wo 2015/090192 A1 [N I NP0 R0 00O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

25 June 2015 (25.06.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/090192 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
B60W 20/00 (2006.01) B60W 10/08 (2006.01)
B60W 10/06 (2006.01)

International Application Number:
PCT/CN2014/094003

International Filing Date:
16 December 2014 (16.12.2014)

Filing Language: English
Publication Language: English
Priority Data:

201310690524.3 16 December 2013 (16.12.2013) CN

Applicant: BYD COMPANY LIMITED [CN/CN]; No.
3009, BYD Road, Pingshan, Shenzhen, Guangdong
518118 (CN).

Inventors: LIU, Changjiu; No. 3009, BYD Road, Ping-
shan, Shenzhen, Guangdong 518118 (CN). LIU, Guorui;
No. 3009, BYD Road, Pingshan, Shenzhen, Guangdong
518118 (CN). ZHOU, Xiaowei; No. 3009, BYD Road,
Pingshan, Shenzhen, Guangdong 518118 (CN). LING,
Heping; No. 3009, BYD Road, Pingshan, Shenzhen,
Guangdong 518118 (CN). XIE, Shibin; No. 3009, BYD
Road, Pingshan, Shenzhen, Guangdong 518118 (CN).
LIAN, Yubo; No. 3009, BYD Road, Pingshan, Shenzhen,
Guangdong 518118 (CN).

(74

(8D

(84)

Agent: TSINGYIHUA INTELLECTUAL PROPERTY
LLC; Room 301, Trade Building, Zhaolanyuan, Tsinghua
University, Qinghuayuan, Haidian District, Beijing 100084
(CN).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: METHOD AND SYSTEM FOR STARTING ENGINE OF HYBRID VEHICLE

Sl

T detecting a speed of the hybrid vehicle when receiving an instruction to start the engine

S2

outputting an inertia torque generated by a transmission of the hybrid vehicle to a

"= — | crankshaft of the engine to start the engine when the speed is larger than or equal to

a predetermined speed

Fig. 1

(57) Abstract: A method for starting an engine of a hybrid vehicle is provided. The method includes: detecting a speed of the hybrid
vehicle when receiving an instruction to start the engine ; and outputting an inertia torque generated by a transmission of the hybrid
vehicle to a crankshatt of the engine to start the engine when the speed is larger than or equal to a predetermined speed. Further, a
system for starting an engine of a hybrid vehicle and a hybrid vehicle including the system are provided.



WO 2015/090192 PCT/CN2014/094003

METHOD AND SYSTEM FOR STARTING ENGINE OF HYBRID VEHICLE

CROSS REFERENCE TO RELATED APPLICATION

This application claims priority to and benefits of Chinese Patent Application No.
201310690524.3, filed with the State Intellectual Property Office of P. R. China on December 16,

2013. The entire content of the above-identified applications is incorporated herein by reference.

FIELD
The present disclosure relates to a hybrid vehicle field, and more particularly to a method for
starting an engine of a hybrid vehicle, a system for starting an engine of a hybrid vehicle and a

hybrid vehicle.

BACKGROUND

At present, a starting of an engine of a hybrid vehicle is usually performed by a start motor
mounted on a flywheel side of the engine. However, it has disadvantages of long starting time,
unsmooth starting process, increased fuel consumption and pollutant emission. Moreover, it needs
to frequently start the start motor when an operation mode of the hybrid vehicle is switched, thus

greatly reducing life of the start motor.

SUMMARY

Embodiments of the present disclosure seek to solve at least one of the problems existing in
the related art to at least some extent.

A first objective of the present disclosure is to provide a method for starting an engine of a
hybrid vehicle.

A second of the present disclosure is to provide a system for starting an engine of a hybrid
vehicle.

A third objective of the present disclosure is to provide a hybrid vehicle.

In order to achieve above objectives, embodiments of a first aspect of the present disclosure
provide a method for starting an engine of a hybrid vehicle. The method includes: detecting a
speed of the hybrid vehicle when receiving an instruction to start the engine; and outputting an

inertia torque generated by a transmission of the hybrid vehicle to a crankshaft of the engine to
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start the engine when the speed is larger than or equal to a predetermined speed.

