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DRIVE SYSTEM FOR A VEHICLE

'FIELD OF THE INVENTION
The invention concerns an automated manual transmission with an integral

starter-generator, launch, creep & synchronizing device for a vehicle.

BACKGROUND OF THE INVENTION

Drive systems for vehicles customarily comprise an internal combustion engine as
the driving machine, a subsequent transmission and a friction clutch placed
between the internal combustion engine and the transmission or again, comprise a
hydrodynamic converter placed between the internal combustion engine and the
transmission. The friction clutch or the converter are burdened with losses and
present energy losses in the drive train.

In the prior arts, the losses occurring in either in a torque converter or a clutch in a
drivetrain is avoided by replacing them with an electro motive unit and a
planetary gear drive. In these arts, while driving the vehicle, if the clutch which is
used to lock up the planetary set is opened, the engine torque supply to the vehicle
drops because the motor also supports part of the vehicle torque requirement. This

makes the engine operate at a less efficient region.

OBJECT OF THE INVENTION

It is therefore an object of the present invention to avoid the losses in the
drivetrain and operate the engine in the efficient region.

Another object of the present invention is to avoid the power interruption to the
vehicle wheels during gear shift operation by using an additional motor to drive
vehicle wheels.

Yet another object of the invention is to integrated starter-generator functions,
gear synchronization function, engine-transmission speed matching and

regenerative braking function.



WO 2010/061401 PCT/IN2009/000668

In accord with the invention, it is proposed to place a power synthesising device
which is essentially a planetary gear drive between a driving machine, a
transmission,. and an eleétromotive unit of which the said planetary gear drive
encompasses the three elements, the sun gear, the internal gear, and the planet
carrier with the planet gear sets. Of these three elements, the internal gear is
connected to the transmission, the planet carrier is bound to the driving machine,
and sun gear is coupled with the electromotive unit. The power synthesising
device is of two types - a power sum up device and a power split device. The
power split configuration is proposed if the vehicle launch is purely through motor
or in cases where the engine is used. to launch, then the engine produces peak
torque at a low speed. The electromotive unit can behave as a generator or a motor
that is; it is of four quadrant type. A clutch is introduced between the sun and the
carrier for the lockup or bypass of the planetary gear drive. In another
embodiment a one way clutch is provided in the transmission input driveline to
prevent anticlockwise rotation of the transmission input shaft. In an additional
arrangement, a one way clutch is provided on the engine crank shaft to prevent
anticlockwise rotation of the crank shaft for start-stop operation or for the Zero-
Emission-Vehicle-operation, that is, powering the vehicle by the electric motor,
when the internal combustion engine is not turning. An additional motor /
generator can be connected to the transmission output shaft to drive the vehicle
during the gear shift operation or supports with additional torque during vehicle
acceleration, launch or supports vehicle braking. A battery is provided for storing

the electrical energy produced & reuse it when required.

STATEMENT OF THE INVENTION

Accordingly the present invention provides a drive system for a vehicle
comprising; a motive drive source, a transmission, an electro motive drive source
and a planetary gear system having a sun gear, an internal gear, a planet carrier
with at least one planet gear set, of which the planet carrier is connected to the

motive drive source, the internal gear is connected to the transmission and the sun
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gear is connected to the electromotive drive source; a clutch to provide a lock up
between the planet carrier and the sun gear and operable to bypass the planetary
gear system.

The present invention also provides a drive system for a vehicle comprising; a
motive drive source, a transmission, an electro motive drive source and an
planetary gear drive having a sun gear, an internal gear, planet gears and a planet
carrier, of which the planet carrier is connected to the motive drive source, the
internal gear is connected transmission and the sun gear is connected to the
electromotive drive source; a clutch to provide a lock up between the planet
carrier and the sun gear and operable to bypass the planetary gear system; a first
one way clutch is located between the planet carrier and the motive drive source; a
second one way clutch is located between the internal gear and the transmission.
The present invention also provides a drive system for a vehicle comprising; a
motive drive source, a transmission, an electro motive drive source and an
planetary gear drive having a sun gear, an internal gear, a planet carrier with two
planet gear sets where the first planet gear set meshes with the second planet gear
set and the sun gear, and the second planet gear set meshes with the internal gear,
of which the planet carrier is connected to the motive drive source, the internal
gear is connected to the transmission and the sun gear is connected to the
electromotive drive source; a clutch to provide a lock up between the planet
carrier and the sun gear and operable to bypass the planetary gear system; a first
one way clutch is located between the planet carrier and the motive drive source; a

second one way clutch is located between the internal gear and the transmission.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example, with reference to the
accompanying drawings in which:

FIG. 1 is a sketch of drive system according to the present invention with the

power synthesisng device being a power split planetary arrangement
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FIG. 2 is a sketch of drive system according to the present invention with the
power synthesisng device being a power sum up planetary arrangement.

FIG. 3 is an embodiment in accord with FIG. 1 with a one way clutch between the
transmission input shaft and the transmission housing.

