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Description

[0001] This application claims benefit of and priority to
the Indian Provisional Patent Application Nos.
IN201821030493, filed Aug 14, 2018, and IN
20182142984, filed on Nov 15, 2018 .

TECHNICAL FIELD

[0002] The present invention relates to a method of
starting an internal combustion engine.More specifically,
the invention relates to a method of starting an internal
combustion engine equipped with an integrated starter-
generator, with reduced torque.

BACKGROUND ART

[0003] Integrated starter generators for internal com-
bustion engines are well known in the art. Such systems
are described, for example, in US patent application
number US20120216770A1, and in US granted patent
no US6484596B2. Methods of starting internal combus-
tion engines equipped with an integrated starter-genera-
tor are also described in US patent number
US6781252B2. While, Japanese patent application
JP2010223135A describes a method of starting an en-
gine using an integrated starter generator during a start-
stop condition, i.e. when the engine switches off for
example, while it is stopped at a traffic light.
[0004] Most of the prior art describes a method to start
the engine which involves the step of rotating the crank-
shaft in the reverse or forward direction to a specific
predetermined position. Thereafter, the crankshaft is
rotated forward to drive the engine with a higher inertia
to overcome a compression torque and to facilitate the
engine start. However, it is difficult to achieve a precise
positioning of a specific angle of the crankshaft. Also, the
cost for a controlling device to aid the crankshaft to attain
a precise position is high. In addition, starting an internal
combustion engine requires high torque to overcome the
forward compression pressure. This requires the inte-
grated starter-generator to be designed for high torque,
which results in increase of the size and cost of the
integrated starter generator.
[0005] Therefore, there is a need in theart for amethod
of starting internal combustion engines equipped with an
integrated starter-generator, using reduced torque and
which does not require the need to rotate the crankshaft
to a specific predetermined position.
[0006] EP 1233175 A1, DE 10 2015 009 235 A1 and
EP 1 321 667 A1 constitute further relevant prior art,
related to methods for starting a combustion engine.

SUMMARY OF INVENTION

[0007] It is an object of the present invention to provide
a method of starting an engine system to optimize the
process of starting an engine with reduced torque.

[0008] The present invention describes a method of
starting an internal combustion engineaccording to claim
1. The engine includes one cylinder, one piston asso-
ciated to the cylinder, and a crankshaft coupled to the
piston. The method comprising the steps of receiving an
engine start command; rotating the crankshaft from an
initial position in the direction of rotation (forward direc-
tion) of the engine by means of an electromechanical
device coupled to the crankshaft, until either the piston
reaches a top dead centre (TDC) position, or an system
parameter reachesapredefinedvalue; followingapathC
or a path D,
[0009] The path C includes rotating the crankshaft in a
direction opposite to the direction of rotation (reverse
direction) of the engine by means of the electromecha-
nical device coupled to the crankshaft by a fourth pre-
defined angle so that the piston reaches the region of
reverse compression.While, path D includes rotating the
crankshaft in a direction opposite to the direction of
rotation of the engine bymeans of the electromechanical
device coupled to the crankshaft, until the at least one
piston reaches the top dead centre position. Themethod
further includes the step of rotating the crankshaft oppo-
site to the direction of rotation of the engine by means of
the electromechanical device coupled to the crankshaft
by a fourth predefined angle so that the piston reaches
the regionof reversecompressionand rotating the crank-
shaft in the direction of rotation of the engine bymeans of
the electromechanical device coupled to the crankshaft
to start the engine.

BRIEF DESCRIPTION OF DRAWINGS

[0010] The foregoing and other features of embodi-
ments of the present invention will become more appar-
ent from the following detailed description of embodi-
ments when read in conjunction with the accompanying
drawings. In the drawings, like reference numerals refer
to like elements.

Fig. 1
Fig. 1 illustrates an exemplary engine system, in
accordance with an embodiment of the present in-
vention.

Fig. 2
Fig. 2 illustrates a method of starting an internal
combustion engine not in accordance with the ap-
pending claims.

Fig. 3
Fig 3 is a representation of a starting torque require-
ment of an Internal Combustion engine with respect
to various position of the piston in the combustion
cycle.

Fig. 4
Fig 4 is a representation of starting an internal com-
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bustion engine given the initial position of piston
before starting engine is in region R2.

Fig. 5
Fig 5 is a representation of starting an internal com-
bustion engine, given the initial position of piston
before starting engine is in region R3.

