CA 2810938 C 2018/08/14

(11)(21) 2 810 938

(12 BREVET CANADIEN
CANADIAN PATENT
(13) C

Innovation, Science and
Economic Development Canada

Canadian Intellectual Property Office

Innovation, Sciences et
Déeveloppement economique Canada

Office de |la Propriete Intellectuelle du Canada

i~

(22) Date de depot/Filing Date: 2013/03/26

(41) Mise a la disp. pub./Open to Public Insp.: 2013/09/26
(45) Date de delivrance/lssue Date: 2018/08/14

(30) Priorité/Priority: 2012/03/26 (US61/615,649)

(51) Cl.Int./Int.Cl. B60K 6/44 (2007.10),
B60K 6/36 (2007.10), B60K 6/38 (2007.10),
B60K 6/40 (2007.10)

(72) Inventeurs/Inventors:
SUNTHARALINGAM,
EMADI, ALI, CA

(73) Propriéetaire/Owner:
MCMASTER UNIVERSITY, CA

(74) Agent: BERESKIN & PARR LLP/S.E.N.C.R.L.,S.R.L.

PIRANAVAN, CA,

(54) Titre : SYSTEME MOTOPROPULSEUR POUR VEHICULES HYBRIDES COMPORTANT LES MODES DE FONCTIONNEMENT

COMPOSE ET DIVISE
(54) Title: POWERTRAIN SYSTEM FOR HYBRID VEHICLES HAVING COMPOUND AND SPLIT MODES OF OPERATION

40 S
- \_..':[ 16 i R2 +62
31‘ — / 46 —
26 29 ) S ,Lstﬂ
IS0 e | == fon
L (R Ifill A ’]LEB.
ce |l ; ___l y L {_ﬂm— _____ m
TM B n[_u M “hos
30 L 48\'"‘:‘1,
38\u — 50 24 S T\EU‘EW
e = \‘ D:\_!.:U . 85 20
S 42\\)& :Jg L h hl/ﬂ |

T
M|
7S] -

" -
'

rew
"

]

I 5;8 THI‘-J'

AN

./ h
10

!

N

e’

A

(57) Abrege/Abstract:
A powertrain system for a vehicle Is provided, including an internal combustion engine, a drivetrain gear for connection to a

drivetrain of the vehicle, a gearset connecting the internal combustion engine to the drivetrain gear, a first electric machine
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(57) Abrege(suite)/Abstract(continued):

connected to the gearset, a second electric machine, and at least one dynamic clutch selectively coupling the second electr
machine to the drivetrain gear and the gearset. In a compound mode of operation, the at least one dynamic clutch couples th
second electric machine and the gearset. In a split mode of operation, the at least one dynamic clutch couples the second electri
machine and the drivetrain gear.
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ABSTRACT

A powertrain system for a vehicle is provided, including an internal combustion
engine, a drivetrain gear for connection to a drivetrain of the vehicle, a gearset
connecting the internal combustion engine to the drivetrain gear, a first electric
machine connected to the gearset, a second electric machine, and at least one
dynamic clutch selectively coupling the second electric machine to the drivetrain
gear and the gearset. In a compound mode of operation, the at Ieast one dynamic
clutch couples the second electric machine and the gearset. In a split mode of

operation, the at least one dynamic clutch couples the second electric machine
and the drivetrain gsar.
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TITLE: POWERTRAIN SYSTEM FOR HYBRID VEHICLES HAVING
COMPOUND AND SPLIT 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 cjutput 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 vehicle 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 o 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 low forward ranges, with

the first machine operated as a motor and the second as a generator. The

CA 2810938 2018-02-08
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compound-split mode provides a high forward range, with the machines

selectively 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 adapted
for use in hybrid vehicles and having an electric motor and a gearbox packaged
within a 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 tirst sun gear driven by the motor, a firet ring gear, and
a set of first planet gears meshed with the first sun gear and the first ring gear. A
first planet carrier is non-rotatably fixed to a stationary number and rotatably
supports the first planet gears. A second planet gearset includes 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.

[0008] United States Patent No. 6,837,816 describes a motor-integrated
transmission mechaniam for use n parallel hybrnd electric vehicles. The
transmission can provida five basic modes of operation that can be further
classified into sixteen sub-modes: one glectric moter mode, four engine modes,
four engine/charge modes, three power modes and four regenerative braking
modes. Each of these 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, engina/charge, power-assist, and
regeneration capability. CVT capability is provided with one of the engine/charge
modes. The transmission can be incorporated in front-wheel drive and in rear-

wheel drive vehicles.

