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to a drivetrain of the vehicle, a second gearset connecting the first gearset to the drivetrain gear, a second electric machine, and at
least one dynamic clutch selectively coupling the second electric machine to the first electric machine, the first gearset, and the
second gearset. In a first mode of operation, the at least one dynamic clutch couples the second electric machine and the first
electric machine. In a second mode of operation, the at least one dynamic clutch couples the second electric machine and the first
gearset. In a third mode of operation, the at least one dynamic clutch couples the second electric machine and the second gearset.
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ABSTRACT

A powsertrain system for a vehicle is provided. The powertrain system includes an
internal combustion engine, a first gearset connacted 10 the internal combustion
engine, a first electric machine connected to the first gearset, a drivetrain gear for
connection to a drivetrain of the vehicle, a second gearset connecting the first
gearset to the drivetrain gear, a second electric machine, and at least one
dynamic clutch selectively coupling the second electric machine to the first electric
machine, the first gearset, and the second gearset. In a first mode of operation,
the at least one dynamic clutch couples the sacond electric machine and the first
electric machine. In a second mode of operation, the at least one dynamic clutch
couples the second electic machine and the first gearset. In a third mode of
operation, the at least one dynamic clutch coupies the second electric maching
and the second gearset.
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TITLE: POWERTRAIN SYSTEM FOR HYBRID VEHICLES HAVING MULTIPLE
MODES OF OPERATION

TECHNICAL FIELD

- [0002] The present disclosure relates to powertrain systems for hybrid
vehicles.
BACKGROUND
[0003] United States Patent No. 6,258,006 describes a transmission

including a first power transfer path for transferring an output of an engine to a
vehicle driving shaft through a planetary gear connected to a motor, a second
power transfer path for transferring the output of the engine to the venhicle driving
shaft through gears and, and a power transfer switch which switches over the first
and second power transfer paths from one to the other. In a hybrid vehicle
wherein an engine, a motor and a generator are connected to a planetary gear, a
follow-up loss caused by the generator is avoided in the case where the engine
stops and the vehicle travels with the motor alone. In high-speed running, it is
avoided that an electric energy for stopping the rotation of the generator is
consumed. Further, torque assist by the generator is not restricted by constraints

of the planetary gear.

[0004] United States Patent No. 6,478,705 describes a hybrid electric powertrain
including an electrically variable transmission having two differential gearsets
coupled to an engine and first and second electrical machines, wherein the
gearsets are configurable in input-split and compound-split modes, and wherein
shifting between the input-split and compound-split modes occurs at a zero speed
point of one of the electric machines for synchronous clutch engagement. The

input-split mode provides reverse and Ilow forward ranges, with
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the first machine operated as a motor and the second as a generator. The
compound-split mode provides a high forward range, with the machines
salactively operated in motoring or generating modes depending on the speed of
the vehicle. Shifting between the input-split and compound-split modes occurs
synchronously, and at a zero speed of the first machine, contributing to an

exceptionally smooth shift.

[0005] United States Patent No. 6,604,591 describes a drive axle adaptsd
for use in hybrid vehicles and having an slectric motor and a gearbox packaged
within & common housing assembly. The gearbox includes a differential assembly
driven by a planetary-type reduction unit. The reduction unit includes a first
planetary gearset having a first sun gear driven by the motor, a first ring gear, and
a set of first planet gears meshed with the first sun gear and the first ring gear. A
firest planet carrier is non-rotatably fixed to a stationary number and rotatably
supports the first planet gears. A second planet gearset in¢ludes a second sun
gear fixed for rotation with the first ring gear, a second ring gear non-rotatably
fixed to the stationary member, and a set of second planet gears rotatably

supported from a second planet carrier and which mesh with the second sun gear

and the second ring gear.

[0006]) United States Patent No. 6,837,816 describes a motor-intagrated
transmission mechanism for use in parallel hybrid electric vehicles. The
transmission can provide five basic modes of operation that can be further
classified into sixtesn sub-modes one electric motor mode, four engine modes,

four engine/charge modes, three power modes and four regenerative braking
modes. Each of thase sub-modes can be grouped into like clutching conditions,

providing the functional appearance of a conventional 4-speed automatic
transmission, with electric launch, engine-only, engine/charge, power-assist, and
regeneration capability. CVT capability is provided with one of the engine/charge
modes. Tha transmission ¢an be incorporated in front-wheel drive and in rear-

wheaei drive vehicles.
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INTRODUCTION

[Q007] The following paragraphs are intended to introduce the reader to the

more detailed description that follows and not to define or limit the claimed subject
matter.