With the method according to embodiments of the present disclosure, by detecting the speed
of the hybrid vehicle and outputting the inertia torque generated by the transmission to start the
engine when the speed is larger than or equal to the predetermined speed, a smoothness of a power
output of the hybrid vehicle during an operation mode switching thereof is effectively improved,
and a frequent start of a start motor is avoided, such that life of the start motor is extended. In
addition, the method also has advantages of lower fuel consumption and less pollutant emission,
which saves energy and protects environment.

Embodiments of a second aspect of the present disclosure provide a system for starting an
engine of a hybrid vehicle. The system includes: an engine; an engine controller, connected with
the engine; a motor controller, configured to receive an instruction to start the engine and to obtain
a speed of the hybrid vehicle; a transmission, configured to generate an inertia torque according to
the speed; and a transmission controller, connected with the motor controller and the transmission
respectively, and configured to control the transmission to output the inertia torque to a crankshaft
of the engine to start the engine according to the instruction to start the engine, when the speed is
larger than or equal to a predetermined speed.

With the system for starting the engine of the hybrid vehicle according to embodiments of the
present disclosure, by detecting the speed of the hybrid vehicle via the motor controller and
outputting the inertia torque generated via the transmission to start the engine when the speed is
larger than or equal to the predetermined speed, a smoothness of a power output of the hybrid
vehicle during an operation mode switching thereof is effectively improved, and a frequent start of
a start motor is avoided, such that life of the start motor is extended. In addition, the system also
has advantages of lower fuel consumption and less pollutant emission, which saves energy and
protects environment.

Embodiments of a third aspect of the present disclosure further provide a hybrid vehicle
including a system for starting an engine of a hybrid vehicle as described above. When the speed is
larger than or equal to the predetermined speed, the engine of the hybrid vehicle may be started by
the inertia torque generated by the transmission, and thus a smoothness of a power output of the
hybrid vehicle during an operation mode switching thereof is effectively improved, and a frequent
start of a start motor is avoided, such that life of the start motor is extended. In addition, the

vehicle also has advantages of lower fuel consumption and less pollutant emission, which saves
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energy and protects environment.
Additional aspects and advantages of embodiments of present disclosure will be given in part
in the following descriptions, become apparent in part from the following descriptions, or be

learned from the practice of the embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and advantages of embodiments of the present disclosure will
become apparent and more readily appreciated from the following descriptions made with
reference to the drawings, in which:

Fig. 1 is a flow chart of a method for starting an engine of a hybrid vehicle according to an
embodiment of the present disclosure;

Fig. 2 is a schematic view of a system for starting an engine of a hybrid vehicle according to
an embodiment of the present disclosure; and

Fig. 3 is flow chart of a method for starting an engine of a hybrid vehicle according to another

embodiment of the present disclosure.

DETAILED DESCRIPTION

Reference will be made in detail to embodiments of the present disclosure. Embodiments of
the present disclosure will be shown in drawings, in which the same or similar elements and the
elements having same or similar functions are denoted by like reference numerals throughout the
descriptions. The embodiments described herein according to drawings are explanatory and
illustrative, not construed to limit the present disclosure.

Various embodiments and examples are provided in the following description to implement
different structures of the present disclosure. In order to simplify the present disclosure, certain
elements and settings will be described. However, these elements and settings are only by way of
example and are not intended to limit the present disclosure. In addition, reference numerals may
be repeated in different examples in the present disclosure. This repeating is for the purpose of
simplification and clarity and does not refer to relations between different embodiments and/or
settings. Furthermore, examples of different processes and materials are provided in the present
disclosure. However, it would be appreciated by those skilled in the art that other processes and/or

materials may be also applied. Moreover, a structure in which a first feature is “on” a second

3



WO 2015/090192 PCT/CN2014/094003

feature may include an embodiment in which the first feature directly contacts the second feature,
and may also include an embodiment in which an additional feature is formed between the first
feature and the second feature so that the first feature does not directly contact the second feature.

In the description of the present disclosure, unless specified or limited otherwise, it should be
noted that, terms “mounted,” “connected” and “coupled” may be understood broadly, such as
electronic connection or mechanical connection, inner communication between two elements,
direct connection or indirect connection via intermediary. These having ordinary skills in the art
should understand the specific meanings in the present disclosure according to specific situations.

