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CONTROL SYSTEM OF INTERNAL COMBUSTION ENGINE
FIELD OF INVENTION

[0001] The present invention relates to internal combustion engines and, more

particularly, to a control system for an internal combustion engine.
BACKGROUND

[0002] In the interest of improving the efficiency and emission related performance
of internal combustion engines, direct cylinder injection systems have evolved. By
injecting fuel directly into the combustion chamber or inlet manifold of the internal
combustion engine, a number of advantages can be accomplished. One of these

advantages it the ability to run the engine on less than stoichiometric mixture.

[0003] In various types of engines, for example, in single cylinder internal
combustion engines, the ignition systems are controlled by a control unit. The control
unis controls movement of the crank shaft and firing of the ignition system. As such, the
control unit controls the movement of the crank shaft and the firing of the ignition system,
such that the ignition system is caused to fire during forward rotation of the crank shaft,
i.e., when piston in moving from TDC to BDC. The control unit also ensures that the
ignition from the ignition system is resisted during the period of reverse rotation of the

crank shaft, i.e., when piston in moving from BDC to TDC.

[0004] However, in certain types of engines, for example, where the control unit
controls the ignition system, whereas a separate controller, such as an ISG ACG
controller, controls the movement of the crank shaft, it often becomes difficult to ensure
that the ignition from the ignition system is resisted during the period of reverse rotation

of the crank shaft.
SUMMARY

[0005] In one aspect of the present invention, a vehicle is provided. The vehicle
comprises an internal combustion engine and a control system. The internal combustion
engine comprises a combustion chamber defined by a cylinder head and a crankcase. The

internal combustion engine also a crankshaft disposed within the crankcase. The internal

SUBSTITUTE SHEETS (RULE 26)
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combustion engine further comprises a spark plug positioned within the combustion
chamber for firing a charge therein. The internal combustion engine comprises an intake
manifold and an exhaust manifold fluidically coupled to the combustion chamber. The
internal combustion engine further comprises an rotary electric machine configured to,
at a time of engine start, act as a starter motor that causes a crankshaft of an internal
combustion engine to rotate. The internal combustion engine comprises a manifold
absolute pressure sensor disposed within the intake manifold. The MAP sensor is
configured to detect pressure within the intake manifold. The internal combustion engine
also comprises a crank angle sensor provided with the ISG. The crank angle sensor is
configured to detect angular position and engine rpm of the crankshaft of the internal
combustion engine. The control system configured to control the internal combustion
engine. The control system comprises an electronic control unit in electronic
communication with the MAP sensor, the crank angle sensor. The electronic control unit
is configured to receive an output from each of the MAP sensor and the crank angle
sensor, to determine rotational direction of the crank shaft based on the output from each

of the MAP sensor and the crank angle sensor.

[0006] In an embodiment, the electronic control unit is further configured to
selectively allow and restrict firing of the spark plug in response to determination of the
rotational direction of the crank shaft. In an embodiment, the rotary electric machine is
mounted on the crankshaft and comprises at least one reference tooth, wherein the at least
one reference tooth is indicative of a predetermined position on the crank shaft and a
plurality of teeth positioned angularly along circumference of the rotary electric machine.
Each teeth of the plurality of teeth from the reference tooth indicates predetermined

angular positions of the crank shaft.

[0007] In an embodiment, the reference tooth has a predetermined profile or is in
form of absence of a tooth. In an embodiment, the MAP sensor generates a voltage signal
in response to the sensed pressure in the intake manifold and the crank angle sensor
generates a voltage signal indicative of the angular position of the crank shaft. The
voltage signal generated by the MAP sensor and the crank angle sensor are

communicated to the electronic control unit.
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[0008] In an embodiment, the crankshaft is rotating in first rotational direction (D1)
if the voltage generated by the MAP sensor at the predetermined timing of the PIP signal
is above a predetermined threshold value stored within the electronic control unit. In an
embodiment the crank angle sensor generates a profile ignition pickup (PIP) signal

indicative of the angular position of the crank shaft.

[0009] In an embodiment the rotational direction of the crank shaft is determined
by the electronic control unit based on the voltage signal of the MAP sensor at a
predetermined angular position of the crank shaft. In an embodiment, the predetermined
angular position of the crank shaft is the first tooth of plurality of teeth after the reference
tooth. In an embodiment the crank shaft is rotating in first rotational direction (D1) if the
voltage generated by the MAP sensor at the predetermined angular position of the

crankshaft is above a predetermined threshold value stored in the electronic control unit.

[00010] In an embodiment the crank shaft is rotating in second rotational direction
(D2) if the voltage generated by the MAP sensor at the predetermined angular position
of the crankshaft is below a predetermined threshold value stored in the electronic control
unit. In an embodiment, the first rotational direction (D1) is reverse direction and the
second rotational direction (D2) is forward direction. In an embodiment the rotary
electric machine is integrated starter generator (ISG). In an embodiment the crank angle
sensor is a pulsar coil. In an embodiment the crank angle sensor is a Hall Effect sensor.
In an embodiment the electronic control unit (ECU) does not allow firing of the spark

plug till it determines the rotational direction of the crankshaft.

