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(57) Abréegée/Abstract:

A method Is provided for shutting down an internal combustion engine (12) in a hybrid vehicle that includes a motor (30) and a
generator (32) operatively connected to an engine crankshaft (21). The method includes the steps of reducing compression in at
least one engine cylinder and operating the motor (30) or generator (32) to influence motion of the engine crankshaft (21) during
engine shutdown to attenuate oscillations in and expedite reduction of engine crankshaft speed. A system for shutting down a
hybrid vehicle internal combustion engine (12) Is also provided.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




07/045970 A1 IV 00000 Y RO D 0

—

2

O
=

CA 02626605 2008-04-18

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /4

International Bureau

(43) International Publication Date
26 April 2007 (26.04.2007)

(51) International Patent Classification:
B60K 6/04 (2006.01) F02D 13/08 (2006.01)
BoOW 30/18 (2006.01)

(21) International Application Number:
PCT/IB2006/002914

(22) International Filing Date: 18 October 2006 (18.10.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/252,678 18 October 2005 (18.10.2005) US

(71) Applicant (for all designated States except US): EATON
CORPORATION [US/US]J; Eaton Center, 1111 Superior
Avenue, Cleveland, Ohio 44114-2584 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): HUGHES, Douglas
Anthony [US/US]; 641 Hampton Court, Wixom, Michigan
48393 (US). BUSDIECKER, Matthew R. [US/US]J; 3701
Mark Orr, Royal Oak, Michigan 48073 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(84)

(10) International Publication Number

WO 2007/045970 Al

Al, AU, AZ,BA, BB, BG, BR, BW,BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EL, ES, I,
FR, GB, GR, HU, ILE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: METHOD AND SYSTEM FOR SHUTTING DOWN AN ENGINE IN A HYBRID VEHICLE

RPM and Nm

0 0.5 1

1.5

2

Engine Speed (RPM)
- Generator Torque (Nm) |-

[ S s AV L i i v v e e s W sy ] et d VAL . v TR o A A 0t - T e e = ]’ o A oA . YW = —

2.5 3 3.5 4

Time {Seconds)

(57) Abstract: A method is provided for shutting down an internal combustion engine (12) in a hybrid vehicle that includes a motor
(30) and a generator (32) operatively connected to an engine crankshaft (21). The method includes the steps of reducing compression
in at least one engine cylinder and operating the motor (30) or generator (32) to influence motion of the engine crankshaft (21) during
engine shutdown to attenuate oscillations in and expedite reduction of engine crankshaft speed. A system for shutting down a hybrid

vehicle internal combustion engine (12) is also provided.
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METHOD AND SYSTEM FOR SHUTTING DOWN
AN ENGINE IN A HYBRID VEHICLE

BACKGROUND OF THE INVENTION
Y¥ield of the Invention
[0001]  The present invention relates to a hybrid vehicle and to a method and system for
shutting down an engine in a hybrid vehicle to improve the noise, vibration and harshness

(“NVH?”) characteristics of the engine shutdown event.

Description of the Related Art
[0002] The motor vehicle industry is actively working to develop alternative powertrain

systems in an etfort to improve vehicle fuel economy and reduce the level of pollutants
exhausted into the air by conventional powertrain systems equipped with internal combustion
engines. Significant development efforts have been directed to electric and fuel-cell vehicles.
Unfortunately, these alternative powertrain systems currently suffer from several limitations and,
for all practical purposes, are still under development. However, "hybrid" vehicles, which
typically include an internal combustion engine and an electric motor and/or generator, offer a
compromise between traditional internal combustion engine powered vehicles anid full electric
powered vehicles.

[0003]  Hybrid vehicles are generally classified as either series hybrid vehicles or parallel
hybrid vehicles. In a series hybrid vehicle, a generator is driven by the mechanical output of an
internal combustion engine. The output of the generator may be combined with the output of a
vehicle battery to drive an electric motor, which in turn drives the vehicle.