A method for starting an engine of a hybrid vehicle, a system for starting an engine of a
hybrid vehicle and a hybrid vehicle will be described in the following with reference to drawings.

Fig. 1 is a flow chart of a method for starting an engine of a hybrid vehicle according to an
embodiment of the present disclosure. As shown in Fig.1, the method includes the following steps.

At step S1, when an instruction to start the engine is received, a speed of the hybrid vehicle is
detected. The speed may be detected by a wheel speed sensor, and the speed is sent to a motor
controller. It is understood that, in embodiments of the present disclosure, the speed of the hybrid
vehicle is larger than zero.

At step S2, when the speed is larger than or equal to a predetermined speed, an inertia torque
generated by a transmission of the hybrid vehicle is output to a crankshaft of the engine to start the
engine.

In other words, the method according to an embodiment of the present disclosure may utilize
an inertia torque of a reverse gear shaft of the transmission to drive a crankshaft of the engine
through an input shaft of the transmission and a flywheel of the engine, and then ignite in
cooperation with an ignition coil to start the engine.

In some embodiments, the inertia torque is generated according to the speed of the hybrid
vehicle. According to vehicle principles, a minimum speed and a minimum starting torque have

the following relationship as shown in formulas (1) and (2) as below.
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where P, is an output power of the engine, n is a rotating speed of the engine, T  is the

minimum torque of the engine, i, is a transmission ratio of the transmission, i, is a

g

transmission ratio of the main reducer, r is a radius of wheels, and u, is the minimum speed of

the hybrid vehicle.

It’s known from the above two formulas that when a minimum starting torque and starting
power are known, the rotating speed of the engine can be calculated according to formula (1); and
then according to formula (2), a minimum speed which can reversely drive the engine successfully
can be calculated. Therefore, the torque can be calculated according to the speed.

During a process of reversely driving the engine, due to inertia of the hybrid vehicle, a force
may be transmitted from the ground to a half shaft through tyres in a form of torque. And then the
torque will be transmitted from the half shalt to the crankshaft of the engine through a differential
mechanism, the main reducer, the transmission and the flywheel, thus reversely driving the engine
to start.

In an embodiment of the present disclosure, as shown in Fig.2, when the transmission is a
dual clutch transmission, the system 100 for a hybrid vehicle includes a motor 1, a motor
controller 2, an engine controller 3, an engine 4, a flywheel 5, a clutch 6, a dual clutch
transmission 7, an input shaft 8 of the dual clutch transmission and an output shaft 9 of the dual
clutch transmission, a reverse gear shaft 10 of the dual clutch transmission, a motor output shaft 11
and a transmission controller 12.

In an embodiment of the present disclosure, when the hybrid vehicle is switched from an
electrical mode to a hybrid mode, it is needed to start the engine. As shown in Figure 3, the method
for starting the engine of the hybrid vehicle includes the following steps.

At step S301, the motor controller receives the instruction to start the engine. In some
embodiments of the present disclosure, when receiving the instruction to start the engine, the
motor controller sends the instruction to the engine controller. Meanwhile, the motor and the
transmission controller may also receive control information from the motor controller.

At step S302, it is determined whether the speed of the hybrid vehicle u is larger than or equal
to the predetermined speed ul, i.e., the motor controller determines the speed of the hybrid vehicle;
if yes, execute step S303 and step S304; if not, execute step S308, in which ul is the minimum
speed for starting the engine in the embodiment of the present disclosure.

At step S303, the engine controller receives the instruction to start the engine.
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At step S304, the transmission controller receives the instruction to start the engine.

At step S305, the flywheel of the engine is engaged with the dual clutch transmission to
reversely drive the engine to start.

In embodiments of the present disclosure, when the transmission is the dual clutch
transmission, outputting the inertia torque generated by the transmission of the hybrid vehicle to
the crankshaft of the engine to start the engine includes steps as followed: a clutch connected with
the input shaft of the dual clutch transmission is controlled to engage with the flywheel of the
engine to output the inertia torque to the flywheel; and the flywheel drives the crankshaft of the
engine to start the engine. When the engine is started, the clutch is controlled to disengage from
the flywheel.

In an embodiment of the present disclosure, when the clutch is engaged with the flywheel, the
reverse gear shaft of the dual clutch transmission and the output shaft of the dual clutch
transmission cooperate to output the inertia torque to the input shaft of the dual clutch
transmission.