INTRODUCTION

[0007] 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.
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[0008] According to an aspect of the present disclosure, a powertrain

system for a vehicle is provided. The powertrain systern includes an internal
combustion engine, a drivetrain gear for connaction to a drivetrain of the vehicle, a
gearset connecting the internal combustion engine to the drivetrain gear, a first
elactric machie connected to the gearset, a second electric machine, and at least
one dynami¢ clutch selectively coupling the second electric machine to the
drivetrain gear and the gearset In a compound mode of operation, the at least
one dynamic clutch ccuples the second electric machine and the gearset. In a
split mode of operation, the at least one dynamic clutch couples the second

electric machine and the dnivetrain gear.

[CO09] According to another aspect of the invention a vehicle is provided,
the vehicle inciuding an internal combustion engine, at least one drive axle, a
gearset connecting the at least one internal combustion engine to the at least one
drive axle, a first electric maching connected to the gearset, a second electric
machine, and at least one dynamic clutch selectively ¢coupling the second electric
machine to the at least one drive axle and the gearset. In a8 compound mode of
operation, the at ieast one dynamic clutch couples the second electric machine
and the gearset In a spit mode of operation, the at least one dynamic clutch

couples the second electnc machine and the at least one drive axle.

[0010] According to yet another aspect of the invention a powertrain system
for a vehicle. The powertrain system includes an internal combustion engine, a
drivetrain gear for connection to a drivetrain of the vehicle, a gearset connecting
the internal combustion angine Lo the drivetrain gear, a first electric machine
comprising a first rotor and a first stator, a shafl ¢onnecting the first electric
machine to the gearset, and defining a shaft axts, a second electric machine
comprising a second rolor and second stator, and at least one dynamic clutch
selectively coupling the second electric machine to the drivetrain gear and the
gearset The first and second electric machines are operable independently as an

electric motor and electric generators, and the first rotor and stator are arranged
concentrically about the shaft axis, and the second rotor and stator are arranged
concentrically about the shaft axis.

BRIEF DESCRIPTION OF THE DRAWINGS
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[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 is a schematic view of a powertrain system for a hybrid

vehicle according to a first example;

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

vehicle according to a second example,

Figures 3A, 3B and 3C are schematic views of different
configurations of exemplary electric machines;

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

configurations of exemplary electric machines;

Figure 5 is a schematic view of a vehicle including the powertrain

systems of Figures 1 or 2, and

Figure 6 is a schematic view of ancther vehicle including the

powertrain systems of Figures 1 or 2

DETAILED DESCRIPTION

[0012] Various apparatuses or melhods are described below o provide an
example of an embodiment of each claimed invention. No embodiment describecd
below limits any claimed invention and any claimed nvention may cover
apparatuses and methods that differ from those descnbed below. The claimed
inventions are not limited to apparatuses and methods having all of the features ot
any one apparatus or method described below or to features common to multiple
or all of the apparatuses or methods described below. It is possible that an
apparatus or method described below is not an embodiment of any claimed
invention. Any invenlion disclosad in an apparatus or method described below that
is not claimed in this document may be the subject matter of another protective
instrument, for example, a continuing patent application, and the applicant(s),
inventor(s) and/or owner(s) do nol intend o abandon, disclaim or dedicate to the

public any such invention by its disclosure in this document.
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[001 3] Referring to Figure 1, a powertrain system for a hybrid vehicle is

shown generally at reference numeral 10. The powertrain system 10 includes an
internal combustion engine 12, a dnvetrain gear 14, a gearset 16 connecting the
internal combustion engine 12 to the drivetrain gear 14, and first and second
glectnc machines 18, 20. In some examples, the first and second electric
machines 18, 20 can be operated independently, and each as an electric motor

and as an electric generator

{0014] In the example Illustrated, the powertrain system 10 includes
dynamic clutches 22, 24. The dynamic clutches 22, 24 can be selectively operated
to achieve a compound mode and a split mode input from the second electric
machine 20. During the compound mode of operation, the dynamic clutch 22 is
engaged and the dynamic clutch 24 ig disengaged or released, and therefore the
second electric machine 20 can act as a torque coupler 1o the powertrain system
10 for relatively low speed acceleration/driving conditions or relatively low speed
regenerative braking conditions. Durnng the split mode of operation, the dynamic
clutch 22 is disengaged or released and the dynamic clutch 24 is engaged, and
therefore the second electric machine 20 can act as a speed coupler to the
powertrain system 10 for relatively high speed acceleration/driving conditions or
relatively high speed regenerative braking conditions. In some examples, the
dynamic clutches 22, 24 can be electro-mechanically actuated. In other examples,
the dynamic clutches 22, 24 can be hydraulically, mechanically and/or

