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(57) Abrégée/Abstract:

A multi-speed hybrid transmission includes a main gearset connected to a vehicle gas combustible engine and providing torgque to
an output shaft. The transmission also includes an electric drive unit comprising an electric motor that is selectably connectable to
the output shaft to provide additional torque to the output shaft. WWhen connected to the output shaft, the electric drive unit
iImproves vehicle performance under certain driving conditions (e.g., high boost in low gear or in upper gears) while also improving

fuel efficiency.
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(57) Abstract: A multi-speed hybrid transmission includes a main gearset connected to a vehicle gas combustible engine and pro-

viding torque to an output shaft. The transmission also mcludes an electric drive unit comprising an electric motor that 1s se-

lectably connectable to the output shaft to provide additional torque to the output shatt. When connected to the output shatt, the
electric drive unit improves vehicle performance under certain driving conditions (e.g., high boost in low gear or in upper gears)

while also improving fuel etficiency.
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HYBRID TRANSMISSION

FIELD
[0001] The present disclosure relates to vehicle transmissions, and

more particularly to hybrid vehicle transmissions.

BACKGROUND

[0002] ConVehtional automatic transmissions Include a torque
converter that receives torque from an engine and planeta'ry gearsets that
receive torque from the torque converter. The planetary gearsets provide various
. gear ratios df torque and thus, .various drive speeds. Transmissions ailso
typically include fluid pressure-operated, multi-plate drive or brake clutches
and/or brake bands that are connected to the individual elements of the. planetary
gearsets to allow shifts between the various gear rétios. In addition, automatic
transmissions may also include one-way clutches‘(i.e.-, overrunning clutches) thét
cooperate with the multi-plate clutches to optimize power shift control.. Moreover,
typical transmissions include a controller for selectively applying and releasing
elements to shiit the gears.

[0003] An example of an advanced, modular six-speed transmission is
disclosed in U.S. Patent 'Applicatio.n' Pub'!i'cation 2008/0312022, assigned to the

assignee of the present application and incorporated herein by reference. The

1 .
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‘transmission disclosed in Publication 2008/0312022 improved vehicie
performance and fuel economy with a less complex and low cost solution
compared to other transmissions known in the art at that time. The present
‘inventors, however, have realized that an improved transmission Is desirable to

further improve vehicle performance and increase fuel economy.

SUMMARY

[0004] In various examp!e embodiments, the technology described
herein provides a multi-speed hybrid transmission for a vehicle. The multi-speed
hybrid transmission includes a main gearset connected to a gas combustible
engine and providing a first set of torque to an output shaft. The fransmission
also includes an electric drive unit comprising an electric motor that is eelectably
cennecta’b!e to the output shaft .to provide additional torque to the output shatft.
When connected to the output sheft, the electric drive unit- improves vehicle
perforrhance under certain driving conditions while also improving fuel efficiency.

[0005] In one form, the present disclosure provides a hybrid
transmission that includes a main Qearset, 'en electric drive unit and a controller.
The main gearset is connected to an engine via an input shaft. The main gearset
includes a plurality of planetary gears and a plurality of shift elements configured
to provide torque to an output shaft. The electric drive unit includes an electric
motor that is selectably co'upled' to the outp,ut.shaﬁ to provide additional torque to
the output shaft. The controller i1s operably associated with the main gearset and

the electric drive unit to cause the transm_is’eion to transfer the torque in a first
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mode of operation and to couple the 'electriclrmotor to the output shaft to transfer
the torque plus th‘e additional torque in a second mode of operation.

[0006] In anothér form, the present disclosure provides a vehicle
powertrain that includes a gas combustible engine and a transmission connected
to the engine via an input shaft. The transmission includes a main gearset, an
electric drive unit and a controller. The main gearset is conneéted to the engine
via the Input shaft and inc;ludes a plurality of p!anetary' gears and a plurality of
shift elements configured to provide torquéitb an output shaft. The electric drive
unit includes an electric motor that is selectably coupled to the output shaft to
provide additional torque to the output shaft. The controller is operably
associated with the main gearséf and 'the' electric drive unit to cause the
transmission to transfer the torque in a first mode of operation and to couple the
electric motor to the output shaft to transfer the torque pius the additioﬁal torque
in a second mode of operation.