Fig. 6
Fig. 6: illustrates a method of starting an internal
combustion engine, in accordance with an embodi-
ment of the invention.

Fig. 7
Fig 7 is a representation of the starting torque re-
quirement of an Internal Combustion engine with
respect to various position of the piston in the com-
bustion cycle, in accordance with an embodiment of
the invention.

Fig. 8
Fig 8 illustrates anexemplary representation of start-
ing an internal combustion engine, when the initial
position of the piston is in between reverse compres-
sion region and exhaust top dead center, in accor-
dance with an embodiment of the invention.

Fig. 9
Fig 9 is a representation of starting an internal com-
bustion engine, if the initial position of the piston is in
between exhaust top dead centre and forward com-
pression region in accordance with an embodiment
of the invention.

DESCRIPTION OF THE FIGURES

[0011] While various embodiments of the invention
have been shown and described herein, it will be obvious
to those skilled in the art that such embodiments are
provided by way of example only. Numerous variations,
changes, and substitutions may occur to those skilled in
the art without departing from the appended claims.
[0012] In the specification and the claims which follow,
reference will be made to a number of terms which shall
be defined to have the following meanings:
[0013] The singular forms "a", "an" and "the" include
plural referents unless the context clearly dictates other-
wise. "Optional" or "optionally" means that the subse-
quently described event or circumstancemay or may not
occur, and that the description includes instances where
the event occurs and instances where it does not. "Sub-
stantially"meansa rangeof values that is known in theart
to refer to a range of values that are close to, but not
necessarily equal to a certain value.
[0014] Other than in the examples or where otherwise
indicated, all numbers or expressions referring to quan-
tities of ingredients, reaction conditions, and the like,
used in the specification and claims are to be understood