In other words, in an embodiment of the present disclosure as shown in Figure 2, when the
speed of the hybrid vehicle u is larger than or equal to the predetermined speed ul, the
transmission controller 12 controls the clutch 6 to engage with the flywheel 5, so that the reverse
gear shaft 10 of the dual clutch transmission and the output shaft 9 of the dual clutch transmission
cooperate to output the inertia torque to the input shaft 8 of the dual clutch transmission. And then,
the input shaft 8 transmits the inertia torque to the flywheel 5 of the engine via the clutch 6.
However, when the flywheel 5 is reversely driven to rotate and the engine 4 is started, the
transmission controller 12 controls the clutch 6 to disengage from the flywheel 5 immediately, and
then the flywheel 5 drives the crankshaft of the engine 4 to rotate.

In an embodiment of the present disclosure, when the inertia torque is transmitted to the
crankshaft of the engine, the engine is controlled to cooperate with an operation of the crankshaft
to inject fuel, ignite, and act to start the engine according to the instruction to start the engine. In
other words, the motor controller communicates with the engine controller to send instructions to
the engine controller, and the engine controller controls the engine to cooperate with the operation
of the crankshaft to inject fuel, ignite, and act to start the engine according to the instruction to
start the engine.

In an embodiment of the present disclosure, the method further includes a step of controlling

6
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the transmission to select a gear to be matched with a power of the engine according to the speed
of the hybrid vehicle, after the engine is started.

Furthermore, after selecting a gear, it is determined whether an output power of the engine
satisfies a speed change demand, and a motor of the hybrid vehicle is controlled to stop outputting
power, if the output power of the engine satisfies the speed change demand. And the motor of the
hybrid vehicle is controlled to continue outputting power, if the output power of the engine cannot
satisfy the speed change demand.

In other words, when the engine is successfully started, the transmission determines
according to the speed of the hybrid vehicle to select the proper gear to be matched with the power
of the engine. And after the gear is selected, the motor controller determines whether the output
power of the engine satisfies the speed change demand according to a speed change due to a
control strategy of a hybrid vehicle. If the output power of the engine satisfies the speed change
demand, the motor of the hybrid vehicle is controlled to stop outputting power. If the output power
of the engine cannot satisfy the speed change demand, the motor of the hybrid vehicle is controlled
to continue outputting power.

When the dual clutch transmission engages with the flywheel of the engine, a dragging status
may occur, i.e., the output torque of the hybrid vehicle may be decreased sharply within a few
tenths of a second, which may lead to an instantaneous power shortage. To avoid this situation,
step S306 is executed after step S305 as shown in Fig. 3.

At step S306, it is determined whether a speed change rate of the hybrid vehicle is larger than
a predetermined threshold, if the speed change rate of the hybrid vehicle is larger than the
predetermined threshold, execute step S307; otherwise, return to step S306.

At step S307, a motor of the hybrid vehicle is controlled to increase an output torque to
compensate the inertia torque.

In some embodiments of the present disclosure, when the engine is started, it is determined
whether the speed change rate of the hybrid vehicle is larger than the predetermined threshold.
That is, it is determined whether the speed of the hybrid vehicle is decreased sharply. If yes, the
motor of the hybrid vehicle is controlled to increase the output torque to compensate the inertia
torque.

In other words, the motor has a torque compensation function, such that when the dragging

status occurs, i.e., the torque of the hybrid vehicle is decreased sharply, the motor controller may
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control the motor to increase the output torque to satisfy a required output torque of the hybrid
vehicle by detecting the speed of the hybrid vehicle, thus ensuring a ride comfort of the hybrid
vehicle when the engine is started. When the torque compensation is completed, an operation state
of the motor is controlled by the motor controller, for example, the motor may be controlled to
charge a power battery.

At step S308, the engine controller communicates with the motor controller.

At step S309, the start motor starts the engine. In some embodiments, the start motor is
powered by a battery.

In other words, when the speed of the hybrid vehicle is less than the predetermined speed, the
start motor is controlled to start the engine. That is, when the speed u of the hybrid vehicle is less
than the predetermined speed ul, the motor controller communicates with the engine controller to
control the engine to start via the start motor. And the transmission controller determines according
to the speed of the hybrid vehicle to select the proper gear to be matched with the power of the
engine. After the gear is selected, an operation control state of the motor is the same as the
operation control state when the speed of the hybrid vehicle u is larger than or equal to the
predetermined speed ul and is omitted herein.