[0007] Further areas of applicability of the present disclosUr‘e will
become apparent from the‘detai!ed descripiion prOvEded hereinafter. It should be
understood that the detailed description, including disclosed embodiments and
drawings, are merely exemplary in natijré i"ntended for purposes of illustration
only and are not intended to limit the scope of the invention, ifs application or
use. Thus, variations ‘t:hat do not de;ﬁart-'from the gist of the invention are

intended to be within the scope of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 illustrates a vehicle powertrain comprising a hybrid
transmissioh according to the principles ef the present disclosure;

[0009] Figure 2 is a table illustrating example shift sequences for the
hybrid transmission disciosed herein;

[0010] Figure 3 illustrates a vehicle powertrain comprising a hybrid
transmission according to the principles of the present dieclosure;

[0011] Figure 4 illustrates a portion of a vehicle hybrid transmission
according to the principles of the present disclosure;

[0012] Figure 5 iilustra.tes a portion of a vehicle hybrid transmission
according to the principies of the present disclosure; and

[0013] Figure 6 llustrates a portion of a vehiele hybrid transmission

according to the principles of the preeent disclosure.

DETAILED DESCRIPTION
[0014] Figure 1 illustrates an eXample vehicle powertrain 10 jncluding a
hybrid automatic transmission 12 according to an embodiment described herein.
The powertrain 10 also comprises a differential gear 13 operably connected to
the transmission 12 through a gearset 15. The trensmission 12 includes a torque
converter 18 and an input shaft 16 operably connected to a gas combustible
engine 14 via the torque converter 18. Torque is transferred from the engine 14

to the input shaft 16 through the torque coh-‘i\}erter 18.
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[0015] The transmission 1‘2 also includes a main box 20 having a main
gearset 22 operably associated with the input shaft 16. The main box 20 may be
the main box disclosed' in U.S. Patent Application Publication 2008/0312022.
The illustrated main gearset 22 includes first and second planetary gearsets 30,
32 having an identical number of teeth with respect to each other. The first
planetary gearset 30 is a conventional planetary gearset as would be readily
understood by one of ordinary skill in the ar_t--'and includes an ahnulus gear 30a,
at least one planetary gesr 30p and s sun gear 30s. The second planetary
gearset 32 is also a conventional planetary gearset and includes an annulus gear
32a, at least one planetary gesr 32p and a .sun gear 32s.

[0016] Ths main gearset '.22 may also have a plurality of hydraulically-
actuated engagement. or shift elements. These shift elements may include three
drive clutches 23, 24, 25, and two brake clutches 26, 27, which may be used to
.ground one or more gears of the planetary gearsets 30, 32 to the main box 20
housing. The first drive clutch 23 is often referred to as an underdrive (UD)
clutch. The second drive clutch 24 is often'referred to as an overdrive (OD)
clutch. The third drive clutch 25 is often ré?sr‘red to as a reverse (R) clutch. The
first brake clutch 26 is often referred to as 2-4 (2-4) clutch. The second brake
clutch 27 is often referred to as low-reverse (LR) clutch.

[0017] The vehicle may also i.n'clsude a controller 36 in operable
communication with the .transmis'si'on 12. Although not shown, the transmission
12 could also include a pump operably associated with the controller 36 and a

plurality of lines: communicated from the pump to the drive and/or braking
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- clutches 23, 24, 25, 26, 27. Other components associated with a conventional
transmission may also be included (e.g., tfansducer, solenoid, etc.), but are not
shown or described as they are not necessary to understand the inventive
features of the illustrated embodiment. The controller 36 is connected to receive
- signals generated by an Input shaﬁ speed sensor 38, a transfer speed sensor 40
that monitors a speed of rotation of an ogtput of the main gearset 22, and vehicle
sehsors 44 that monitor other vehicle operating information including vehicle
speed and operator input, such as braking and accelerator pedal position. The
controller 36 may also be connected to an output shaft speed sensor (not
shown), if desired.