as modified in all instances by the term "about." In some
aspects of the current disclosure, the terms "about" or
"approximately" are defined as being close to as under-
stood by one of ordinary skill in the art.
[0015] As used herein, the term "substantially" and its
variationsaredefinedasbeing largelybut not necessarily
wholly what is specified as understood by one of ordinary
skill in the art
[0016] Various numerical ranges are disclosed herein.
Because these ranges are continuous, they include
every value between theminimumandmaximumvalues.
The endpoints of all ranges reciting the same character-
istic or component are independently combinable and
inclusive of the recited endpoint. Unless expressly indi-
cated otherwise, the various numerical ranges specified
in this application are approximations. The endpoints of
all ranges directed to the same component or property
are inclusive of the endpoint and independently combin-
able. The term "from more than 0 to an amount" means
that the named component is present in some amount
more than 0, and up to and including the higher named
amount.
[0017] As used herein the term "internal combustion
engine" or "IC engine" refers to an internal combustion
engine that iswell known in theart. Theengine comprises
at least one cylinder. Associated with the at least one
cylinder is at least one piston,which is in turn coupled to a
crankshaft. The crankshaft is enclosed in a crankcase. A
generator used to generate electrical power for engine
operation and auxiliary requirements such as lights, may
be coupled to the crankshaft. A startermotor used to start
the engine by drawing power from a power source, such
as a battery or a capacitor, may also be coupled to the
crankshaft.
[0018] As used herein the term "top dead centre
(TDC)" used in relation to an internal combustion engine,
refers to the position of the piston when it is farthest away
from the crankshaft. Top dead centre may refer to "com-
pression top dead centre" or "exhaust top dead centre"
which refer to the top dead centre positions during the
compression stroke or the exhaust stroke of the at least
one piston. The term TDC as used herein would typically
include both the "compression top dead centre" and the
"exhaust top dead centre, unless specified.
[0019] As used herein the term "Forward compression
region" used in relation to an internal combustion engine,
refers to the region of combustion cycle of the engine
where the compression pressure of air fuelmixture inside
the cylinder opposes the motion of the piston when the
crankshaft is rotating in thedirectionof forward rotationof
the engine.
[0020] As used herein the term "Reverse compression
region or Stop region" used in relation to an internal
combustion engine refers to the region of combustion
cycleof theenginewhere thecompressionpressureofair
fuel mixture inside the cylinder opposes themotion of the
piston when the crank shaft is rotating in the direction of
reverse rotation of the engine
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[0021] Fig. 1 illustrates an exemplary system (100), in
accordancewithanembodimentof thepresent invention.
The system (100) comprises of an Internal Combustion
engine (sometimeshereinalso referred toas "ICengine")
(102) andEngineStartingUnit (104). The ICengine (102)
can be a single stroke engine, a two-stroke engine, four-
stroke engine, and variants of these engines. According
to an embodiment of the present invention, the IC engine
(102) includes at least one cylinder (106); at least one
piston (108) associated with the at least one cylinder
(106). The at least one piston (108) is in turn coupled
to a crankshaft (110). In an embodiment of the present
invention, the at least one cylinder (106) may be
equipped with at least one sensor to detect the position
of the at least one piston (108); more specifically, the at
least one cylinder (106) may be equipped with at least
one sensor to detect the "top dead centre" position of the
at least one piston (108). The Engine Starting Unit (104)
further comprises an engine control unit (ECU) (112), an
electromechanical device (114) and a Sensor Unit (116).
The engine control unit (ECU) (112) further includes a
starter control unit (118) and an ignition control unit (120).
[0022] In one embodiment of the present invention, the
electromechanical device (114) may be coupled to the
crankshaft (110). The electromechanical device may be
controlledbya starter control unit (118),which in turnmay
be controlled by the engine control unit (112). In another
embodiment of the present invention, the electromecha-
nical device is an integrated starter - generator (ISG). In
yet another embodiment of the present invention, the
integratedstarter generator is operatedasamotor during
a start-up phase of engine and as an alternating current
generator to supplyanelectric loaddemandof thevehicle
when the engine is running. In an embodiment of the
present invention, the electromechanical device is a
starter motor.
[0023] In one embodiment of the present invention, a
sensor unit (116) may be associated with the crankshaft
in order todetect theangular position, directionof rotation
and rotational speed of the crankshaft. In one embodi-
ment of the present invention, the sensor unit (116) may
bepresenton thecrankshaft inorder todetect theangular
position, direction of rotation and rotational speed of the
crankshaft. In yet another embodiment of the present
invention thesensorunit (116)maybepresentaround the
crankshaft in order to detect the angular position, direc-
tion of rotation and rotational speed of the crankshaft. In
an embodiment of the present invention, sensor unit 116
detects rotational angle of the crankshaft (110). Typically,
the rotational angle may be co-related to the periodic
pulses from the sensor unit (116) during themovement of
the crankshaft (110). In another embodiment of the pre-
sent invention, the sensor unit (116) may include at least
one magnetic sensor, such as a Hall sensor.
[0024] In an embodiment of the present invention, the
sensor unit (116) may include at least one current sensor
to measure the value of current through the input power
source of the motor or the winding current of the motor.