[Q008] According to an aspect of the present disclosure, a powertrain
system for a vehicle is provided. The powertrain systom inclugdes an internal
combustion engine, a first gearset connacted to the internal combustion engine, a
first electric machine connected to the first gearset, a drivetrain gear for
connaction to a drivetrain of the vehicle, a second gearset connecting the first
gearset to the drivetrain gear, a second selactric machine, and at least one
dynamic clutch salectively coupling the second electric machine to the first electric
machine, the first gearset, and the second gearset. In a first mode of operation,
the at least one dynamic clutch couples the second electn¢ maching and the first
elactric machine. In a second mode of operation, the at least one dynamic clutch
couples the second electric machine and the first gearset. In a third mode of
ocperation, the at least one dynamic clutch couples the second slactric machine

and the second gearset.

{0009] According to another aspect of the present invention, a vehicle is
provided including an internal combustion engine, a hrst gearset connected to

the internal combustion engine, a first electric machine connaected to the first
gearset, at least one drive axle, a second gearset connacting the first gearset to
the at least one drive axle, a second slactric maching, and at Isast ong dynamic

clutch selectively c¢oupling the second electnc machine to the first elecinc
maching, the first gearset, and the second gearset. In a first mode of operation,
the at least one dynamic clutch couples the second electric machine and the first

electric machine. In a second mode of operation, the at least one dynamic clutch
couples the second electric machine and the first gearset. In a third mode of
operation, the at least one dynamic ciutch couples the second electnc machine

and the second gearset.

[CO10)] In yet another aspect of the invention a powsrtrain system for a

vehicle is provided. Tha powertrain system includes an internal combustion
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engine, a first gearset connected to the internal combustion engine, a first electric
machine comprising a first rotor and a first stator, a shaft connecting the first
electnc machine to the first gearset, and defining a shaft axis, a drivetrain gear for
connection to a drivetrain of the vehicle, a gecond gearset connecting the first
gearset to the drivetrain gear, a second electric machine comprising a second

rotor and second stator, and at least one dynamic cluteh selactivaly coupling the

second electric machine to the first electric machine, the first gearset, and the
second gearset. The first and second electric machines are operable
independently as an electrnic motor and electric generators, and the first rotor and
stator ara arranged concentrically about the shaft axis, and the second rotor and
stator are arranged concentrically about the shaft axis.

BRIEF DESCRIFPTION OF THE DRAWINGS

[0011] The drawings included herewith are for illustrating various examples
of apparatuses and methods of the present disclosure and are not intended to
limit the scope of what is taught in any way. In the drawings:

Figure 1 1s a schematic view of a powertrain system for a hybrid
vehicle according to a first example;

Figure 2 is a schematic view of a powerirain system for a hybrid

vehicle according to a second example,

Figures 3A, 3B and 3C are schematic views of different
configurations of exemplary slectric machings;

Figures 4A, 4B, 4C and 4D are schematic views of additional

configurations of exemplary electric machines;

Figure 515 a schematic view of a vehicle including the powsrtrain

systems of Figures 1 or 2, and

Figure & is a schematic view of anocother vehicle including the

powsertrain systems of Figures 1 or 2
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DETAILED DESCRIPTION

[0012] Various apparatuses or methods are described below o provide an
example of an embodiment of each claimed invention. No embodiment described
helow limits any claimed invention and any claimed invention may cover
apparatuses and methods that differ from those described below. The claimed
inventions are not limited to apparatuses and methods having all of the features of
any one apparatus or method describad below or to features common t¢ multiple
or all of the apparatuses or methods descnbed belaw. It is possible that an
apparatus or method described below 15 not an embodiment of any claimed
invention. Any'invention disciosed in an apparatus or method described below that
15 hot ¢laimed in this dogument may be the subject matter of another protective
instrument, for example, a continuing patent spplicaton, and the apolicant(s),
inventor(s) and/or owner(s) do not intend t0 abandon, disclaim or dedicate to the
public any such invention by its disclosure in this document.