FIG. 4 is an embodiment in accord with FIG. 1 with a one way clutch between the
engine output shaft and the engine housing. -

FIG. 5 is an embodiment in accord with FIG. 1 with an additional electromotive

device which drives the transmission output shaft.

DETAILED DESCRIPTION OF THE INVENTION
Referring now to the drawings wherein the showings are for the purpose of
illustrating a preferred embodiment of the invention only, and not for the purpose

of limiting the same.

Figure 1 presents a sketch of the arrangement of the invented system. The system
consists of a motive drive source (1), a power synthesizing planetary system (3),
generator /motor (4) and a transmission (2). At the crank shaft (5) of a drive
source (1), a torsional vibration damper (6) is installed, which is connected with
the planet carrier (8) of planetary system (3) through the planet carrier shaft (7).
The power synthesizing planetary system (3) in this embodiment is in power split
configuration. The power synthesizing planetary system (3) in power split
configuration consists of a planet carrier (8) , an internal gear (11) , a planet gear
set (9) and a sun gear (10) .The planet carrier (8) carries planet gear set (9) having
at least two planet gears . The planet gears mesh with both the sun gear (10) and
the internal gear (11). The sun gear (10) is connected with a hollow shaft (12)
which is connected to a lock up clutch (13). The lock up clutch (13) establishes a
rigid connection between the planet carrier (8) and the sun gear (10) when it is
required to bypass the power synthesizing planetary system (3). An electromotive
unit (4) is connected to the sun gear (10) through the hollow shaft (12). The

electromotive unit (4) can behave as a generator or a motor. The internal gear (11)
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is connected to the transmission input shaft (14). The transmission (2) in the
figures 1, 2, 3, 4 and 5 is representative only. The transmission (2) has an output
shaft (15). The transmission output shaft 15 drives the wheels. The transmiséion
(2) can be a transaxle also.

The drive source (1) drives the torsional vibration damper (6) which in turn drives
the planet carrier shaft (7). The planet carrier shaft (7) drives the planet carrier (8)
which in turn drives the sun gear (10) and the internal gear (11) through the planet
gear set (9). The sun gear (10) drives the motor / generator (4). The internal gear
(11) drives the transmission input shaft (14). The transmission output shaft (15)
drives the wheels. In this power split configuration of the planetary system (3),
when the lock up clutch (13) is in open condition the engine power is split
between the transmission (2) and the electromotive unit (4). This operates the

engine (1) in a more efficient region.

Referring to the Figure 2, shows another embodiment with a power synthesisng
device (3°) being in a power sum up configuration of the planetary gear system.
The power synthesizing planetary system (3’) in power sum up configuration
consists of a planet carrier (8”) , an internal gear (11°) , two planet gear sets (9°)
& (9°A) and a sun gear (10°) The planet carrier (8’) carries planet gear sets (9°)
& (9°A). The planet gear set (9°) meshes with the sun gear (10°) and planet gear
set (9°A). The planet gear set (9°A) meshes with the internal gear (11°).

The drive source (1) drives the torsional vibration damper (6) which in turn drives
the planet carrier shaft (7). The planet carrier shaft (7) drives the planet carrier
(8’) which in turn drives the sun gear (10°) and the internal gear (11°) through the
planet gear sets (9°) & (9°A). The sun gear (10’) drives the motor / generator (4).
The internal gear (11°) drives the transmission input shaft (14). The transmission
output shaft (15) drives the wheels.

In this power sum up configuration of the planetary system (3°), when the lock up
clutch (13) is in open condition the engine torque and the torque of the

electromotive unit (4) is added and fed into the transmission (2). This addition of
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torques helps the vehicle launch in steep grades with ease. The lock up clutch (13)
establishes a rigid connection between the planet carrier (8) and the sun gear

(10’) when it is required to bypass the power synthesizing planetary system (3°).

Referring to Figure 3, shows another embodiment with a one way clutch (16)
connecting the transmission input shaft (14) and the transmission housing (17)
(stationary). The one way clutch (16) prevents the transmission input shaft (14)
from rotating in a direction opposite to that of the rotation of the engine (1). The
one way clutch (16) can also be a friction clutch. This embodiment can also have
the power synthesizng planetary system (3°) in power sum up configuration as
shown in figure 2.

This one way clutch or friction clutch (16) at the transmission input shaft (14)
prevents the transmission input shaft (14) from rotating to aid the motor (4) to

crank the engine (1).

Referring to Figure 4, shows the arrangement with an additional one way clutch
(19) which connects the crank shaft (5) and the engine housing (20) (stationary).
The one way clutch (19) serves for the drive of the vehicle powered by the electric
motor (4), without the necessity that the engine rotates. The one way clutch (19)
can also be a friction clutch. This embodiment can additionally have the one way
clutch (16) connecting the transmission input shaft (14) and the transmission
housing (17) as shown in Figure 3. These embodiments can also have the power
synthesizng planetary system (3°) in power sum up configuration as shown in
Figure 2.

When the vehicle purely driven by the motor (4), without the aid of the engine (1),
the one way clutch or friction clutch (19) at the engine crank shaft (5) prevents the

crank shaft (5) from rotating so as to aid the motor (4) to drive the vehicle.

