publication No. 2008-265598 (JP
2008-265598 A), a hybrid vehicle including an engine, a first motor, a second motor, and a
power split mechanism constituted by a planetary gear unit having three rotation elements
is described. The hybrid vehicle described in JP 2008-265598 A further includes a clutch
that fixes an output shaft of the engine so as to make the output shaft uﬁable to rotate.
The first motor is connected to the output shaft of the cngine via the power split
mechanism, and the second motor is connected to drive wheels. Operations of the engine,
first motor, second motor, and the clutch are respectively controlled according to the
required driving force of the vehicle. When the clutch is engaged, and the output shaft of
the engine is fixed, the hybrid vehicle is able to travel in a motor traveling mode in which
both the first motor and the second motor are driven, in a condition where the power split
mechanism functions as a speed reducing mechanism or a speed increasing mechanism.

[0005] Also, a hybrid vehicle similar in construction to the hybrid vehicle
described in JP 2008-265598 A as described above is described in Japanese Patent
Application Publication No. 2008-265600 (JP 2008-265600 A). In the hybrid vehicle
described in JP 2008-265600 A, when a condition or conditions under which the clutch is
engaged to fix the crankshaft of the engine so as to make it unable to rotate is/are satisfied,
the operation of the engine is stopped, and rotations of two motors are respectively
controlled, using a map that specifies torque split with which the two motors are most
efficiently driven, based on the accelerator operation amount, vehicle speed, and the speed

ratio of the transmission gear device.

SUMMARY OF THE INVENTION
[0006] By adding a transmission gear mechanism (c.g., a transmission gear
device) for changing the rotational speed of the engine to the arrangement of a known

power transmitting apparatus for a hybrid vehicle including the engine, electric motor, and
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the power split mechanism, as in the hybrid drive system described in JP 2008-120234 A, it
is possible to operate the engine at a 1‘otati§nal speed that is more advantageous to the fuel
efficiency, according to the required driving force and traveling conditions. Consequently,
the energy efficiency of the hybrid vehicle can be improved.

[0007]  The transmission gear mechanism as described above includes a gear train,
and friction devices (friction engagement devices), such as a clutch and a brake, for shift
control. The friction devices, such as a clutch and a brake, are generally arranged to be
controlled by use of hydraulic pressure. Namely, cach of the friction devices included in
the transmission gear mechanism as described above includes a plurality of friction
members, and a hydraulic actuator for operating the friction members, and the friction
members are arranged to engage with each other when a given hydraulic pressure is
supplied to the hydraulic actuator. In the known arrangement, the hydraulic pressure is
generally supplied to the hydraulic actuator, via an oil passage formed in the interior of a
rotary shaft of the power transmitting apparatus.

[0008] When the hydraulic pressure is supplied to the hydraulic actuator via the
oil passage formed within the rotary shaft as described above, a seal ring for preventing
hydraulic leak is used at a connecting portion between the oil passage formed in the rotary
shaft and an oil passage that communicate with the hydraulic actuator. The seal ring is
provided between the outer periphery of the rotary shaft, and the inner periphery of a
member that rotates relative to the rotary shaft. Accordingly, if the number of locations
where the seal ring is used is increased, a dragging loss increases at sliding portions of the
seal rings, and the energy efficiency of the system may be reduced.

[0009]  The present invention provides a power transmitting apparatus for a hybrid
vehicle which exhibits a high energy efficiency, even if the system is provided by adding a
transmission gear mechanism for changing the rotational speed of an engine to the known
system.

[0010] One aspect of the invention relates to a power transmitting apparatus for a
hybrid vehicle including an engine as drive source, and a hydraulic actuator. The power

{ransmitting apparatus includes at least one rotary machine, a power split mechanism, a
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housing, a transmission gear mechanism, a front cover, and a rotary machine cover. The
above-indicated at least one rotary machine is a drive source of the hybrid vehicle. The
power split mechanism is a differential mechanism having a first rotation element, a
second rotation element to which the rotary machine is coupled, and a third rotation
element to which a drive shaft is coupled. The power split mechanism is configured to
split or combine dynamic power among the sources of driving force and the drive shaft and
transmit the split or combined dynamic power to the sources of driving force or the drive
shaft. The power split mechanism and the at least one rotary machine are disposed in the
housing. The transmission gear mechanism has a friction device that is engaged or
disengaged by the hydraulic actuator. The transmission gear mechanism is configured to
change a rotational speed of the engine through engagement and disengagement of the
friction device, and transmit torque of the engine to the first rotation element. The front
cover covers one side of the transmission gear mechanism closer to the engine. The
rotary machine cover covers the other side of the transmission gear mechanism closer to
the power split mechanism. The transmission gear mechanism is disposed inside the front
cover. The transmission gear mechanism is covered with the front cover and the rotary
machine cover. The transmission gear mechanism, the front cover, and the rotary
machine cover is a transmission gear unit. The transmission gear unit is provided to an
end portion of the housing closer to the transmission gear mechanism. The oil passage
for shift control is provided in the front cover or the rotary machine cover. The hydraulic
pressure is supplied to the hydraulic actuator through the oil passage for the shift control.
[0011] In the power transmitting apparatus as described above, the friction device
may include a clutch and a brake. The transmission gear mechanism may include a single
planetary gear unit. The clutch may be configured to selectively connect a sun gear of the
single planetary gear unit to a carrier of the single planetary gear unit. The brake may be
configured to selectively fix the sun gear so as to make the sun gear unable to rotate. The
oil passage for the shift control may include at least one of a communication hole and a
tubular member. The communication hole may be provided.in an interior of the front

cover. The tubular member may be shaped along a shape of the front cover.
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[0012] In the power transmitting apparatus as described above, the friction device
may include a clutch and a brake. The transmission gear mechanism may include a
double planetary gear unit. The clutch may be configured to selectively connect a sun
gear of the double planetary gear unit to a carrier of the double planetary gear unit. The
brake may be configured to selectively fix the sun gear so as to make the sun gear unable
to rotate. The oil passage for the shift control may include at least one of a
communication hole and a tubular member. The communication hole may be provided in
an interior of the rotary machine cover. The tubular member may be shaped along a
shape of the rotary machine cover.

{0013] In the power transmitting apparatus as described above, the transmission
gear unit may be provided to the housing such that the oil passage for the shift control is
connected to a supply oil passage. The supply oil passage may be provided in the
housing. A hydraulic pressure may be supplied from a hydraulic source to the supply oil
passage.

[0014] In the power transmitting apparatus according to the above aspect of the
invention, the transmission gear mechanism for changing the rotational speed of the engine
by hydraulically controlling the friction device with the hydraulic actuator is provided
between the engine and the power split mechanism. The transmission gear mechanism is
housed in the front cover and the rotary machine cover, to provide an integral transmission
gear unit, against the housing as a principal part of the power transmitting apparatus in
which the power split mechanism, rotary machine, etc. are disposed. Accordingly, the
speed changing mechanism including the friction device and the hydraulic actuator can be
handled as a sub-assembly.

[0015]  In the power transmitting apparatus according to the above aspect of the
invention, the oil passage for shift control, through which hydraulic pressure is supplied’to
the hydraulic actuator for hydraulic control of the speed changing mechanism, is provided
in the front cover or rotary machine cover in which the speed changing mechanism is
housed. For example, the oil passage for shift control is provided by a communication

hole formed by drilling or boring in the interior of the front cover or rotary machine cover.
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In another example, the oil passage for shift control is provided by a tubular member, such
as a metal pipe, formed by bending along the shape of the front cover or rotary machine
cover. The oil passages as described above are arranged to communicate with a supply
oil passage formed in the housing, no matter how each oil passage is formed, in a condition
where the transmission gear unit including the transmission gear mechanism is mounted to
the housing. The supply oil passage of the housing is an oil passage through which
hydraulic pressure for hydraulically controlling the friction device is supplied from the
hydraulic source. Therefore, the hydraulic pressﬁre for shift control is supplied to the
hydraulic actuator of the friction device, via the supply oil passage of the housing, and the
oil passage for shift control formed in the front cover or the rotary machine cover.

[0016] Accordingly, in the power transmitting apparatus according to the above
aspect of the invention, the oil passage for shift control, through which the hydraulic
pressure is supplied to the hydraulic actuator of the speed changing mechanism for
hydraulic control of the speed changing mechanism, is formed in the front cover or rotary
machine cover in which the transmission gear mechanism is housed. Namely, the oil
passage for shift control is not formed in the interior of rotary shafts of the power
transmitting apparatus, but formed in the front cover or the rotary machine cover. In the
related art, the‘power transmitting apparatus for vehicle of this type is generally configured
such that oil passages formed in the interior of the rotary shafts are used for supplying
hydraulic oil for control of friction devices (friction mechanism), etc., and lubricating oil
for lubrication or cooling of respective parts of the system. On the other hand, in the
power transmitting apparatus according to the invention, the oil passage for shift control,
through which the hydraulic pressure for shift control is supplied, is not formed within the
rotary shaft of the power transmitting apparatus, but formed in the front cover or the rotary
machine cover. Therefore, the oil passages formed within the rotary shafts as in the
related art can be exclusively used for Jubricating oil having a lower pressure than the
control hydraulic pressure,  As a result, the arrangement of oil passages formed within the
rotary shafts can be simplified. While seal rings for preventing or curbing hydraulic leak

need to be used when the oil passages are formed within the rotary shafts, the number of
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the seal rings used for the rotary shafts can be reduced, since the oil passage for shift

control is formed in the front cover or the rotary machine cover. Therefore, the dragging
loss that would appear at sliding portions of the seal rings during rotation of the rotary
shaft can be reduced. Consequently, the energy efficiency of the power transmitting

apparatus can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] 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 useful for explaining a drive train of a hybrid vehicle to
which this invention is applied, showing an example of drive train suitable for installation
on an FR-type vehicle, wherein a transmission gear mechanism is constituted by a single
pinion type planetary gear unit;

FIG. 2 is a skeleton diagram useful for explaining a driven train of a hybrid vehicle to
which this invention is applied, showing an example of drive train suitable for installation
on an FF-type vehicle, wherein a transmission gear mechanism is constituted by a single
pinion type planetary gear unit;

FIG. 3 is a table indicating operating states of a clutch, a brake, and first and second
motor-generators, in each driving state of the drive train shown in FIG. 1 or FIG. 2;

FIG. 4 is a nomographic chart in connection with a power split mechanism and a
transmission gear mechanism in the drive train shown in FIG. 1 or FIG. 2, showing a
condition where the vehicle travels only with the output of the second motor-generator;

FIG. § is a nomographic chart in connection with the power split mechanism and the
transmission gear mechanism in the drive train shown in FIG. 1 or FIG. 2, showing a
condition where the vehicle travels with the outputs of both of the first motor-generator
and the second motor-generator;