- [.0018] It should be appre(;iated '-t-hét the controlier 3.6 can selectively
activate the drive and/or braking clutches 23, ;24, 25, 26, 27 in any manner. One
ﬁarticular control scheme is illustratéd In Figure 2 and is discussed below in more
detail. .As is disclosed in U.S. Patent Applicéﬁon Publication 2008/0312022, the
controller 36 may apply a giveh clutch 23, 24, 25, 206, 27 by supplying a signal
(e.g., a pulse-width -modulated enefgizing signal) to a solenoid-operated
hydraulic- fluid supply valve, which in turn controls the amount of torque that can
" be carried by a given one of the clutches 23, 24_, 25,26, 27. ltwill be éppreciated
that the controller chooses the proper gear depending on vehicle conditions such
as the shift-program selected by the driver (1.e., Drive, Reverse, Neutral, etc.),
fhe accelerator position, the engine 'Con'diti'gé\n, and the vehicle speed. It should
also be appreciated that tHe transmission 12 can have any suitable configuration

of shift elements, such as drive clutchesand brake clutches, to define the main
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gearset 22 and selectively achieve a plurality of desired gear ratios with which to
drive an output shaft 28 of the transmission.

[0019] The main gearset 22 is connected to the output shaft 28 via
gear shaft 52, helical output gear 53, .transfer gear 54’ and transfer shaft 55. The
helical output gear 53 and transfer gear 54 are continuously meshed with each
other. “

-[0020] - To further improve vehicle performance under certain
circumstances (e.g., high boost Iin low gear)- and to increase fuel economy, an
electric drive unit 60 may be 'cou\p-led to fhe output shaft 28 to form a hybrid
electric/gas transmission. The eleotrié drive unit 60 includes an electric motor 62,
‘which can be a synchronous motor of 20 kW maxfmum power for 10 seconds
and 10 kW continuous power. The field in the synchronous motor is. turned off
when. the motor 1s not In use to prevent brake torque from reduoihg fuel
economy. The motor 62 is connected, via shaft 72, to a first reduction stagé
comprising 'plan‘etary gearset 64.- Planetéry gearset 64 is a conventional
planetary gearset an‘d' includes an annulus gear 64a, at least one planetary gear
64p and a éun gear 64s. The sun gear 64s is connected to shaft 72, the annul'us
gear 64a is grounded and the pIarié—:ita‘r"yi 'g'?ear 64p is conneCted to a seéond
reduction stage via shaft 74.

[0021] The second reduction stage comprises planetary gearset 66,
whidh IS a conventional planetary gearset and includes an annulus gear 66a, at
least one planetary gear 66p and a sun gear' 66s. The sun gear 66s Is

connected to shaft 74, the annulus gear 66a ié-grounded and the planetary gear
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66p is connected to é high speed coupling device 68 via shaft 76. In Figure 1, a

.'high §peed coupling device 68 is illustrated in an engaged position, whereby ihe
| outpuf shaft 28 is engaged with shaft 76; in'?this configuration, the electric drive
unit 60 contributes torque to the o*utpUt shaft 28 as is described below in more
detaill. When the high speed coupling deviée 68 Is In a disengaged position, thé
output shaft 28 is decoupled from shaft 76; in this configuration, the electric drive.
unit 60 does not contribute torque to the output shaft 28.