[0004]  Parallel hybrid vehicles, on the other hand, are usually driven directly bﬁ/ the
mechanical output of the internal combustion engine. However, when the vehicle must be
accelerated or decelerated at a rate that cannot be accomplished by the internal combustion
engine alone, the electric motor-generator, which is mechanically connected to the internal
combustion engine, operates as an electric motor (on acceleration) or as an electric generator (on
deceleration) to meet the required rate of acceleration or deceleration through the combined
output of the internal combustion engine and the electric motor-generator.

[0005]  In certain hybrid vehicle configurations, the engine is shut down periodically during

vehicle operation when power is not required to conserve fuel and reduce emissions. During

CONFIRMATION COPY
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engine shutdown, the pumping processes within the engine result in torque disturbances and
engine crankshaft speed oscillations that adversely effect the smoothness of the engine
shutdown event. Noise, vibration and harshness associated with the shutdown event is
generally undesirable since it may be perceived by the vehicle occupant.

[0005.1] US 2004/0107926 A1 describes a control for an internal combustion engine of a
hybrid vehicle that includes a motor/generator as another source for traveling. For shutting
down the engine a valve mechanism is controlled to open an intake valve and/or an exhaust
valve of an engine cylinder to release compression pressure thereof, wherein the valve
mechanism 1s controlled so that the engine crankshaft 1s stopped in a predetermined position.
[0005.2] US 6 192 847 B1 describes a system that uses a starter/alternator assembly
directly connected to the crankshaft of an internal combustion engine to selectively control
the speed of the engine in order to increase fuel efficiency and to effect relatively smooth and
quick starting and stopping of the engine.

[0005.3] EP 1439296 A2 describes a transmission mechanism for a hybrid vehicle where
a motor/generator and an internal combustion engine are coupled together via a planetary
gear system. During an engine stopping operation, where torque pulsations are generated in
the engine, the motor/generator 1s controlled to output a damping torque of the same phase as
the torque pulsations and the damping torque is added to torque pulsations in the planetary
gear set so that the torque pulsations are not transmitted to the ring gear.

[0005.4] DE 197 24 921 Al describes a method for shutting down a conventional

internal combustion engine comprising reducing compression pressure and breaking

the crankshaft.

[0005.5] WO 2004/018246 Al relates to a motor vehicle with a hybrid drive where one
electric machine can be coupled or is rigidly connected to the internal combustion engine
crankshaft. To achieve a smooth and quick shutdown of the engine, the torque of the electric
machine 1s controlled to reduce the engine speed in a controlled or adjusted manner until the

engine comes to a standstill.
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SUMMARY OF THE INVENTION

[0005.6] It is the object of present invention to avoid the above mentioned drawbacks of
conventional hybrid powertrains, and in particular to provide for a smooth and fast shutdown
of an internal combustion engine in a hybrid vehicle.

[0006] A method is provided for shutting down an internal combustion engine in a hybrid
vehicle that includes a motor and a generator operatively connected to an engine crankshatt.
In an embodiment, the method includes the steps of reducing compression in at least one
engine cylinder and operating the motor or generator to influence motion of the engine
crankshaft during engine shutdown to attenuate oscillations in and expedite reduction of
engine crankshaft speed. A system for shutting down a hybrid vehicle internal combustion
engine is also provided.

[0006.1] In one embodiment of the present invention, there is provided a method for
shutting down an internal combustion engine in a hybrid vehicle that includes at least one
of a motor and a generator operatively connected to an engine crankshaft, the method
comprising the steps of: reducing compression in at least one engine cylinder; and
selectively operating only at least one of the motor and the generator to primarily influence
motion of the engine crankshaft during engine shutdown to attenuate oscillations 1n and
expedite reduction of engine crankshaft speed, wherein the operating step includes
selectively operating the motor or the generator to apply a predetermined torque to the
engine crankshaft or a target torque profile that varies with respect to time, wherein the
duration of the engine shutdown 1s greater than 2 seconds.