FIG. 6 is a nomographic chart in connection with the power split mechanism and the

transmission gear mechanism in the drive train shown in FIG. 1 or FIG. 2, showing a
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condition where the speed changing mechanism is set in an O/D speed position (High);

FIG. 7 is a nomographic chart in connection with the power split mechanism and the
transmission gear mechanism in the drive train shown in FIG 1 or FIG. 2, showing a
condition where the transmission gear mechanism is set in a direct-coupling speed position
(Low);

FIG. 8 is a block diagram useful for explaining a control system of the hybrid vehicle
to which this invention is applied;

FIG. 9 is a map (graph) used in control of the operation of the hybrid vehicle to which
this invention is applied, and shift control of the transmission gear mechanism, showing an
engine traveling range and a motor traveling range;

FIG. 10 is a skelcton diagram useful for explaining a drive train of a hybrid vehicle to
which this invention is applied, showing an example of drive train suitable for installation
on an FR-type vehicle, wherein a transmission gear mechanism is constituted by a double
pinion type planetary gear unit;

FIG 1l is a skeleton'diagram useful for explaining a drive train of a hybrid vehicle to
which this invention is applied, showing an example of drive train suitable for installation
on an FF-type vehicle, wherein a transmission gear mechanism is constituted by a double
pinion type planetary gear unit;

FIG. 12 is a cross-sectional view useful for specifically explaining the construction of
a power transmitting apparatus for a hybrid vehicle according to this invention, showing an
example in which a transmission gear mechanism is constituted by a single pinion type
planetary gear unit; and

FIG. 13 is a cross-sectional view useful for specifically explaining the construction of
a power transmitting apparatus for a hybrid vehicle according to this invention, showing an
example in which a transmission gear mechanism is constituted by a double pinion type

planetary gear unit.

DETAILED DESCRIPTION OF EMBODIMENTS

[0018] Next, this invention will be specifically described with reference to the
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drawings. The power transmitting apparatus according to the invention is installed on a
vehicle including an engine that generates dynamic power by converting thermal energy to
kinetic energy, and a rotary machine capable of energy regeneration, as sources of driving
force, namely, a hybrid vehicle including two or more sources of driving force having
different dynamic power generation principles.

[0019] A gasoline engine is most commonly used as the engine included in the
hybrid vehicle. Other than the gasoline engine, an internal combustion engine, such as a
diesel engine or an LPG engine, which uses a fuel other than gasoline, may be used as the
engine included in the invention. On the other hand, a motor having a power generating
capability (i.e., a motor-generator) is most commonly used as the rotary machine. Other
than the motor-generator, a pressure motor having the function of accumulating pressure,
such as hydraulic pressure or pneumatic pressure, a flywheel capable of storing and
releasing rotational energy, or the like, may be used as the rotary machine included in the
invention.

[0020]  The hybrid vehicle to which this invention is applied is configured to
operate in a traveling mode selected from “engine traveling mode” in which the vehicle
travels with dynamic power generated by the engine, “HV (hybrid) traveling mode”, and a
traveling mode in which the vehicle travels with dynamic power generated by the rotary
machine. In the case where a motor is used as the rotary machine, in particular, the
traveling mode of the hybrid vehicle may be selected from “engine traveling mode”, and
“motor traveling mode” in which the vehicle travels with the motor driven by electric
power stored in a battery.

[0021]  FIG. 1 shows one example of power train of the hybrid vehicle to which
this invention is applied. The example shown in FIG. 1 is a so-called two-motor-type
hybrid vehicle Ve using an engine (ENG) 1, and two rotary machines in the form of a first
motor-generator (MG1) 2 and a second motor-generator (MG?2) 3, as sources of driving
force. The hybrid vehicle Ve has a power split mechanism 4 that divides or splits
dynamic power generated by the engine 1, and transmits the dynamic power to one side

closer to the first motor-generator 2 and the other side close to drive shafts 5. The hybrid
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vehicle Ve is also operable such that electric power generated by the first motor-generator
2 is supplied to the second motor-generator (MG2) 3, and dynamic power generated by the
second motor-generator 3 by use of the electric power can be added to power received by
the drive shafts 5.

[0022] The power split mechanism 4 is constituted by a differential mechanism
having three rotation elements. More specifically, the power split mechanism 4 is
constituted by a planetary gear unit having a sun gear 6 as a first rotation element, a carrier
8 as a second rotation element, and a ring gear 7 as a third rotation element. In the
example shown in FIG. 1, a single-pinion-type planetary gear unit is used.

[0023] The planetary gear unit that constitutes the power split mechanism 4 is
disposed on the same axis as the engine 1. The first motor-generator 2 is coupled to the
sun gear 6 of the planetary gear unit. Namely, a rotor 2a of the first motor-generator 2is
coupled with the sun gear 6. The ring gear 7 is disposed concentrically with respect to the
sun gear 6. A pinion gear that meshes with the sun gear 6 and the ring gear 7 is held by
the carrier 8 such that the pinion gear can rotate about its own axis and rotate about the axis
of the power split mechanism 4. An output shaft 1a of the engine 1 is coupled to the
carrier 8, via a transmission gear mechanism 17 (which will be described later). A
propeller shaft 9 has one end portion that is coupled to the ring gear 7. The other end
portion of the propeller shaft 9 is connected to the drive shafts 5 and drive wheels 11, via a
differential gear 10,

[0024]  The power train of the hybrid vehicle as shown in FIG. 1 is configured to
add torque produced by the second motor-generator 3, to torque transmitted from the
power split mechanism 4 to the propeller shaft 9 and the drive wheels 11. More
specifically, the second motor-generator 3 is disposed on the same rotational axis as the
engine 1, and the second motor-generator 3 is connected to the propeller shaft 9 via a gear
train 12.

[0025) In the example shown in FIG. 1, a single pinion type planetary gear unit is
used as the gear train 12, A sun gear 13 of the planctary gear unit that constitutes the gear

train 12 is coupled (o a rotor 3a of the second motor-gencrator 3. A carrier 14 of the gear
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train 12 is coupled to the propeller shaft 9. A ring gear 15 of the gear train 12 is fixed to a
stationary member 16, such as a casing, such that the ring gear 15 cannot rotate. Namely,
in the gear train 12, the ring gear 15 is a fixed element. The carrier 14 that serves as an
output element when the sun gear 13 is an input clement is adapted to rotate at a lower
speed than the sun gear 13, in the same direction as the sun gear 13. Accordingly, the
gear train 12 functions as a speed reducing mechanism when it generates torque applied to
the sun gear 13, from the carrier 14. Namely, the gear train 12 is arranged to amplify
torque applied from the second motor-generator 3 to the sun gear 13, and transmit the
resulting torque to the propeller shaft 9.

[0026]  The first motor-generator 2 and the second motor-generator 3 are
respectively connected to a battery, via controllers, such as inverters (not shown). In
operation, electric current passed through each of the first motor-generator 2 and the
second motor-generator 3 is controlled so that each motor-gencrator 2, 3 functions as a
motor or a generator.  On the other hand, the engine 1 is controlled through control of its
throttle opcning and ignition timing. ~ Also, automatic stop of combustion operation of the
engine 1, and start and re-start of the engine 1, are controlled.

[0027}]  In the hybrid vehicle Ve to which the invention is applied, the transmission
gear mechanism 17 is provided between the engine 1, and the power split mechanism 4 and
first motor-generator 2. The transmission gear mechanism 17 is arranged to be switched
to one of a direct-coupling speed position, and a speed-increase speed position or overdrive
(O/D) speed position.  In the example shown in FIG. 1, the transmission gear mechanism
17 is constituted by a single pinion type planetary gear unit 17a having a carrier 18, aring
gear 19, and a sun gear 20. The carrier 18 is coupled to the output shaft 1a of the engine
1. The ring gear 19 is coupled to the carrier 8 of the power split mechanism 4 as
described above so as to rotate as a unit with the carrier 8. A clutch C1 for selectively
coupling the sun gear 20 with the carrier 18 is provided between the sun gear 20 and the
carrier 18. A brake B1 is provided for selectively fixing the sun gear 20 in a non-rotatable
state. The clutch C1 and the brake B1 may be constituted by friction devices that are

hydraulically engaged and released, for example.

PCT/IB2014/001786
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[0028] In the transmission gear mechanism 17, when the clutch Cl is engaged,
the sun gear 20 and the carrier 18 of the planetary gear unit 17a are coupled to each other.
As a result, the whole planetary gear unit 17a rotates as a unit, and is thus placed in a
so-called directly connected state in which no speed increasing effect nor speed reducing
effect is produced. When the brake Bl as well as the clutch C1 is engaged, the whole
planetary gear unit 17a is fixed as a unit, and rotation of the carrier 8 of the power split
mechanism 4 and rotation of the engine 1 are stopped. On the other hand, when only the
brake B1 is engaged, the sun gear 20 of the transmission gear mechanism 17 becomes a
fixed element, and the carrier 18 becomes an input element. Therefore, the ring gear 19
that becomes an output element when the carrier 18 is the input element rotates at a higher
speed than the carrier 18, in the same direction as the cawier 18. Accordingly, the
transmission gear mechanism 17 functions as a speed increasing mechanism. Namely, the
transmission gear mechanism 17 is placed in the O/D speed position,

[0029] In the example of the hybrid vehicle Ve shown in FIG. 1, drive torque
generated from one or more sources of driving force is transmitted to the drive shafts 5 and
the drive wheels 11 via.the propeller shaft 9. Namely, the drive train of the hybrid vehicle
Ve is suitable for installation on a so-called FR-type vehicle in which the sources of driving
force are located in a front part of the vehicle, and the driving force is generated at the rear
wheels. Meanwhile, this invention may also be applied to a so-called FF-type vehicle in
which the sources of driving force are located in a front pait of the vehicle, and the driving
force is generated at the front wheels. An example of the drive train suitable for
installation on the FF-type vehicle is illustrated in FIG., 2.

[0030]  As in the above-described example shown in FIG. 1, the hybrid vehicle Ve
shown in FIG. 2 includes the engine 1, and the first motor-generator 2 and second
motor-generator 3, as sources of driving force. The hybrid vehicle Ve also includes the
transmission gear mechanism 17, power split mechanism 4, and the gear train 12. The
transmission gear mechanism 17 is constituted by the single pinion type planetary gear unit
17a, clutch C1, and the brake Bl, as in the example shown in FIG. 1. The output shaft 1a

of the engine 1 is coupled to the carrier 18 of the planetary gear unit 17a.  The carrier § of
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the power split mechanism 4 is coupled to the ring gear 19. In the example shown in FIG.
2, a drive gear 25 is coupled to the ring gear 7 of the power split mechanism 4. Also, the
gear train 12 consists of the above-mentioned drive gear 25, counter shaft 26, counter
driven gear 27, reduction gear 28, and a differential drive gear 29.