[0.022] Referring also to Figure 2, an example of how the controller 36
automatically controls the transmission 12 is now described. A first gear, having
a gear ratio of 2.842 in this example, is achieved when the controller 36 applies
the first drive clutch 23 (UD) and the second brake clutch 27 (LR). To switch
frbm first to second gear, h'aving a gear ratio of 1.573 in this example, the
controller 36 applies the first braké Clutbh 26 (2-4) while releasing the second
brake clutch 27 (LR) and maintaining {he application of the first drive clutch 23
(UD).' To switch from second to third gear, having a gear ratio of 1.000 in this
example, the controller 36 applies the second drive clutch 24 (OD) while
releasing the first brake clutch 26 (2-4)"and maintaining the application of the first o
drive clutch 23 (UD). To switch from third to fourth gear, having a gear ratio of
0.689 in this example, the controller 36 feleases the first drive clutch 23 (UD) and
applies the first brake clutch 26 (2-4) while"maintaining the application of the
second drive clutch 24 (OD). To put the transmission in reverse, having a gear
ration of -2.214, the controller 36 applies the third drive clutch 25 (R)‘ and the

second brake clutch 27 (LR).
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[0023] In a ga.s mode of operation, the high speed coupling device 68
is disengaged, meaning only torque generated from the engine 14 is provided to
the output shaft 28. It should be noted that the controller 36 can engage the high
speed coupling device 68 to connect the output shaff 28 to shaft 76 to allow the
electric drive unit 60 to contribute torque to the output shaﬁ. 28. This results in an
electric/gas hybrid mode of operation. In. the illustrated embodiment, the
engagement of the high sbeed coupling deyjce 68 will occur in low gear (i.e.,
gear 1 with ratio 2.842 as illustrated ih Figure 2) to provide a boost during this
gear. In the illustrated example, power from the engine 14 to the differential 13 is
distributed throughout the powertrain 10 as follows. There is 222 Nm output from
the engine 14, which is applied to the torque converter 18. The torque on shaft
16 leaving the torque converter 18 is 443 Nm, which is applied through the main
box 20. Torque on the gearshaft 52 is'1'258 Nm, which becomes 1190 Nm at
the transfer shaft 55 (due to the gearing of_oUtput gear 93 and transfer gear 54).
In the electric drive unit 60, shaft 72 has a torcjue of 50 Nm, shaft 74 has a torque
of 175 Nm and shaft 76 has a torque of 350 Nm. The 'toque contributions are
summed ét point A and multiplied by 316 which is' the rétio of gearset 15. Final
torque from the powertraih 101s 4896 Nm. - .

[0024] The transmission 12 illustrated in Figure 1 provides several
advantages over conventional automatic transmissions. For example, in the
electric/gas hybrid mode of operation, the illustrateq embodiment combines the
tbrque provided from the electric motor with the input torgue maximized by the

main box 20 main gearset 22. This combination provides a high boost when the
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transmission is in low gear. In addition, the electric motor 62 of the electric drive
unit 60 increases fuel efficiency by abb%ut 15% to about 20% because electric
power is being used In certain gears.

[0025] Figure 3 illustrates an example vehicle powertrain 110 including

a hybrid automatic transmission 112 according to anbther embodiment described
herein. Similar to the Figure 1 powertrain 10, powertrain 110 also comprises' a
differential gear 13 operably connected to the hybrid automatic transmission 112.
- In the illustrated embodiment, powertrain 110 components such as the engine
14, input Shaft 16, torque converter 18, main box 20, inpuf shaft speed sensor
38, transfer speed sénsor 40, and vehicle sensors 44 are substantially the same
- és the components oontained in powertrain 1 O (Figure 1). Thus, a description of
these components is not provided.Thé'pow'e-rtrain 110 includes a controller 136,
which may be similar to controller 36 of powertrain 10 with the exéeption that the
gearing of the illustrated embodiment is controlled as discussed below.
[0026] The main gearset 22 is connected to an output shaft 128 via a
~ gear shaft 52, helical output gear 53, transfer gear 54 and transfer shaft 55. The
helical output gear 53 and transfer gear 54 are continuously meshed with each
other. ‘