[00011] In an embodiment the rotational direction of the crank shaft is determined
by the electronic control unit based on first voltage signal of the MAP sensor at a first
predetermined angular position of the crank shaft and a second voltage signal of the MAP

sensor at a second predetermined angular position of the crank shaft.

[00012] In an embodiment the crank shaft is rotating in first rotational direction (D1)
if the first voltage generated by the MAP sensor at the first predetermined angular
position of the crankshaft and the second voltage generated by the MAP sensor at the
second predetermined angular position of the crankshaft is above a predetermined

threshold value stored in the electronic control unit; and the crank shaft is rotating in
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second rotational direction if the first voltage generated by the MAP sensor at the first
predetermined angular position of the crankshaft and the second voltage generated by the
MAP sensor at the second predetermined angular position of the crankshaft is below a

predetermined threshold value stored in the electronic control unit.

[00013] In another aspect of the present invention, a method of controlling an
internal combustion engine by a control system is provided. The method comprises
sensing air pressure in an intake manifold via a manifold absolute pressure (MAP) sensor;
generating a MAP voltage signal representative of the sensed air pressure; sensing
angular position of a crank shaft of the internal combustion engine via a crank angle
sensor; generating a voltage signal representative of the angular position of the crank
shaft; and determining rotational direction of the crank shaft by an electronic control
unit, based on the generated MAP voltage signal at a predetermined position of the crank

shaft.

[00014] In an embodiment, the electronic control unit controls the sparking of the
spark plug based on the determined rotational direction of the crank shaft. In an
embodiment, the crank shaft is rotating in first rotational direction (D1) if the voltage
generated by the MAP sensor at the predetermined position of the crankshaft is above a
predetermined threshold value stored in the electronic control unit, wherein the electronic
control unit restricts the sparking of the spark plug, when first rotational direction (D1)

rotation of the crank shaft 1s determined.

[00015] In an embodiment, the crank shaft is rotating in second rotational direction
(D2) if the voltage generated by the MAP sensor at the predetermined position of the
crankshaft is below a predetermined threshold value stored within the electronic control
unit, wherein the electronic control unit allows the sparking of the spark plug, when

second rotational direction (D2) rotation of the crank shaft is determined.
BRIEF DESCRIPTION OF DRAWINGS

[00016] The invention itself, together with further features and attended advantages,
will become apparent from consideration of the following detailed description, taken in

conjunction with the accompanying drawings. One or more embodiments of the present
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invention are now described, by way of example only wherein like reference numerals

represent like elements and in which:

[00017] Figure 1 illustrates a side view of an exemplary two-wheeled vehicle,

according to an embodiment of the present invention;

[00018] Figure 2 illustrates a perspective view of a frame of the exemplary two-

wheeled vehicle, in accordance with an embodiment of the present invention,;

[00019] Figure 3 illustrates a schematic view of a control system and an internal
combustion engine of a vehicle, in accordance with an embodiment of the present

invention;

[00020] Figure 4 illustrates a graph of parameters of the internal combustion engine,

in accordance with an embodiment of the present invention;

[00021] Figure 5 illustrates a graph of parameters of the internal combustion engine,

in accordance with an embodiment of the present invention;

[00022] Figure 6 illustrates a method of controlling the internal combustion engine

by the control system, according to an embodiment of the present invention.

[00023] The drawings referred to in this description are not to be understood as being
drawn to scale except if specifically noted, and such drawings are only exemplary in

nature.

DETAILED DESCRIPTION

[00024] While the invention is susceptible to various modifications and alternative
forms, an embodiment thereof has been shown by way of example in the drawings and
will be described here below. It should be understood, however that it 1s not intended to
limit the invention to the particular forms disclosed, but on the contrary, the invention is
to cover all modifications, equivalents, and alternative falling within the spirit and the

scope of the invention.
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[00025] The term “comprises”, comprising, or any other variations thereof, are
intended to cover a non-exclusive inclusion, such that a setup, structure or method that
comprises a list of components or steps does not include only those components or steps
but may include other components or steps not expressly listed or inherent to such setup
or structure or method. In other words, one or more elements in a system or apparatus
proceeded by “comprises... a” does not, without more constraints, preclude the existence

of other elements or additional elements in the system or apparatus.

[00026] For better understanding of this invention, reference would now be made to
the embodiment illustrated in the accompanying Figures and description here below,
further, in the following Figures, the same reference numerals are used to identify the

same components in various views.