[0031] More specifically, the counter shaft 26 is disposed in parallel with the
rotational axis of the engine 1, power split mechanism 4, etc. The counter driven gear 27
that engages with the drive gear 25 is mounted so as to rotate as a unit with the counter
shaft 26. Furthermore, the power train of FIG. 2 is configured such that torque produced
by the second motor-generator 3 can be added to torque transmitted from the power split
mechanism 4 to the drive shafts 5. Namely, the second motor-generator 3 is disposed in
parallel with the counter shaft 26, and the reduction gear 28 coupled to the rotor 3a is in
meshing engagement with the counter driven gear 27. The reduction gear 28 has a
smaller diameter than the counter driven gear 27.  Accordingly, the gear train 12 functions
as a speed reducing mechanism when it transmits torque applied to the reduction gear 28 to
the counter shaft 26 via the counter driven gear 27. Namely, the gear train 12 is arranged
to amplify the torque produced by the second motor-generator 3 and transmit the resulting
torque to the counter shaft 26.

10032] The differential drive gear 29 is mounted on the counter shaft 26 so as to
rotate together with the counter shaft 26, Also, in the example shown in FIG. 2, a ring
gear 30 is formed in an outer peripheral portion of the differential gear 10. The
differential drive gear 29 is in meshing engagement with the ring gear 30 formed in the
differential gear 10. Accordingly, torque applied to the power split mechanism 4 and
generated from the ring gear 7, and torque generated from the second motor-generator 3,
are transmitted to the drive shafts § and the drive wheels 11, via the gear train 12 and the
differential gear 10. In FIG 2, the position of the differential gear 10 is shifted to the
right in FIG. 2, for the sake of convenience in drawing of FIG. 2.

[0033]  The table of FIG. 3 shows engaged/released states of the clutch C1 and the
brake B1, and the operating states of the first motor-generator 2 and the second

motor-generator 3, when the hybrid vehicle Ve as shown in FIG. | or FIG. 2 is traveling
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forward and backward in each of the above-indicated traveling modes. Each operating
state of the hybrid vehicle Ve will be briefly explained. In FIG. 3, “EV” denotes “motor
traveling mode”. In “single motor traveling mode”, both of the clutch C1 and the brake
B1 are released. Then, the second motor-generator 3 is operated as a motor (M), and the
first motor-generator 2 functions as a generator (G). In this case, the first motor-generator '
2 may run idle. This operating state is illustrated in the nomographic chart of FIG. 4. To
produce an engine brake effect in the “single motor traveling mode”, one of the clutch Cli
and the brake Bl is cngaged, so that the rotational speed of the ring gear 7 in the power
split mechanism 4 is reduced.

[0034] In “double motor traveling mode” as another type of the motor traveling
mode as described above, both of the first motor-generator 2 and the second
motor-generator 3 function as motors. In this mode, the clutch C1 and the brake Bl are
both engaged, and the carrier 8 of the bower split mechanism 4 is fixed in a non-rotatable
state, so that torque produced by the first motor-generator 2 is transmitted to the drive
shafts 5. The gear ratios between rotation elements of the power split mechanism 4 are
set so that the power split mechanism 4 functions as a speed reducer in this condition,
Accordingly, in this case, the torque produced by the first motor-generator 2 is amplified,
and transmitted from the ring gear 7 of the power split mechanism 4 to the propeller shaft 9.
This operating state is illustrated in the nomographic chart of FIG. 5.

[003S5] In the table of F1G. 3, “HV” denotes “hybrid traveling mode” in which the
engine 1 is driven. Where the vehicle Ve is traveling at a light load and a middle to high
speed, the transmission gear mechanism 17 is set in the O/D state (High). Namely, the
clutch C1 is released, and the brake B1 is engaged. This operating state is illustrated in
the nomographic chart of FIG. 6. In this state, the engine speed is controlled by the first
motor-generator 2 to a rotational speed that provides high fuel efficiency, as described
above. In this case, electric power generated by the first motor-generator 2 that functions
as a generator is supplied to the second motor-generator 3. As a result, the second
motor-generator 3 operates as a motor, and generates driving torque. When large driving

force is required, such as when the vehicle travels at a low speed and the accelerator
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operation amount is increased, the transmission gear mechanism 17 is controlled to the
directly connected state (Low). Namely, the ctutch Cl is engaged, and the brake B1 is
released. As a result, the whole transmission gear mechanism 17 rotates as a unit. This
operating state is illustrated in the nomographic chart of FIG. 7. In this case, too, the first
motor-generator 2 is operated as a generator, and the second motor-generator 3 is operated
as a motot, as in the case of the O/D state (High).

[0036] An electronic control unit (ECU) 21 is provided for controlling operation
of the engine 1, operation of the first motor-generator 2 and the second motor-generator 3,
and controlling engagement and release of the clutch C1 and the brake Bl. A control
system of the ECU 21 is illustrated in the block diagram of FIG. 8.

[0037)  The ECU 21 includes a hybrid control unit (HV-ECU) 22 for performing
overall control for traveling the hybrid vehicle, a motor-generator control unit (MG-ECU)
23 for controlling the first motor-generator 2 and the second motor-generator 3, and an
engine control unit (E/G-ECU) 24 for controlling the engine 1, for example. Each of
these control units 22, 23, 24 is mainly comprised of a microcomputer, and is configured to
perform computations using input data and pre-stored data, and output the results of
computations as control command signals.

[0038] Examples of input data received by the ECU 21 will be listed below.  For
example, the HV-ECU 22 receives the vehicle speed, the accelerator operation amount, the
rotational speed of the first motor-generator 2, the rotational speed of the second
motor-generator 3, the rotational speed of the ring gear 7 (output shaft speed), the
rotational speed of the engine 1, the SOC of the battery, and so forth. Examples of output
data generated from the ECU 21 will be listed below. For example, the HV-ECU 22
outputs a torque command value for the first motor-generator 2, a torque command value
for the second motor-generator 3, a torque command value for the engine 1, a hydraulic
command value PC1 for the clutch Cl, a hydraulic command value PB1 for the brake BI,
and so forth.

[0039] The MG-ECU 23 receives the torque command value for the first

motor-generator 2 and the torque command value for the second motor-generator 3, as
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control data. Then, the MG-ECU 23 is configured to output current command signals to
the first motor-generator 2 and the second motor-generator 3. Also, the E/G-ECU 24
receives the engine torque command signal as control data. Then, the E/G-ECU 24 is
configured to perform computations based on the engine torque command signal, and
output a throttle opening signal to an electronic throttle valve (not shown), an ignition
signal for controlling the ignition timing, and so forth,

[0040] The engine 1, the first motor-generator 2, and the second motor-generator
3, which provide the sources of driving force of the hybrid vehicle Ve as described above,
have different dynamic power performances and driving characteristics, For example, the
engine 1 is able to operate in a wide operating range from a low-torque, low-speed range to
a high-torque, high-speed range.  Also, the energy efficiency of the engine 1 is good in an
operating range in which the torque and the rotationai speed are relatively high. On the
other hand, the first motor-generator 2 is characterized by producing large torque at a low

rotational speed, so as to perform control for adjusting the rotational speed of the engine 1,

 the crank angle at the time of stopping the engine 1, etc., and generate driving force The

second motor-generator 3 can operate at a higher rotational speed that the first
motor-generator 2, o as to generate torque to the drive shafts 5, and has a characteristic
that the maximum torque is smaller than that of the first motor-generator 2.

[0041)  The hybrid' vehicle Ve, which includes the engine 1, the first
motor-gcherator 2 and the second motor-generator 3, as sources of driving force, is
controlled so as to provide high enecrgy efﬁciehcy and high fuel efficiency, by effectively
utilizing these sources of driving force. Namely, one of the “engine traveling mode” in
which the vehicle travels with output of the engine 1, and the “motor traveling mode” in
which the vehicle travels with output of at least one of the first motor-generator 2 and the
second motor-generator 3, is selected and established according to the traveling conditions
of the hybrid vehicle Ve. | |

[0042] The map of FIG. 9 shows operating ranges in which the respective
traveling modes as described above are set. In FIG. 9 indicating the operating ranges of

the vehicle Ve, the horizontal axis indicates the vehicle speed, and the vertical axis
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indicates the required driving force. A range denoted by symbol [ is an engine traveling
range in which the “engine traveling mode” is executed, and a range denoted by symbol I
is a motor traveling range in which the “motor traveling mode” is executed. In the engine
traveling range I, a line of threshold values T is set which partitions this .range [into a
range in which the transmission gear mechanism 17 is controlled to the directly connected
state (Low), and a range in which the transmission gear mechanism 17 is controlled to the
O/D state (High). Thus, the traveling mode and the speed position of the transmission
gear mechanism 17 are selected and set according to the required driving force required of
the hybrid vehicle Ve. For example, if 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), as indicated by arrow “a” in FIG. 9, the transmission
gear mechanism 17 is shifted from the directly connected state (Low) to the O/D state
(High). The ECU 21 as described above is configured to carry out control for switching
the traveling mode and switching the speed position in the transmission gear mechanism
17, according to change of the operating range or operating point as described above.

[0043]  In the examples of hybrid vehicles Ve shown in FIG. 1 and FIG. 2 as
described above, the transmission gear mechanism 17 is constructed using the single
planetary gear unit 17a.  According to this invention, the transmission gear mechanism 17
may also be constructed using a double planetary gear unit. FIG. 10 shows an example in
which the transmission gear mechanism 17 uses such a double planetary gear unit, and the
drive train is suitable for installation on an FR-type vehicle.

[0044] The hybrid vehicle Ve shown in FIG. 10 is different from the
above-described hybrid vehicle Ve shown in FIG. 1 only in the arrangement of the
transmission gear mechanism 17, and the coupling relationship between the transmission
gear mechanism 17, and the engine 1 and the first motor-generator 2. More specifically,
in the example as shown in FIG. 10, the transmission gear mechanism 17 is constituted by
a double pinion type planetary gear unit [7b having a ring gear 31, a carrier 32, and a sun
gear 33. The ring gear 31 is coupled to the output shaft 1a of the engine 1. The carrier

32 is coupled to the carrier 8 of the power split mechanism 4 so as to rotate as a unit with
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the carrier 8. The carrier 32 in the example shown in FIG. 10 holds two pinion gears such
that the gears can rotate about themselves and rotate about the axis of the transmission gear
mechanism 17. One of the two pinion gears meshes with the sun gear 33, and the other
pinion gear meshes with the ring gear 31, while the two pinion gears mesh with each other,
The clutch C1 for selectively coupling the sun gear 33 with the carrier 32 is provided
between the sun gear 33 and the carrier 32, Also, the brake B1 is provided for selectively
fixing the sun gear 33 in a non-rotatable condition.