[0027] To further improve vehicle performance under certain
circumstances (e.g., high boost in upper gears) and to increase fuel economy, an
electric drive unit 160 Is connected -the output shaft 128 to form a hybrid
electric/gas transmission éccording to’wthe s‘econd embodiment. The electric

drive unit 160 includes an electric motor 62, which can be a synchronous motor

10
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of 20 kW maximum power for 10 seconds and 10 kW continuous power. The
field in the synchronous motor Is turned off‘ when the motor is not in use to
prevent brake torque from reducing fuel economy. The motor 62 is connected to
a reduction stage comprising planetary gearset 164 via shaft 172. Planetary'
gearset 164 Is a conven'tional planetary gearset and includes an annulus gear
164a, at least one planetary gear 164p and a-sun gear 164s. The sun gear 164s
iIs connected to shaft 172, the ennmus‘gear 164a Is grounded and the planetary
gear 164p is connected to a high speed coupling device 168 via shatft 176.

[0028] In Figure 3, the high speed coupling device 168 is illustrated in
an en'gaged position, whereby the output shaft 128 is engaged with shaft 1 76; in
this configuration, the electric drive unit 160 contri-butes torque to the output shaft
128 as is described below In more detail.' This is the hybrid electric/gas mode of
~ operation. When the high speed coupling device 168 is in a disengaged position,
the output Shaft 128 is decodpied from shaft 176: in this configuration, the electric
drive unit 160 does not contribute torque to the output shaft 128. This is the gas
mode of operation.

- [0029] It should be ndted that the controller 136 can engage the high
speed coupling device 168 to connectn the output shaft 128 to shatt 1_76 to allow
the electric drive unit 160 to contribute torque to the output shaft 128. In the
llustrated embodiment, the engagemenf of the high speed coupiing device 168
will occur in high gears (i.e., gears 3 and 4 with ratios 1.0‘00 and 0.689,
respectively, as illustrated in Figure 2) to provide a boost during these gears. In

the illustrated example, power from the engine 14 to the differential 13 is

11
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distributed throughout the powertrain 110 as follows. There is 100.Nm output
from the engine 14, which Is applied to the tdrque converter 18. Because the
~ torque converter is locked up in this embodiment, the torque on shaft 16 leaving
the tordue converter 18 Is 100 Nm, WhiCh' s applied through the main box 20.
Torque on the gear shaft 52 is 69 Nm, which becomes 65 Nm at the transter
'shaft 55 (due to the gearing of output gear 53 and transfer gear 54). Iﬁ the
electric drive unit 160, shaft 172 has a torque of 25 Nm and shaft 176 has a
torque of 80 Nm. The torque contributions ére summed at point B and multiplied
by 3.16, which Is the ratio of gearset 15. Final torque from the poWertrain 110 is
551 Nm.

[0030] The Figure 3 transmission 112 provides séveral advantages
over conventional automatic transmissions.  For example, Iin the hybrid
electric/gas mode, the illustrated embodiment combines the torque provided from
an electric motor with the input torque provided by the main box 20 main gearset
22. This combination -provides a high boost when the fransmission IS In higher
gears. In addition, the electric motor 162 of the electric drive unit 160 increases
fuel efficiency by about 15% to 20% becausé electric power Is being used in
certain gears.