In summary, with the method according to embodiments of the present disclosure, the engine
is reversely driven by the transmission to start without starting the start motor when the speed of
the hybrid vehicle is larger than or equal to the predetermined speed.

With the method according to embodiments of the present disclosure, by detecting the speed
of the hybrid vehicle and outputting the inertia torque generated by the transmission to start the
engine when the speed is larger than or equal to the predetermined speed, a smoothness of a power
output of the hybrid vehicle during an operation mode switching thereof is effectively improved,
and a frequent start of the start motor is avoided, such that life of the start motor is extended. In
addition, the method also has advantages of lower fuel consumption and less pollutant emission,
which saves energy and protects environment.

Figure 2 is schematic view of a system for starting an engine of a hybrid vehicle according to
an embodiment of the present disclosure. As shown in Figure 2, a system 100 for starting an
engine of a hybrid vehicle includes: a motor controller 2, an engine controller 3, an engine 4, a
transmission 7 and a transmission controller 12.

Specifically, the engine controller 3 is connected to the engine 4. The motor controller 2 is

8
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configured to receive an instruction to start the engine and to obtain a speed of the hybrid vehicle,
in which the motor controller 2 obtains the speed of the hybrid vehicle via a wheel speed sensor.
The transmission 7 is configured to generate an inertia torque according to the speed of the hybrid
vehicle. The transmission controller 12 is connected with the motor controller 2 and the
transmission 7 respectively and is configured to output the inertia torque to a crankshaft ( not
shown) of the engine 4 to start the engine 4 according to an instruction to start the engine, when
the speed is larger than or equal to a predetermined speed.

As shown in Figure 2, when the transmission is a dual clutch transmission, the system further
includes a motor 1, a flywheel 5 of the engine 4, a clutch 6, an input shaft 8 of the transmission 7
and an output shaft 9 of the transmission 7, a reverse gear shaft 10 of the transmission 7, a motor
output shaft 11.

In an embodiment of the present disclosure, the transmission controller 12 is configured to
control the clutch 6 connected with the input shaft 8 of the dual clutch transmission7 to engage
with the flywheel 5 of the engine 4 to output the inertia torque to the flywheel 5, and the flywheel
5 drives the crankshaft of the engine 4 to start the engine 4.When the engine 4 is started, the
transmission controller 12 controls the clutch 6 to disengage from the flywheel 5.

When the clutch 6 is engaged with the flywheel 5, the reverse gear shaft 10 of the dual clutch
transmission 7 and the output shaft 11 of the dual clutch transmission 7 cooperate to output the
inertia torque to the input shaft 8 of the dual clutch transmission 7.

That is, in an embodiment of the present disclosure as shown in Fig. 2, when the speed u of
the hybrid vehicle is larger than or equal to the predetermined speed, the transmission controller 12
controls the clutch 6 to engage with the flywheel 5, so that the reverse gear shaft 10 of the dual
clutch transmission and the output shaft 10 of the dual clutch transmission can cooperate to output
the inertia torque to the input shaft 8 of the dual clutch transmission 7. And then, the input shaft 8
transmits the inertia torque to the flywheel 5 of the engine 4 via the clutch 6. However, when the
flywheel 5 is reversely driven to rotate and the engine is started, the transmission controller 12
controls the clutch 6 to disengage from the flywheel 5 immediately, and then the flywheel 5 drives
the crankshaft of the engine 4 to rotate.

In some embodiments of the present disclosure, the motor controller 2 receives the instruction
to start the engine and sends the instruction to the transmission controller 12 and engine controller

3. When the inertia torque is transmitted to the crankshaft of the engine 4, the engine controller 3

9



WO 2015/090192 PCT/CN2014/094003

controls the engine 4 to cooperate with an operation of the crankshaft to inject fuel, ignite, and act
to start the engine 4 according to the instruction to start the engine.