[0045] In the transmission gear mechanism 17 in the example shown in FIG. 10,
too, when the clutch C1 is engaged, the sun gear 33 and carrier 32 of the planetary gear
unit 17b are coupled to each other, as in the above-described example shown in FIG. 1.
As a rcsul‘t, the whole planetary gear unit 17b rotates as a unit, and the transmission gear
mechanism 17 is placed in a so-called directly connected state in which the mechanism 17
produces no speed-increasing effect nor speed-reducing effect. If the brake Bl is engaged
in addition to the clutch C1, the whole transmission gear mechanism 17 is fixed as a unit,
and rotation of the carrier 8 of the power split mechanism 4 and the engine 1 is stopped.
On the other hand, if only the brake Bl is engaged, the sun gear 33 becomes a fixed
element, and the ring gear 31 becomes an vinput element, in the transmission gear
mechanism 17 in the example shown in FIG. 10. Therefore, the carrier 32 that becomes
an output element when the ring gear 31 is the input element rotates at a higher speed than ‘
the ring gear 31, in the same direction as the ring gear 31. Accordingly, the transmission
gear mechanism 17 functions as a speed increasing mechanism. Namely, the O/D speed
position (High) is established in the transmission gear mechanism 17.

[0046]  FIG. 11 shows an example in which the transmission gear mechanism 17 is
constructed using a double planetary gear unit, and the drive train is suitable for
installation on an FF-type vehicle. The hybrid vehicle Ve shown in FIG. 11 is different
from the above-described hybrid vehicle Ve shown in FIG, 2 only in the arrangement of the
transmission gear mechanism 17, and the coupling relationship between the transmission
gear mechanism 17, and the engine 1 and the first motor-gencrator 2. The transmission

gear mechanism 17 constituted by the double pinion type planetary gear unit 17b, and the
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coupling relationship between the transmission gear mechanism 17, and the engine 1 and
the first motor-generator 2, are similar to those of the drive train of the hybrid vehicle Ve
shown in FIG. 10.

[0047]  As described above, the power transmitting apparatus TM for the hybrid
vehicle according to this invention includes the transmission gear mechanism 17 provided
between the engine 1 and the power split mechanism 4 for changing the rotational speed of
the engine 1. The transmission gear mechanism 17 includes friction devices, i.e., the
clutch Cl and the brake BIl, for switching the speed position between the directly
connected state (Low) and the O/D state (High). The clutch C1 and brake Bl of the
transmission gear mechanism 17 are controlled by use of hydraulic pressure, as in the
known arrangement. Namely, each of the clutch Cl and the brake Bl includes a
hydraulic actuator for controlling the engaged and released states thereof, as will be
described later.

[0048] Accordingly, in the power transmitting apparatus TM for the hybrid
vehicle according to the invention, there is a need to separately provide oil passages for
shift control, through which hydraulic pressures are supplied to the hydraulic actuators
when the operation of the transmission gear mechanism 17 is controlled, as compared with
the known power transmitting apparatus for the hybrid vehicle having no mechanism like
the transmission gear mechanism 17. As the oil passages for shift control, oil passages
formed in the interior of a rotary shaft or shafts for supplying lubricating oil (o respective
parts of devices in the known system may be utilized. However, a larger pressure is
applied to the oil passages for shift control, as compared with the oil passages for
lubrication; therefore, there is a need to separately provide members or mechanisms, such
as seal rings, for dealing with hydraulic leak. If the number of locations where the seal
rings are used is increased, for example, the arrangement of the oil passages formed within
the rotary shaft(s) becomes complicated, and a dragging loss appearing in sliding portions
of the seal rings is increased.

{0049] The power transmitting apparatus for the hybrid vehicle according to this

invention is simplified in construction even when the transmission gear mechanism 17 as
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described above is added to the arrangement of the known system, and the dragging loss
caused by the seal rings, etc., can be reduced. One specific example of the arrangement is
illustrated in FIG. 12. A power transmitting apparatus TM shown in FIG. 12 corresponds
to the arrangement of the drive train as shown in FIG. 1 and FIG. 2. Namely, in the
example of FIG. 12, the transmission gear mechanism 17 is constituted by the single pinion
type planetary gear unit 17a.

[0050] The power transmitting apparatus TM includes the transmission gear
mechanism 17, first motor-generator 2, and the power split mechanism 4. The
transmission gear mechanism 17, first motor-generator 2, and the power split mechanism 4
are arranged in the order of description, in a direction from the side closer to the engine 1
(not shown in FIG. 12), namely, from the front side (the left-hand side in FIG. 12) of the
power transmitting apparatus TM.

[0051] The transmission gear mechanism 17 consists of the single pinion type
planetary gear unit 17a, clutch C1 and brake B1, input shaft 100, and an output flange 101.
The clutch C1 includes a friction material 102 for coupling 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 that operate the friction material 102 so as to bring the clutch CI into the
engaged or released state. In operation, hydraulic pressure for engaging the clutch Cl is
supplied to the hydraulic actuator 103, via an oil passage 116 for shift control, which will
be described later. Meanwhile, the brake B1 includes a friction material 105 for fixing
the sun gear 20 of the planetary gear unit 17a in a non-rotatable condition, and a hydraulic
actuator 106 and a return spring 107 that operate the friction material 105 so as to bring the
brake Bl into the engaged or released state. In operation, hydraulic pressure for engaging
the brake B1 is supplied to the hydraulic actuator 106, via an oil passage 117 for shift
control, which will be described later.

[0052] A front cover 108 is provided for housing the above-described planetary
gear unit 17a, clutch C1 and brake B1, and the input shaft 100. The front cover 108
covers a portion of the power transmitting apparatus TM which is opposed to the engine 1

in a condition where the assembling of the system TM is completed. In the power
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transmitting apparatus TM as shown in FIG, 12, the planetary gear unit 17a, clutch C1 and
brake B1, input shaft 100, and the output flange 101 are incorporated inside the front cover
108.

[0053)  More specifically, the hydraulic actuator 103 and the return spring 104,
and the hydraulic actuator 106 and the return spring 107, are mounted in a front part of the
inside of the front cover 108, namely, on the side (left-hand side in FIG. 12) closer to the
engine 1 that is not shown in FIG. 12. The planetary gear unit 17a is disposed in the rear
(on the right-hand side in FIG. 12) of the hydraulic actuator 103, 106 and the return spring
104, 107 at the radially inner side of the hydraulic actuator 103, 106 and the return spring
104, 107.

[0054] The input shaft 100 that functions as an input member of the transmission
gear mechanism 17 is disposed radially inside of the sun gear 20 of the planetary gear unit
17a, such that the input shaft 100 is rotatable relative to the sun gear 20. The input shaft
100 is supported by a necdle bearing 109 provided in an inner circumferential portion of a
through-hole 108a formed in the front cover 108, and a bush 128 provided in an inner
circumferential portion of a countersunk hole formed in an input shaft 125 of the power
split mechanism 4 which will be described later.

[0055] The input shaft 100 is formed with a flange 113 that rotates as a unit with
the input shaft 100, and the carrier 18 of the planetary gear unit 17a is coupled to the flange
113 so as to rotate as a unit with the flange 113. Namely, the input shaft 100 and the
carrier 18 are coupled to each other so as to rotate as a unit. A front end portion (on the
lefi-hand side in FIG. 12) of the input shaft 100 protrudes from the through-hole 108a, so
that the input shaft 100 and the output shaft 1a of the engine 1 are coupled to each other via
a damper mechanism (not shown), or the like. A rear end portion (on the right-hand side
in FIG. 12) of the input shaft 100 is supported by the input shaft 125 of the power split
mechanism 4 which will be described later.

[0056] The output flange 101 that functions as an output member of the
transmission gear mechanism 17 is disposed radially outside of a rear end portion of the

input shaft 100, in the rear of the above-mentioned flange 113, such that the output flange
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101 can rotate relative to the input shaft 100. The output flange 101 is supported by a
thrust bearing 114 provided between the output flange 101 and the flange 113, and a thrust
bearing 115 provided between the output flange 101 and an MG1 cover 118 which will be
described later.

[0057]  The ring gear 19 of the planetary gear unit 17a is coupled to the output
flange 101 so as to rotate as a unit with the output flange 101. Internal splines 101a are
formed in a rear end portion of the output flange 101. The internal splines 101a serve to
couple the output flange 101 with the input shaft 125 of the power split mechanism 4 such
that power can be transmitted between the output flange 101 and the input shaft 125.
Namely, external splines 125a are formed on a front end portion of the input shaft 125 of
the power split mechanism 4, and the output flange 101 is arranged to be spline-fitted on
the input shaft 125.

[0058] - The friction material 102 of the clutch C1 is disposed radially outside of
the hydraulic actuator 103, the return spring 104, and the planetary gear unit 17a. A part
of the friction material 102 is coupled to the sun gear 20 of the planetary gear unit 17a so
as to rotate as a unit with the sun gear 20. Another part of the friction material 102 is
coupled to the carrier 18 of the planetary gear unit 17a so as to rotate as a unit with the
carrier 18, In addition, a friction material 105 of the brake B1 is disposed radially outside
of the clutch C1. A part of the friction material 105 is coupled to the sun gear 20 of the
planetary gear unit 17a so as to rotate as a unit with the sun gear 20.  Another part of the
friction material 105 is fixed to the stationary member 16 formed inside the front cover
108.

[0059] In the power transmitting apparatus TM for the hybrid vehicle according
to this invention, the oil passage 116 for speed control through which engaging hydraulic
pressure is supplied to the clutch C1, and the oil passage 117 for shift control through
which engaging hydraulic pressure is supplied to the Brakc Bl, are formed in the front
cover 108. In the example as shown in FIG. 12, for example, the oil passage 116 for shift
control is a communication hole formed by drilling or boring at three locations in the

interior of the front cover 108. Similarly, the oil passage 117 for shift control is a
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communication hole formed by drilling or boring at three locations in the interior of the
front cover 108. With the front cover 108 assembled with the MG1 cover 118 and a
housing 122 which will be described later, supply oil passages 122b formed in the housing
122 are connected to the oil passage 116 for shift control and the oil passage 117 for shift
control, respectively. The hydraulic pressures for controlling the clutch C1 and the brake
Bl are respectively supplied, from a valve body (not shown) side provided with a
hydraulic source, such as an oil pump, to the supply oil passages 122b.

[0060] In the power transmitting apparatus TM, oil passages through which the
lubricating oil is supplied to the planetary gear unit 17a, the rotor 2a of the first
motor-generator 2, and the power split mechanism 4, for example, are formed within the
respective rotary shafts of the power transmitting apparatus TM.  Namely, an oil passage
100a for supply 6f lubricating oil is formed around the center axis of rotation within the
input shaft 100 of the transmission gear mechanism 17,  Similarly, an oil passage 125b for
supply of lubricating oil is formed around the center axis of rotation within the input shaft
125 of the power split mechanism 4. Similarly, an oil passage 126a for supply of
lubricating oil is formed around the center axis of rotation within the output shaft 126 of
the power split mechanism 4 which will be described later.

