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(54) ENGINE UNIT

(57) Provided is an intake-pipe fuel injection
four-stroke engine unit capable of enhancing startability
of an engine 10 in which a high-load region TH and a
low-load region TL are present in four strokes. The engine
unit includes: a four-stroke engine body 10 having the
high-load region TH and the low-load region TL in four
strokes; a permanent magnet starter motor 30 including
a permanent magnet and configured to rotate a crank
shaft 46; and an ECU 32 configured to control the per-
manent magnet starter motor 30. The rotation speed of
the permanent magnet starter motor 30 is controlled
based on a temperature of the four-stroke engine body
10 measured by an engine temperature sensor 28 such
that an increase in the rotation speed of the crank shaft
46 is suppressed while the crank angle is in the low-load
region TL and from when a fuel injection device 54 injects
fuel to an intake passage 33a to when an intake valve
50 is closed.
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Description

TECHNICAL FIELD

[0001] The present teaching relates to an engine unit
that includes a high-load region and a low-load region in
four strokes and starts by cranking a crankshaft with a
starter motor.

BACKGROUND ART

[0002] A known engine of a vehicle is a four-stroke
engine (e.g., a single-cylinder engine) that includes, in
four strokes, a high-load region where a load for rotating
a crankshaft of the engine is high and a low-load region
where the load for rotating the crankshaft of the engine
is small.
[0003] Patent Document 1 (Japanese Patent Applica-
tion Publication No. 2003-343404) discloses an engine
starting apparatus that starts an engine by temporarily
rotating a crankshaft in a reverse direction to stop the
crankshaft and then rotating the crankshaft in a normal
direction.
[0004] In the engine starting apparatus of Patent Doc-
ument 1, after the rotation of the crankshaft of the engine
has stopped, a motor causes the crankshaft to rotate in
the reverse direction to a position at which the load in-
creases in the reverse rotation, that is, halfway in an ex-
pansion stroke. Thereafter, the engine starting apparatus
rotates the motor in the normal direction from the halfway
position in the expansion stroke to thereby rotate the
crankshaft in the normal direction.
[0005] As described above, the crankshaft is rotated
in the reverse direction to the position at which the load
increases, that is, the halfway position in the expansion
stroke so that the crankshaft rotates in a low-load region
from halfway of the expansion stroke to a compression
stroke in starting the engine. Subsequently, the engine
reaches a first high-load region. Thus, before the engine
reaches the first high-load region, the rotation speed of
the crankshaft can be increased. By using both of a large
inertial force with the high rotation speed and an output
torque of a starter motor, the engine can pass over the
first high-load region.
[0006] Patent Document 2 (International Patent Pub-
lication No. WO2015/093576) discloses an engine unit
in which while the crankshaft rotates in the normal direc-
tion after a combustion operation of a four-stroke engine
body has stopped, a resistance is applied to the normal
rotation of the crankshaft with a three-phase brushless
motor.
[0007] The engine unit stops the crankshaft at a posi-
tion of a compression stroke in the four-stroke engine
body. Then, in accordance with an input of a start instruc-
tion in stopping the crankshaft, the three-phase brushless
motor rotates the crankshaft in the normal direction from
the stop position of the compression stroke.
[0008] Accordingly, in the case of starting the four-

stroke engine body in accordance with the input of the
start instruction, even with a small output torque of the
motor, the rotation of the crankshaft can be started at a
position at which the four-stroke engine can be easily
started.
[0009] In the case where the crankshaft starts rotating
in accordance with the input of the start instruction as
described above, the rotation speed of the crankshaft
gradually increases from the stopped state. In the case
where the normal rotation of the crankshaft starts from
the compression stroke, the rotation speed of the crank-
shaft is low in the compression stroke. As described
above, in the case where the rotation speed of the crank-
shaft is low in the compression stroke, the crankshaft is
not affected by a compression reaction force by a gas in
a combustion chamber. Consequently, the crankshaft
can rotate quickly over a load in the high-load region of
the compression stroke.

CITATION LIST

PATENT DOCUMENT

[0010]

Patent Document 1: Japanese Patent Application
Publication No. 2003-343404
Patent Document 2: International Patent Publication
No. WO2015/093576

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0011] The inventors of the present teaching evaluated
startability of the engine in which the high-load region
and the low-load region are present in four strokes as
described in Patent Documents 1 and 2. Consequently,
the inventors of the present teaching found that in some
specific phases, a load varies largely so that startability
of the engine degrades.
[0012] It is therefore an object of the present teaching
to provide a configuration capable of enhancing starta-
bility in the engine in which the high-load region and the
low-load region are present in four strokes.