[0006.2] In a further embodiment of the present invention, there 1s provided a method
for shutting down an internal combustion engine in a hybrid vehicle that includes at least
one of a motor and a generator operatively connected to an engine crankshaft, the engine
including engine cylinders and valves, the method comprising the steps of: reducing
compression 1n all engine cylinders by continuously opening the valves for all the engine
cylinders during engine shutdown; and selectively operating only at least one of the motor
and the generator to primarily remove energy from the engine crankshaft during engine

shutdown, wherein the operating step includes selectively operating the at least one of the

2a
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motor and the generator to apply a predetermined torque load to the engine crankshaft or a
target torque load profile that varies with respect to time, or operating the at least one of the
motor and generator at a predetermined speed or according to a target speed profile that
varies with respect to time, wherein the steps of reducing compression 1n all engine
cyhinders and selectively operating only at least one of the motor and generator to remove
energy from the engine crankshaft during engine shutdown together significantly attenuate
oscillations in engine crankshaft speed for an engine shutdown period that lasts at least two
seconds.

[0006.3] In a further embodiment of the present invention, there is provided a system
for shutting down a hybrid vehicle internal combustion engine that includes at least one
engine cylinder and a crankshaft, the system comprising: an engine cylinder compression-
reducing device; at least one of a motor and a generator operatively connected to the engine
crankshaft and adapted to primarily influence motion of the engine crankshaft during
engine shutdown; and a controller configured to selectively operate the compression-
reducing device to reduce compression in at least one engine cylinder and to selectively
operate the motor or the generator to influence motion of the engine crankshaft during
engine shutdown, wherein the controller is configured to operate the motor or the generator
to apply a predetermined torque to the engine crankshaft or a target torque profile that
varles with respect to time, wherein the duration of the engine shutdown is greater than two

seconds.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Embodiments of the invention will now be described, by way of example, with

reference to the accompanying drawings, wherein:

[0008] FIG. 1 1s a schematic illustration of a hybrid vehicle powertrain including a system
for shutting down an internal combustion engine according to an embodiment of the present
invention;

[0009]  FIG. 2 1s a schematic 1llustration of a hybrid vehicle powertrain including a system

for shutting down an internal combustion engine according to another embodiment of the

present invention;

2b
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[0010] FIG. 3 is a graphical illustration of engine speed during engine shutdown in a prior

art powertrain;
[0011] FIG. 4 is a graphical illustration of engine speed during engine shutdown in a

hybrid powertrain as provided by an embodiment of the present invention; and
[0012] FIG. 5 is a graphical illustration of engine speed and motor-generator torque

during engine shutdown in a hybrid powertrain as provided by an embodiment of the present

invention.

DETAILED DESCRIPTION
[0013] Referring to FIG. 1, an exemplary hybrid vehicle powertrain 10 is shown, which

utilizes a method and system for shutting down an internal combustion engine according to an

2C
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embodiment of the present invention. As illustrated in FIG. 1, hybrid powertrain 10 includes an
engine 12, such as a diesel or gasoline-fueled internal combustion engine, an electric or hydraulic
motor-generator 14, and an engine and/or motor-driven power transmission mechanism 16. In
FIG. 1, hybrid powertrain 10 operates as a parallel hybrid powertrain system, permitting motor-
generator 14 to drive power transmission mechanism 16 alone or in combination with engine 12
to provide motive power to a vehicle drive-axle 18. An optional clutch 20 may be positioned
between engine 12 and motor-generator 14 to selectively couple or uncouple engine 12 from
motor-generator 14 and/or power transmission mechanism 16. In this manner, motor-generator
14 is operatively connected to an engine crankshaft 21 and may be selectively operated to
influence motion thereof.

[0014] The energy required to operate motor-generator 14 is supplied by an energy source
22, including, without limitation, a battery, a bank of batteries or a hydraulic accumulator. As an
example, energy source 22 will be described herein below as a battery for storing the electrical
energy needed to power an electric motor-generator 14. It will also be appreciated that motor-
generator 14 may function as a generator to convert powertrain energy into electrical energy,
which may be used to charge energy source 22 and/or power various electrical components in the
vehicle.