[0031] Figure 4 illustrates a portion of a vehicle hybrid transmission
212 in accordance with another embbdirﬁent'disclosed herein. The transmission
212 includes and electric drive unit 260 connected to ah output shaft 228. Output
shaft 228 Is Connected to a transfer shaft 55. Although not shown, a coupling

- device Is also included to selectably couple an electric motor 262 of the electric

12
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drive unit 260 to the output shaft 228 when a controller determines that it is
beneficial to do so. It should be noted that the other portions of a vehicle
powertrain would also be included (such as e.g., differential gear 13, engine 14,
gearset 15, input shaft 16, torque converter 18, main box‘ 20, controller 36/136,
and‘ sensors 36, 38, 40), but are not-' shown or described for convenience
| pu"rpoSes;
[0032] In the illustrated embodiment, the electric motor 262 is
~connected, via shaft 272, to a reduction stage comprising planetary gearset 264.
Planetéry gearset 204 Is a conventional planetary gearset and includes an
annulus gear 264a, at least one planetary gear 264p and a sun gear 2064s. The
sun gear 264s is connected to the motor 262 via shaft 272, the annulus gear
264a is connected to output shaft 228 and :.thé planetary gear 264p is connected
to a shaft 274, which is connected to fhe differential gear (not shown).

[0033] Figure 5 illustrates a portion of a vehicle hybrid transmission ,
312 in accordance with another embodiment disclosed herein. The transmission
312 includes and electric drive unit 360 connected to an output shaft 328. Output
shaft 328 is connected to a transfer shaft 55. Although not shown', a coupling
device Is also included to selectably couple an electric motor 362 of the electric
drive unit 360 to the output shaft 328 when a controller deter'mines that 1t Is
beneficial to do so. It should be noted that the other portions of a vehicle
powertrain would also be included (such as e.g., differential gear 13, engine 14,

gearset 15, input shaft 16, torqueconVer‘te:FWB, main box 20, controller 36/136,

13
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and sensors 36, 38, 40), but aré 'not shown or described for convenience
purposes.

[0034] In the illustrated embodiment, the electric motor 362 is
connected, via shaft 372, to a reduction stage comprising planetary ’gearset 364.
Planetary gearset 364 Is a .conventional planetary gearset and includes an
annulus gear 364a, at least one planetary gear 364p and a sun gear 364s. The
sun gear 364s is connected to output éHaft_ 328, the annulus géar 364a' 1S
connected to the motor 362 via shaft 372 and the planetary gear 364p is
~connected to a shaft 374, which is connected_ fo the differential gear' (not shown).

[0035] .Figure 6 illustrates a porti,on of a vehicle hybrid transmission
412 In accordance with another embodiment disclosed herein. The transmission
412 includes and electric drive unit 460 connected to an output-shaft 428. Output
shaft 428 is connected to a transfer shaft 55. Although not shown, é cbup!ing
device IS also included to selectably coub!e an electric motor 462 of the electric
drive unit 460 to the output shaft 428 w'hen a controller determines that it is.
beneficial to do so. It should be hoted. that the other portions of a vehicle
powertrain would also be included'(such as e.d., diffe'rential gear 13, engine 14,
gearset 15, input shaft. 16, torque convertér 18, main box 20, controller 36/136,
and sensors 36, 38, 40), but aré not shown or described for convenience
purposes. In the illustrated emb"odiment., 't.he electric motor 462 is directly
connected to the output shaft (when the coupling device is engaged). There is
no reduction gearset in this embodiment. Output shaft 428 is connected to the

differential gear (not shown).

14
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[0036] It should ‘be appreciated that the electric motors 62, 262, 362,
462 can be any electric motor desirable to achieve boost in low gears or
desirable to achieve a boost during high gears. All that would be required Is for
the controfler to be programmed/setup apprdpriately for the motor used and the

desired boost scenario.
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CLAIMS

What is claimed is:

1. A hybrid transmissioh comprising:

a main gearset connected to an engine via an input shaft, said main
gearset Comprising a plurality of planetary gears and a plurality of shift elements
configured to provide torque to an output shaft;

an electric drive unit comprising an electric motor that is selectably
coupled to the outp'ut shaft to provide additional torque to the output shatft; and

a controller operably associated with the main gearset and the electric
drive unit to cause _t‘he transmission to transfer the torque In a first mode of
operation and to couple the electric motor to th‘e output shaft to transfer the

torque plus the additional torque in a second mode of operation.