SOLUTION TO PROBLEM

[0013] The inventors of the present teaching evaluated
startability of a previously presented engine in which a
high-load region and a low-load region are present in four
strokes.
[0014] The previously presented engine in which the
high-load region and the low-load region are present in
four strokes, startability of the engine is enhanced by
utilizing an inertial force obtained by increasing the rota-
tion speed of the crankshaft in the low-load region. Thus,
the engine basically shows excellent startability.
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[0015] However, through the examination, the inven-
tors of the present teaching found that in some specific
phases, a large variation of a load of the engine degrades
startability of the engine conversely when the rotation
speed of the crankshaft is increased in the low-load re-
gion.
[0016] Specifically, in the engine in which the high-load
region and the low-load region are present in four strokes,
even with an extremely low engine temperature, the ro-
tation speed of the crankshaft increases in the low-load
region. In particular, with an extremely low engine tem-
perature, the load of the engine further increases, and
thus, control of increasing an inertial force by increasing
the rotation speed of the crankshaft in the low-load region
is considered to be preferable.
[0017] However, if the rotation speed of the crankshaft
is increased in the low-load region with an extremely low
engine temperature, vaporization of injected fuel is sup-
pressed under a reduced vapor pressure of fuel due to
the temperature decrease. This suppression of vapori-
zation and the increase in the rotation speed of the crank-
shaft reduce the time from fuel injection start to comple-
tion of an intake stroke. Accordingly, the amount of fuel
flowing into a combustion chamber decreases.
[0018] Consequently, the total heat generation amount
of fuel contributing to combustion decreases so that a
toque obtained by combustion cannot be sufficiently ob-
tained, and the engine cannot be started in some cases.
In addition, in the engine in which the high-load region
and the low-load region are present in four strokes, a
large combustion interval might cause a similar phenom-
enon in next combustion.
[0019] As described above, in the engine in which the
high-load region and the low-load region are present in
four strokes, when the rotation speed of the crankshaft
is increased in the low-load region with an extremely low
engine temperature, startability might degrade converse-
ly, in some cases. The inventors of the present teaching
found the foregoing phenomenon through the evaluation
of startability of the engine in which the high-load region
and the low-load region are present in strokes.
[0020] As disclosed in Patent Documents 1 and 2, in
the engine in which the high-load region and the low-load
region are present in four strokes, startability is enhanced
by using an inertial force obtained by increasing the ro-
tation speed of the crankshaft in the low-load region.
Since the load of the engine further increases with an
extremely low engine temperature, it is not conceivable
to reduce the inertial force by suppressing an increase
in the rotation speed of the crankshaft in the low-load
region.
[0021] However, in the case of a permanent magnet
starter motor, a torque can be increased as the rotation
speed decreases. The inventors of the present teaching
found that in the engine in which the high-load region and
the low-load region are present in four strokes, such a
characteristic of a permanent magnet starter motor can
be used for sufficiently increasing the energy obtained

by the first combustion even when an increase in the
rotation speed of the crankshaft is suppressed in the low-
load region after the rotation of the crankshaft from the
stopped state and before the first combustion with an
extremely low engine temperature. In addition, in an en-
gine temperature region where startability does not de-
grade, the increase in the rotation speed of the crankshaft
can be promoted in the low-load region after the rotation
of the crankshaft from the stopped state and before the
first combustion, and startability as the same level as
before can be obtained.
[0022] Based on the results of the examination de-
scribed above, the inventors of the present teaching ar-
rived at the configuration as follows.
[0023] The present teaching employs the following
configuration in order to solve the problem described
above.

(1) An engine unit according to one embodiment of
the present teaching includes:
a four-stroke engine body including a combustion
chamber having an intake port and an exhaust port,
an intake valve configured to open and close the
intake port, an exhaust valve configured to open and
close the exhaust port, an intake passage connected
to the intake port and configured to guide air in the
atmosphere into the combustion chamber through
the intake port, an exhaust passage connected to
the exhaust port, a fuel injection device configured
to inject fuel into the intake passage, an ignition de-
vice configured to ignite an air-fuel mixture including
fuel and air in the combustion chamber, a piston con-
figured to move to and fro in the combustion cham-
ber, and a crank shaft connected to the piston to
rotate in accordance with the to-and-fro movement
of the piston, a high-load region where a load for
rotating the crank shaft is high and a low-load region
where the load for rotating the crank shaft is low be-
ing present in four strokes: a permanent magnet
starter motor that includes a permanent magnet and
is configured to rotate the crank shaft; a control de-
vice that controls the permanent magnet starter mo-
tor, the fuel injection device, and the ignition device;
an engine temperature detector that detects a tem-
perature of the four-stroke engine body; and a crank
angle detector that detects a crank angle, the crank
angle being a position of a rotation angle of the crank
shaft, wherein the control device drives the perma-
nent magnet starter motor to rotate the crank shaft
from a stopped state, controls the fuel injection de-
vice while a crank angle of the crank shaft is in the
low-load region, thereby injecting fuel into the intake
passage, controls a rotation speed of the permanent
magnet starter motor so that an increase in a rotation
speed of the crank shaft is suppressed, based on
the temperature of the four-stroke engine body de-
tected by the engine temperature detector while the
crank angle of the crank shaft is in the low-load region
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and from when the fuel injection device injects fuel
into the intake passage to when the intake valve is
closed, and starts the four-stroke engine body by
igniting the air-fuel mixture in the combustion cham-
ber by using the ignition device while the crank angle
of the crank shaft is in the high-load region.
With the configuration described above, the rotation
speed of the permanent magnet starter motor is con-
trolled in accordance with the temperature of the en-
gine unit so that the rotation speed of the crankshaft
can be reduced. Thus, the fuel injection time is in-
creased so that the time for fuel evaporation in ac-
cordance with the engine temperature can be ob-
tained. In addition, since the permanent magnet
starter motor has a large torque in low-speed rota-
tion, energy sufficient for starting the engine can be
obtained. Thus, this configuration described above
can enhance startability of the engine.
(2) In another aspect, the engine unit according to
the present teaching preferably includes a configu-
ration as follows: The control device controls the ro-
tation speed of the permanent magnet starter motor
such that a rotation speed of the crank shaft obtained
when the temperature of the four-stroke engine body
detected by the engine temperature detector is a first
temperature is lower than a rotation speed of the
crank shaft obtained when the temperature of the
four-stroke engine body detected by the engine tem-
perature detector is a second temperature higher
than the first temperature.
With this configuration, at a low engine temperature,
the time for fuel evaporation can be obtained so that
startability of the engine can be enhanced.
(3) In yet another aspect, the engine unit according
to the present teaching preferably includes a config-
uration as follows: The fuel injection device injects
fuel toward the intake valve. The injection of fuel to
a position near the intake port can increase efficiency
of fuel supply.
(4) In still another aspect, the engine unit according
to the present teaching preferably includes a config-
uration as follows: The control device determines a
rotation speed of the crank shaft in accordance with
a fuel injection time determined based on the tem-
perature of the four-stroke engine body detected by
the engine temperature detector.
With this configuration, control of the fuel injection
time in accordance with the engine temperature can
be easily performed. Thus, start of the engine can
be more efficiently controlled.
(5) In still another aspect, the engine unit according
to the present teaching preferably includes a config-
uration as follows: The engine temperature detector
is a sensor that detects a temperature of a coolant
of the four-stroke engine body or a temperature of
oil in an oil passage. With this configuration, the sen-
sor necessary as a function of the engine is shared
so that the configuration of the engine unit can be