[0015] Operation of hybrid powertrain 10 is controlled by a controller 26, such as a
microprocessor-based electronic control unit. Controller 26 may include or be linked to one or
more sub-controllers (not shown), such as a battery controller, for controlling operation of one or
more individual powertrain components. Controller 26 may also communicate with a vehicle
engine controller (not shown), which may also be contained in the same unit. Controller 26 may
be linked to one or more vehicle sensors (not shown), such as conventional engine or crankshaft
speed sensors, which provide data, such as engine or crankshaft speed,lt to controller 26 for
utilization in controlling motor-generator 14. As described in an embodiment of the invention
below, controller 26 may receive signals from the sensors, and based upon the received signals,
control 6peration of motor-generator 14 during engine shutdown to influence motion of
crankshaft 21.

[0016]  In an embodiment, engine 12 includes a compression reducing device 28.
Compression reducing device 28 may include, without limitation, an engine brake or hydraulic

valve actuation system that controls actuation of an engine valve(s) independent of the
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crankshaft posmon In an embodiment, compression reducing device 28 is mounted on, or
within, the engine overhead and is adapted to change the opening timing of the engine intake
and/or exhaust valves to reduce compression in at least one engine cylinder (neither shown). In
this manner, the cylinder pressure and, accordingly, the torque applied to engine crankshaft 21
by the compressed cylinder contents, may be selectively reduced. In a particular configuration,
compression reducing device 28 is configured to continuously open at least one engine intake
valve during engine shutdown.

[0017] The hybrid powertrain system configuration shown in FIG. 1 is provided for
reference only and is not i‘nténded to limit the scope of the present invention. As shown in FIG.
2, for example, hybrid powertrain 10 may also be configured with a motor 30 that is separate and
distinct from a generator 32. Motor 30 and generator 32 may be operatively connected to engine
crankshaft 21 by a power splitting device 34, such as a planetary gearset and the like, which
permits hybrid powertrain 10 to operate in a serial or parallel manner.

[0018] A method and system for shutting down an internal combustion engine 12 in a hybrid
vehicle according to an embodiment of the present invention will now be described with
reference to FIGS. 3-5. In an embodiment, when a command to shutdown internal combustion
engine 12 is received by controller 26, controller 26 is configured to selectively operate
compression-reducing device 28 to reduce the compression in at least one cylinder of the engine
and, accordingly, to reduce the torque applied to crankshaft 21. For example, compression-
reducing device 28 may open at least one engine intake valve during the engine shutdown event,
thereby reducing or eliminating the cylinder pressure and correspopdm ¢ torque applied to rotate
crankshaft 21. Controller 26 may operate compression-reducing device 28 to open the intake
valves in any number of engine cylinders to achieve the desired engine cylinder decompression.
Controller 26 may also be configured to operate compression-reducing device 28 during the
entire engine shutdown event or only during some finite portion of the engine shutdown event.
[0019]  During the engine shutdown event, controller 26 is also configured to operate motor-
generator 14, or motor 30 and generator 32 indep endently when not integrally packaged as’
shown in FIG. 2, to influence motion of engine crankshaft 21. In an embodiment, motor-
generator 14 may be operated to apply a predetermined torque to engine crankshaft 21, or a
target torque profile that varies with respect to time, to influence motion of engine crankshaft 21.

Torque may be applied to crankshaft 21 by virtue of motor-generator 14 operating as a generatof,
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whereby mechanical energy removed from crankshaft 21 is converted to electrical energy by
motor-generator 14 and stored in energy source 22. The torque profile may be substantially
synchronized with the engine crankshaft speed during engine shutdown. The predetermined
torque or target torque profile may be pre-programmed into controller 26 and referenced during
the engine shutdown event to generate a command for operation of motor-generator 14 or may
be determined in a closed-loop manner relying on data received from the vehicle sensors.

10020} Operation of the present invention will be further appreciated with reference to
FIGS. 3-5. FIG. 3 illustrates engine speed during engine shutdown in a prior art powertrain.
Oscillations in engine speed that contribute to noise, vibration and harshness in the powertrain
are visible in the engine speed graph, particularly near the end of the engine shutdown event as
the engine crankshaft slows to a stop. By contrast, FIG. 4 graphically illustrates engine speed
during engine shutdown according to an embodiment of the present invention. By reducing
compression in at least one engine cylinder and operating motor-generator 14 to influence
motion of engine crankshaft 21 during engine shutdown, the oscillations visible in FIG. 3 are
attenuated and crankshaft speed reduction is expedited.