[00027] In one aspect of the present invention, a control system of an internal
combustion engine is illustrated. The internal combustion engine includes at least one
combustion chamber, an inlet manifold communicating to the combustion chamber, a
fuel injector for injecting fuel directly into the combustion chamber, and at least one spark
plug positioned on the combustion chamber for firing a charge therein. The control
system includes a MAP sensor disposed on the inlet manifold, the MAP sensor being
configured to measure the inlet manifold pressure; a crank angle sensor configured to
determine a position of a crank shaft of the internal combustion engine; a control module
adapted to receive output from each of the MAP sensor and the crank angle sensor to
determine a reverse rotation of the crank shaft.; and an ignition system interfaced with
the control module and the spark plug, wherein the control system restricts firing of the

spark plug by ignition system during reverse rotation of the crank shaft.

[00028] While the present invention is illustrated in the context of a vehicle,
however, control system & internal combustion engine and aspects and features thereof
can be used with other type of vehicles as well. The terms “vehicle”, “two-wheeled
vehicle” and “motorcycle” have been interchangeably used throughout the description.
The term “vehicle” comprises vehicles such as motorcycles, scooters, bicycles, mopeds,

scooter type vehicle, All-Terrain Vehicles (ATV) and the like.
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[00029] The terms “front / forward”, “rear / rearward / back / backward”, “up / upper
/ top”, “down / lower / lower ward / downward, bottom”, “left / leftward”, “right /
rightward” used therein represents the directions as seen from a vehicle driver sitting

astride and these directions are referred by arrows Fr, Rr, U, Lr, L, R in the Figures.

[00030] Referring to Figures 1, a vehicle (10) according to an embodiment of the
present invention is illustrated. The vehicle (10) referred to herein, embodies a two
wheeled motorcycle. Alternatively, the vehicle (10) may embody any other ridden
vehicles such as scooters, three-wheeled vehicles, All-Terrain Vehicles (ATV) etc.

without limiting the scope of the invention.

[00031] The vehicle (10) comprises one or more body parts, such as a frame (12), a
handle bar (14), a front wheel (16), a seat (18), a rear wheel (20), an internal combustion
engine (22), a headlight (24), and a fuel tank (26). The frame (12) supports the internal
combustion engine (22) (herein after alternatively referred to as engine (22)) in middle
portion of the vehicle (10). In the illustrated example, the engine (22) provides necessary
power required to drive the rear wheel (20) of the vehicle (10). Alternatively, the engine
(22) may provide necessary power to the drive the front wheel (16), or both the front
wheel (16) and the rear wheel (20) simultaneously, without limiting the scope of the
invention. The rear wheel (20) is linked to the engine (22) through a transmission

mechanism (not numbered).

[00032] The frame (12) supports the seat (18) which extends from middle portion
towards a rear portion (28) of the vehicle (10). The seat (18) provides seating for a rider
and / or a passenger of the vehicle (10). The fuel tank (26) provides necessary fuel to the

engine (22) to generate power within the vehicle (10).

[00033] As shown in Figure 2, the frame (12) of the vehicle (10) comprises the head
pipe (30), a main frame (32), and a down frame (34). The main frame (32) extends
downwards and rearwards from a rear portion of the head pipe (30) so as to form a
relatively mild slope in side view. The down frame (34) extend downward and rearward
in a manner branching into left and right, respectively, so as to form a relatively steep

slope in side view. The frame (12) comprises a pair of lower frames (36). The pair of
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lower frames (36) are curved to extend rearwardly from lower ends of the down frame

(34).

[00034] Further, the frame (12) comprises a pair of middle frames (38). The pair of
middle frames (38) extend downward and rearward from a main frame cross bar (40).
The frame (12) comprises a mount bracket (42) coupled to the front side of lower portions
of the pair of middle frames (38). Further, the frame (12) further comprises a pair of sub
frame members (50). In an embodiment, the pair of sub frame members (50) are
embodied as a pair of seat frames are disposed rearward of the upper ends of the pair of

respective middle frames (38). The frame (12) also supports the engine (22).

[00035] As shown in Figure. 3, a system (300), also referred to as a control system
(300) for controlling the engine (22) is illustrated. The engine (22), also interchangeably
referred to as “internal combustion engine (22),” includes a crank case (52), a cylinder
(54) connected to the crank case (52) and a head portion (56) (also referred to as cylinder
head (56)) connected to the crank case (52). In alternative embodiments of the present
disclosure, the internal combustion engine (22) includes a multitude of cylinders, such as
the cylinder (54), positioned in-line or at an angle with respect to one another. The crank
case (52) encloses a crank shaft (58) which is connected to a connecting rod (60). The
connecting rod (60) is connected to a piston (62) enclosed within the cylinder (54). The
piston (62) 1s configured to move within the cylinder (54) causing the crank shaft (58) to
rotate. As such, the piston (62) moved between a TDC (Top Dead Center) position and a
BDC (Bottom Dead Center) position thereof, to rotate the crank shaft (58) along its
rotational axis (not illustrated). Alternatively, where the internal combustion engine (22)
includes a plurality of cylinders, there may be plurality of pistons, such as the piston (62),
reciprocating within the respective plurality of cylinders, and connected to the crank shaft

(58).