simplified.
(6) In still another aspect, the engine unit according
to the present teaching preferably includes a config-
uration as follows: The control device causes the fuel
injection device to inject fuel until the fuel injection
time exceeds a predetermined time in which fuel nec-
essary for engine start is allowed to be supplied. With
this configuration, a predetermined amount or more
of fuel supply to the engine can be obtained so that
startability of the engine can be enhanced.
(7) In still another aspect, the engine unit according
to the present teaching preferably includes a config-
uration as follows: The control device controls the
rotation speed of the motor such that as the temper-
ature of the four-stroke engine body detected by the
engine temperature detector decreases, the rotation
speed of the crank shaft in the fuel injection time
decreases. With this configuration, the time for fuel
evaporation at low temperatures can be obtained so
that startability of the engine can also be enhanced
at low temperatures.
(8) In still another aspect, the engine unit according
to the present teaching preferably includes a config-
uration as follows: The four-stroke engine body fur-
ther includes a decompression mechanism that tem-
porarily opens the exhaust valve in order to eject the
air-fuel mixture in the combustion chamber while the
crank angle of the crank shaft is in the high-load re-
gion. In the configuration, including the decompres-
sion mechanism as described above, the rotation
speed of the crankshaft might be insufficiently in-
creased by the first combustion in starting the en-
gine. On the other hand, application of the configu-
rations described above enables energy for starting
the engine to be obtained by the first combustion,
and thus, startability of the engine can be enhanced.

[0024] The terminology used herein is used for the pur-
pose of defining some particular embodiments only and
is not intended to limit the present teaching. As used here-
in, the term "and/or" includes any and all combinations
of one or more of the associated listed items.
[0025] It will be further understood that the terms "in-
cluding," "comprising" or "having" and the variations
thereof when used in this specification, specify the pres-
ence of stated features, steps, elements, components,
and/or their equivalents, but can include steps, opera-
tions, elements, components, and/or one or more of the
groups.
[0026] It will be further understood that the terms
"mounted," "connected," "coupled," and/or their equiva-
lents are used broadly and encompass both direct and
indirect mounting, connecting and coupling. Further,
"connected" and "coupled" are not restricted to physical
or mechanical connections or couplings, and can include
direct or indirect connections or couplings.
[0027] Unless otherwise defined, all the terms (includ-
ing technical and scientific terms) used herein have the
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same meaning as commonly understood by one having
ordinary skill in the art to which this present teaching be-
longs.
[0028] It will be further understood that terms, such as
those defined in commonly used dictionaries, should be
interpreted as having a meaning that is consistent with
their meaning in the context of the relevant art and the
present disclosure and will not be interpreted in an ide-
alized or overly formal sense unless expressly so defined
herein.
[0029] In describing the present teaching, it will be un-
derstood that a number of techniques and steps are dis-
closed. Each of these has individual benefit and each
can also be used in conjunction with one or more, or in
some cases all, of the other disclosed techniques.
[0030] Accordingly, for the sake of clarity, this descrip-
tion will refrain from repeating every possible combina-
tion of the individual steps in an unnecessary fashion.
Nevertheless, the specification and claims should be
read with the understanding that such combinations are
entirely within the scope of the present teaching.
[0031] In the following description, numerous specific
examples are set forth in order to provide a thorough
understanding of the present teaching. It will be evident,
however, to one skilled in the art that the present teaching
may be practiced without these specific examples.
[0032] Therefore, the following disclosure is to be con-
sidered as an exemplification of the present teaching,
and is not intended to limit the present teaching to the
specific embodiments illustrated by the figures or de-
scription below.

<Definition of Cranking>

[0033] Cranking herein refers to rotation of a crank-
shaft by applying an external force from outside an engine
without using combustion in cylinders of an engine. In
particular, cranking refers to the rotation of the crankshaft
by using a motor for starting the engine in starting the
engine. The term "cranking" includes application of an
external force to the crankshaft while combustion occurs
in cylinders of the engine.

<Definition of High-load Region>

[0034] The high-load region of the engine herein refers
to a region where a torque necessary for compressing
an in-cylinder gas is high in a compression stroke in an
operation range of the engine. The high-load region of
the engine includes the compression stroke.

<Definition of Low-load Region>

[0035] The low-load region of the engine herein refers
to a region where the in-cylinder gas is not compressed
in the operation range of the engine.