In some embodiments of the present disclosure, when the engine 4 is started, the transmission
controller 12 is configured to control the transmission 7 to select a gear to be matched with a
power of the engine 4 according to the speed of the hybrid vehicle. Moreover, the motor controller
2 communicates with the engine controller 3 to determine whether an output power of the engine 4
satisfies a speed change demand. If the output power of the engine satisfies the speed change
demand, the motor controller 2 controls the motor 1 of the hybrid vehicle to stop outputting power.
Otherwise, the motor controller 2 controls the motor 1 of the hybrid vehicle to continue outputting
power.

That is, when the engine 4 is successfully started, the transmission controller 12 determines
according to the speed of the hybrid vehicle to select the gear to be matched with the power of the
engine 4. And after the gear is selected, the motor controller 2 determines whether the output
power of the engine 4 satisfies the speed change demand according to a speed change due to a
control strategy of the hybrid vehicle. If the output power of the engine 4 satisfies the speed
change demand, the motor 1 of the hybrid vehicle is controlled to stop outputting power. If the
output power of the engine cannot satisfy the speed change demand, the motor 1 of the hybrid
vehicle is controlled to continue outputting power.

When the dual clutch transmission 7 engages with the flywheel 5 of the engine 4, a dragging
status may occur, i.e., the output torque of the hybrid vehicle may be decreased sharply within a
few tenths of second, which may lead to instantaneous power shortage. To avoid this situation,
when the engine 4 is started, the motor controller 2 determines whether a speed change rate of the
hybrid vehicle is larger than a predetermined threshold. If the speed change rate of the hybrid
vehicle is larger than the predetermined threshold, the motor controller 2 controls the motor 1 of
the hybrid vehicle to increase an output torque to compensate the inertia torque. Therefore, when
the dragging status occurs, i.e., the output torque of the hybrid vehicle is decreased sharply, the
motor controller 2 may control the motor 1 to increase the output torque to satisfy a required
output torque by detecting the speed of the hybrid vehicle, thus ensuring a ride comfort of the
hybrid vehicle when the engine is started.

In some embodiments of the present disclosure, the system further includes a start motor

41.The start motor 41 is connected with the engine 4. When the speed of the hybrid vehicle is less
10
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than the predetermined speed, the start motor 41 is controlled to start the engine 4. That is, when
the speed u of the hybrid vehicle is less than the predetermined speed ul, the motor controller 2
communicates with the engine controller 3 to control the engine 4 to start via the start motor 41.

In summary, the engine 4 is started by driving the crankshaft of the engine 4 reversely
cooperated with an ignition of the ignition coil without starting the start motor 41 when the speed
of the hybrid vehicle is larger than or equal to the predetermined speed, in which the crankshaft of
the engine 4 is driven by the input shaft 8 of the transmission 7 and the flywheel 5 of the engine 4
with using the inertia torque of the reverse gear shaft 10 of the transmission 7.

With the system for starting the engine of the hybrid vehicle according to embodiments of the
present disclosure, by detecting the speed of the hybrid vehicle via the motor controller and
outputting the inertia torque generated via the transmission to start the engine when the speed is
larger than or equal to the predetermined speed, a smoothness of a power output of the hybrid
vehicle during an operation mode switching thereof is effectively improved, and a frequent start of
the start motor is avoided, such that life of the start motor is extended. In addition, the system also
has advantages of lower fuel consumption and less pollutant emission, which saves energy and
protects environment.

Embodiments of the present disclosure further provide a hybrid vehicle including the system
100 for starting an engine of a hybrid vehicle as described above. When the speed is larger than or
equal to the predetermined speed, the engine of the hybrid vehicle may be started by the inertia
torque generated by the transmission, and thus a smoothness of a power output of the hybrid
vehicle during an operation mode switching thereof is effectively improved, and a frequent start of
a start motor is avoided, such that life of the start motor is extended. In addition, the vehicle also
has advantages of lower fuel consumption and less pollutant emission, which saves energy and
protects environment.

Any process or method described in a flow chart or described herein in other ways may be
understood to include one or more modules, segments or portions of codes of executable
instructions for achieving specific logical functions or steps in the process, and the scope of a
preferred embodiment of the present disclosure includes other implementations, which should be
understood by those skilled in the art.