[00036] In an embodiment, the internal combustion engine (22) includes an inlet
portion (302) and an exhaust portion (304), mounted on the cylinder (54). Specifically,
the inlet portion (302), also referred to as “inlet manifold (302)” and the exhaust portion

(304) also referred to as “exhaust manifold (304)” 1s connected to a top portion of the
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cylinder (54), i.e., the head portion (56). The inlet manifold (302) and the exhaust
manifold (304) are fluidically coupled to the combustion chamber (64).

[00037] As illustrated in Figure. 3, the internal combustion engine (22) further
includes a butterfly valve (306), a MAP sensor (308), a fuel injector (312) and an inlet
valve (314). The inlet portion (302) defines a channel extending up to the cylinder (54)
of the internal combustion engine (22). The channel defined by the inlet portion (302)
opens into a combustion chamber (64), via the inlet valve (314). The butterfly valve (306)
is positioned within the inlet portion (302). The butterfly valve (306), through its open
and closed position, allows and restricts entry of air. As such, the butterfly valve (306) in
the open position allows the entry of air, and in the closed position restricts entry of air.
In the illustrated example, the control system (300) comprises an Electronic Control Unit
(ECU) (310). In another example, the internal combustion engine (22) comprises an
Electronic Control Unit (ECU) (310) and 1s electronically and electrically coupled to the
control system (300) of the vehicle (100), without any limitations.

[00038] The MAP sensor (308), also referred to as “Manifold Absolute Pressure
sensor (308),” 1s positioned onto the channel defined by the inlet portion (302). The MAP
sensor (308) is electrically coupled to the ECU (310). In an embodiment, the MAP sensor
(308), includes a probe (not numbered) positioned within the inlet portion (302), a sensor
voltage output connector (not numbered) extending from the probe to the ECU (310), a
ground connector (not numbered) extending from the probe to the ECU (310) and a
power supply connector (not numbered), extending from the probe to the ECU (310).

[00039] The MAP sensor (308) generates a voltage signal in response to the sensed
pressure within the intake manifold (302). More particularly, the probe of the MAP sensor
(308) is adapted to measure pressure within the inlet portion (302), and provide a
corresponding output to the ECU (310). In an embodiment, the probe of the MAP sensor
(308) 1s adapted to measure pressure within the inlet portion (302), and provide a
corresponding voltage output to the ECU (310). The fuel injector (312) positioned
adjacent to the MAP sensor (308) is connected to a fuel pump (not shown) and a fuel
filter (316). The fuel injector (312) supplies fuel to the inlet portion (302), from the fuel
pump and fuel filter (316), when commended by the ECU (310). Therefore, the fuel
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injector (312) is interfaced with the ECU (310). The inlet valve (314) is positioned
upstream of the fuel injector (312), and also the butterfly valve (306). The inlet valve
(314) selectively opens into the combustion chamber (64). When the inlet valve (314) is
open, intake from the butterfly valve (308), and the fuel injector (312) is allowed to enter
the combustion chamber (64). Likewise, when the inlet valve (314) is closed, the intake
from the butterfly valve (308), and the fuel injector (312) is disallowed from entering the

combustion chamber (64).

[00040] As would be apparent to those skilled in the art, when the intake, also
referred to as “charge,” is received into the combustion chamber (64), and when a spark
plug (318) creates a spark, which is caused by an ignition system (319) controlled by a
controller, or the ECU (310), the ignition of the charge takes place, within the combustion
chamber (64). The ignition of the charge within the combustion chamber (64), causes the
piston to move back, and subsequently burnt gases are expelled from the combustion
chamber (64), via an exhaust valve (320) positioned within the exhaust portion (304) of
the internal combustion engine (22). In an embodiment, an O2 sensor (not numbered) is

provided on the exhaust portion (304), adjacent to the exhaust valve (320).

[00041] As shown in Figure. 3, the internal combustion engine (22) further includes
a rotary electric machine (322). In an example, the rotary electric machine may be an
Integrated Starter Generator (ISG) (322). In an embodiment, the Integrated Starter
Generator (322) may be an ISGACG. In particular, the Integrated Starter Generator (322)
is connected to the crank shaft (58) of the internal combustion engine (22). The Integrated
Starter Generator (322) 1s in communication with an ISG controller (324). The ISG
controller (324), is adapted to operate the Integrated Starter Generator (322), 1.e., adapted
to cause the Integrated Starter Generator (322) to function interchangeably as a starter or
a generator. It may be apparent to those skilled in that art that while operating as the
generator, the Integrated Starter Generator (322) receives power from the crank shaft (58)
of the internal combustion engine (22), and generates electrical energy. On the other
hand, while working as the starter, the Integrated Starter Generator (322) provides
rotational movement to the crank shaft (58), to facilitate combustion within the

combustion chamber (64) of the internal combustion engine (22).