pneumatically actuated

[0015] In the example llustrated, the powertrain system 10 includes static
clutches 26, 28. The static clutch 26 can be integrated with a shaft 30 connecting
the internal combustion engine 12 and the gearset 16. The static clutch 28 can be
integrated with a shaft 32 connecting the first eleclric machine 18 and the gearset
16. Depending upon desired operating requirements of the powertrain systerm 10,
the static clutches 26, 28 can be selectively operated {0 ground the internal
combustion engine 12 and the first electnc machine 18, respectively. In some
examples, the static clutchas 26, 28 can be electro-mechanically actuated. In
other examples, the static clutches 26, 28 ¢an be hydraulically, mechanically

and/or pneumatically actuated.
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[C0O16] in the example illusirated, the gearset 16 takes the form of a

planetary gearset, and includes a planetary carrier 34, a sun gear 36, pinion gears
38, 40, and a whesl gear 42. The planetary carrier 34 and the internal combustion
engine 17 are cannected by the shaft 30 The sun gear 36 and the first electric
machine 18 are connected by the shaft 32, which extends lengthwise {0 define a
shaft axis 84. The wheel gear 42 is connected with the drivetrain gear 14 via a

reduclion gear 44.

[001 7] In the example llustrated, an ocutput gear 46 connects the second
electric machine 20 with the drivetrain gear 14 via reduction gears 48, 50 The
powertrain system 10 is also shown to include a differential gearset 52, which

includes the drivetrain gear 14, and first and second drive axles 54, 56 connected

to the drivetrain gear 14. In some examples, the first and second drive axles 54,
56 can be used (0 power front wheals of the vehicle. In some examples, the first

and second drive axlas 54, 56 can be used to power rear wheels of the vehicle.

[Q018] In some examples, the clutches 22, 24, 26, 28 can be incorporated
in the powertrain system 10 to avoid idling of the first and second electric
machines 18, 20, and {o lock components. Although it can be possible to
electrically lock the first and second electric machines 18, 20, depending on
driving conditions a significant amount of electric energy can be required to
achieve lock out. The clutches 22 24, 26, 28 can be used to help avoid this
energy loss in the powertrain system 10. Furthermore, although the internal

cambustion engine 12 c¢an be lockable, e.g., by controlling cylinder pressure,

holding torque requirements can vary, e.g., depending upon the negative torque
generated by the drive axles 54, 56. With the power rating of the internal

combustion engine 12, the holding tarque can vary and can affect acceleration
and regenerative braking performance of the vehicle during electric mode

operation. Therefore, to avoid performance deterioration, the static clutch 26 can

be optionally incorporated with the powertrain system 10.

[0019)] As mentioned above, the powertrain system 10 can achisve two
modes of operation of the second electric machine 20. The two modes of

operation can enhance kinetic energy recovery from regenerative braking for a

wide range of vehicle speeds. For example, at high speed braking conditions, the
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second eleclric rnachine 20 can be coupled with the drivetrain gear 14 of the

differential gearset 52, via the reduction gear 350, the dynamic clutch 24, the
recduction gear 48 and the output gear 46, At low speed braking conditions, the
second slectric machine 20 can be coupled with the drivetrain gear 14 of the
differential gearset 52, via the reduction gear 44, the wheel gear 42, the pinion
gears 38, 40, the sun gear 36, the shaft 32 and the dynamic clut¢ch 22. Tharefore,
rotational speed of the second electric machine 20 can be mamtained at relativeiy
high levels for a wide range of vehicle speeds. Since the back electromotive force
(EMF) of the second electric machine 20 can be generally proportional to the
rotational speed, kinetic engrgy recovery can be effectively increased to enhance
fuel economy of the powertrain system 10. Operating flexibility of the powertrain
system 10 can also achieve improved acceleration performance.

[Q020] As menlioned above, the first and second electric machines 18, 20
can be operated independently, which can significantly enhance reliability of the
powertrain system 10 during failure of any ¢f the power sources For example,
each of the first and second electrc machines 18, 20 can be operated
independently as a starter motor to start the internal combustion engine 12
Therefore, failure of the first electric machine 18 alone does not affect the starting

mode of the internal combustion engine 12, as the second electric machine 20

can be usaed. 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 can also minimize iding and extend operating life of

components such as bearings.