<Definition of Temperature of Four-stroke Engine>

[0036] The temperature of the four-stroke engine body
herein refers to a temperature in a combustion chamber
of the engine or a temperature detected by an engine
temperature detector for detecting a temperature con-
cerning a temperature in the combustion chamber. The
temperature concerning the temperature in the combus-
tion chamber refers to a temperature that varies depend-
ing on the temperature in the combustion chamber, such
as a temperature of a coolant, temperatures of a cylinder
and a crankcase body of the four-stroke engine body, a
fuel temperature, an injector temperature, and an intake
port temperature. This temperature may be a tempera-
ture of oil in an oil passage in the case of an air cooling
engine, for example.

ADVANTAGEOUS EFFECTS OF INVENTION

[0037] An engine unit according to one embodiment of
the present teaching can enhance startability of an en-
gine.

BRIEF DESCRIPTION OF DRAWINGS

[0038]

[FIG. 1] FIG. 1 is a schematic view illustrating a con-
figuration of an engine unit according to the first em-
bodiment.
[FIG. 2] FIG. 2 is an illustration showing a relationship
between a crank angle and a torque necessary for
cranking in starting an engine.
[FIG. 3] FIG. 3 is a flowchart depicting an operation
of rotation speed control of a permanent magnet
starter motor by an ECU in starting the engine unit
illustrated in FIG. 1.
[FIG. 4] FIG. 4 is a graph showing a relationship be-
tween an engine speed and a crank angle in starting
the engine unit illustrated in FIG. 1.
[FIG. 5] FIG. 5 is a view illustrating an example of a
motion of a crankshaft in starting the engine unit il-
lustrated in FIG. 1.
[FIG. 6] FIG. 6 is a graph schematically showing a
relationship between an opening degree of an ex-
haust valve and a crank angle in the engine unit il-
lustrated in FIG. 1.
[FIG. 7] FIG. 7 is a graph showing engine speeds at
a high engine temperature and a low engine temper-
ature in starting the engine unit illustrated in FIG. 1.
[FIG. 8A] FIG. 8A is a graph showing an example of
a relationship between an engine temperature and
a rotation speed of the crankshaft in starting the en-
gine.
[FIG. 8B] FIG. 8B is a graph showing another exam-
ple of the relationship between the engine tempera-
ture and the rotation speed of the crankshaft in start-
ing the engine.

7 8 



EP 3 626 956 A1

6

5

10

15

20

25

30

35

40

45

50

55

[FIG. 9] FIG. 9 illustrates a schematic configuration
of the engine unit, while showing an example of a
relationship between an engine temperature and a
rotation speed of the crankshaft in starting the engine
and a relationship between a crank angle and a nec-
essary torque in starting the engine.
[FIG. 10] FIG. 10 is a schematic view illustrating a
configuration of an engine unit according to the sec-
ond embodiment.
[FIG. 11] FIG. 11 is a graph showing an example of
a comparison with the cases of a different fuel injec-
tion position in the relationship between the engine
temperature and the rotation speed of the crankshaft
in starting the engine.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0039] The embodiments will be described hereinafter
with reference to the drawings. In the drawings, the same
parts are denoted by the same reference numerals, and
the description thereof will not be repeated. The dimen-
sions of the components in the drawings do not strictly
represent actual dimensions of the components and di-
mensional proportions of the components.

<Configuration of Engine Unit>

[0040] A configuration of an engine unit 100 will be
described. The engine unit 100 is provided in a motorcy-
cle, which is an example of a vehicle. FIG. 1 is a view
schematically illustrating a configuration of the engine
unit 100. The following description will be directed to a
case where the engine unit 100 includes a single-cylinder
four-stroke engine body 10 (hereinafter referred to simply
as an engine 10). In FIG. 1, the components of the engine
unit 100 are simplified. The engine unit 100 according to
this embodiment is an engine unit including a four-stroke
engine 10 in which an intake stroke, a compression
stroke, an expansion stroke, and an exhaust stroke are
included in one cycle.
[0041] As illustrated in FIG. 1, the engine unit 100 in-
cludes the engine 10, an air cleaner 12, an intake pipe
14a, an intake pipe 14b, an exhaust pipe 16, a throttle
device 20, a throttle position sensor (hereinafter referred
to as a TPS) 22, a pressure sensor 24, a crank angle
sensor 26 (crank angle detector), an engine temperature
sensor 28 (engine temperature detector), a permanent
magnet starter motor 30, an engine control device (con-
trol unit, hereinafter referred to as an ECU) 32, an inverter
62, a battery 64, and a start switch 66. First, the compo-
nents except for the engine 10 will be briefly described.
[0042] The air cleaner 12 takes air in the atmosphere
(air outside the vehicle including the engine 10) and pu-
rifies the intake air. An end of the intake pipe 14a is con-
nected to the air cleaner 12. The other end of the intake
pipe 14a is connected to a throttle body 20c described