[0013] Referring to Figure 1, a powertrain system for a hybrid éilectric
vehicle is shown generally at reference numeral 10. The powertrain system 10
includes an internal combustion engine 12, a first gearset 14 connected to the
internal combustion engine 12, a second gearset 16 connected to the first gearset
14, a drivetrain gear 18 connected to the second gearset 16, and first and second
electric machines 20, 22. Iin some examples, the first and second electric
machines 20, 22 can be operated independently, and each as an electric motor

and as an electnc generator

[0014] in the example illustrated, the powertrain system 10 includes
dynamic clutches 24, 26, 28. The dynamic cluiches 24, 26, 28 can each be
selectively operated to achieve multiple modes of input from the second electric
machine 22. In a first mode, the dynamic clutch 28 is engaged and each of the
dynamic clutches 24, 26 is disengaged or released, and therefore the second
electric machine 22 is connected with the first electric machine 20 so that the
outputs are combined. During the first mode, the second electric machine 22 can
act as a torque coupler to the powertrain system 10 for relatively low speed
acceleration/driving conditions and/or relatively low speed regenerative braking
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conglitions. (n a second maode, the dynamic clutch 26 is engaged and each of the
dynamic clutches 24, 28 is disengaged or released, and therefore the second
electric machine 22 15 connected with the first gearset 14, During the second
mode, the second electric machine 22 can act as a torgue coupler to the
powertrain gystem 10 for medium speed acceleration/driving conditions and/or
medium speed regeneorative braking conditions. In a third mode, the dynamic
clutch 24 is engaged and each of the dynamic clutches 26, 28 is disengaged or
released, and therefore the second electric machine 22 is connected with the
second gearset 16. During the third mode, the second electric machine 22 can act
as a speed coupler to the powertrain system 10 for relatively high speed
accealeration/driving conditions and/or relatively high speed regenerative braking
conditions.

[0015] In some examples, the dynamic clutches 24, 26, 28 can be electro-
mechanically actuated. In other examples, the dynamic clutches 24, 26, 28 can be

hydraulically, mechanically and/or pneumatically actuated. In some examples, the
powertrain system 10 can be configured so that only one of the dynamic clutches
24, 26 can be engaged at 3 time.

[0016] In the example illustrated, the powertrain system 10 includes static
clutches 30, 32. The static clutch 30 can be integrated with a shaft 34 connecting
the internal combustion engine 12 and the first gearset 14. The static clutch 32
can be integrated with a shaft 36 connecting the first electric machine 20 and the

first gearset 14. Depending upon desired operating requirements of the powertrain
system 10, the static clutches 30, 32 can be selectively operated to ground the
internal combustion engineg 12 and the first electric machine 20, respectively. In

some examples, the static clutches 30, 32 can be electro-mechanically actuated.
in other examples, the static clutches 30, 32 can be hydraulically, mechanically

and/or pneumatically actuated.

[0017] In the example illustrated, the first gearset 16 takes the form of a
planetary gearset, and includes a planetary carrier 38, a sun gear 40, pirmion gears
42, 44 and a wheel gear 46. The planetary carrier 38 and the internal combustion
engine 12 are connected by the shaft 34. The sun gear 40 and the first electric
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machine 20 are ¢onnected by the shaft 36, whi¢ch extends lengthwise to define a
shaft axis 92.

[0018] In the example illustrated, the second gearset 16 also takes the form
of a planetary gearset, and includes a planetary carrier 48, a sun gear 50, pinion
gears 52, 54, and a wheel gear 5G6. The wheel gear 48 is connected to the sun
gear 50. The wheel gear 56 is connected with the drivatrain gear 18 via an output
gear 8.

[QO 1] In the example illustrated, the powerrain system 10 includes =
differential gearset 64, which includes the drivetrain gear 18, and first and second
drive axles 62, 64 connected to the drivetrain gear 18. The first and second
gearsets 14, 16 can be used {0 achieve different gearing ratios for different
speed/torque requirements of the drive axles 62, 64, and to generally reduce
stresg on the power sources 12, 20, 22. In some examples, the first and second
drive axles 62, 64 can be used to power front wheels of the vehicle. In some

examples, the first and second drive axles 62, 64 can be used to power rear

wheels of the vehicla.