The logic and/or step described in other manners herein or shown in the flow chart, for

example, a particular sequence table of executable instructions for realizing the logical function,
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may be specifically achieved in any computer readable medium to be used by the instruction
execution system, device or equipment (such as the system based on computers, the system
including processors or other systems capable of acquiring the instruction from the instruction
execution system, device and equipment and executing the instruction), or to be used in
combination with the instruction execution system, device and equipment. As to the specification,
“the computer readable medium” may be any device adaptive for including, storing,
communicating, propagating or transferring programs to be used by or in combination with the
instruction execution system, device or equipment. More specific examples of the computer
readable medium include but are not limited to: an electronic connection (an electronic device)
with one or more wires, a portable computer enclosure (a magnetic device), a random access
memory (RAM), a read only memory (ROM), an erasable programmable read-only memory
(EPROM or a flash memory), an optical fiber device and a portable compact disk read-only
memory (CDROM). In addition, the computer readable medium may even be a paper or other
appropriate medium capable of printing programs thereon, this is because, for example, the paper
or other appropriate medium may be optically scanned and then edited, decrypted or processed
with other appropriate methods when necessary to acquire the programs in an electric manner, and
then the programs may be stored in the computer memories.

It should be understood that each part of the present disclosure may be realized by the
hardware, software, firmware or their combination. In the above embodiments, a plurality of steps
or methods may be realized by the software or firmware stored in the memory and executed by the
appropriate instruction execution system. For example, if it is realized by the hardware, likewise in
another embodiment, the steps or methods may be realized by one or a combination of the
following techniques known in the art: a discrete logic circuit having a logic gate circuit for
realizing a logic function of a data signal, an application-specific integrated circuit having an
appropriate combination logic gate circuit, a programmable gate array (PGA), a field
programmable gate array (FPGA), etc.

Those skilled in the art shall understand that all or parts of the steps in the above
exemplifying method of the present disclosure may be achieved by commanding the related
hardware with programs. The programs may be stored in a computer readable storage medium,
and the programs include one or a combination of the steps in the method embodiments of the

present disclosure when run on a computer.
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In addition, each function cell of the embodiments of the present disclosure may be integrated
in a processing module, or these cells may be separate physical existence, or two or more cells are
integrated in a processing module. The integrated module may be realized in a form of hardware or
in a form of software function modules. When the integrated module is realized in a form of
software function module and is sold or used as a standalone product, the integrated module may
be stored in a computer readable storage medium.

The storage medium mentioned above may be read-only memories, magnetic disks, CD, etc.

29 LC 2

Reference throughout this specification to “an embodiment,” “some embodiments,” “one

29 LC 29 LC

embodiment”, “another example,” “an example,” “a specific example,” or “some examples,”
means that a particular feature, structure, material, or characteristic described in connection with
the embodiment or example is included in at least one embodiment or example of the present

2% ey

disclosure. Thus, the appearances of the phrases such as “in some embodiments,” “in one
embodiment”, “in an embodiment”, “in another example,” “in an example,” “in a specific
example,” or “in some examples,” in various places throughout this specification are not
necessarily referring to the same embodiment or example of the present disclosure. Furthermore,
the particular features, structures, materials, or characteristics may be combined in any suitable
manner in one or more embodiments or examples.

Although explanatory embodiments have been shown and described, it would be appreciated
by those skilled in the art that the above embodiments cannot be construed to limit the present

disclosure, and changes, alternatives, and modifications can be made in the embodiments without

departing from spirit, principles and scope of the present disclosure.
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What is claimed is:

1. A method for starting an engine of a hybrid vehicle, comprising:

detecting a speed of the hybrid vehicle when receiving an instruction to start the engine; and
outputting an inertia torque generated by a transmission of the hybrid vehicle to a crankshaft

of the engine to start the engine when the speed is larger than or equal to a predetermined speed.

2. The method according to claim 1, wherein the inertia torque is generated according to the

speed of the hybrid vehicle.

3. The method according to claim 1 or 2, wherein if the transmission is a dual clutch
transmission, outputting an inertia torque generated by a transmission of the hybrid vehicle to a
crankshaft of the engine to start the engine comprises:

controlling a clutch connected with an input shaft of the dual clutch transmission to engage
with a flywheel of the engine to output the inertia torque to the flywheel; and

driving by the flywheel the crankshaft of the engine to operate so as to start the engine.

4. The method according to claim 3, further comprising:

controlling the clutch to disengage from the flywheel after the engine is started.