later of the throttle device 20. An end of the intake pipe
14b is connected to the throttle body 20c of the throttle
device 20. The other end of the intake pipe 14b is con-
nected to a passage 34a formed in a cylinder head 34
described later. An end of the exhaust pipe 16 is con-
nected to the passage 34b formed in the cylinder head
34 described later. In this embodiment, an intake pas-
sage 33a is formed by, for example, a space inside the
intake pipe 14a, a space inside the throttle body 20c, a
space inside the intake pipe 14b, and the passage 34a.
In this embodiment, an exhaust passage 33b is formed
by, for example, the passage 34b and a space inside the
exhaust pipe 16.
[0043] The intake passage 33a guides air in the atmos-
phere purified by the air cleaner 12 into a combustion
chamber 36 described later of the engine 10 through an
intake port 35a described later. On the other hand, the
exhaust passage 33b exhausts air in the combustion
chamber 36 to the atmosphere (outside the vehicle)
through an exhaust port 35b described later.
[0044] The configuration of the intake passage 33a is
not limited to the configuration illustrated in FIG. 1, and
only needs to guide air in the atmosphere to the combus-
tion chamber 36 described later. The configuration of the
exhaust passage 33b is not limited to the configuration
illustrated in FIG. 1, and only needs to discharge a gas
in the combustion chamber 36 to the atmosphere. In the
following description, the terms of "upstream" and "down-
stream" refer to "upstream" and "downstream" with re-
spect to an airflow direction from the air cleaner 12 to the
exhaust passage 33b through the intake passage 33a
and the engine 10.
[0045] The throttle device 20 includes a throttle valve
20a, a driving device 20b for driving the throttle valve
20a, and a throttle body 20c. The throttle valve 20a and
the driving device 20b are disposed in the throttle body
20c. As the driving device 20b, an electric motor may be
used, for example.
[0046] The throttle valve 20a is driven by the driving
device 20b to thereby adjust an opening area of the intake
passage 33a. That is, in this embodiment, the throttle
valve 20a serves as a regulating valve that adjusts the
opening area of the intake passage 33a. As will be de-
scribed later, the driving device 20b is controlled by an
ECU 32.
[0047] The TPS 22 detects a position of the throttle
valve 20a as a throttle opening angle. The TPS 22 outputs
a signal indicating the detected throttle opening angle to
the ECU 32.
[0048] The pressure sensor 24 detects a pressure (in-
take pressure) of a space downstream of the throttle
valve 20a in the intake passage 33a. That is, the pressure
sensor 24 detects a pressure of a space between the
throttle valve 20a and the combustion chamber 36 de-
scribed later in the intake passage 33a. In the following
description, the intake pressure refers to a pressure of a
space between the throttle valve 20a and the combustion
chamber 36 in the intake passage 33a. The pressure
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sensor 24 outputs a signal concerning the detected pres-
sure to the ECU 32. In this embodiment, the pressure
sensor 24 is a pressure detector.
[0049] The crank angle sensor 26 detects a rotation
position (hereinafter referred to as a crank angle) of a
crankshaft 46 described later of the engine 10. The crank
angle sensor 26 outputs a signal indicating the detected
crank angle (crank pulse signal) to the ECU 32.
[0050] Based on the signal output from the crank angle
sensor 26, the ECU 32 ignites an air mixture in the com-
bustion chamber 36 by an ignition plug 56 described later
of the engine 10.
[0051] The configuration and operation of the ECU 32
described above are similar to those of a conventional
ECU, and will not be described in detail.
[0052] The ECU 32 performs operation control in start-
ing the engine. Specifically, the ECU 32 includes a rota-
tion speed calculator 70, a crank angle determiner 71, a
fuel injection time determiner 72, a motor controller 73,
a fuel injection controller 74, an ignition controller 75, and
a memory 76.
[0053] The rotation speed calculator 70 calculates a
rotation speed of the engine 10, that is, a rotation speed
of the crankshaft 46, based on the crank pulse signal
output from the crank angle sensor 26. The rotation
speed of the crankshaft 46 calculated by the rotation
speed calculator 70 is input to the motor controller 73
and is used for feedback control of the permanent magnet
starter motor 30.
[0054] The crank angle determiner 71 determines
whether the crank angle obtained based on the crank
pulse signal output from the crank angle sensor 26 is
larger than a predetermined angle or not, and determines
whether the crank angle is larger than a specified angle
at which fuel injection starts or not. The determination
result by the crank angle determiner 71 is input to the
motor controller 73 and used for driving control of the
permanent magnet starter motor 30. The determination
result by the crank angle determiner 71 is input to the
fuel injection controller 74, and used for driving control
of a fuel injection device 54 described later of the engine
10. The predetermined angle is an angle smaller than
the specified angle.
[0055] Based on engine temperature information out-
put from the engine temperature sensor 28, the fuel in-
jection time determiner 72 obtains a fuel injection time in
accordance with an engine temperature from injection
time data previously stored in the memory 76. In injecting
fuel from the fuel injection device 54, the fuel injection
time determiner 72 calculates a cumulative time of fuel
injection (cumulative fuel injection time), and determines
whether the calculated cumulative fuel injection time is
longer than a default value (predetermined time) or not.
[0056] The engine temperature sensor 28 is, for exam-
ple, a sensor for measuring a temperature of a coolant
of the engine 10. The engine temperature sensor 28 may
directly measure a temperature in the combustion cham-
ber 36 or may measure a temperature in a cylinder 40 or