[0020] In some examples, the clutches 24, 26, 28, 30, 32 can be
incorporated in the powertrain asystem 10 to avoid idling of the first and second
electric machines 20, 22, and to lock components. Although it can be possible 1o
electrically lock the first and second electric machines 20, 22, depending on
driving conditions a significant amount of electric energy can be required to

achieve lock out. The clulches 24, 286, 28 30, 32 ¢an be used to help avoid this
energy loss in the powertrain system 10. Furthermore, although the internal

combustion enging 12 can be lockable, e.9., by controiling cvlinder pressure,
holding torque requirements can vary, e.g., depending upon the negative torque
generated by the drive axles 54, 568. With the power rating of the internal
combustion engine 12, the holding torque can vary and can aflect acceleration
and regenerative braking performance of the vehicle during electric mode
operation. Therefore, to avoid performance deterioration, the static clutch 26 can
be optionally mcorporated with the powertrain system 10.
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[0021] As mentioned above, the powertrain system 10 can achiave three
modes of operaticn of the second electric machine 22. The three modes of
operation can enhance knetic energy recovary from regenerative braking for a
wide range of vehicle speeds. For example, at relatively low speed braking
conditions, the secand electne machine 22 can be coupled with the drivetrain gear
18 of the differential gearset 60, via the first dynamic clutch 24, the shaft 36, the
gearset 14, the gearset 16, and the output gear 58. At medium spesed braking
conditions, the second electric machine 22 can he coupled with the drivetrain gear
18 of the differential gearset 80, via the second dynamic clutch 26, the wheel gear
46 of the gearset 14, the gearset 16, and the output gear 58. At relatively high
speed braking conditions, the second electric machine 22 can be coupled with the
drivetrain gear 18 of the diffarential gearset 60, via the third dynamic clutch 28, the
wheel goar 56 of the gearset 16, and the output gear 58. Therefore, a rotational
speed of the second electrnie machine 22 can be maintained at relatively high
levels for a wide range of vehicle speeds. Since the back electromotive force
(EMF) of the second electric machine 22 can be generally proportional tg the
rotational speed, Kinetic energy recovery can be effectively increased to enhance
fual economy of the powertrain system 10. Operating flexibility of the powertrain
gystem 10 can also achieve impraved accelsration performance,

[0022] As mentioned above, the first and second electric machines 20, 22
can be operated independently, which can significantly enhance reliability of the
powertrain system 10 during failure of any of the power sources. For exampls,
cach of the first and socond electric machines 20, 22 can be operated
independently as a starter motor to stant the internal combustion engine 12.
Therefore, failure of the first electric machine 20 alone deoes not affect the starting
mode of the internal combustion engine 12, as the zecond electric machine 20
can be used. Other power flow conditions can be achieved during failure of any of
the power sources, to avoid breakdown. Having each of the power sources be
operated independently ¢an also minimize idling and extend operating life of
components such as bearings.

[0023] In the eéxample illustrated, the first electric machine 20 is formed by a
first rotor 66 and a stator 68, and the second electnc machine 22 15 formed by a
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second rotor 70 and the stator 68. In operation, the first rotor 66 can rotate about
the shaft axis 84 relative to the stator 68, and the second rotor 62 ¢an rotate about
the shaft axis 84 relative to the stator 60. Therefore, the first rotor 66, the stator 68
and the second rotor 70 ¢an be arranged ¢oncentrically about the shaft axis 82,
and the first and second electric machings 20, 22 can overlap in a direction
parallel to the shaft axis 82. In this manner, the first and second elactric machines
20, 22 c¢an be arranged within a single envelop, which can reduce sizing
requirements of the powertrain system 10.

[0024] Referring now to Figures 3A, 3B and 3C, three alternative
configurations of two electric machines are shown, aach including two rotors and
one stator, Figures 4A, 48, 4C and 40 show four alternative configurations of two
electric machines, each including two rotors and two stators. In @ach case, the
components of the electric machines are arranged concentrically about & commaon
axis, which is indicated by the broken line, and the slgctric machines overlap in a
diraction parallel to the axis. In various examples, the configurations illustrated
Figures 3A, 3B, 3C, 4A, 4B, 4C and 4D can be implemented as the first and
second electric machines 20, 22 of the powertrain system 10.