[0025] In an embodiment of the present invention, the
engine control unit (ECU) (112) further includes an elec-
tronic oscillator (122) to measure the duration for which
the crankshaft is rotated by the electromechanical de-
vice.
[0026] Fig. 2 illustrates an exemplary method (200) of
starting an internal combustion engine not in accordance
with the appending claims. When an engine start com-
mand is received (202) from the driver, the crankshaft is
rotated froman initial position in thedirectionof rotationof
the engine (forward direction) (204) by means of an
electromechanical device, with a predefined torque. Ac-
cording to an embodiment of the present invention, if the
first predefined angle - θ1 elapses (206) before a pre-
defined rotational time, a path A (208) is followed. In one
embodiment of the present invention, the path A includes
the following steps: the crankshaft is rotated in the direc-
tion opposite to the direction of rotation of the engine
(reverse direction) through a second predefined angle -
θ1 + δ (210) so that the piston reaches the region of
reversecompression.According toanembodimentof the
present invention, if the predefined rotational time
elapses (212) first, a path B (214) is followed. In one
embodiment of the present invention, the path B (214)
includes the following steps: the crankshaft is rotated in
the direction opposite to the direction of rotation of the
engine (reverse direction) by a third predefinedangle - θ2
(216) so that the piston reaches the region of reverse
compression. Thereafter the crankshaft is rotated in the
direction of rotation of the engine (forward direction) from
the reverse compression region to start engine (218).
According to an embodiment of the present invention, if
the predefined rotational time does not elapse (220) first,
method reverts to (204).
[0027] Fig 3 illustrates a representation (300) of the
starting torque requirement (302) of an IC engine with
respect to various positions of the piston in the combus-
tion cycle (304). As depicted in Fig 3, one combustion
cycle includes expansion stroke (306), exhaust stroke
(308), suction stroke (310) and compression stroke
(312). According to an embodiment of the present inven-
tion, the combustion cycle is divided into four regions.
Region1 - R1 (314) is the region of reverse compression
or stop regionwith rotational angle sweep ’δ’ (316). In the
region of reverse compression, the compression pres-
sure of air fuel mixture inside the cylinder opposes the
motion of the piston when the crank shaft is rotated in the
direction of opposite to the direction of the engine. Re-
gion2 - R2 (318) and Region3 - R3 (320) are adjacent
regions to reverse compression region (314) with a rota-
tional angle sweep δ (322) and θ1 (324) respectively. The
rotational angle sweep ’δ’ (316) , (322) would typically be
of same value, unless specified.
[0028] Region 4 - R4 (326) is the rest of the region over
one combustion cycle apart from R1 (314), R2 (318) and
R3 (320). As depicted in the figure Fig 4 according to an
example embodiment of the present invention, starting
torque (302) in forward direction (325) is high when the
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piston is at the compression stroke (312) due to com-
pressed air-fuel mixture inside the cylinder. If the engine
is shutdown,when thepiston is in the regionR1 (314), the
crankshaft is forced to rotate in forward direction by
compression force in R1 (314) and hence the piston will
be settle in either R2 (318) or R3 (320). If the engine is
shut down when the piston is in the region R4 (326), the
crankshaft is forced to rotate in reverse direction by
compression force in R4 (326) and hence the piston will
be settle in either R2 (318) or R3 (320).
[0029] Fig 4 illustrates a representation (400) of start-
ing an internal combustion when the initial position of
piston (402) before starting engine is in region R2 (406).
The predefined torque is defined such that it does not
overcome the maximum engine torque in the region R4.
In an embodiment of the present invention, the prede-
fined time is defined such that, when the piston is in R2
(406), if a predefined torque is applied, the crankshaft
displaces in the forward direction (412) by an angle θ1
(414) before the predefined time lapses. When the dis-
placement of crank shaft by θ1 is detected (416), the
crank shaft is rotated in the reverse direction (418) by an
angle θ1+δ (420) so that the piston reaches to R1 (404)
where compression force assists the forward rotation.
[0030] Fig 5 illustrates a representation (500) of start-
ing an internal combustion engine given the initial posi-
tion of piston (502) before starting the engine is in region
R3 (508). As depicted in Fig 5, if the piston is in R3 (508),
applyingapredefined torquecannot rotate thecrankshaft
in the forward direction (512) by angle θ1 (514), since the
displacement by θ1 (514) from initial position (502) in R3
(508) ends in R4 (510). The predefined torque does not
allow the crankshaft to rotate and the predefined time
elapses first (514). After detecting the predefined time
lapse, the crank shaft is rotated in reverse direction (518)
by an angle θ2 (520) so that the piston reaches to R1
(504) where compression force assists the forward rota-
tion.
[0031] In an implementation of the above method (not
claimed), the initial position of the piston includes any
position in the Region R2 and Region R3.
[0032] In an implementation of the above method (not
claimed), the starting position of R1 is typically displaced
by 190 to 220 degrees from exhaust top dead centre in
the direction of reverse rotation of the engine.
[0033] In an implementation of the above method (not
claimed), the value of the first predefined angle (θ1) for a
typical single cylinder engine ranges from 340 to 400
degrees.
[0034] In an implementation of the above method (not
claimed), the second predefined angle equals to θ1+ δ. In
an embodiment of the present invention, the value of δ for
a typical single cylinder engine ranges from 120 to 150
degrees.
[0035] In an implementation of the above method (not
claimed), the value of the third predefined angle (θ2) for a
typical single cylinder engine ranges from 550 to 600
degrees.