5. The method according to claim 3, wherein when the clutch is engaged with the flywheel, a
reverse gear shaft of the dual clutch transmission and an output shaft of the dual clutch

transmission cooperate to output the inertia torque to the input shaft of the dual clutch transmission.

6. The method according to any one of claims 1-5, further comprising:
controlling the engine to cooperate with an operation of the crankshaft to inject fuel, ignite
and act to start the engine according to the instruction to start the engine, when the inertia torque is

outputted to the crankshaft of the engine.

7. The method according to claim 1, further comprising:
controlling the transmission to select a gear to be matched with a power of the engine

according to the speed of the hybrid vehicle, after the engine is started.

14
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8. The method according to claim 7, further comprising:
determining whether an output power of the engine satisfies a speed change demand; and
controlling a motor of the hybrid vehicle to stop outputting power, if the output power of the

engine satisfies the speed change demand.

9. The method according to claim 8, further comprising:
controlling a motor of the hybrid vehicle to continue outputting power, if the output power of

the engine dissatisfies the speed change demand.

10. The method according to claim 1, further comprising:

determining whether a speed change rate of the hybrid vehicle is larger than a predetermined
threshold when the engine is started; and

if yes, controlling a motor of the hybrid vehicle to increase an output torque to compensate

the inertia torque.

11. The method according to claim 1, further comprising:
controlling a start motor of the hybrid vehicle to start the engine, when the speed of the

hybrid vehicle is less than the predetermined speed.

12. A system for starting an engine of a hybrid vehicle, comprising:

an engine;

an engine controller, connected with the engine;

a motor controller, configured to receive an instruction to start the engine and to obtain a
speed of the hybrid vehicle;

a transmission, configured to generate an inertia torque according to the speed; and

a transmission controller, connected with the motor controller and the transmission
respectively, and configured to control the transmission to output the inertia torque to a crankshaft
of the engine to start the engine according to the instruction to start the engine, when the speed is

larger than or equal to a predetermined speed.
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13. The system according to claim 12, wherein when the transmission is a dual clutch
transmission, the transmission controller is configured to control a clutch connected with an input
shaft of the dual clutch transmission to engage with a flywheel of the engine to output the inertia
torque to the flywheel, and the flywheel is configured to drive the crankshaft to operate so as to

start the engine.

14. The system according to claim 13, wherein the transmission controller is further

configured to control the clutch to disengage from the flywheel after the engine is started.

15. The system according to claim 13, wherein when the clutch is engaged with the flywheel,
a reverse gear shaft of the dual clutch transmission and an output shaft of the dual clutch
transmission cooperate to output the inertia torque to the input shaft of the dual clutch

transmission.

16. The system according to claim 12, wherein when the motor controller is configured to
send the instruction to start the engine to the transmission controller and the engine controller

respectively.

17. The system according to claim 16, wherein when the inertia torque is outputted to the
crankshaft of the engine, the engine controller is configured to control the engine to cooperate with
an operation of the crankshaft to inject fuel, ignite and act to start the engine according to the

instruction to start the engine.

18. The system according to claim 12, wherein after the engine is started, the transmission
controller is further configured to control the transmission to select a gear to be matched with a

power of the engine according to the speed of the hybrid vehicle.

19. The system according to claim 18, further comprising a motor,
wherein the motor controller is further configured to determine whether an output power of
the engine satisfies a speed change demand by communicating with the engine controller and to

control the motor of the hybrid vehicle to stop outputting power, if the output power of the engine

16
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satisfies the speed change demand.

20. The system according to claim 19, wherein the motor controller is further configured to
control the motor of the hybrid vehicle to continue outputting power, if the output power of the

engine dissatisfies the speed change demand.

21. The system according to claim 12, further comprising a motor,

wherein when the engine is started, the motor controller is configured to determine whether a
speed change rate of the hybrid vehicle is larger than a predetermined threshold and to control the
motor of the hybrid vehicle to increase an output torque to compensate the inertia torque if the

speed change rate of the hybrid vehicle is larger than the predetermined threshold.
22. The system according to claim 12, further comprising a start motor connected with the
engine, and configured to start the engine when the speed of the hybrid vehicle is less than the

predetermined speed.

23. A hybrid vehicle, comprising a system for starting an engine of a hybrid vehicle according

to any one of the claims 12-22.
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