a crankcase 44, for example, of the engine 10. That is,
the engine temperature sensor 28 may be disposed at
any position as long as the engine temperature sensor
28 can measure a temperature concerning the combus-
tion chamber 36 of the engine 10.
[0057] The motor controller 73 controls driving of the
permanent magnet starter motor 30 in starting the en-
gine, based on the rotation speed of the crankshaft 46
output from the rotation speed calculator 70 and the de-
termination result output from the crank angle determiner
71. Specifically, the motor controller 73 performs rotation
speed control of the permanent magnet starter motor 30
in accordance with the determination result output from
the crank angle determiner 71, and performs feedback
control of the permanent magnet starter motor 30 by us-
ing the rotation speed of the crankshaft 46.
[0058] If the crank angle determiner 71 determines that
the crank angle is larger than the specified angle at which
fuel injection starts, the fuel injection controller 74 causes
the fuel injection device 54 to inject fuel. On the other
hand, if the fuel injection time determiner 72 determines
that the cumulative fuel injection time is longer than the
default value, the fuel injection controller 74 stops fuel
injection by the fuel injection device 54.
[0059] The ignition controller 75 ignites the ignition plug
56 at the time when the crank angle obtained based on
the crank pulse signal output from the crank angle sensor
26 reaches an ignition timing of the ignition plug 56.
[0060] The permanent magnet starter motor 30 is a
motor that cranks the crankshaft 46 to start the engine
10. In this embodiment, the permanent magnet starter
motor 30 is a DC brushless motor. The permanent mag-
net starter motor 30 has a characteristic that the torque
increases as the rotation speed decreases.
[0061] As the DC brushless motor, a DC brushless mo-
tor of a type that detects an electrical angle by using a
Hall sensor or a DC brushless motor of a type that detects
a mechanical angle by using a crank pulse can be used.
[0062] An output shaft of the permanent magnet starter
motor 30 is connected to the crankshaft 46 of the engine
10 to rotate the crankshaft 46. In this embodiment, the
output shaft of the permanent magnet starter motor 30
is connected to the crankshaft 46 through no power trans-
mission mechanism (e.g. a belt, a chain, a gear, a speed
reducer, or a speed-up gear). It should be noted that the
permanent magnet starter motor 30 only needs to be
connected to the crankshaft 46 of the engine 10 such
that the crankshaft 46 can rotate in the normal direction.
Thus, the permanent magnet starter motor 30 may be
connected to the crankshaft 46 through the power trans-
mission mechanism. The rotation axis of the permanent
magnet starter motor 30 may substantially coincide with
a rotation axis of the crankshaft 46.
[0063] The inverter 62 controls a current to be supplied
from the battery 64 to the permanent magnet starter mo-
tor 30 to thereby control the rotation speed of the perma-
nent magnet starter motor 30. The inverter 62 is control-
led by the motor controller 73 of the ECU 32.
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[0064] The battery 64 supplies electric power to the
permanent magnet starter motor 30 through the inverter
62.
[0065] At startup of the engine 10, the start switch 66
outputs an ON signal in accordance with an operation of
a driver or in the case where conditions for engine start
are satisfied in an idling stop system described later.
When the ON signal is output from the start switch 66,
the ECU 32 starts rotation speed control of the permanent
magnet starter motor 30 in order to start the engine 10.
[0066] The configuration of the engine 10 will now be
described. As the configuration of the engine 10, various
known engine configurations may be employed, and
thus, the components of the engine will not be described
in detail.
[0067] The engine 10 includes the cylinder head 34,
the cylinder 40, a piston 42, the crankcase 44, the crank-
shaft 46, a connecting rod 48, an intake valve 50, an
exhaust valve 52, the fuel injection device 54, and the
ignition plug 56 (ignition device).
[0068] The piston 42 is movable to and fro in the cyl-
inder 40. The crankshaft 46 is rotatable in the crankcase
44. The piston 42 and the crankshaft 46 are coupled to
each other by the connecting rod 48. The to-and-fro
movement of the piston 42 is transferred to the crankshaft
46 through the connecting rod 48. Accordingly, the crank-
shaft 46 rotates.
[0069] In the engine 10, the combustion chamber 36
is formed by the cylinder head 34, the cylinder 40, and
the piston 42. The combustion chamber 36 includes the
intake port 35a and the exhaust port 35b. The cylinder
head 34 includes the passage 34a to be connected to
the intake port 35a and the passage 34b to be connected
to the exhaust port 35b. In this embodiment, the passage
34a connects the intake pipe 14b and the combustion
chamber 36 to each other. The passage 34b connects
the combustion chamber 36 and the exhaust pipe 16 to
each other.
[0070] The intake valve 50 opens and closes the intake
port 35a. The exhaust valve 52 opens and closes the
exhaust port 35b. The intake valve 50 is driven by an
unillustrated known valve mechanism. Similarly, the ex-
haust valve 52 is driven by an unillustrated valve mech-
anism.
[0071] In one cycle, the intake valve 50 is opened be-
fore the exhaust valve 52 is closed, and the intake valve
50 is closed before the exhaust valve 52 is opened. In
other words, at least in the low-load operation range, the
intake stroke is started before the exhaust stroke is fin-
ished.
[0072] Specifically, the intake valve 50 is open at a
crank angle of, for example, 344 degrees to 576 degrees.
The crank angle while the intake valve 50 is open is not
limited to the range described above, and the intake valve
50 may be open with a crank angle of 360 degrees to
540 degrees at minimum and 326 degrees to 610 de-
grees at maximum.
[0073] The exhaust valve 52 is open at least in the

exhaust stroke. Specifically, the exhaust valve 52 is open
at a crank angle of, for example, 64 degrees to 378 de-
grees. The crank angle while the exhaust valve 52 is
open is not limited to the range described above, and the
exhaust valve 52 may be open with a crank angle of 180
degrees to 360 degrees at minimum and 70 degrees to
390 degrees at maximum.
[0074] The fuel injection device 54 injects fuel into the
intake passage 33a. In this embodiment, the fuel injection
device 54 injects fuel toward the intake valve 50. Fuel
supplied into the intake passage 33a is sent to the com-
bustion chamber 36 as an air-fuel mixture together with
air. The ignition plug 56 ignites the air-fuel mixture in the
combustion chamber 36.
[0075] The fuel injection device 54 and the ignition plug
56 perform fuel injection and ignition by control of the
ECU 32 at appropriate timings in accordance with the
strokes in one cycle of the engine 10.
[0076] A decompression mechanism 58 is provided
near an unillustrated camshaft for driving the exhaust
valve 52. The decompression mechanism 58 reduces an
increase in resistance to the rotation of the crankshaft 46
caused by compression of air in the cylinder in the com-
pression stroke of the engine. That is, the decompression
mechanism 58 is a mechanism that opens the exhaust
valve 52 at a predetermined timing in order to reduce the
pressure in the cylinder in the compression stroke in start-
ing the engine.