[0061] The oil passage 100a formed within the input shaft 100 communicates
with an oil passage 100b and an oil passage 100c which are formed through between the
oil passage 100a and the outer periphery of the input shaft 100. The oil passage 100b is
arranged to allow hydraulic pressure for lubrication to be supplied to a sliding portion
between the input shaft 100 and the inner periphery of the front cover 108 and a sleeve 111.
The oil passage 100c is arranged to allow hydraulic pressure for lubrication to be supplied
to the planetary gear unit 17a of the transmission gear mechanism 17, etc.

[0062]) The oil passage 125b formed within the input shaft 125 communicates
with an oil passage 125c¢, oil passage 125d, and an oil passage 125¢ which are formed
through between the oil passage 125b and the outer periphery of the input shaft 125. The
oil passage 125c¢ is arranged to allow hydraulic pressure for lubrication to be supplied to a_

sliding portion between the input shaft 125 and the inner periphery of the rotor 2a of the
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first motor-generator 2. The oil passage 125d is arranged to allow hydraulic pressure for
lubrication to be supplied to the planetary gear unit of the power split mechanism 4, etc.
The oil passage 125¢ is.arranged to allow hydraulic pressure for lubrication to be supplied
to a sliding portion between the input shaft 125 and the inner periphery of a flange 127 of
the power split mechanism 4 which will be described later.

[0063]  Thus, the oil passages for allowing supply of the hydraulic pressure for
lubrication are formed within the respective rotary shafts of the power transmitting
apparatus TM. On the other hand, the oil passages 116, 117 for shift control through
which the hydraulic pressure for shift control of the transmission gear mechanism 17 are
not formed within the respective rotary shafts of the power transmitting apparatus ™, but
formed in the interior of the front cover 108 as described above. Accordingly, in the
power transmitting apparatus TM of this invention, the oil passages formed within the
rotary shafts are exclusively used for hydraulic oil for lubrication having a lower pressure
that of the hydraulic oil for shift control. ~As a result, the arrangement of the oil passages
within the rotary shafts, and the oil passages through which the lubricating oil is supplied
from within the rotary shafts to respective parts of the system is simplified, as compared
with the arrangement in which the oil passages that allow supply of the hydraulic pressure
for shift control are provided within the rotary shafts. For example, the strength of seal
rings (not shown) used for preventing hydraulic leak is reduced, or the number of locations
where the seal rings are used is reduced. As the oil passages for shift control are not
provided in the rotary shafts, the number of locations where the seal rings are used is
surely reduced. Therefore, the dragging loss that appears at sliding portions of the seal
ring during rotation of the rotary shafts can be reduced.

[0064] The constituent members, such as the planetary gear unit 17a, clutch C1,
brake B1, and the input shaft 100, of the transmission gear mechanism 17 are housed and
mounted inside the front cover 108. With thcse members constituting the transmission
gear mechanism 17 thus mounted in position, the MG1 cover 118 is mounted to a rear
opening portion of the front cover 108.  For example, as shown in FIG. 12, the front cover

108 and the MG1 cover 118 are fixed integrally, by means of a plurality of bolts 119.  The
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MG cover 118 is formed with a through-hole 118a similar to the through-hole 108a of the
front cover 108. The input shaft 100 of the transmission gear mechanism 17 and the input
shaft 125 of the power split mechanism 4 (which will be described later) are connected in
the through-hole 118a such that the input shafts 100, 125 can rotate relative to each other.
Also, the output flange 101 of the transmission gear mechanism 17 is arranged to be
spline-fitted on the input shaft 125 of the power split mechanism 4.

[0065]) The MG! cover 118 as described above is formed along the shape of a
front end portion (on the left-hand side in FIG 12) of the first motor-generator 2.
Therefore, a radially outer portion of the MG1 cover 118 is formed in accordance with the
position of a front end portion of a coil end 2b of the first motor-generator 2, whereas a
central portion of the MG1 cover 118 in which the through-hole 118a is formed is shaped
to be located radially inside of the coil end 2b and a stator.2c. Namely, as shown in the
cross-sectional view of FIG. 12, the central portion of the MG1 cover 118 is shaped so as to
protrude rightward in FIG. 12, so that the through-hole 118a is located in a radially inner
portion 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 coupled to each other via splines, in the radially inner portion of the first
motor-generator 2.

[0066]  Thus, in the power transmitting apparatus TM according to this invention,
the space in the radially inner portion of the first motor-generator 2 is effectively utilized
for placement of the transmission gear mechanism 17 and the power split mechanism 4 as
described above. Therefore, the overall length of the power transmitting apparatus TM as
measured in the direction of its rotational axis can be shortened, and the size and weight of
the power transmitting apparatus TM can be reduced.

[0067] In the example as shown in FIG. 12, space 108b is formed between the
outer periphery of the stationary member 16 to which the friction material 105 of the brake
B1 is fixed, and the inner periphery of the front cover 108. This space 108b effectively

functions as an oil return or oil reservoir for oil supplied to the transmission gear

mechanism 17.
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[0068] A ball bearing 120 for supporting a front end portion (on the left-hand side
in FIG. 12) of the rotor 2a of the first motor-generator 2 is mounted on a rear-side (the
right-hand side in FIG. 12) surface of the MG1 cover 118. More specifically, an outer
race 120a of the ball bearing 120 is fixed to the MGl cover 118. Then, the MG1 cover
118 fixed integrally with the front cover 108 is mounted to the housing 122 in which the
first motor-generator 2 (which will be described later) is housed, so that the rotor 2a is
assembled with the inner race 120b of the ball bearing 120. Also, a rcar end portion (on
the right-hand side in FIG. 12) of the rotor 2a is supported by a ball bearing 124 which will
be described later.

[0069] As described above, the transmission gear mechanism 17 is formed as one
unit in a condition where the respective members, such as the planetary gear unit 17a,
clutch Cl, brake Bl and the input shaft 100, which constitute the transmission gear
mechanism 17 are incorporated inside the front cover 108, and covered with the MGI
cover 118 as a lid. Namely, the transmission gear mechanism 17 of this invention can be
formed as a transmission gear unit covered with the front cover 108 and the MG1 cover
118, and the transmission gear unit can be handled as a sub-assembly.

[0070] The housing 122 in which the first motor-generator 2, a resolver 121, etc.
are housed is disposed in the rear of the front cover 10 and MG cover 118 in which the
transmission gear mechanism 17 is housed. Namely, the front cover 108 and MG1 cover
118 which house the transmission gear mechanism 17 therein to form the transmission gear
unit as described above are fixed to the front (the left-hand side in FIG. 12) of the housing
122. For example, the front cover 108 and the MG1 cover 118 are fixed integrally with
the housing 122, by means of a plurality of bolts 123, as shown in FIG. 12.

(0071] The housing 122 is open frontward, namely, toward the MG1 cover 118
(on the left-hand side in FIG. 12), and the resolver 121 is mounted on the inner side of a
rear side wall portion 122a of the housing 122. A through-hole is formed in the side wall
portion 122a, and the ball bearing 124 is mounted in an inner circumferential portion of the
through-hole.  The stator 2¢ of the first motor-generator 2 is fixed inside the housing 122

in front of the resolver 121,
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[0072] The rotor 2a of the first motor-generator 2 is inserted in a radially inner
portion of the stator 2c.  With the housing 122 assembled integrally with the front cover
108 and the MG1 cover 118, the front end portion (on left-hand side in FIG. 12) of the
rotor 2a is supported by the MG1 cover 118 via the ball bearing 120, as described above.
On the other hand, the rear end portion (on the right-hand side in FIG. 12) of the rotor 2a is
supported by the housing 122 via the ball bearing 124. Internal splines 2d are formed in
the rear end portion of the rotor 2a.  The internal splines 2d are used for coupling the rotor
2a with the sun gear 6 of the power split mechanism 4 such that dynamic power can be
transmitted therebetween. Namely, external splines 127a are formed on a flange 127
coupled integrally with the sun gear 6 of the power split mechanism 4 as described later,
and the rotor 2a is spline-fitted on the flange 127.

[0073]  The power split mechanism 4 is disposed inside the housing 122 in which
the first motor-generator 2 is housed. The power split mechanism 4 is constituted by the
single pinion type planetary gear unit as described above, and includes the input shaft 125
to which the carrier 8 is coupled so as to rotate as a unit with the input shaft 125, and the
output shaft 126 to which the ring gear 7 is coupled so as to rotate as a unit with the output
shaft 126. The flange 127 is coupled to the sun gear 6 of the power split mechanism 4 so
as to rotate as a unit with the sun gear 6. The external splines 127a are formed on the
outer periphery of the front end portion (on the left-hand side in FIG. 12) of the flange 127.
The flange 127, and the rotor 2a of the first motor-generator 2 formed with the internal
splines 2d are arranged to be spline-fitted on each other. Namely, the sun gear 6 of the
power split mechanism 4 is splined to the rotor 2a of the first motor-generator 2 so that the
sun gear 6 and the rotor 2a rotate as a unit.

{0074]  The input shaft 125 is inserted in radially inner portions of the sun gear 6
and the flange 127, such that the sun gear 6 of the power split mechanism 4 and the flange
127 can rotate relative to each other. A front portion (on the left-hand side in FIG. 12) of
the input shaft 125 protrudes from the flange 127, and the portion of the input shaft 125
protruding from the flange 127 is inserted through a radially inner portion of the rotor 2a s0

as to be rotatable relative to the rotor 2a. Also, the external splines 125a are formed on
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the outer periphery of the front end portion of the input shaft 125. Thus, the input shaft
125, and the output flange 101 of the transn1ission gear mechanism 17 formed with the
internal splirfes 101a, are spline-fitted on each other. Namely, the output flange 101 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 splined to each other so as to rotate as a unit.
In this connection, setration, rather than splines, may be used for coupling the output
flange 101 with the input shaft 125.

[0075])  Furthermore, the countersunk hole is formed in a front end portion of the
input shaft 125. The countersunk hole is used for supporting a rear end portion (on the
right-hand side in FIG. 12) of the input shaft 100 of the transmission gear mechanism 17 so
that the input shaft 100 and the input shaft 125 can rotate relative to each other. The bush
128 is provided between the rear end portion of the input shaft 100 and the countersunk
hole formed in the front end portion of the input shaft 125.