(0025] Referring now to Figure 2, a powertrain systam 110 includes a first
electric machine 120 and a second electnc machine 122, which are iliustrated as
separate components. In various examples, the first and second electric machines
120, 122 can take the form of various types of slectric machines, including: switch

reluctance machines. induction madchings, and/or permanent magnet machines.
Opserating principles and power flow patterns of the powertrain system 110
depicted in Figure 2 can be generally similar to the powertrain system 10 depicted
in Figure 1, and the description of elements will not be repeated.

[0026] While Figures 1 and 2 shows the main mechanical components of
the powertrain systems 10, 100, the powertrain systems 10, 100 can further
Include various electrical components that are not shown in Figures 1 and 2. For
example, the powertrain system 10 can further include a battery, sensors,
elactrical connections, and cnhe or more contral units for controlling operation of
the first and second electric machines 20, 22.
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[0027] Referring back to Figure 1, the clutches 24, 26, 28, 30, 32 can be
selectively operated to deliver power to the drivetrain gear 18 and transfer tractive
power to wheels of the vehicle. As mentioned above, the first, second and third
modes of operation of the second electric machine 22 can significantly enhance
operating performance of the powertrain system 10 by acting as a torque coupler
during relatively low and medium speed operation, and as a speed coupler during
relatively high speed operation. Furthermore, the powertrain system 10 can be
flexible to operate in various difforent modes to achieve greater efficiancy,
including starting, conventional, series-parallel hybrid, parallel hybrid, and pure
electric modes. Various opearational modes and power flows are now described.

[0028] The powertrain system 10 can have two starling modes. In the first
starting mode, the first electric machine 20 can be used to start the internal
combustion enging 12. In this mode, the clutches 24, 30, 32 are released, and the
first electric machine 20 can operate as a motor to supply power to the intemal
combustion engine 12 via the shaft 36 and the gearset 14. In the second starting
mode, the sacond electric machine 22 can be used to start to the internal
combustion engine 12. In this mode, the clutch 24 is engaged, the clutches 26,
28, 30, 32 are released, and the second electric machine 22 c¢an operate as a
maotor to supply power to the internal combustion engine 12 via the shaft 38 and
the gearset 14.

[0029] The powertrain system 10 can have a conventional mode. In this
mode, the clutch 32 is engaged, and the clutches 26, 28, 30 are released. Fower

generated by the internal combustion engine 12 can be transferred to the
drivetrain gear 18 via the gearsets 14, 16.

[0030] The powertrain system 10 can have two series-parallel hybrid
modes, described as follows.

[0031] In the first series-paraliel hybrid mode, the clutch 28 is engaged, the
clutches 24, 26, 30, 32 are released, the first electric machine 20 can operate as a
generator, and the second electric machine 22 can operate as a motor. A portion
of power generated by the internal combustion engine 12 can be transterred to
the first electric machine 20 via the shaft 36. Power generated by the first electric
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machine 20 can be transferred to the second electric machine 22. Power
generated by the second electric machine 20 can be transferred to the drivetrain
gear 18 via the output gear 58. Tha remainder of the power generated by the
intarnal combustion engine 12 can be transferred to the drivetrain gear 18 via the
gearsets 14, 16 and the output gear 58. In this mode, the second electric machine

22 is acting as a speed coupler.

[0032] In the second senes-parallel hybrid mode, the clutch 26 is engaged,
the clutches 24, 28, 30, 32 are released, the first electric machine 20 can operate

as a generator, and the second electric machine 22 ¢an operate as a motor. A
portion of power generated by the intermal combustion engine 12 can be
transferred to the first electric machine 20 via the shaft 36. Power generated by
the first electric machine 20 can be transferred to the second electric machine 22.
Power generated by the second electric machina 20 ¢an be transferred {o the
drivetrain gear 18 via the wheel gear 46, the gearset 16 and the output gear 58.
The remainder of the power generated by the internal combustion engine 12 can
be transferred to the drivetrain gear 18 via the gearsets 14, 16 and the output
gear 58. In this mode, the second electric machine 22 is acting as a torque

coupler.

[0033] The powertrain system 10 ¢an have seven paralle! hybrid modes,
described as follows.

[0034] In the first parallel hybrid mode, the clutch 28 is engaged, the
clutches 24, 28, 30, 32 are released, and the first and second electric machines
20, 22 can aperate as motors. Power generated by the internal combustion engine
12 and the first and second electnc machines 20, 22 can be transferred to the
drivetrain gear 18, with the second electric machine 22 acting as a speed coupler.