[0021] In the example illustrated, the first electric machine 18 is formed by a
firat rotor 58 and a stator 60, and the second electric machine 20 is formed by a
sacond rotar 62 and the stator 80 In operation, the first rotor 58 ¢can rotate abowt

the shaft axis 84 relative to the stator 60, and the second rotar 62 can rotate about
the shaft axis 84 relative to the stator 60, Therefore, the first rotor 58, the stator 60
and the second rotor 82 can be arranged concentrically about the shaft axis 84,
and the first and second electric machines 18, 20 can overiap in a direction

parallel to the shaft axis 84. In this manner, the first and second slectric machines
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18, 20 can be arrangéed within a single envelop, which can reduce SIZING

requirernents of the powertrain system 10.

[0022] Referring now to Figures 3A, 3B and 3C, three alternative
contigurations of two electric machines are shown, each including two rotors and
one stator. Figures 4A, 4B, 4C and 4D show four alternative configurations of two
electric machines, each including two rotors and two stators. In each case, the
compeonents of the electric machines are arranged concentrically about a common
axis, which is indicated by the broken line, and the electric machines overlap in a
direction paralle! 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
sacond electric machines 18, 20 of the powertrain system 10.

[0023] Referring now to Figure 2, a powertrain syastem 110 includes a first
electric machine 118 and a second electric machine 120, which ara illustrated as
separate components. In various examples, the first and second electric machines
118, 120 can take the form of various types of electric machines, including: switch
reluctance machines, induction machines; and/or permanent magnet machines.
Because the first and second eleclric machines 118, 120 are separated, a first
shaft 132a connects the first electric machine 118 and a gearset 116, and a
second shaft 132b connects the second electric machine 120 and the first electric
machine 118 via a dynamic clutch 122. Otherwise, operating principles and power
flow patterns of the powertrain system 110 depicted in Figure 2 can be generally
simiar to the powertrain system 10 depicted in Figure 1, and the description of

elements will not be repeated.

[0024] While Figures 1 and 2 shows the main mechanical componants 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 powerliain system 10 can further include a baltery, sensors,

electrical connections, and one or more control units for controlling operation of

the first and second electric machines 18, 20.

[0025] Referring back to Figure 1, the clutches 22, 24, 26 28 can be
selectively operated to deliver power t¢ the drivetrain gear 14 and transter tractive

power to wheels of the vehicle. As mentioned above, the compound and split
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modes of operation of the second electric machine 20 c¢an significantly enhance

operating performance of the powertrain system 10 by acting as a torque coupler
during low speed operation, and as a speed coupler during high speed operation.
Furthermore, the powertrain system 10 can be flexible to operate in various
different modes to achieve greater efficisncy, including starting, series-parallel
hybnd, paraillel hybrid, pure electric, and ¢cenventional modes. Various operational
mades and power flows are now described

[0026] The powertrain system 10 can have two starting modes. In the first
starting mode, the first electric machine 18 can be used to start the internal
combustion engine 12 In this mode, each of the clutches 22, 24, 28, 28 is
reéleased, and the first electric machine 18 can operate as a motor to supply power
to the internal combustion engine 12. In the second starting mode, the second
electric machine 20 can be used to star to the internal combustion engine 12. In
this mode, the clutch 22 is engaged, the clutches 22, 26, 28 are released. and the
second electric machine 20 can operate as a motor to supply power to the inlernal

combustion engine 12.

[0027] The powertrain system 10 can have a series-parallel hybrid mode. In
this mode, the clutch 24 is angaged, the clutches 22, 26, 28 are released, the first

electric machine 18 c¢an operate as a generator, and the socond electric machinc
20 can operate as a motor. A portion of power generated by the internal
combustion engine 12 can be transferred to the first electric machine 18 via the
shaft 32. Power generated by the first electric machine 18 can be transferred to

the second electrnic machine 20. Power generated by the second electric maching
20 can be transferred to the drivetrain gear 14 via the gears 46, 48, 50. The

remainder of the power generated by the internal combustion engine 12 can be

transferred to the drivetrain gear 14 vig the gearset 16 and the reduction gear 44

[0028] The powertrain system 10 can have four parallel hybrid modesg,

described as follows.