<Start Operation of Engine Unit>

[0077] First, a torque necessary for cranking in starting
the engine will be described. FIG. 2 is an illustration show-
ing a relationship between a crank angle and a torque
necessary for cranking in starting the engine.
[0078] The engine 10 of the engine unit 100 includes,
in four strokes, a high-load region TH where a load for
rotating the crankshaft 46 is high and a low-load region
TL where the load for rotating the crankshaft 46 is lower
than the load in the high-load region TH. In the crank
angle of the crankshaft 46, the low-load region TL is equal
to or wider than the high-load region TH. More specifi-
cally, the low-load region TL is wider than the high-load
region TH. In other words, a rotation angle region corre-
sponding to the low-load region TL is wider than a rotation
angle region corresponding to the high-load region TH.
[0079] More specifically, the engine 10 repeats four
strokes of the intake stroke, the compression stroke, the
expansion stroke, and the exhaust stroke. As illustrated
in FIG. 2, the compression stroke is included in the high-
load region TH but is not included in the low-load region
TL. In the engine 10 according to this embodiment, the
high-load region TH is a region substantially overlapping
the compression stroke, and the low-load region TL is a
region substantially overlapping the intake stroke, the ex-
pansion stroke, and the exhaust stroke. It should be noted
that the edge of each of the high-load region TH and the
low-load region TL does not need to coincide with the
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edge of each of the strokes.
[0080] In the compression stroke, an air-fuel mixture
in the combustion chamber 36 is compressed by the pis-
ton 42 so that a reaction force is generated by the com-
pression. Thus, in the compression stroke, a torque nec-
essary for cranking is larger than those in the other
strokes. The decompression mechanism 58 is actuated
in the compression stroke to thereby reduce the pressure
in the combustion chamber 36.
[0081] The decompression mechanism 58 operates to
open the exhaust valve 52 with a crank angle of around
630 degrees. A period in which the exhaust valve 52 is
opened by the decompression mechanism 58 is a short
period in the compression stroke. In addition, as illustrat-
ed in FIG. 6, the timing at which the exhaust valve 52 is
opened by the decompression mechanism 58 is imme-
diately before the intake valve 50 is closed or after the
intake valve 50 is closed. As illustrated in FIG. 6, the
timing when the exhaust valve 52 is opened by the de-
compression mechanism 58 is adjustable within the com-
pression stroke. The valve lift amount of the exhaust
valve 52 in an actuation period of the decompression
mechanism 58 is smaller than the valve lift amount of the
intake valve 50. The valve lift amount is a distance in
which the valve moves away from the valve seat in an
axial direction.
[0082] A start operation of the engine unit 100 will now
be described. In this embodiment, in starting the engine
10, cranking is performed by the starter motor 30. The
start of the engine 10 includes a case where the engine
10 starts from a state where the engine temperature is
lower than a temperature in operation of the engine 10
and a case where the engine 10 starts again from an
engine stopped state in an idling stop system. The idling
stop system has a configuration similar to a known con-
figuration, and thus, detailed description and illustration
of the idling stop system will be omitted.
[0083] FIG. 3 is a flowchart depicting an operation of
rotation speed control of the permanent magnet starter
motor 30 by the ECU 32 in starting the engine unit 100.
FIG. 4 is a graph showing a relationship between an en-
gine speed and a crank angle in starting the engine unit
100. FIG. 5 is a view illustrating an example of a motion
of the crankshaft 46 in starting the engine unit 100.
[0084] First, when the start switch 66 turns on and a
startup request flag is set (step S1), the motor controller
73 of the ECU 32 drives and rotates the permanent mag-
net starter motor 30.
[0085] The engine 10 stops combustion by a combus-
tion stop instruction by the ECU 32. The crankshaft 46
rotates with an inertial force after stopping of combustion
in the engine 10. When the inertial force becomes smaller
than a compression reaction force in the compression
stroke of the engine 10, the crankshaft 46 rotates in the
reverse direction by the compression reaction force and
stops. Thus, as illustrated in FIG. 5, the stop position of
the crankshaft 46 is often at a crank angle P0 of the intake
stroke that is a stroke before the compression stroke.