10
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[00042] The internal combustion engine (22) further includes a pulsar wheel (not
shown) having a plurality of teeth (326) (herein after alternatively referred to as PIPs
(326)). In the illustrated example, the pulsar wheel having the plurality of teeth (326) is
disposed on the ISG (322). In another example, the pulsar wheel having the plurality of
teeth (326) are disposed on the crank shaft (58), without limiting the scope of the
invention. The plurality of teeth (326) of the Integrated Starter Generator (322), in an
example, are embodied as a predefined number of metallic projections provided in an
equally spaced apart manner on an external peripheral surface of the Integrated Starter
Generator (322). The plurality of teeth (326) are equally spaced apart angularly along
circumference of the pulsar wheel. The pulsar wheel comprises a missing tooth in the
areas of greater angular separation between the plurality of teeth (326). In an alternative
embodiment, the missing tooth is embodied as a reference tooth. The missing tooth is
indicative of a predetermined position on the crank shaft (58) and each the teeth of the
plurality of teeth (326) positioned from the missing tooth indicates various predetermined
angular positions of the crank shaft (58). In an example, the predefined number of
metallic projections on an external peripheral surface of the Integrated Starter Generator
(322) are “18 — 17 in number. Therefore, in such an embodiment, there are 17 teeth,
followed by a gap, i.e., a missing tooth. In another example, the predefined number of
metallic projections on an external peripheral surface of the Integrated Starter Generator
(322) are “22 — 1,” in number. Therefore, in such an embodiment, there are 21 teeth,
followed by a gap, i.e., the missing tooth. The internal combustion engine (22) further
includes a sensor (328) for measuring position of crank shaft (58). In an embodiment, the

sensor (328) for measuring position of the crank shaft (58) may be a crank angle sensor.

[00043] In an embodiment, the sensor (328) for measuring position of crank shaft
(58) is positioned on the external peripheral surface of the Integrated Starter Generator
(322). The sensor (328) 1s positioned on the external peripheral surface of the Integrated
Starter Generator (322) such that the sensor (328) senses every time a pip passes from its
vicinity and accordingly generates a pulse. Similarly, every time the gap passes from the
vicinity of the sensor (328), the pulse is not generated. Therefore, in an embodiment
where the predefined number of metallic projections on an external peripheral surface of

the Integrated Starter Generator (322) are “18 — 17 in number, during movement of the

11
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Integrated Starter Generator (322), the sensor (328) generates 17 pulses followed by a
gap with every complete rotation of the Integrated Starter Generator (322). It may herein
be noted that the sensor (328) is configured to generate pulses irrespective of direction
of rotation of Integrated Starter Generator (322), being 1n a first rotational direction (D1)
or a second rotational direction (D2). In the illustrated example, the first rotational
direction (D1) 1s reverse direction and the second rotational direction (D2) 1s forward
direction. In the illustrated example, the forward and reverse directions may be clockwise

or counter clockwise directions, according to requirements and engine configurations.

[00044] The sensor (328) is electrically connected to the ECU (310). Owing to such
connectional of the sensor (328) with the ECU (310), the measurements of pulses and
lack thereof, 1s communicated to the ECU (310). In an embodiment, the sensor (328) for
measuring the position of the crank shaft (58) of the engine (22) may be a pulsar coil.
Alternatively, the sensor (328) for measuring the position of the crank shaft (58) of the

engine (22) may be a HAL effect sensor, also known as HAL sensor.

[00045] As illustrated in Figure. 3, the control system (300) includes the MAP sensor
(308), the crank angle sensor (328), and the ECU (310) in communication with each of
the MAP sensor (308), and the crank angle sensor (328). Therefore, the ECU (310), also
referred to as a control module (310) is configured to receive inputs pertaining to pressure
at the intake portion (302), as measured by the MAP sensor (308). Likewise, the control
module (310) s configured to receive inputs pertaining to angular position of the crank
shaft (58), as measured by the crank angle sensor (328). The MAP sensor (308) generates
a voltage signal in response to the sensed pressure within the intake manifold (302) and
the crank angle sensor (328) generates a profile ignition pickup (PIP) signal indicative of
the angular position of the crank shaft (58). The voltage signal generated by the MAP

sensor (308) and the PIP signal are communicated to the electronic control unit (310).

[00046] Referring now to Figure. 4 and Figure. 5, graphs showing values of output
from the MAP sensor (308), and the output from the crank angle sensor (328), are
illustrated. The output from the MAP sensor (308) is directly proportional to absolute
pressure of intake manifold (302). Therefore, the output from the MAP sensor (308) is

indicative of the absolute pressure of the intake manifold (302). As shown in Figure. 4
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and Figure. 5, a MAP sensor output line (330), indicates the MAP sensor voltage. When
the vehicle (10) 1s turned on and operated, the pressure at the intake manifold (302)
changes, and accordingly the output of the MAP sensor (308), as indicted by the MAP

sensor output line (330), also changes.