[0021]  FIG. 5 overlays motor-generator torque with the engine speed graph of FIG. 4. In
the embodiment illustrated in FIG. 5, controller 26 determines the required torque in a closed-
loop manner based on data received from vehicle sensors, such as the engine or crankshaft speed
sensors, with the objective of slowing the motor-generator speed to zero revolutions per minute
(“RPM™). At Ty, engine is operating at approximately 1030 RPM and motor-generator 14 1s
applying no torque to crankshaft 21. At approximately T1.1, engine 12 is commanded off and
controller 26 operates motor-generator 14 as a generator to apply its maximum torque (e.g.,
about 420 Nm) to remove energy from crankshaft 21. The mechanical energy removed from
crankshaft 21 is converted to electrical energy by motor-generator 14 and stored in energy source
22, thereby increasing the energy SO;J.I‘CG’ s state-of-charge. At approximately T5 ;, controller 26
operates motor-generator 14 to apply torque generally proportional to engine crankshaft speed.
Gradually reducing the torque applied to crankshaft 21 inhibits motor-generator 14 from |
applying such as significant amount of torque that engine 12 is cranked backwards after coming
to rest.

[0022] = Alternatively, motor-generator 14 may be operated at a predetermined speed or

according to a target speed profile that varies with respect to time during engine shutdown. In an
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embodiment, for exarriple, motor-generator 14 may be commanded to-operate at zero revolutions
per minute so that motor-generator 14 removes energy from crankshaft 21 during shutdown. In
another embodiment, controller 26 may be configured to alternatively operate motor-generator

14 as a motor and a generator, or motor 30 and generator 32 in their individual capacity, to
actively dampen oscillations in engine crankshaft speed during engine shutdown. In this manner,
positive torque may be applied to crankshaft 21 by virtue of motor-generator 14 operating as a
motor and negative torque may be applied crankshaft 21 by virtue of motor-generator 14
operating as a generator,

[0023] The present invention has been particularly shown and described with reference to the
foregoing embodiments, which are merely illustrative of the best modes for carrying out the
invention. It should be understood by those skilled in the art that various alternatives to the

embodiments of the invention described herein may be employed in practicing the invention .
This description of the invention should be understood to include all novel and
non-obvious combinations of elements described herein. Moreover, the foregoing
embodiments are illustrative, and no single feature or element is essential to all

possible combinations.
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CLAIMS:

1. A method for shutting down an internal combustion engine in a hybrid vehicle that
includes at least one of a motor and a generator operatively connected to an engine
crankshaft, the method comprising the steps of:

reducing compression in at least one engine cylinder; and

selectively operating only at least one of the motor and the generator to primarily
influence motion of the engine crankshaft during engine shutdown to attenuate oscillations
in and expedite reduction of engine crankshaft speed, wherein the operating step includes
selectively operating the motor or the generator to apply a predetermined torque to the
engine crankshaft or a target torque profile that varies with respect to time, wherein the

duration of the engine shutdown is greater than 2 seconds.

2. The method of claim 1, wherein the reducing step includes continuously opening at

least one engine valve during the entire duration of the engine shutdown.

3. The method of claim 1, wherein the reducing step further includes reducing

compression 1n at least one cylinder until compression is substantially eliminated.

4. The method of any one of claims 1 to 3, wherein the motor and the generator are

integrally packaged as a motor-generator.

5. The method of any one of claims 1 to 4, wherein the torque profile is substantially

synchronized with the engine crankshaft speed during engine shutdown.

6. The method of any one of claims 1 to 5, wherein the operating step includes
operating the motor or the generator at a predetermined speed or according to a target speed

profile that varies with respect to time.
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7. The method of claim 6, wherein the predetermined speed 1s approximately zero
revolutions per minute.
8. The method of claim 7, wherein the at least one of a motor and a generator includes

a motor and a generator, wherein the operating step includes alternatively operating the
motor and the generator to actively dampen oscillations in engine crankshaft speed during

engine shutdown.