[0076] A flange 129 that rotates as a unit with the output shaft 126 is formed on a
front end portion (on the left-hand side in FIG. 12) of the output shaft 126, and the ring
gear 7 of the power split mechanism 4 is coupled to the flange 129 so as to rotate as a unit
with the flange 129. Namely, the output shaft 126 and the ring gear 7 are coupled to each
other so as to rotate as a unit. On the other hand, a rear end portion (on the right-hand
side in FIG. 12) of the output shaft 126 is coupled to the propeller shaft 9 which is not
illustrated in FIG. 12 so as to rotate as a unit with the propeller shaft 9. The rear portion
of the output shaft 126 is supported by a rear cover 130 mounted on the rear side of the
housing 122. Namely, a through-hole is formed in a front side wall portion 130a of the
rear cover 130, and the rear portion of the output shaft 126 is inserted in the through-hole
of the side wall portion 130a. Thus, the output shaft 126 is supported by the inner
circumferential wall of the through-hole of the side wall portion 130a.

[0077]) Furthermore, a countersunk hole is formed in the front end portion of the
output shaft 126. The countersunk hole is used for supporting a rear end portion (on the
right-hand side in FIG. 12) of the input shaft 125 of the power split mechanism 4 such that

the input shaft 125 and the output shaft 126 are rotatable relative to each other. A bush
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131 is provided between the rear end portion of the input shaft 125, and the countersunk
hole formed in the front end portion of the output shaft 126.

{0078] In the example as described above, the ring gear 7 of the power split
mechanism 4 is coupled to the propeller shaft 9 via the output shaft 126, namely, the power
transmitting apparatus TM of this invention is used in the drive train suitable for
installation on the FR-type vehicle as shown in FIG 1. On the other hand, if the power
transmitting apparatus TM of this invention is used in the drive train suitable for
installation on the FF-type vehicle as shown in FIG. 2, the ring gear 7 of the power split
mechanism 4 is coupled to the drive gear 25 that constitutes the gear train 12, via the
output shaft 126, so as to rotate as a unit with the drive gear 25.  The other portions of the
power transmitting apparatus TM are constructed similarly to those of the example as
shown in FIG. 12,

[0079]  FIG. 13 shows another example of power transmitting apparatus according
to this invention. The power transmitting apparatus TM shown in FIG. 13 corresponds to
the arrangement of the drive trains as shown in FIG 10 and FIG. 11. Namely, the
transmission gear mechanism 17 is constituted by the double pinion type planetary gear

¢

unit 17b.
[0080]  In FIG. 13, the power transmitting apparatus TM includes the transmission

gear mechanism 17, first motor-generator 2, and the power split mechanism 4, as in the
arrangement shown in FIG. 12.  The transmission gear mechanism 17, first
motor-generator 2, and the power split mechanism 4 are arranged in the order of
description, as viewed from the side closer to the engine 1 (not shown in FIG. 13), namely,
as viewed from the front side (the left-hand side in FIG. 13) of the power transmitting
apparatus TM.

[0081]  In the arrangement shown in FIG, 13, the transmission gear mechanism 17
consists of the double pinion type planetary gear unit 17b, clutch C1 and brake Bl, input
shaft 200, and an intermediate shaft 201. The clutch C1 includes a friction material 202
for coupling the sun gear 33 and the carrier 32 of the planetary gear unit 17b, and a

hydraulic actuator 203 and a return spring 204 that operate the friction material 202 so as
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to bring the clutch C1 into the engaged or released state. In operation, hydraulic pressure
for engaging the clutch C1 is supplied to the hydraulic actuator 203, via an oil passage 218
for shift control, which will be described later. On the otherlhand, the brake B1 includes a
friction material 205 for fixing the sun gear 33 of the planetary gear unit 17b in a
non-rotatable condition, and a hydraulic actuator 206 and a return spring 207 that operate
the friction material 205 so as to bring the brake B1 into the engaged or released state. In
operation, hydraulic pressure for engaging the brake Bl is supplied to the hydraulic
actuator 21)6, via an oil passage 219 for shift control, which will be described later.

(0082] A front cover 208 is provided for housing the above-described planetary
gear unit 17b, clutch C1 and brake Bl, and the input shaft 200, The front cover 208
covers a portion of the power transmitting apparatus TM which is opposed to the engine 1
in a condition where the assembling of the system TM is completed. In the power
transmitting apparatus TM shown in FIG. 13, the planetary gear unit 17b, clutch C1 and
brake B, input shaft 200, and the intermediate shaft 201 are incorporated inside the front
cover 208.

[0083] More specifically, the planetary gear unit 17b is mounted in a front part of
the inside of the front cover 208, namely, on the side (the left-hand side in FIG. 13) closer
to the engine 1 that is not shown in FIG. 13.  The input shaft 200 that functions as an input
member of the transmission gear mechanism 17 is disposed radially inside of the sun gear
33 of the planetary gear unit 17b, such that the input shaft 200 is rotatable relative to the
sun gear 33 and the intermediate shaft 201.  The input shaft 200 is supported by a needle
bearing 209 provided in an inner circumferential portion of a through-hole 208a formed in
the front cover 208, and a bush 210 provided in an inner circumferential portion of the
intermediate shaft 201 which will be described later. The hydraulic actuator 203 and the
return spring 204, and the hydraulic actuator 206 and the return spring 207, are mounted at
the rear (the right-hand side in FIG. 12) of the planetary gear unit 17b.

[0084]  The input shaft 200 is formed with a flange 211 that rotates as a unit with
the input shaft 200, and the ring gear 31 of the planetary gear unit 17b is coupled to the

flange 211 so as to rotate as a unit with the flange 211.  Namely, the input shaft 200 and
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the ring gear 31 are coupled to each other so as to rotate as a unit. A front end portion (on
the left-hand side in FIG. 13) of the input shaft 200 protrudes from the through-hole 208a,
so that the input shaft 200 and the output shaft 1a of the engine 1 are coupled to each other
via a damper mechanism (not shown), or the like. A rear end portion (on the right-hand
side in FIG. 13) of the input shaft 200 is supported by the intermediate shaft 201 as will be
described later. A portion of the input shaft 200 located at the rear of the flange 211 hasa
smaller outside diameter than the other portion, so that it can be inserted into a countersunk
hole formed in the intermediate shaft 201.

[0085] The intermediate shaft 201 that functions as an output member of the

‘transmission gear mechanism 17, in addition to the input shaft 200, is disposed radially

inside of the sun gear 33 of the planetary gear unit 17b, such that the intermediate shaft 201
is rotatable relative to the input shaft 200 and the sun gear 33. Also, the intermediate
shaft 201 is located on the rear side of the input shaft 200, on the same rotational axis as
the input shaft 200. The intermediate shaft 201 is supported by a needle bearing 215
provided in an inner circumferential portion of a through-hole 217a formed in an MGl
cover 217 which will be described later, and a needle bearing 216 provided on the inner
periphery of the rotor 2a of the first motor-generator 2.

[0086]  The carrier 32 of the planetary gear unit 17b is coupled to the intermediate
shaft 201 so as to rotate as a unit with the shaft 201. Also, a countersunk hole for
supporting the rear small-diameter portion of the input shaft 200 is formed in a front end
portion of the intermediate shaft 201, such that the input shaft 200 and the intermediate
shaft 201 can rotate relative to each other. The bush 210 is provided between the rear end
portion of the input shaft 200, and the countersunk hole formed in the front end portion of
the intermediate shaft 201. Internal splines 201a are formed in a rear end portion of the
intermediate shaft 201. The internal splines 201a are used for coupling the intermediate
shaft 201 with the input shaft 125 of the power split mechanism 4 such that dynamic power
can be transmitted therebetween. Namely, external splines 1252 are formed on a front
end portion of the input shaft 125 of the power split mechanism 4, and the intermediate

shaft 201 and the input shaft 125 are spline-fitted on each other. Accordingly, the
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intermediate Ashaft 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 splined to each
other so as to rotate as a unit. In this connection, serration, rather than splines, may be
used for coupling the intermediate shaft 201 with the input shaft 125.

[0087] The friction material 202 of the clutch C1 is disposed radially outside of
the hydrautic actuator 203 and the return spring 204, and the planetary gear unit 17b. A
part of the friction material 202 is coupled to the sun gear 33 of the planetary gear unit 17b
so as to rotate as a unit with the sun gear 33.  Another paﬁ of the friction‘material 202 is
coupled to the carrier 32 of the planetary gear unit 17b so as to rotate as a unit with the

carrier 32. Furthermore, a friction material 205 of the brake Bl is disposed radially

outside of the clutch C1. A part of the friction material 205 is fixed to the stationary

member 16 formed inside the MG1 cover 217.

[0088] The constituent members, such as the planetary gear unit 17b, clutcgh Cl,
brake B1, input shaft 200, and the intermediate shaft 201, of the transmission gear
mechanism 17 are housed and mounted within the front cover 208,  With these members
constituting the transmission gear mechanism 17 thus mounted in position, the MG1 cover
217 is mounted to a rear opening portion of the front cover 208.  For example, as shown
in FIG. 13, the front cover 208 and the MG1 cover 217 are fixed integrally to cach other,
by means of a plurality of bolts 119.  The MGI cover 217 is formed with a througli-hole
217a similar to the through-hole 208a of the front cover 208.  The intermediate shaft 201
is inserted in the through-hole 217a. The rear end portion of the intermediate shaft 201
which is formed with the internal splines 201a protrudes rearward from the through-hole
217a, so as to be spline-fitted on the input shaft 125 of the power split mechanism 4, in a
radially inner portion of the rotor 2a of the first motor-generator 2.

[0089)  The MGI cover 217 as described above is formed along the shape of a
front end portion (on the left-hand side in FIG 12) of the first motor-generator 2.
Therefore, a radially outer portion of the MG1 cover 217 is formed in accordance with the
position of a front end portion of a coil end 2b of the first motor-generator 2, whereas a

central portion of the MG1 cover 217 in which the through-hole 217a is formed is shaped
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to be located radially inside of the coil end 2b and a stator 2c. Namely, as shown in the
cross-sectional view of FIG. 13, the central portion of the MG1 cover 217 is shaped so as
to protrude rightward in FIG. 13, so that the through-hole 217a is located in a radially inner
portion of the first motor-generator 2. Accordingly, the intermediate shaft 201 of the
transmission gear mechanism 17 and the input shaft 125 of the power split mechanism 4
are coupled to each other via splines, in the radially inner portion of the first
motor-generator 2.

[0090] In the example shown in FIG. 13, too, in the power transmitting apparatus
TM according to this invention, the space in the radially inner portion of the first
motot-generator 2 is effectively utilized for placement of the transmission gear mechanism
17 and the power split mechanism 4, as in the above-described example shown in FIG. 12,
Therefore, the overall length of the power transmitting apparatus TM as measured in the
direction of its rotational axis can be shortened, and the size and weight of the power
transmitting apparatus TM can be reduced.