[00047] The control module (310) is interfaced with the MAP sensor (308) to receive
the output thereof to ascertain when the voltage, and thus the pressure, at the intake
manifold (302) 1s above a predetermined threshold value. In another embodiment, the
control module (310) is adapted to ascertain when the pressure at the inlet manifold is
below the predetermined threshold value. In yet another embodiment, the control module
(310) 1s adapted to ascertain when the pressure at the inlet manifold i1s within a
predetermined threshold range. In an example, the control module (310) is adapted to
ascertain that the voltage corresponding to pressure at the inlet manifold (302) is above

2.77 volts.

[00048] The output of the crank angle sensor (328) is in the form of pulses and is
indicated by a crank sensor pulse line (332), illustrated in Figure. 4, and Figure. 5. When
the vehicle (10) is turned on and operated, the position of the crank shaft (58) changes,
and the crank angle sensor (328), senses every time the pip passes from its vicinity and
accordingly generates a pulse. Similarly, every time the gap passes from the vicinity of
the sensor (328), the pulse is not generated. The control module (310) 1s also interfaced
with the crank angle sensor (328) to receive the output thereof. Based on the output of
the crank angle sensor (328), and the MAP sensor (308), the control module (310)
determines direction of rotation of the crank shaft (58). More particularly, the rotational
direction of the crank shaft (58) is determined by the electronic control unit (310) based
on the voltage signal generated by the MAP sensor (308) at any predetermined timing
related to the PIP signal indicative of the angular position of the crank angle sensor (328).
The control module (310) determines that the crank shaft (58) is rotating in first rotational
direction (D1) if the voltage generated by the MAP sensor (308) at the predetermined
timing of the PIP signal is above a predetermined threshold value stored within the
electronic control unit (310). The control module (310) determines that the crank shaft

(58) 1s rotating in second rotational direction (D2) if the voltage generated by the MAP
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sensor (308) at the predetermined timing of the PIP signal is below a predetermined
threshold value stored within the electronic control unit (310). The predetermined timing
of the PIP signal is selected from any one of the predetermined angular positions of the
crank shaft (58), wherein the angular position of crank shaft (58) is indicated by the
plurality of teeth (326).

[00049] In an embodiment, based on the output of the crank angle sensor (328), and
the MAP sensor (308), the control module (310) determines reverse rotation of the crank
shaft (58). The control module (310) being also interfaced with the injection system, 1s
adapted to restricts firing of the spark plug (318) by ignition system (319) during reverse
rotation of the crank shaft (58).

[00050] In an embodiment, the control module (310) determines that the direction
of rotation of the crank shaft (58) is forward direction, when the output from the MAP
sensor (308) is above a predetermined threshold, and a gap in pulses of output of the
crank angle sensor (328) is sensed. For example, when the control module (310) senses
that the output from the MAP sensor (308) is above about 2.77 Volts, and the first pulse
after the gap, 1s sensed by the crank angle sensor (328), the control module (310)
ascertains that the crank shaft (58) is undergoing a reverse rotation. In other examples,
the control module (310) ascertains, if ADC Value @ First Pip < Reference Voltage (say
2.5V), that the engine (22) 1s rotating in forward motion, and if ADC Value @ First Pip

> Reference Voltage, then the engine (22) is rotating in reverse motion.

[00051] Referring to Figure 6, a method (400) of controlling the internal combustion
engine by the control system (300) is depicted. At step 402, the MAP sensor (308) senses
air pressure within the intake manifold (322). At step 404, the MAP sensor (308)
generates a MAP voltage signal (330) representative of the sensed air pressure. At step
406, the crank angle sensor (328) senses angular position of the crank shaft (58). At step
408, the crank angle sensor (328) generates a profile ignition pickup signal (332)
representative of angular position of the crank shaft (58). At step 410, the ECU (310)
determines the rotational direction of the crank shaft (58) based on the generated MAP

voltage signal (330) and the profile ignition pickup signal (322) at a predetermined time.
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[00052] The electronic control unit (310) controls the sparking of the spark plug
(318) based on the determined rotation of the crank shaft (58). The crank shaft (58) is
rotating in first rotational direction (D1) if the voltage generated by the MAP sensor (308)
at the predetermined timing of the PIP signal (332) is above a predetermined threshold
value stored within the electronic control unit (310), wherein electronic control unit (310)
restricts the sparking of the spark plug (318), when first rotational direction (D1) rotation
of the crank shaft (58) is determined. The crank shaft (58) is rotating in second rotational
direction (D2) if the voltage generated by the MAP sensor (308) at the predetermined
timing of the PIP signal (332) is below a predetermined threshold value stored within the
electronic control unit (310). The electronic control unit (310) allows the sparking of the
spark plug (318), when second rotational direction (D2) rotation of the crank shaft (58)

is determined

[00053] During utilization of the vehicle (10) having the control system (300), when
a request for the ignition of the engine (22) is registered, for example when a rider turns
the ignition key, the control system (300) starts receiving values of pressure at the inlet
manifold (302) from the MAP sensor (308). During such time, the ISG controller (324)
causes the ISG to rotate the crank shaft (58). For example, when the piston (62) is at a
BDC (Bottom Dead Centre) position, the ISG rotates the crank shaft (58), to move the
piston from the BDC position to the TDC (Top Dead Centre) position. In another
example, when the piston (62) is at any position other than the TDC, the ISG rotates the
crank shaft (58), to move the piston (62) from the BDC position to the TDC (Top Dead

Centre) position.