[0029] In the first parallel hybrid mode. each of the clutches 22, 24, 26, 28
15 released, and the first electric machine 18 can operate as a motor. Power

generated by the first electric machine 18 and the internal combustion engine 12



CA 02810938 2013-03-26

-10 -
can be transferred to the drivetrain gear 14 via the gearset 16 and the reduction
gear 44
[0030] In the second parallel hybrid mode, the clutch 24 15 angaged, the

clutches 22, 26, 28 are released, and the first and second electric machines 18,
20 can operate as motors. Power generated by the second electric machine 20
can be transterred to the drivetrain gear 14 via the gears 46, 48, 50. Power
generated by the first electric machine 18 and the internal combustion engine 12
can be transferred to the drivetrain gear 14 via the gearset 16 and the reduction
gear 44. In this mode, the second electric machine 20 is acting as a speed coupler

o iIncrease the speed output at the drivetrain gear 14.

[0031] In the third parallel hybrid mode, the clutch 22 is engaged, the
clutches 24, 26, 28 are released, and the first and second electric machines 18,
20 can operate as motors, Power generated by the first and second electric
machines 18, 20 and the internal ¢ombustion engine 12 can be transferred to the
drivetrain gear 14 via the gearset 16 and the reduction gear 44. In this mode, the
second electric machine 20 is acting as a torque coupler to in¢rease the torque

output at the drivetrain gear 14.

[0032] In the fourth parallei hybrid mode, the clutches 24, 28 are engagad,
the clutches 22, 26 are released, and the second electric machine 20 can operate
as a motor. Fower generated by the sscond electric machine 20 can be
transferred to the drivetrain gear 14 via the gears 46, 48, 50. Power generated by

the internal combustion engine 12 can be transferrad to the drivetrain gear 14 via

the gearset 16 and the reduction gear 44.

(Q033] The powertrain system 10 can have five electric modes. described

as follows. In the description of the electric modes, the first electric machine 18
and/or the second electrnic machine 20 are operating as electric motors. There can
be similar modes of operation for regenerative braking using the first and second

electric machines 18, 20, in which the flow of power is ganerally in reverse.

[0034] In the first electric mode, Lhe clutches 24, 26 are engaged, the
clutches 22, 28 are released, and the first and second electric machines 18, 20

can operate as motors. Power generated by the second electric machine 20 can
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be transferred to the drivetrain gear 14 via the gears 46, 48, 50. Power generated

by the first electric machine 18 can be transferred to the drivetrain gear 14 via the

gearset 16 and the reduction gear 44. In this mode, the second electric machine

20 is acting as a speed coupler.

[C035] In the second electrnic mode, the clutchés 22, 26 aré engaged, the

clutchaes 24, 28 are released, and the first and second electric machmes 18, 20
can operate as motors. Power generated by the first and second electric

machines 18, 20 can be transferred to the drivetrain gear 14 via the gearset 16

and the reduction gear 44. In this mode, the second electric machine 20 is acting

as a torque coupler.

[0036] In the third electric mode, the clutches 24, 26 are engaged, the

clutches 22, 28 are released, and the second electric machine 20 can operate as
a motor. Power generated by lthe second electric machine 20 can be transferred

to the drivetrain gear 14 via the gears 46, 48, 0.

[QO037] In the fourth electric mode, the clutches 22 26 are engageq, the
clutchas 24, 28 are released, and the second electnc machine 20 can operate as
a motor Power generated by the second electric machine 20 can be transferred
to the drivetrain gear 14 via the gearset 16 and the reduchon gear 44.

[QQ38] In the fifth electric mode, the clutch 26 is engaged, the clutchas 22,
24, 28 are released, and the first electric machine 18 can operate as a motor.
Power generated by the first electnc maching 18 can be transferred to the
drivetrain gear 14 via the gearset 16 and the reduction gear 44.

|Q039] The powertrain systern 10 can further have a conventional mode. In

this mode, the clutch 28 is engaged, and the clutches 22, 24, 26 are released.

Power generated by the internal combustion engine 12 can be transferred to the
drivetrain gear 14 via the gearset 16 and the reduction gear 44

[0040] The powerirain systems described herein can be implemented in
various hybrid electric vehicles, including plug-in hybrid vehicles, and can be
implemented in hybnd 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
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small passenger car, minivans, sports ulility vehicles, pickup trucks, vans, buses

and trucks. Other applications c¢an be possible, including off-road vehicles,
tractors, mining and construction vehicles, hybrid boats and other naval

applications.