[0036] Fig. 6 illustrates a method (600) of starting an
internal combustion engine, in accordance with an em-
bodiment of the invention. When an engine start com-
mand is received (602) from the driver, the crankshaft is
rotated froman initial position in thedirectionof rotationof
the engine (forward direction) (604) by means of an
electromechanical device coupled to the crankshaft until
a top dead centre position is detected (606). If the top
dead centre position is not detected (610), the method
follows the step (612) to determine if the system para-
meter has reached its predefined value. According to an
embodiment of the present invention, if the top dead
center position is detected (606) first, a path C (614) is
followed. The path C (614) includes the following steps:
the crank shaft is rotated in a direction opposite to the
direction of rotation of the engine (reverse direction) by a
fourth predefined reverse rotational angle (618) so that
the piston reaches the reverse compression region. Ac-
cording to an embodiment of the present invention, if the
predefined system parameter is reached first (612), a
path D (618) is followed. The path D (618) includes the
following steps: the crankshaft is rotated in a direction
opposite to the direction of rotation of the engine (620)
until the topdeadcenter position isdetected (622).After a
top dead center position is detected, the crankshaft is
further rotated in a direction opposite to the direction of
the engine by a fourth predefined angle (616) so that the
piston reaches the reverse compression region. The
crankshaft is rotated in direction opposite to the direction
of rotation of the engine (forward direction) (624) from
reverse compression region to start engine. According to
an embodiment of the present invention, if the system
parameter is not detected (626), method reverts to (604).
According to an embodiment of the present invention, if
the TDC is not detected (628) when path D (618) is
followed, method reverts to (620).
[0037] According to an embodiment of the present
invention, if a top dead center position is detected first,
it may be indicative that the initial position of the piston is
in between compression top dead center position and
exhaust top dead center position. According to an em-
bodiment of the present invention, if a predefined system
parameter is reached first, it can imply that the initial
position of the piston is in between exhaust top dead
center position and compression top dead center posi-
tion.
[0038] Fig 7 illustrates is a representation (700) of the
starting torque requirement (702) of an Internal Combus-
tion enginewith respect to variousposition of thepiston in
the combustion cycle (704). As depicted in Fig 7, the
engine starting torque (702) is maximumat the compres-
sion TDC (706) which exponentially reduces and be-
comes minimum at exhaust TDC (708). From exhaust
TDC (708), engine starting torque (702) increases ex-
ponentially and becomesmaximumat compression TDC
(710).Stop region (712) is the regionof reverse compres-
sion in which the compression pressure of the cylinder
assists the crankshaft to rotate in forward direction. This
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stop region is locatedat anangleofθ3 (714) fromexhaust
TDC (708) when rotating in the reverse direction. For-
ward compression region (716) is the region where the
compression pressure of air fuel mixture inside the cy-
linder opposes the motion of the piston when the crank
shaft is rotating in thedirection of forward rotation (718) of
the engine
[0039] Fig 8 illustrates a representation (800) of start-
ing an internal combustion engine, given that the initial
position (802) of the piston is in between reverse com-
pression region(804) and exhaust top dead centre (806).
The crankshaft from the initial position (802) is rotated in
forward direction (808) with a predefined torque until a
TDC signal is detected (810) from the TDC sensor output
(812). The predefined torque is defined in a way that, it
cannot move the piston to the forward compression
region (814) in the forward direction. As the predefined
torque cannot bring the piston to forward compression
region (814), the detected TDC signal (810) must corre-
spond to the exhaust TDC (806). From this position, the
crankshaft is rotated in reverse direction (816) by an
angle θ3 (818) to reach stop region (820).
[0040] Fig 9 illustrates is a representation (900) of
starting an internal combustion engine , given that the
initial position (902) of the piston is in between exhaust
top dead centre (906) and forward compression re-
gion(908). As depicted in Fig 9, the crankshaft is rotated
in forward direction (910)with a predefined torque.As the
piston is located after the exhaust TDC (906), TDC signal
cannot be obtained. The system parameter will reach the
predefined limit (912) when the piston is driven to the
forward compression region (908). Thereafter, the crank-
shaft is rotated in reverse direction (914) until a TDC
signal is detected (916) is obtained via TDC sensor out-
put (918). As the crankshaft moves in the reverse direc-
tion from the forward compression region (908), the
detected TDC signal (916) must correspond to the ex-
haust TDC (906). The crank shaft is rotated from this
point in reverse direction (920) by an angle θ3 (922) to
reach the stop region (924).
[0041] In an embodiment of the present invention,
initial position of the piston includes anyposition between
the compression top dead centre and exhaust top dead
centre. In another embodiment of the present invention,
the initial position of the piston could include any position
between the exhaust top dead centre and compression
top dead centre.
[0042] In an embodiment of the present invention, the
system parameter is the current drawn by the electro-
mechanical device. In an embodiment of the present
invention, the system parameter is the duration for which
the crankshaft is rotated in the direction of rotation of the
engine by means of an electromechanical device
coupled to the crankshaft. In an embodiment of the pre-
sent invention, the system parameter is the duration for
which the crankshaft is rotated by the electromechanical
device in the direction of rotation of the engine so as to
move the piston from reverse compression region to