[00054] During such movement of the crank shaft (58), the crank shaft position
sensor (328), measures the pulses generated for example, with passage of the pip from
the vicinity of the pulse sensor. The control module (310) of the control system (300),
receives the output from the MAP sensor (308) and the crank angle sensor (328) and
determines that that the engine (22) is rotating in forward motion, when the value from
the MAP sensor (308) at the first pip is smaller than the threshold voltage. Likewise, the
control module (310) determines that that the engine (22) is rotating in reverse motion

when the value from the MAP sensor (308) at the first pip is greater than the threshold
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voltage. Further, when the control module (310) determines that the engine is rotating in
reverse motion, the control module (310) restricts firing of the engine (22) by the ignition
system (319). Otherwise, when the control module (310) determines that the engine (22)
is rotating in forward motion, the control module (310) allows firing of the spark plug

(318) by the ignition system (319).

[00055] In light of the foregoing the present invention provides a system that
prevents firing of the ignition system (319), when the engine (22) is rotating in reverse
motion. By preventing the firing of the ignition system (319), when the engine (22) is
rotating in reverse motion, the present invention reduces wastage of fuel, while also
ensuring that there is no undesired damage to the various components of the engine (22).
Further, the present invention provides a system for determining direction of rotation of
the engine (22) only based on pressure of the inlet manifold (302), and the position of the
crankshaft (). Therefore, the present invention, in an embodiment thereof, assists in
determining the direction of rotation of the engine (22), when an ISG controller (324) is
used for initially rotating the crankshaft and the ISG controller is delinked from the ECU

(310) controlling the ignition of the engine (22).

[00056] While few embodiments of the present invention have been described
above, it 1s to be understood that the invention is not limited to the above embodiments
and modifications may be appropriately made thereto within the spirit and scope of the

invention.

[00057] While considerable emphasis has been placed herein on the particular
features of this invention, it will be appreciated that various modifications can be made,
and that many changes can be made in the preferred embodiments without departing from
the principles of the invention. These and other modifications in the nature of the
invention or the preferred embodiments will be apparent to those skilled in the art from
the disclosure herein, whereby it is to be distinctly understood that the foregoing
descriptive matter is to be interpreted merely as illustrative of the invention and not as a

limitation.
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We claim:
1. A vehicle (10) comprising:
an internal combustion engine (22) comprising:

a combustion chamber (64) defined by a cylinder head (56) and a crank
case (52);

a crankshaft (58) rotatably supported by the crank case (52); and
a spark plug (318) for firing of charge;

an intake manifold (302) and an exhaust manifold (304) fluidically coupled to

the combustion chamber (64);

a rotary electric machine (322) configured to rotate the crankshaft (58), at a

time of engine start;

a manifold absolute pressure (MAP) sensor (308) disposed in the intake
manifold (302), wherein the MAP sensor (308) is configured to detect
pressure in the intake manifold (302); and

a crank angle sensor (328) configured to detect angular position and rpm of the

crankshaft (58) of the internal combustion engine (22); and

a control system (300) configured to control the internal combustion engine (22),

wherein the control system (300) comprises:

an electronic control unit (ECU) (310) in electronic communication with the
MAP sensor (308) and the crank angle sensor (328), wherein the

electronic control unit (310) configured to:

receive output of the MAP sensor (308) and the crank angle sensor

(328); and

determine rotational direction of the crankshaft (58) based on the output

of the MAP sensor (308) and the crank angle sensor (328).

2. The vehicle (10) as claimed in claim 1, wherein the electronic control unit (ECU)

(310) is further configured to selectively allow and restrict firing of the spark
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plug (318) in response to determination of the rotational direction of the crank

shaft (58).

The vehicle (10) as claimed in claim 1, wherein the rotary electric machine (322)
is mounted on the crankshaft (58) and comprises at least one reference tooth,
wherein the at least one reference tooth is indicative of a predetermined position
on the crank shaft (58) and a plurality of teeth (326) positioned angularly along
circumference of the rotary electric machine (322), each teeth of the plurality of
teeth (326) from the reference tooth indicates predetermined angular positions

of the crank shaft (58).

The vehicle (10) as claimed in claim 3, wherein the reference tooth has a

predetermined profile or is in form of absence of a tooth.