2. The transmission 'of Claim 1, wherein the first mode of operation is
a gas mode.
3. The transmission of Claim 2, wherein the second mode of operation

IS a hybrid electric/gas mode.
4. The transmission of Claim 1, wherein the electric drive unit

comprises at least one gearset and the motor is coupled to the output shaft

through the at least one gearset.
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5. The transmission of Claim 1, wherein the electric drive unit
- comprises:

a coupling device cbnnected to the o'utput shatft;

a fifst gearset comprisihg a first sun gear, first planetary gear and a first
annulus gear, the first sun gear being coupled to the motof; and '

a second gearset comprising a secon.d sun gear, second planetary gear
and a second annulus' gear, t_he second 'sun gear being coupled to the first
plan'etary gear of the first gearset, and the second planetary gear being couplea

to the coupling device.

oF The transmission of Claim 5, wherein the controller couples the

electric motor to the output shaft when the main gearset is in a low gear.

7.  The transmission of Claim 1, wherein the electric drive unit
comprises:

a coupling device connected to the output shaft; and

a first gearset comprising a first sun gear, first planetary gear and a first
annulus gear, the first sun gear being coupled to the motor and the first planetary

gear being coupled to the coupling device.

8. The transmission of Claim 7, wherein the controller couples the

electric motor to the output shatt When the main gearset is in a high gear.

17
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Q. The transmission of Claim 1, wherein the electric drive unit
COMprises:

a first gearset comprising a first sun gear, first planetary gear and a first
annulus gear, the first sun gear being coupled to the motor and the first annulus

gear being coupled to the output shaft via a coupling device.

10. The transmission of Claim '1, wherein the electric drive unit
comprises: ‘

- a first gearset comprising a first sun gear, first planetary gear and a first

,annulus gear, the first annulus gear being coupled to the motor and the first suh

gear being coupled to the output shaft via a coupling device.

11. Avehicle powertréin comprising:

a gas combustible engine; and

a transmission connected to the engine via an input shaft, said
transmission comprising:

@ main gearset Conhected to the engine via the input shaft, said
main gearset comprises\a plurality of planetary gears and a plurality of shift
. elements contigured to provide torque to an output shaft,
an é!ectric drive unit comprising an electric motor that is selectably

coupled to the output shaft to provide additional torque to the output shaft, and
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a controller operably associated with the main gearset and the
electric drive unit to cause the transmission to transfer the torque in a first mode
of operation and to couple the electric motor to the output shaft to transfer the

torque plus the additional torque in a second mode of operation.

12.  The powertrain of Claim 11, wherein the first mode of operation is a

gas mode and the second mode of operation Is a hybrid electric/gas mode.

- 13. The powertrain of Claim 11, wherein the electric drive unit
comprises at. least one reduction gearset and the motor is c-oupled to the output

shaft through the at least one reduction gearset and a coupling device.

14. The powertrain of C'Iaim 11, 'wherein the electric drive unit
COMpIiSes:

a coupling device connected to the output shaft;

a first gearset comprising a first sun gear, first planetary gear and a first
annuius gear, the first sun gear being coupled to the motor; and

a second gearset comprising a second sun gear, second planetary géaf
and a second annulus gear, the se'cond 'sun gear being coupled to the first
planetary gear of the first gearset, and the ‘second planetary gear being coupled

to the coupling device.
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15. The powertrain of Claim 14, wherein the controller coup!es the

electric motor to the output shaft when the main gearset is in a low gear.

16. The powertrain of Clam 11, wherein the el'ectric drive unit
comprises:'

a coupling device connected to the output shaft; and

a first gearset comprising a 'first sun gear, first planetary gear and a first
annulus gear, the first sun gear being coupled to the motor and the first planetary

gear being coupled to the coupling device.

17. The powertrain of Claim 16, wherein the controlier couples the

electric motor to the output shaft when the main gearset is in a high gear.
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