Figure 5 shows another embodiment with an additional support electromotive

source - motor/generator (18) connected to the transmission output shaft (15). The
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support motor / generator (18) drives the transmission output shaft (15) during the
gear shift operation, supports with additional torque during vehicle acceleration,
launch & supports vehicle braking. This embodiment can additionally have the
one way clutches (16) and (19) or any one of them as shown in Figure 3 and 4.
Alternatively this embodiment can have the power synthesizng planetary system

(3’) in power sum up configuration as in Figure 2.

The power synthesizing planetary configuration of the power split type allows for
a pure generative mode of the electromotive unit during launch. This
configuration also allows for efficient operation of the engine, when the vehicle is
driven with the lock up clutch in open condition.

Modern diesel engines produce peak torques at a low speed, permitting large
planetary gear ratios, yet running the generator within its speed limits during the
start of launch, when the engine is used to launch the vehicle. In this case the part
of the engine torque diverted to the generator through the power split device is
compensated by minor deepening of the low gear in the transmission. Vehicles
which have a higher degree of electrification of its equipment, this low gear
deepening may be avoided. Where such a system is not feasible the power sum up
planetary arrangement is proposed. The add on / support motor of an additional
embodiment supports with additional torque during launch and acceleration and as
well aids in gear shifting without power interruption, by driving the vehicle
momentarily during gear shift operation. The add on motor also acts as a
generator for regenerative braking.

By means of the invented drive system, a more environmentally friendly
functioning of the vehicle and a lowering of costs are attained. With the present
invention, a drive system is presented, which avoids any friction based starting
element. What otherwise would be power lost in slippage, can be now used as
additional power for the electrical on-board system. At the same time, use of the
electric motor permits an increase of torque and the motor can be employed as a

booster element in the concept of additional drive, during an accelerating period.
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The foregoing description is a specific embodiment of the present invention. It
should be appreciated that this embodiment is described for purpose of illustration
only, and that numerous alterations and modifications may be practiced by those
skilled in the art without departing from the spirit and scope of the invention. It is
intended that all such modifications and alterations be included insofar as they

cofne within the scope of the invention as claimed or the equivalents thereof.
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Claims

1) A drive system for a vehicle comprising; a motive drive source, a
transmission, an electro motive drive source and a planetary gear system
having a sun gear, an internal gear, a planet carrier with at least one planet
gear set, of which the planet carrier is connected to the motive drive source,
the internal gear is connected to the transmission and the sun gear is
connected to the electromotive drive source; a clutch to provide a lock up
between the planet carrier and the sun gear and operable to bypasé the

planetary gear system.

2) The drive system as claimed in claim 1 wherein the planetary gear drive

having one planet gear set meshing with the sun gear and the internal gear.

3) The drive system as claimed in claim 1 wherein said planetary gear drive
having two planet gear sets, of which the first planet gear set meshes with
the second planet gear set and the sun gear, and the second planet gear set

meshes with the internal gear.

4) The drive system as claimed in either claim 2 or claim 3 wherein said the

planet gear set having at least 2 planet gears.

5) The drive system as claimed in claim 1 wherein a one way clutch is located

between the planet carrier and the motive drive source.

6) The drive system as claimed in claim 1 wherein a one way clutch is located

between the internal gear and the transmission.

7) The drive system as claimed either claim 5 or claim 6 wherein the one way

clutch is a friction clutch.
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8) The drive system as claimed either claim 5 or claim 6 wherein the one way _

clutch is connected between the rotating element and a rigid housing.

9) The drive system as claimed in any one of the preceding claims wherein an
additional electromotive drive source is connected to the transmission

output shaft.

10) A drive system for a vehicle comprising; a motive drive source, a
transmission, an electro motive drive source and an planetary gear drive
having a sun gear, an internal gear, planet gears and a planet carrier, of
which the planet carrier is connected to the motive drive source, the
internal gear is connected transmission and the sun gear is connected to the
electromotive drive source; a clutch to provide a lock up between the
planet carrier and the sun gear and operable to bypass the planetary gear
system; a first one way clutch is located between the planet carrier and the
motive drive source; a second one way clutch is located between the

internal gear and the transmission.

11) A drive system for a vehicle comprising; a motive drive source, a
transmission, an electro motive drive source and an planetary gear drive
having a sun gear, an internal gear, a planet carrier with two planet gear
sets where the first planet gear set meshes with the second planet gear set
and the sun gear, and the second planet gear set meshes with the internal
gear, of which the planet carrier is connected to the motive drive source,
the internal gear is conﬁected to the transmission and the sun gear is
connected to the electromotive drive source; a clutch to provide a lock up
between the planet carrier and the sun gear and operable to bypass the

planetary gear system; a first one way clutch is located between the planet
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carrier and the motive drive source; a second one way clutch is located

between the internal gear and the transmission.

12) The drive system for a vehicle as claimed in either claim 10 or claim 11
wherein an additional electromotive drive source is connected to the

transmission output shaft.

13) The drive system for a vehicle substantially as herein above described with

respect to the accompanying drawings.
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