[0035] In the second parallel hybrid mode, the clutch 26 is engaged, the
clutches 24, 28, 30, 32 are released, and the first and second electric machines
20, 22 can operate as motors. Power generated by the internal combustion engine
12 and the first and second electric machines 20, 22 can be transferred to the

drivetrain gear 18, with the second electric machine 22 acting as a torque coupler.
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[O0306] In the third parallel hybrid mode, the clutch 24 1s engaged, the
clutches 26 28, 30, 32 are released, and the first and second electric machines
20, 22 can operate as motors. Fower generated by the internal combustion engine
12 and the first and second electric machines 20, 22 can be transferred to the
drivetrain gear 18, with the second electric machine 22 acting as a torque coupler.

(0037] In the fourth parallel hybrid mode, the clutch 24 is engaged, the
clutches 26, 28 30, 32 are released, and the second electric machine 22 can
operate as a motor. Fower generated by the internal combustion engine 12 and

the sacond electric machine 22 can be transferred to the drivetrain gear 18, with

the second electric machine 22 acting as a torque coupler.

[GO38] In the fifth parallel hybrid mode, the clutches 28, 32 are engaged,
and the clutches 24 26. 30 are released, and the second electric machine 22 can
operate as a motor Power generated by the internal combustion engine 12 and

the second electric machine 22 can be transferred to the drivetrain gear 18, with
the second electric machine 22 acting as a speed coupler.

[0039] In the sixth parallet hybrid mode, the clutches 26, 32 are engaged,
and the clutches 24, 28, 30 are released, and the second electric machine 22 can
operate as a motor. Power generated by the internal combustion engine 12 and
the second electric machine 22 can be transferred to the drivetrain gear 18, with

tha second electric machine 22 acting as a torque coupler,

[0040] In the seventh parallel hybrid mode, the clutches 24, 26, 28, 30, 32

are raleased, and the first electric machine 20 c¢an operate as a motor., Power
generated by the internal combustion engine 12 and the first electric machine 20
¢an be transferred to the drivetrain gear 18.

[0041] The powertrain system 10 can have seven electric modes, described
as follows. In the description of the electric modes, the first electric machine 20
and/or the second electric maching 22 are operating as electric motors. There can
be similar modes of operation for regenerative braking using the first and second

electric machines 20, 22, in which the flow of power 1s generally in reverse.



CA 02810945 2013-03-26

-13

[0042] In the first electric made, the clutches 28, 30 are engaged, the
clutches 24, 26, 32 are released, and the first and second electric machines 20,
22 can operate as motors. Power generated by the first and second electric

machines 20, 22 ¢an be transfarred to the drivetrain gear 18, with the second
electric machine 22 acting as a speed coupler.

[0043] In the second electric mode, the clutches 26, 30 are engaged, the
clutches 24, 28, 32 are released,. and the first and second electric machines 20,
22 can operate as motors. Power generated by the first and second electric

machines 20, 22 can be transferred to the drivetrain gear 18, with the second
electric machine 22 acting as a torque coupler.

(G044] in the third electric mode, the cluiches 24, 30 are engaged, the
clutches 26, 28, 32 are released, and the first and second electric machines 20,

22 can operate as motors. Power generated by the first and second electric
machines 20, 22 can be transferred to the drivetrain gear 18, with the second

electric machine 22 acting as a torgue coupler.

[0045] In the fourth electric mode, the clutch 30 is engaged, tha clutches
24, 26, 28, 32 are released, and the first electric machine 20 can operate as a
motor. Power generated by the first electric machine 20 can be transferred to the
drivetrain gear 18.

[0046] In the fifth slectric mode, the clutches 28, 30 are engaged, the

clutches 24, 26, 32 are released, and the second electric machine 22 can operate
as a motor. Power generated by the second electric machine 22 ¢an be

transferred to tha drivetrain gear 18, with the second electric machine 22 acting as

a speed coupler.