[0091] In the power transmitting apparatus TM for the hybrid vehicle according
to this invention as shown in FIG, 13, the oil passage 218 for shift control through which
engaging hydraulic pressure is supplied to the clutch Cl, and the oil passage 219 for shift
control through which engaging hydraulic pressure is supplied to the brake Bl, are formed
in the MG1 cover 217. The oil passage 218 for shift control is formed by fixing a tubular
member formed in a given shape in accordance with the shape of the MG1 cover 217, to an
inner side surface (on the left-hand side in FIG. 13) of the MGI cover 217, or holding the
tubular member thereon, The oil passage 218 for shift control may be formed by
subjecting a pipe made of a metal to a bending process for plastic deformation of the pipe.
On the other hand, the oil passage 219 for shift control is a communication hole formed by
boring or drilling at three locations within the front cover 208. With the front cover 208
assembled with the MG1 cover 217 and the housing 122, supply oil passages 122b formed
in the housing 122 are connected to the oil passage 218 for shift conirol and the oil passage
219 for shift control, respectively. Hydraulic pressures for controlling the clutch C1 and

the brake B1 are respectively supplied, from a valve body (not shown) side provided with a
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hydraulic source, such as an oil pump, to the supply oil passages 122b.

[0092] In the power transmitting apparatus TM as shown in FIG. 13, too, oil
passages through which the lubricating oil is supplied to the planetary gear unit 17b, the
rotor 2a of the first motor-generator 2, and the power split mechanism 4, for example, are
formed within the respective rotary shafts of the power transmitting apparatus TM.
Namely, an oil passage 200a for use in supply of lubricating oil is formed around the center
axis of rotation of the input shaft 200 of the transmission gear mechanism 17.  Similarly,
an oil passage 201b for use in supply of lubricating oil is formed around the center axis of
rotation of the intermediate shaft 201 of the transmission gear mechanism 17.  Similarly,
an oil passage 125b for use in supply of lubricating oil is formed around the center axis of
rotation of the input shaft 125 of the power split mechanism 4.  Similarly, an oil passage
126a for use in supply of lubricating oil is formed around the center axis of rotation of the
output shaft 126 of the power split mechanism 4,

[0093]  The oil passage 200a formed within the input shaft 200 communicates
with an oil passage 200b and an oil passage 200c which are formed through between the
oil passage 200a and the outer periphery of the input shaft 200. The oil passage 200b is
arranged to allow hydraulic pressure for lubrication to be supplied to a sliding portion
between the input shaft 200 and the front cover 108. The oil passage 200c¢ is arranged to
allow hydraulic pressure for lubrication to be supplied to a sliding portion between the
input shaft 200 and the inner periphery of the intermediate shaft 201 that supports the input
shaft 200.

[0094] The oil passage 201b formed: within the intermediate shaft 201
communicates with an oil passage 201¢ and an oil passage 201d which are formed through
between the oil passage 201b and the outer periphery of the intermediate shaft 201. The
oil passage 201c is arranged to allow hydraulic pressure for lubrication to be supplied to
the planetary gear unit 17b of the transmission gear mechanism 17, etc. The oil passage
201d is arranged to allow hydraulic pressure for lubrication to be supplied to sliding
portions between the intermediate shaft 201, and the inner peripheries of the MG1 cover

217 and the rotor 2a of the first motor-generator 2.
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[0095] The oil passage 125b formed within the input shaft 125 communicates
with an oil passage 125d and an oil passage 125¢ which are formed through between the
oil passage 125b and the outer periphery of the input shaft 125. The oil passage 125d is
arranged to allow hydraulic pressure for lubrication to be supplied to the planetary gear
uni£ of the power split mechanism 4, etc. The oil passage 125e is atranged to allow
hydraulic pressure for lubrication to be supplied to a sliding portion between the input shaft
125 and the inner periphery of a flange 127 of the power split mechanism 4 which will be
described later.

[0096] Thus, in the power transmitting apparatus TM as shown in FIG. 13, too,
the oil passages used for supplying the hydraulic pressure for lubrication are formed within
the respective rotary shafts of the power transmitting apparatus TM.  On the other hand,
the oil passages 218, 219 for shift control used for supplying the hydraulic pressure for
shift control of the transmission gear mechanism 17 are not formed within the respective
rotary shafts of the power transmitting apparatus TM, but formed along the MG1 cover
217 or formed in the interior of the MG1 cover 217 as described above. Accordingly, in
the power transmitting apparatus TM of this invention, the oil passages formed within the
rotary shafts are exclusively used for hydraulic oil for lubrication having a lower pressure
than the hydraulic pressure for shift control. Therefore, the arrangement of the oil
passages within the rotary shafts, the oil passages through which the lubricating oil is
supplied from within the rotary shafts to respective parts of the system, etc., is simplified,
as compared with the arrangement in which the oil passages used for supplying the
hydraulic pressure for shift control are provided within the rotary shafts. For example,
the strength of seal rings (not shown) used for preventing hydraulic leak is reduced, or the
number of locations where the seal rings are used is reduced. As the oil passages for shift
control are not provided in the rotary shafts, the number of locations where the seal rings
are used is surely reduced.

[0097) A ball bearing 120 for supporting a front end portion (on the left-hand side
in FIG. 13) of the rotor 2a of the first motor-generator 2 is mounted on a rear side face (on

the right-hand side in FIG. 13) of the MG! cover 217. More specifically, an outer race
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120a of the ball bearing 120 is fixed to the MG1 cover 217. When the MG1 cover 217
fixed integrally with the front cover 208 is mounted to the housing 122 in which the first
motor-generator 2 is housed, a part of the rotor 2a is embedded in an inner race 120b of the
ball bearing 120.

[0098] As described above, the transmission gear mechanism 17 is formed as one
unit in a condition where the respective members, such as the planetary gear unit [7b,
clutch Cl, brake B1, input shaft 200 and the intermediate shaft 201, which constitute the
transmission gear mechanism 17 are incorporated inside the front cover 208, and covered
with the MG1 cover 217 as a lid. Namely, the transmission gear mechanism 17 of this
invention can be fofmed as a transmission gear unit covered with the front cover 208 and
the MG1 cover 217, and the transmission gear unit can be handled as a sub-assembly.

[0099]  The housing 122 in which the first motor-generator 2, resolver 121, ete.
are housed is disposed in the rear of the front cover 208 and MG1 cover 217 in which the
transmission gear mechanism 17 is housed. Namely, the front cover 208 and MG1 cover
217 in which the transmission gear mechanism 17 is housed to provide the transmission
gear unit as described above are fixed to the front (the left-hand side in FIG. 12) of the
housing 122. For example, the front cover 208 and the MGI1 cover 217 are fixed
integrally with the housing 122, by means of a plurality of bolts 123, as shown in FIG, 13,
The arrangement in the rear of the front cover 208 and the MG1 cover 217, namely, the
arrangement that extends rearwards from the housing 122, is substantially the same as the
arrangement shown in FIG. 12.

[0100]  The procedure of assembling the power transmitting apparatus ™ as
shown in FIG. 12 or FIG. 13 will be described. Initially, the ball bearing 124 and the
resolver 121 are mounted inside the housing 122. Then, the stator 2c of the first
motor-generator 2 is mounted in position. Then, the rotor 2a of the first motor-generator
2 is built in a radially inner portion of the stator 2c¢.

[0101] Separately from assembling of the resolver 121 and the first
motor-generator 2 with the housing 122 as described above, the transmission gear unit is

assembled. Namely, the clutch C1 and the brake Bl are mounted inside the front cover



10

15

20

25

WO 2015/040462

37

108. Then, thg planetary gear unit 17a, the input shaft 100, and the output flange 101 are
mounted in position. Then, the MGl cover 118 is mounted to the front cover 108 such
that the front cover 108 is lid by the MGl cover 118. In the example of FIG. 13, the
planetary gear unit 17b, the input shaft 200, and the intermediate shaft 201 arc mounted
inside the front cover 208. Then, the clutch C1 and the brake B1 are mounted in position.
Then, the MG1 cover 217 is mounted to the front cover 208 such that the front cover 208 is
lid by the MG1 cover 217. In this manner, the transmission gear mechanism 17, which is
covered with the front cover 208 and the MG1 cover 217, is assembled as the transmission
gear unit.

[0102]  The transmission gear unit, namely, the transmission gear mechanism 17
mounted inside the front cover 108 and the MG1 cover 118 or inside the front cover 208
and the MG1 cover 217, is mounted to the housing 122 in which the resolver 121, the first
motor-generator 2, etc. are incorporated. Namely, the transmission gear unit
incorporating the transmission gear mechanism 17 is mounted on the lefi-hand side of the
housing 122 as viewed in FIG. 12 or FIG. 13.

[0103] As described above, in the power transmitting apparatus TM according to
this invention, the transmission gear unit is mounted to the housing 122, so that the oil
passages 116, 117 for shift control, or the oil passages 218, 219 for shift control, are
connected to the supply oil passage 122b formed in the housing 122, Accordingly, with
the transmission gear unit incorporating the transmission gear mechanism 17 thus mounted
to the housing 122 as described above, the oil passages 116, 117 for shift control, or the oil
passages 218, 219 for shift control, are brought into communication with the supply oil
passage 122b of the housing 122, and the hydraulic pressure for shift control, which is
supplied from a hydraulic source, can be supplied to the hydraulic actuators 103, 106 or the
hydraulic actuators 203, 206 of the transmission gear mechanism 17, through the supply oil
passage 122b, and the oil passages 116, 117 for shift control or the oil passages 218, 219
for shift control.

[0104] In the condition where the transmission gear unit is mounted to the

housing 122 as described above, an inspection of the first motor-generator 2 can be
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conducted. More specifically, a dummy shaft (not shown) on which external splines
similar to the external splines 127a are formed is used in place of the flange 127 of the
power split mechanism 4 on which the external splines 127a are formed, and the dummy
shaft is fitted in the internal splines 2d formed in the rear end portion (on the right-hand
side in FIG. 12 and FIG. 13) of the rotor 2a of the first motor-generator 2. Then, the
dummy shaft is connected to a certain measurement instrument, and the first
motor-generator 2 is test-driven, so that the operation of the first motor-generator 2 can be
easily checked, and the resolver 121, etc. can be easily adjusted.