[C041] Referring now to Figure 5, a vehicle 84 includes the powertrain
system 10, 110, which 1s implemented as part of a four wheel drive or all-whee!
drive system. The vehicle 64 includes front wheels 66 and rear wheels 68 In the
example illustrated, the powertrain system 10, 110 is connected to the front
wheels 66 by joints 70. The vehicle 64 includes a sscond powertrain system 72
The second powertrain system 72 is connected to the rear wheels 68 by joints 70.
The second powertrain system /72 includes a third electric machine 74, and a
differential gearset 76 including a drive axle 186 and a ring gear 78. The

differential gearset 76 delivers power from the third electric machine 74 to the rear

wheels 68.

[0042] Similarly, Figure 8 shows a vehicle 164 including the powertrain
system 10, 110, also implemented as part of a four wheel drnive or all-wheel drive

system. In the example illustrated, a second powertrain system 170 includes a
third electric machine 174, a planetary gearset 178, and dnive axles 180, 182. The

planetary gearset 176 delivers power from the third electric machine 174 to the

redar wheels 168.

[0043] While the above description prowvides examples of one or more
apparatuses or methods, it will be appreciated that other apparatusas or methods
may ke 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 drivetrain gear for connection to a drivetrain of the vehicle,

a gearset connecting the internal combustion engine to the drivetrain gear;

a first electric machine comprising a first rotor and a first stator;

a first shaft connecting the first electric machine to the gearset, and
defining a shaft axis;

a second electric machine comprising a second rotor and second stator;
and

at least one dynamic clutch selectively coupling the second electric
machine to the drivetrain gear and the gearset,

wherein the first and second electric machines are operable independently
as an electric motor and an electric generator,

wherein the first rotor and stator are arranged concentrically about the shatft
axis, and the second rotor and stator are arranged concentrically about the shaft
axis and

wherein the at least one dynamic clutch comprises a first dynamic clutch,
and, in a compound mode of operation, the first dynamic clutch connects the
second electric machine to the first shaft for transferring power from the first and

second electric machines to the gearset.

2. The powertrain system of claim 1, wherein the first and second stators are

the same component.

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

machines generally overlap in a direction parallel to the shaft axis.

4. The powertrain system of claim 1, wherein the at least one dynamic clutch
comprises a second dynamic clutch, and, in a split mode of operation, the second

dynamic clutch connects the second electric machine to at least one reduction

CA 2810938 2018-02-08
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gear for transferring power from the second electric machine to the drivetrain

gear.

5. The powertrain system of claim 4, wherein the first and second stators are

the same component.

6. The powertrain system of claim 4, wherein the first and second electric

machines generally overlap in a direction parallel to the shaft axis.

7. The powertrain system of claim 4, wherein, in the compound mode of
operation, the first dynamic clutch is engaged and the second dynamic clutch is
released, and in the split mode of operation, the first dynamic clutch is released

and the second dynamic clutch is engaged.

8. The powertrain system of claim 4, wherein the first and second dynamic

clutches are electro-mechanically activated.

9. 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.

10. The powertrain system of claim 9, wherein the at least one static clutch
comprises a first static clutch integrated with the first shaft connecting the first

electric machine and the gearset.
11. The powertrain system of claim 10, wherein the at least one static clutch

comprises a second static clutch integrated with a second shaft connecting the

internal combustion engine and the gearset.

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

clutches are electro-mechanically activated.
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13. A powertrain system for a vehicle, the powertrain system comprising:

an internal combustion engine;

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

a gearset connecting the internal combustion engine to the drivetrain gear;

a first electric machine;

a first shaft connecting the first electric machine to the gearset;

a second electric machine;

a first dynamic clutch selectively coupling the second electric machine to
the gearset;

a second dynamic clutch selectively coupling the second electric machine
to the drivetrain gear; and

a first static clutch integrated with the first shaft for selectively grounding
the first electric machine,

wherein the first and second electric machines are operable independently
as an electric motor and an electric generator,

wherein, in a compound mode of operation, the first dynamic clutch
connects the second electric machine to the first shaft for transferring power from
the first and second electric machines to the gearset, and

wherein, in a split mode of operation, the second dynamic clutch connects
the second electric machine to at least one reduction gear for transterring power

from the second electric machine to the drivetrain gear.

14. The powertrain system of claim 13, further comprising a second static

clutch integrated with a second shaft connecting the internal combustion engine
and the gearset.
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