[Q047] in the sixth electric mode, the clutches 26, 30 are engaged, the
clutches 24, 28, 32 are rolgased, and the second electric machine 22 can operate
as a motor. Power generated by the second electric machine 22 ¢an be
transferred to the drivetrain gear 18, with the second electric machine 22 acting as

a torque coupler,
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[Q048] In the sixth selectric mode, the clutches 24, 30 are engaged, the
clutches 26, 28, 32 are released, and the second electric machine 22 can operate
as a motor. Fower generated by the second electnc machine 22 can be
transferred to the drivetrain gear 18, with the second electric machine 22 acting as
a torque coupler.

[0049] The powertrain systems described herein can be implemented in
various hybrid electric vehicles, including plug-in hybrid vehicles, and can be
implemented in hybrid vehicles having front-wheel drive, rear-wheel drive, four-
wheel drive and/or all-wheel drivetrain systems. Furthermore, the powertrain
systems can be scalable, and therefore can be applicable to vehicles including
small passenger car, minivans, sports utility vehicles, pickup trucks, vansg, buses
and trucks. Other applications can be possible, including off-road vehicles,
tractors, mining and construction vehicles, hybrid boats and other naval
applications.

[CG0S0) Referring now to Figure 5, a vehicle 72 includes the powertrain
system 10, 110, which is implemented as part of a four whesl drive or all-wheel
drive system. The vehicle 72 includes front wheels 74 and rear wheels 76. In the
example illustrated, the powertrain system 10, 110 is connected to the front
wheels 74 by joints 78. The vehicle 72 includes a second powertrain system 80.
The second powertrain system 80 is connected to the rear wheels 76 by joints 78.
The second powertrain system 80 includes a third electric machine 82, a planetary

gearset 84, and drive axles 8§, 88, The planetary gearset 84 delivers power from
the third electric machine 82 to the rear wheels 76.

[0051] Similarly, Figure 6 shows a vehicle 172 including the powertrain
system 10, 110, also implemented as part of a four wheel drive or all-wheel drive
system. In the example illustrated, a second powertrain system 180 includes a
third electric machmne 182, and a differential gearset 184 including a drive axle
186 and a ring gear 180. The differential gearset 184 delivers power from the third

electric machine 182 to the rear wheels 1706,
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[0052] While the above description provides examples of one or more
apparatuses or methods, it will be appreciated that other apparatuses or methods
may be within the scope of the accompanying claims.
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What is claimed is:

1. A powertrain system for a vehicle, the powertrain system comprising:

an internal combustion engine;

a first gearset connected to the internal combustion engine;

a first electric machine connected to the first gearset:

a drivetrain gear for connection to a drivetrain of the vehicle;

a second gearset connecting the first gearset to the drivetrain gear;

a second electric machine;

clutch connecting the second electric machine and the first electric machine;

a second dynamic clutch connecting the second electric machine and the first
gearset;

and a third dynamic clutch connecting the second electric machine and the
second gearset, and wherein: in a first mode .of operation, the first dynamic clutch is
engaged and the second and third dynamic clutches are released to couple the second
electric machine and the first electric machine: in a second mode of operation, the second
dynamic clutch is engaged and the first and third dynamic clutches are released to couple
the second electric machine and the first gearset: and

in a third mode of operation, the third dynamic clutch is engaged and the first and
second dynamic clutches are released to couple the second electric machine and the

second gearset.

2. The powertrain system of claim 1, wherein, in the first mode of operation, the first
dynamic clutch connects the second electric machine to a shaft for transferring power

from the first and second electric machines to the first gearset.

3. The powertrain system of claim 1, wherein, in the second mode of operation, the
second dynamic clutch connects the second electric machine to a wheel gear of the first

gearset for transferring power from the second electric machine to the first gearset.

4. The powertrain system of claim 1, wherein, in the third mode of operation, the
third dynamic clutch connects the second electric machine to a wheel gear of the second

gearset for transferring power from the second electric machine to the second gearset.

5. The powertrain system of claim 1, wherein the at least one dynamic clutch is

electro-mechanically activated.
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6. The powertrain system of claim 1, further comprising at least one static clutch for
selectively grounding at least one of the internal combustion engine and the first electric

machine.

/. The powertrain system of claim 6, wherein the at least one static clutch comprises
a first static clutch integrated with a shaft connecting the first electric machine and the first

gearset.

8. The powertrain system of claim 6, wherein the at least one static clutch comprises
a second static clutch integrated with a shaft connecting the internal combustion engine

and the first gearset.