exhaust top dead centre at the condition of maximum
torque requirement.
[0043] In an embodiment of the present invention, the
value of the fourth predefined angle (θ3) for a typical
single cylinder engine ranges from 220 to 350 degrees.
[0044] In an embodiment of the present invention, the
method of starting the engine is initiated after the start
command is received from a driver.
[0045] In an embodiment of the present invention, the
internal combustion engine to which the method of the
present invention is applied, is a single cylinder engine. In
an embodiment of the present invention, the internal
combustion engine to which the method of the present
invention is applied, is an engine comprising at least two
cylinders.
[0046] In an embodiment of the present invention, the
internal combustion engine to which the method of the
present invention is applied is mounted on a vehicle with
at least about two wheels. In an embodiment of the
present invention, the internal combustion engine to
which the method of the present invention is applied is
mounted on a vehicle capable of moving on land, on or in
water, and in the air, or combinations thereof.

Claims

1. A method (600) of starting an internal combustion
engine comprising a single cylinder (106), a piston
(108) associated to the single cylinder (106), and a
crankshaft (110) coupled to the piston (108), an
electromechanical device (114) coupled to the
crankshaft (110) and to rotate the crankshaft (110)
either in forward direction or reverse direction, a
starter control unit (118) to control the rotation of
the said electromechanical device (114), a sensor
unit (116) comprising of a sensor to detect theTDCof
the said internal combustion engine and a sensor to
measure a system parameter,

wherein thesystemparameter is selected froma
group consisting of a current drawn by the elec-
tromechanical device (114) or a duration for
which the crankshaft (110) is rotated in thedirec-
tion of rotation of the engine by the electrome-
chanical device (114);
the method comprising the steps of:

receiving an engine start command (602);
rotating the crankshaft (110) from an initial
position in the direction of rotation of the
engine (604) by means of the electrome-
chanical device (114) coupled to the crank-
shaft (110), until the piston (108) reaches
top dead centre (TDC) position (606), or a
system parameter reaches a predefined
threshold value (612);
following a path C (614) or a path D (618),

5

10

15

20

25

30

35

40

45

50

55



7

11 EP 3 837 436 B1 12

wherein the path C is followed when the
piston (108) reaches-top dead centre
(TDC) position (606) and the path D is fol-
lowed when the system parameter reaches
the predefined threshold value (612),
wherein thepathC (614) comprises rotating
the crankshaft (110) in a direction opposite
to the direction of rotation of the engine by
means of the electromechanical device
(114) coupled to the crankshaft (110) by a
fourth predefined angle (616) with respect
to TDC, so that the piston (108) reaches the
region of reverse compression andwherein
the path D (618) comprises rotating the
crankshaft (110) in a direction opposite to
the direction of rotation of the engine (620)
by means of the electromechanical device
(114) coupled to the crankshaft (110), until-
the piston reaches top dead centre position
(622), and then rotating thecrankshaft (110)
further opposite to thedirection of rotationof
the engine by means of the electromecha-
nical device (114) coupled to the crankshaft
(110) by the fourth predefined angle (616)
with respect to TDC so that the piston (108)
reaches the region of reverse compression;
and,
rotating the crankshaft (110) in the direction
of rotation of the engine (624) by means of
the electromechanical device (114) coupled
to the crankshaft (110) to start the engine
after execution of the path C or the path D.

2. Themethod of Claim 1, wherein the crankshaft (110)
from an initial position in the direction of rotation of
the engine by means of the electromechanical de-
vice (114) coupled to the crankshaft (110), with a
predefined torque.

3. The method of Claim 1, wherein the internal com-
bustion engine further comprises of an engine con-
trol unit (112) which is configured to control the
rotation of the said crankshaft (110) by means of
said electromechanical device (114) by the fourth
predefined angle.