9. The method of any one of claims 1 to 3, wherein the at least one of a motor and a
generator comprises a motor, and the hybrid vehicle further includes a clutch between the
engine and the motor, and the method further includes the step of activating the clutch to

selectively connect the motor to the engine prior to the operating step.

10. A method for shutting down an internal combustion engine in a hybrid vehicle that
includes at least one of a motor and a generator operatively connected to an engine
crankshaft, the engine including engine cylinders and valves, the method comprising the
steps of:

reducing compression in all engine cylinders by continuously opening the valves for
all the engine cylinders during engine shutdown; and

selectively operating only at least one of the motor and the generator to primarily
remove energy from the engine crankshaft during engine shutdown, wherein the operating
step includes selectively operating the at least one of the motor and the generator to apply a
predetermined torque load to the engine crankshaft or a target torque load profile that
varies with respect to time, or operating the at least one of the motor and generator at a
predetermined speed or according to a target speed profile that varies with respect to time,

whereln the steps of reducing compression in all engine cylinders and selectively
operating only at least one of the motor and generator to remove energy from the engine
crankshaft during engine shutdown together significantly attenuate oscillations in engine

crankshaft speed for an engine shutdown period that lasts at least two seconds.
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11.  The method of claim 10, wherein the motor and generator are integrally packaged

as a motor-generator.

12. A system for shutting down a hybnd vehicie internal combustion engine that
includes at least one engine cylinder and a crankshaft, the system comprising;:

an engine cylinder compression-reducing device;

at least one of a motor and a generator operatively connected to the engine
crankshaft and adapted to primarily influence motion of the engine crankshaft during
engine shutdown; and

a controller configured to selectively operate the compression-reducing device to
reduce compression in at least one engine cylinder and to selectively operate the motor or
the generator to influence motion of the engine crankshaft during engine shutdown,
wherein the controller is configured to operate the motor or the generator to apply a
predetermined torque to the engine crankshaft or a target torque profile that vanies with

respect to time, wherein the duration of the engine shutdown 1s greater than 2 seconds.

13.  The system of claim 12, wherein the controller 1s configured to continuously open

at least one engine valve during the entire duration of the engine shutdown.

14.  The system of claim 12, wherein the controller 1s configured to reduce compression

in at least one cylinder until compression is substantially eliminated.

15.  The system of any one of claims 12 to 14, wherein the motor and the generator are

integrally packaged as a motor-generator.

16.  The system of any one of claims 12 to 14, wherein the torque load profile is

substantially synchronized with the engine crankshaft speed during engine shutdown.
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17.  The system of any one of claims 12 to 16, wherein the controller 1s configured to
operate the motor or the generator at a predetermined speed or according to a target speed

profile that varies with respect to time.

18.  The system of claim 17, wherein the predetermined speed 1s approximately zero

revolutions per minute.

19.  The system of any one of claims 12 to 16, wherein the controller 1s configured to

selectively operate the motor or the generator 1n a closed-loop manner.

20.  The system of any one of claims 12 to 19, wherein the at least one of a motor and a
generator includes a motor and a generator, and the controller 1s configured to alternatively
operate the motor and the generator to actively dampen oscillations in engine crankshaft

speed during engine shutdown.

21.  The system of any one of claims 12 to 20, wherein the system further includes a
clutch between the engine and the motor, and wherein the controller is configured to
activate the clutch to selectively connect the motor to the engine prior to the operating of

the motor.

22.  The system of any one of claims 12 to 21, wherein the at least one of the motor and
the generator are configured to selectively convert engine crankshaft energy into electrical

energy to charge an energy source or power electrical components of said vehicle.

23. The method of claim 1 or 10, wherein the at least one of the motor and the
generator convert engine crankshaft energy into electrical energy to charge an energy

source or power electrical components of said vehicle.

10
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24.  The system of any one of claims 12 to 22, wherein a position of the engine

crankshaft after engine shutdown is not predetermined.

25.  The method of any one of claims 1 to 11, wherein a position of the engine

crankshaft after engine shutdown 1s not predetermined.

11
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