The vehicle (10) as claimed in claim 1, wherein the MAP sensor (308) generates
a voltage signal in response to the sensed pressure in the intake manifold (302)
and the crank angle sensor (328) generates a voltage signal indicative of the
angular position of the crank shaft (58), wherein the voltage signal generated by
the MAP sensor (308) and the crank angle sensor (328) are communicated to the

electronic control unit (310).

The vehicle (10) as claimed in claim 1, wherein the crank angle sensor (328)
generates a profile ignition pickup (PIP) signal indicative of the angular position

of the crank shaft (58).

The vehicle (10) as claimed in claim 5, wherein the rotational direction of the
crank shaft (58) is determined by the electronic control unit (310) based on the
voltage signal of the MAP sensor (308) at a predetermined angular position of

the crank shaft (58).
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10.

1.

12.

13.

14.

15.

The vehicle (10) as claimed in claim 7, wherein the predetermined angular
position of the crank shaft (58) is the first tooth of plurality of teeth (326) after

the reference tooth.

The vehicle (10) as claimed in claim 7, wherein the crank shaft (58) is rotating
in first rotational direction (D1) if the voltage generated by the MAP sensor
(308) at the predetermined angular position of the crankshaft (58) is above a

predetermined threshold value stored in the electronic control unit (310).

The vehicle (10) as claimed in claim 7, wherein the crank shaft (58) is rotating
in second rotational direction (D2) if the voltage generated by the MAP sensor
(308) at the predetermined angular position of the crankshaft (58) is below a

predetermined threshold value stored in the electronic control unit (310).

The vehicle (10) as claimed in claim 7, claim 9 and claim 10, wherein the first
rotational direction (D1) is reverse direction and the second rotational direction

(D2) is forward direction.

The vehicle (10) as claimed in claim 1, wherein the rotary electric machine (322)

is integrated starter generator (ISG).

The vehicle (10) as claimed in claim 1, wherein the crank angle sensor (328) is

a pulsar coil.

The vehicle (10) as claimed in claim 1, wherein the crank angle sensor (328) is

a Hall Effect sensor.
The vehicle (10) as claimed in claim 1, wherein the electronic control unit (ECU)

(310) does not allow firing of the spark plug (318) till it determines the rotational
direction of the crankshaft (58).
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16.

17.

18.

The vehicle (10) as claimed in claim 5, wherein the rotational direction of the
crank shaft (58) is determined by the electronic control unit (310) based on first
voltage signal of the MAP sensor (308) at a first predetermined angular position
of the crank shaft (58) and a second voltage signal of the MAP sensor (308) at a

second predetermined angular position of the crank shaft (58).

The vehicle (10) as claimed in claim 16, wherein the crank shaft (58) is rotating
in first rotational direction (D1) if the first voltage generated by the MAP sensor
(308) at the first predetermined angular position of the crankshaft (58) and the
second voltage generated by the MAP sensor (308) at the second predetermined
angular position of the crankshaft (58) is above a predetermined threshold value
stored in the electronic control unit (310); and the crank shaft (58) is rotating in
second rotational direction (D2) if the first voltage generated by the MAP sensor
(308) at the first predetermined angular position of the crankshaft (58) and the
second voltage generated by the MAP sensor (308) at the second predetermined
angular position of the crankshaft (58) is below a predetermined threshold value

stored in the electronic control unit (310).

A method (400) of controlling an internal combustion engine (22) by a control

system (300), wherein the method (400) comprises:

sensing air pressure in an intake manifold (302) via a manifold absolute pressure

(MAP) sensor (308);

generating a MAP voltage signal (330) representative of the sensed air pressure;

sensing angular position of a crank shaft (58) of the internal combustion engine (22)

via a crank angle sensor (328);

generating a voltage signal (332) representative of the angular position of the crank

shaft (58); and
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determining rotational direction of the crank shaft (58) by an electronic control unit

19.

20.

21.

(310), based on the generated MAP voltage signal (330) at a predetermined

position of the crank shaft.

The method (400) as claimed in claim 18, wherein the electronic control unit
(310) controls the sparking of the spark plug (318) based on the determined

rotational direction of the crank shaft (58).

The method (400) as claimed in claim 18, wherein the crank shaft (58) is rotating
in first rotational direction (D1) if the voltage generated by the MAP sensor
(308) at the predetermined position of the crankshaft (58) is above a
predetermined threshold value stored in the electronic control unit (310),
wherein the electronic control unit (310) restricts the sparking of the spark plug
(318), when first rotational direction (D1) rotation of the crank shaft (58) is

determined.

The method (400) as claimed in claim 18, wherein the crank shaft (58) is rotating
in second rotational direction (D2) if the voltage generated by the MAP sensor
(308) at the predetermined position of the crankshaft (58) is below a
predetermined threshold value stored within the electronic control unit (310),
wherein the electronic control unit (310) allows the sparking of the spark plug
(318), when second rotational direction (D2) rotation of the crank shaft (58) is

determined.
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