4. The method of Claim 1, wherein the electromecha-
nical device (114) is an integrated starter generator.

Patentansprüche

1. Verfahren (600) zum Starten eines Verbrennungs-
motors, das Folgendes umfasst einen einzelnen
Zylinder (106), einen dem einzelnen Zylinder (106)
zugeordnetenKolben (108)undeinemit demKolben
(108) gekoppelte Kurbelwelle (110), eine mit der
Kurbelwelle (110) gekoppelte elektromechanische

Vorrichtung (114), um die Kurbelwelle (110) entwe-
der in Vorwärts‑ oder Rückwärtsrichtung zu drehen,
eineStarter-Steuereinheit (118), umdieDrehungder
elektromechanischen Vorrichtung (114) zu steuern,
eine Sensoreinheit (116), die einen Sensor zur Er-
fassung desOTdesVerbrennungsmotors und einen
Sensor zur Messung eines Systemparameters um-
fasst,
wobei der Systemparameter aus einer Gruppe aus-
gewählt wird, die aus einem Strom, der von der
elektromechanischen Vorrichtung (114) aufgenom-
men wird, und einer Dauer, für die die Kurbelwelle
(110) durch die elektromechanische Vorrichtung
(114) in der Drehrichtung des Motors gedreht wird,
besteht; wobei das Verfahren die folgenden Schritte
umfasst:

Empfang eines Motorstartbefehls (602);
Drehen der Kurbelwelle (110) aus einer Aus-
gangsposition in Drehrichtung des Motors
(604) mittels der mit der Kurbelwelle (110) ge-
koppelten elektromechanischen Vorrichtung
(114), bis der Kolben (108) die Position des
oberen Totpunkts (TDC) (606) erreicht, oder
ein Systemparameter einen vordefinierten
Schwellenwert (612) erreicht;
Verfolgen eines Pfades C (614) oder eines
Pfades D (618), wobei der Pfad C verfolgt wird,
wenn der Kolben (108) die Position des oberen
Totpunktes (TDC) (606) erreicht, und der PfadD
verfolgt wird, wenn der Systemparameter den
vordefiniertenSchwellenwert (612)erreicht,wo-
bei der Pfad C (614) das Drehen des Kurbel-
welle (110) in einer der Drehrichtung desMotors
entgegengesetzten Richtung mittels der elekt-
romechanischen Vorrichtung (114), die mit der
Kurbelwelle (110) gekoppelt ist, um einen vier-
ten vordefiniertenWinkel (616) in Bezug auf den
OT, so dass der Kolben (108) den Bereich der
umgekehrten Kompression erreicht und wobei
der Weg D (618) das Drehen der Kurbelwelle
(110) in einer Richtung entgegengesetzt zur
Drehrichtung desMotors (620)mittels der elekt-
romechanischen Vorrichtung (114), die mit der
Kurbelwelle (110) gekoppelt ist, umfasst, bis der
Kolben die Position des oberen Totpunktes
(622) erreicht, und dann das Drehen die Kurbel-
welle (110) weiter entgegengesetzt zur Dreh-
richtung desMotors mittels der elektromechani-
schenVorrichtung (114), diemit der Kurbelwelle
(110) gekoppelt ist, um den vierten vordefinier-
ten Winkel (616) in Bezug auf den OT umfasst,
so dass der Kolben (108) den Bereich der um-
gekehrten Kompression erreicht; und Drehen
der Kurbelwelle (110) in der Drehrichtung des
Motors (624) mittels der mit der Kurbelwelle
(110) gekoppelten elektromechanischen Vor-
richtung (114), um den Motor nach Ausführung
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des Pfades C oder des Pfades D zu starten.

2. Verfahren nach Anspruch 1, wobei die Kurbelwelle
(110) von einer anfänglichen Position in der Dreh-
richtung des Motors mittels der elektromechani-
schen Vorrichtung (114), die mit der Kurbelwelle
(110) gekoppelt ist, mit einem vordefinierten Dreh-
moment gedreht wird.

3. Verfahren nach Anspruch 1, wobei der Verbren-
nungsmotor ferner umfasst eine Motorsteuereinheit
(112), die so konfiguriert ist, dasssiedieDrehungder
Kurbelwelle (110)mit Hilfe der elektromechanischen
Vorrichtung (114) umden vierten vordefiniertenWin-
kel steuert.