0. The powertrain system of claim 6, wherein the at least one static clutch is electro-

mechanically activated.

10. The powertrain system of claim 1, wherein the first and second electric machines

are operable independently as an electric motor and an electric generator.

11. The powertrain system of claim 10, wherein the first electric machine comprises a
first rotor and a first stator arranged generally concentrically about a shaft axis, and the
second electric machine comprises a second rotor and a second stator arranged

generally concentrically about the shaft axis.

12. The powertrain system of claim 11, wherein the first and second electric machines

generally overlap in a direction parallel to the shaft axis.

13. The powertrain system of claim 11, wherein the first and second stators are the

same component.

14. The powertrain system of claim 10, wherein the first and second electric machines

are separate components.

15.  The powertrain system of claim 1, wherein each of the first and second gearsets

comprises a planetary gearset, and the drivetrain gear comprises a ring gear.

CA 2810945 2018-02-08
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16. A vehicle comprising the powertrain system of claim 1.

17. The vehicle of claim 16, wherein the powertrain system transfers powers to a first
set of wheels of the vehicle, and further comprising a third electric machine for powering a

second set of wheels of the vehicle.

18. A venhicle, comprising:

an internal combustion engine;

a first gearset connected to the internal combustion engine;

a first electric machine connected to the first gearset;

at least one drive axle;

a second gearset connecting the first gearset to the at least one drive axle:

a second electric machine; a first dynamic clutch connecting the second electric
machine and the first electric machine; a second dynamic clutch connecting the second
electric machine and the first gearset; and a third dynamic clutch connecting the second
electric machine and the second gearset,

wherein, in a first mode of operation, the first dynamic clutch is engaged and the
second and third dynamic clutches are released to couple the second electric machine
and the first electric machine,

wherein, in a second mode of operation, the second dynamic clutch is engaged
and the first and third dynamic clutches are released to couple the second electric
machine and the first gearset, and

wherein, in a third mode of operation, the third dynamic clutch is engaged and the
first and second dynamic clutches are released to couple the second electric machine

and the second gears.

10. The powertrain system of claim 2, wherein, in the second mode of operation, the
second dynamic clutch connects the second electric machine to a wheel gear of the first

gearset for transferring power from the second electric machine to the first gearset.

20. The powertrain system of claim 19, wherein, in the third mode of operation, the
third dynamic clutch connects the second electric machine to a wheel gear of the second

gearset for transferring power from the second electric machine to the second gearset.

21. A powertrain system for a vehicle, the powertrain system comprising:

an internal combustion engine;
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a first gearset connected to the internal combustion engine;

a first electric machine connected to the first gearset;

a drivetrain gear for connection to a drivetrain of the vehicle;

a second gearset connecting the first gearset to the drivetrain gear;

a second electric machine; and

a first dynamic clutch selectively connecting the second electric machine and the
first electric machine:

a second dynamic clutch selectively connecting the second electric machine and
the first gearset; and

a third dynamic clutch selectively connecting the second electric machine and the
second gearset,

wherein, in a first mode of operation, the first dynamic clutch is engaged and the
second and third dynamic clutches are released,

wherein, in a second mode of operation, the second dynamic clutch is engaged
and the first and third dynamic clutches are released. and

wherein, in a third mode of operation, the third dynamic clutch is engaged and the

first and second dynamic clutches are released.

22. The powertrain system of claim 21, wherein. in the first mode of operation, the first
dynamic clutch connects the second electric machine to a shaft for transferring power

from the first and second electric machines to the first gearset.

23. The powertrain system of claim 21, wherein, in the second mode of operation, the
second dynamic clutch connects the second electric machine to a wheel gear of the first

gearset for transferring power from the second electric machine to the first gearset.

24. The powertrain system of claim 21, wherein, in the third mode of operation, the
third dynamic clutch connects the second electric machine to a wheel gear of the second

gearset for transferring power from the second electric machine to the second gearset.

25. The powertrain system of claim 22, wherein, in the second mode of operation, the
second dynamic clutch connects the second electric machine to a wheel gear of the first

gearset for transferring power from the second electric machine to the first gearset.
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26. The powertrain system of claim 25, wherein, in the third mode of operation, the
third dynamic clutch connects the second electric machine to a wheel gear of the second

gearset for transferring power from the second electric machine to the second gearset.
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