[0105] Subsequently, the power split mechanism 4 is mounted to the housing 122

to which the transmission gear unit is mounted. More specifically, the power split

‘mechanism 4 is mounted from the right-hand side (in FIG. 12 or FIG. 13) of the housing

122. The power split mechanism 4 is assembled in advance, by mounting the input shaft
125, flange 127, output shaft 126, etc. on the planetary gear unit. The input shaft 125 of
the power split mechanism 4 is inserted into the radially inner portion of the rotor 2a of the
first motor-generator 2 mounted in the housing 122, Then, the external splines 125a
formed on the input shaft 125 and the internal splines 101a formed in the output flange 101
of the transmission gear mechanism 17 are splined to each other. In the example shown
in FIG. 13, the external splines 125a formed on the input shaft 125 and the internal splines
201a formed in the intermediate shaft 201 of the transmission gear mechanism 17 are
splined to each other. Namely, the output member of the transmission gear mechanism 17
and the input member of the power split mechanism 4 are coupled to each other via
splines.

[0106]  Then, the rear cover 130 is mounted to a rear end portion of the housing
122.  With the rear cover 130 thus mounted to the housing 122, the output shaft 126 of the
power split mechanism 4 is supported, and assembling of the power transmitting apparatus
TM is completed.

[0107] As described above, in the power transmitting apparatus TM according to
this invention, the transmission gear mechanism 17 that changes the rotational speed of the

engine 1 by hydraulicaily controlling the clutch C1 and the brake B1 is provided between
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the engine 1 and the power split mechanism 4. The transmission gear mechanism 17 is
formed as an integral transmission gear unit that is housed inside the front cover 108 and
the MG1 cover 118, or inside the front cover 208 and the MG1 cover 217, relative to the
housing 122 as a principal part of the power transmitting apparatus TM in which the power
split mechanism 4 and the first motor-generator 2 are housed.  Accordingly, the
transmission gear mechanism 17 including the clutch C1 and the brake B1 can be handled
as a sub-assembly.

[0108] In the power transmitting apparatus TM according to this invention, the oil
passages 116, 117 used for supplying hydraulic pressure to the hydraulic actuators 103,
106 for hydraulic control of the transmission gear mechanism 17 are provided by
communication holes formed by boring or drilling in the interior of the front cover 108, for
example. In the example shown in FIG 13, the oil passage 219 is provided by a
communication hole formed by boring or drilling in the interior of the MG1 cover 217.
In the same example, the oil passage 218 is formed in a metal pipe formed by bending
along the shape of the MG1 cover 217. The above-described oil passages 116, 117, 218,
219 are arranged to communicate with the supply oil passage 122b formed in the housing
122, no matter how each oil passage is formed, in a condition where the transmission gear
unit including the transmission gear mechanism 17 is mounted to the housing 122.
Therefore, the hydraulic pressure for shift control is supplied to the transmission gear
mechanism 17, via the supply oil passage 122b of the housing 122, and the oil passages
116, 117 for shift control or the oil passages 218, 219 for shift control.

[0109]  Thus, in the power transmitting apparatus TM according to the invention,
the oil passages 116, 117, 218, 219 for shift control through which the hydraulic pressure
for shift control is supplied are not formed within the rotary shafts of the power
transmitting apparatus TM, but formed in the front cover 108 or the MG1 cover 217.
Therefore, the oil passages formed within the rotary shafts as in the known system may be
used exclusively for hydraulic oil for lubrication having a lower pressure than the control
hydraulic pressure. Consequently, the atrangement of the oil passages formed within the

rotary shafts can be simplified. Also, since the oil passages 116, 117, 218, 219 for shift
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control are formed in the front cover 108 or the MG1 cover 217, the number of locations
where seal rings are used can be reduced. Therefore, the dragging loss that would appear
in sliding portions of the seal rings during rotation of the rotary shafts can be reduced.
Consequently, the energy efficiency of the power transmitting apparatus TM can be
improved.

[0110] In the above-described specific examples, the so-called two-motor-type
hybrid vehicle, which includes the engine 1, and the first motor-generator 2 and second
motor-generator 3, as sources of driving force has been described as the hybrid vehicle to
which the invention is applied. However, the hybrid vehicle of the invention may include
an engine, and three or more motor-generators. The hybrid vehicle of the invention may
also be a plug-in hybrid vehicle having a battery that can be charged directly from an

external power supply.
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CLAIMS

1. A power transmitting apparatus for a hybrid vehicle including an engine as drive:
source, and a hydraulic actuator, the power transmitting apparatus comprising:  at least
one rotary machine that is a drive source of the hybrid vehicle;

a power split mechanism that is a differential mechanism having a first rotation
element, a second rotation element to which the rotary machine is coupled, and a third
rotation clement to which a drive shaft is coupled, the power split mechanism being
configured to split or combine dynamic power among the sources of driving force and the
drive shaft and transmit the split or combined dynamic power to the sources of driving
force or the drive shaft;

a housing in which the power split mechanism and the at least one rotaly machine are
disposed;

a transmission gear mechanism having a friction device that is engaged or disengaged
by the hydraulic actuator, the transmission gear mechanism being configured to change a
rotational speed of the engine through engagement and disengagement of the friction
device, and transmit torque of the engine to the first rotation element;

a front cover that covers one side of the transmission gear mechanism closer to the
engine; and

a rotary machine cover that covers the other side of the transmission gear mechanism
closer to the power split mechanism,

the transmission gear mechanism disposed inside the front cover,

the transmission gear mechanism covered with the front cover and the rotary machine
cover,

the transmission gear mechanism, the front cover, and the rotary machine cover being
a transmission gear unit,

the transmission gear unit provided to an end portion of the housing closer to the

transmission gear mechanism,

an oil passage for shift control provided in the front cover or the rotary machine cover,
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and
a hydraulic pressure supplied to the hydraulic actuator through the oil passage for the

shift control.

2. The power transmitting apparatus according to claim 1, wherein:

the friction device includes a clutch and a brake,

the transmission gear mechanism includes a single planetary gear unit,

the clqtch is configured to selectively connect a sun gear of the single planetary gear
unit to a carrier of the single planetary gear unit,

the brake is configured to selectively fix the sun gear so as to make the sun gear
unable to rotate, ,

the oil passage for the shift control includes at least one of a communication hole and
a tubular member, |

the communication hole is provided in an interior of the front cover, and

the tubular member that is shaped along a shape of the front cover.

3. The power transmitting apparatus according to ¢claim 1, wherein:

the friction device includes a clutch an'd a brake, |

the transmission gear ‘mechanism includes a double planetary gear unit,

“the clutch is configured to selectively connect a sun gear of the double planetary gear

unit to a carrier of the double planetary gear unit,

the brake is configured to selectively fix the sun gear so as to make the sun gear
unable to rotate, |

the oil passage for the shift control includes at least oné of a communication hole and
a tubular member, |

the communication hole is provided in an interior of the rotary machine cover, and

the tubular member is shaped along a shape of the rotary machine cover.

4. The power transmitting apparatus according to any one of claims | to 3, wherein
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the transmission gear unit is provided to the housing such that the oil passage for the
shift control is connected to a supply oil passage,
the supply oil passage is provided in the housing, and

a hydraulic pressure is supplied from a hydraulic source to the supply oil passage.
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FIG.4
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FIG.9

A

LLf

&£

S ENGINE RUNNING REGION

O

&

= DIRECT

o COUPLING (Low)

o

o a

S | MOTOR RUNNING O/D (High)

% REGION 11

o

0 B

VEHICLE SPEED



WO 2015/040462 PCT/IB2014/001786
9/12

T

MG2
1]
T ™

3a

FIG.10
4
v
8
T/

T |
6/ |
j‘i
T

N
—
MGT
a
\\
e

1
\
ENG




WO 2015/040462

10/12

FIG. 11

4

PCT/IB2014/001786

7(17b
7, q\ 8TL1Z 7 Eim
i O
MGT E - | T T g P
6 T/
/]-r— 33 ENG
2a
.- $ 1a
‘E—‘—J 1 =
T_E Lh T 32
] 16
29 29
N\ ~ I
[ — 30 — 30
Ma2 Y
O Yt
4~ 3a 28 @____1 -
—T— l N




PCT/IB2014/001786

WO 2015/040462

11/12

qzZ1 6119801
MNN g%m% 8Chpy1)8LL g2 9t}
NNNWW AN /|_ 7 2 Y \ 7 7 72 \th
M s Z1901t1d
A n— L0l
_ A1 1]
L AL 1 4 ¢0t
4 Y €010
’ - : 01
: : <] 911
L2} & 3 o0,
A5el ——E ——— = 2o 0L
L= = egor— 2001 00!
G¢ wm_wm__ Y/ . : momwm w _
eQg| i r.r./wf 0¢ 49001
PSZ1 Kl ST
N
! Ay A
v /erz1'pg ; I
-~ 8LI/ o) NEEFT AR

ezl BLL /) 71



PCT/IB2014/001786

WO 2015/040462

12/12

qszl 912 qgg 0%t

BsrsTansT 8 +C

¢

EQ¢1 90¢t

\@om BN mom

very) )

m.
o7z, 2LOHPL

AN

HIFR T —

— RS |

%

k]

14 121
\\\ . N
N1 BG¢l EBLOC

1

221°Y1077%

q10¢ 9¢ €¢l Ploc




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2014/001786
A. CLASSIFICATION OF SUBJECT MATTER
INV. B6OK6/445 B60OK6/405 B60K6/365 B60OK6/387 F16H3/54
F16H3/72
ADD. F16H37/08 F16H61/00

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

B6OK F16H

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A abstract; figures 1,15

29 May 2008 (2008-05-29)
abstract; figure 1

YOSHIHISA [JP]; S)
9 August 2012 (2012-08-09)
abstract; figure 1

Y WO 20137114595 AL (TOYOTA MOTOR CO LTD 1-3
[JP]; ONO TOMOHITO [JP]; IWASE YUJI [JP];
FUNAHASH) 8 August 2013 (2013-08-08)

Y US 2007/225098 Al (TABATA ATSUSHI [JP] ET 1-3

AL) 27 September 2007 (2007-09-27)

A paragraphs [0178] - [0199]; figures 11,16, 4
17

A JP 2008 120233 A (TOYOTA MOTOR CORP) 3

A WO 20127105482 Al (AISIN AW CO [JP]; 1-4
TOYOTA MOTOR CO LTD [JP]; YAMAMOTO

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

28 November 2014

Date of mailing of the international search report

05/12/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Wurzer, Oliver

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2014/001786
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2013114595 Al 08-08-2013  CN 104093586 A 08-10-2014
EP 2810806 Al 10-12-2014
WO 2013114595 Al 08-08-2013
US 2007225098 Al 27-09-2007 DE 112005002193 T5 09-08-2007
US 2007225098 Al 27-09-2007
WO 2006030948 Al 23-03-2006
JP 2008120233 A 29-05-2008  NONE
WO 2012105482 Al 09-08-2012 CN 103328244 A 25-09-2013
DE 112012000277 T5 19-09-2013
JP 5557147 B2 23-07-2014
US 2013283972 Al 31-10-2013
WO 2012105482 Al 09-08-2012

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - wo-search-report
	Page 58 - wo-search-report