4. Verfahren nach Anspruch 1, wobei die elektrome-
chanische Vorrichtung (114) ein integrierter Starter-
generator ist.

Revendications

1. Procédé (600) dedémarraged’unmoteur à combus-
tion interne comprenant un un cylindre unique (106),
un piston (108) associé au cylindre unique (106), et
un vilebrequin (110) couplé au piston (108), un dis-
positif électromécanique (114) couplé au vilebrequin
(110) et permettant de faire tourner le vilebrequin
(110) soit en direction avant, soit en direction arrière,
et de faire tourner le vilebrequin (110) soit en direc-
tion avant, soit en direction arrière faire tourner le
vilebrequin (110) soit en marche avant, soit en mar-
che arrière,

une unité de commande du démarreur (118)
pour commander la rotation dudit dispositif élec-
tromécanique (114), une unité de capteurs (116)
comprenant un capteur pour détecter le PMH
dudit moteur à combustion interne et un capteur
pour mesurer un paramètre du système,
dans lequel le paramètre du système est choisi
dans un groupe constitué d’un un courant
consommé par le dispositif électromécanique
(114) ou
une durée pendant laquelle
le vilebrequin (110) est tourné dans le sens de
rotation du moteur par le dispositif électromé-
canique (114) ;
le procédé comprenant les étapes de :

recevoir une commande de démarrage du
moteur (602);
faire tourner le vilebrequin (110) à partir
d’une position initiale dans le sens de rota-
tion dumoteur (604) au moyen du dispositif
électromécanique (114) couplé au vilebre-
quin (110), jusqu’à ce que le piston (108)

atteigne la position du point mort haut
(PMH) (606), ou qu’un paramètre du sys-
tème atteigne une valeur seuil prédéfinie
(601), ou qu’un paramètre du système at-
teigne une valeur seuil prédéfinie (601) va-
leur seuil prédéfinie (612) ;
suivre une trajectoire C (614) ou une trajec-
toire D (618), la trajectoire C étant suivie
lorsque le piston (108) atteint la position de
pointmort haut (606) et la trajectoireDétant
suivie lorsque le paramètre du système at-
teint la valeur seuil prédéfinie (612), la tra-
jectoire C (614) consistant à faire tourner le
vilebrequin (110) jusqu’à ce que le piston
(108) atteigne la position de point mort haut
(606), ou qu’un paramètre du système at-
teigne une valeur seuil prédéfinie (612); et
vilebrequin (110) dans une direction oppo-
sée au sens de rotation du moteur au
moyen de l’électromécanique. moteur au
moyen du dispositif électromécanique
(114) couplé au vilebrequin (110) d’un qua-
trième angle prédéfini (616) par rapport au
PMH, de sorte que le piston (108) atteigne
la zone de compression inverse et que le
piston (108) atteigne la zone de compres-
sion inverse et que le piston (108) atteigne
la zone de compression inverse et que le
piston (108) atteigne la zone de compres-
sion inverse dans lequel le chemin D (618)
comprend la rotation du vilebrequin (110)
dans une direction opposée au sens de
rotation du moteur (620) au moyen du dis-
positif électromécanique (114) couplé au
vilebrequin (110), jusqu’à ce que le piston
atteigne la position depointmort haut (622),
puis la rotation du vilebrequin (110) dans
une direction opposée au sens de rotation
dumoteur (620) le vilebrequin (110) dans le
sens opposéà celui de la rotation dumoteur
au moyen du dispositif électromécanique
(114) couplé au vilebrequin (110) du qua-
trième angle prédéfini (616) par rapport au
PMH, de sorte que le piston (108) atteigne
la zone de compression inverse ; et, faisant
tourner le vilebrequin (110) dans le sens de
rotation du moteur (624) au moyen du dis-
positif électromécanique (114) couplé au
vilebrequin (110) pour le vilebrequin (110)
pour démarrer le moteur après l’exécution
de la voie C ou de la voie D.

2. Procédé de la revendication 1, dans lequel le vile-
brequin (110), à partir d’une position initiale dans le
sens de rotation du moteur (110), peut être mis en
marche position initiale dans le sens de rotation du
moteur au moyen du dispositif dispositif électromé-
canique (114) couplé au vilebrequin (110), avec un
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couple prédéfini.

3. Procédé de la revendication 1, dans lequel lemoteur
à combustion interne comprend en outre comprend
enoutreuneunité decontrôledumoteur (112) qui est
configurée pour contrôler la rotation dudit vilebre-
quin (110) au moyen dudit dispositif électroméca-
nique (114) selon le quatrième angle prédéfini.

4. Procédé de la revendication 1, dans lequel le dis-
positif électromécanique (114) est un générateur de
démarrage intégré générateur de démarrage inté-
gré.
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