[0086] Based on a signal output from the crank angle
sensor 26, the ECU 32 acquires information on the crank
angle and the rotation speed of the engine 10. In the case
where the crank angle of the crankshaft 46 is not at a
specified position, the motor controller 73 of the ECU 32
rotates the permanent magnet starter motor 30 in the
reverse direction, as indicated by broken lines in FIGS.
4 and 5. The reverse rotation of the permanent magnet
starter motor 30 continues until the crank angle reaches
the specified position P1 in the expansion stroke.
[0087] Subsequently, the crank angle determiner 71
of the ECU 32 determines whether the crank angle of the
crankshaft 46 is larger than a predetermined angle or not
(step S2). The predetermined angle is an angle smaller
than a crank angle (specified angle) at which fuel injection
occurs.
[0088] If the crank angle of the crankshaft 46 is larger
than the predetermined angle (YES in step S2), the motor
controller 73 of the ECU 32 controls driving of the per-
manent magnet starter motor 30 such that the rotation
speed of the crankshaft 46 is a target rotation speed A
(step S3). Control of the rotation speed of the permanent
magnet starter motor 30 may be torque control using a
duty ratio, or speed control in which feedback control is
performed by detecting the rotation speed of the perma-
nent magnet starter motor 30.
[0089] The upper limit of the target rotation speed A is
a speed at which a fuel injection time obtained from the
engine temperature measured by the engine tempera-
ture sensor 28 as described later can be obtained, and
the lower limit of the target rotation speed A is a speed
at which the engine can pass over a maximum load in
the high-load region TH.
[0090] If the rotation speed of the crankshaft 46 is low,
vaporized fuel cannot be compressed in the high-load
region TH, and the engine 10 is stopped.
[0091] On the other hand, if the rotation speed of the
crankshaft 46 is high, the time for evaporation of the in-
jected fuel cannot be sufficiently obtained. In this case,
a fuel concentration in the combustion chamber 36 of the
engine 10 becomes insufficient, which might cause a fail-
ure in increasing the rotation speed of the engine 10 and
an accidental fire, for example.
[0092] That is, when the rotation speed of the crank-
shaft 46 in cranking increases excessively, after a lapse
of a fuel injection time FI (see FIG. 4), fuel is insufficiently
evaporated in the passage 34a of the intake passage
33a. Consequently, an air-fuel ratio in the combustion
chamber 36 is not an appropriate value in some cases.
[0093] The target rotation speed A of the crankshaft
46 is determined within the range between the upper and
lower limits in consideration of the phenomenon as de-
scribed above. The target rotation speed A is obtained
based on the temperature of the engine 10, which will be
described later.
[0094] If the crank angle of the crankshaft 46 is less
than or equal to the predetermined angle (NO in step
S2), the crank angle determiner 71 repeats the determi-
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nation of step S2 until the crank angle of the crankshaft
46 exceeds the predetermined angle.
[0095] After the permanent magnet starter motor 30 is
driven and controlled at the target rotation speed A, the
crank angle determiner 71 determines whether the crank
angle of the crankshaft 46 is larger than a specified angle
at which fuel injection starts (step S4). If the crank angle
of the crankshaft 46 is larger than the specified angle for
fuel injection start (YES in step S4), the fuel injection
controller 74 of the ECU 32 causes the fuel injection de-
vice 54 to inject fuel (step S5). On the other hand, if the
crank angle of the crankshaft 46 is less than or equal to
the specified angle for fuel injection start (NO in step S4),
the determination of step S4 is repeated until the crank
angle of the crankshaft 46 exceeds the specified angle
for fuel injection start.
[0096] In this embodiment, the specified angle for fuel
injection start by fuel injection device 54 is, for example,
300°. Alternatively, the specified angle for fuel injection
start may be an angle other than 300°. As described
above, the fuel injection time is determined by the fuel
injection time determiner 72 based on injection time data
previously determined based on an engine temperature.
The injection time data is stored in the memory 76 of the
ECU 32. Fuel injection needs to be finished within a pe-
riod from when fuel injection starts to when the intake
valve 50 is closed (within a period FI shown in FIG. 4) at
the latest.
[0097] After fuel injection has started by the fuel injec-
tion device 54, the fuel injection time determiner 72 of
the ECU 32 determines whether the cumulative fuel in-
jection time as a cumulative time of fuel injection is larger
than a default value (predetermined time) of the fuel in-
jection time or not (step S6). If the cumulative fuel injec-
tion time is determined to be larger than the default value
(YES in step S6), fuel injection by the fuel injection device
54 is stopped (step S7). Thereafter, rotation speed con-
trol in which the target rotation speed has been set at A
in step S3 is canceled (step S8), and a flow of the rotation
speed control in starting the engine is finished (end). The
default value is determined depending on the engine tem-
perature by using injection time data.
[0098] On the other hand, if the cumulative fuel injec-
tion time is determined to be less than or equal to the
default value (NO in step S6), fuel injection by the fuel
injection device 54 continues until the cumulative fuel
injection time exceeds the default value.
[0099] After the rotation speed control of the perma-
nent magnet starter motor 30 by the ECU 32 described
above, when the intake valve 50 is closed, in the following
compression stroke, the compressed pressure in the
combustion chamber 36 serves as a rotation load of the
crankshaft 46. Thus, as shown in FIG. 4, the rotation
speed of the crankshaft 46 decreases. After the crank-
shaft 46 has passed through a position corresponding to
a compression top dead point in the compression stroke,
the ignition controller 75 of the ECU 32 causes the ignition
plug 56 to ignite an air-fuel mixture in the combustion

chamber 36 so that initial combustion occurs. In this em-
bodiment, the crank angle at ignition of the ignition plug
56 is 715 degrees, but is not limited to this example.
[0100] With the initial combustion, a rotary force is ex-
erted on the crankshaft 46, and the strokes in the four
cycles are intermittently performed in the engine 10 so
that start of the engine 10 by cranking is completed.

<Determination Procedure of Target Rotation Speed>

[0101] Next, a procedure of determining the target ro-
tation speed A of the crankshaft 46 in starting the engine
10 will be described.
[0102] Based on the temperature of the engine 10
measured by the engine temperature sensor 28, the fuel
injection time determiner 72 of the ECU 32 refers to in-
jection time data previously stored in the memory 76 of
the ECU 32, and determines a fuel injection time for the
first combustion in starting the engine 10.
[0103] The injection time data is, for example, a table
in which an engine temperature is associated with the
fuel injection time. The injection time data is set such that
the fuel injection time increases as the engine tempera-
ture decreases. The injection time may be calculated
such that the injection time increases with a decrease in
temperature in accordance with a predetermined rela-
tional expression, or may be set such that the injection
time is constant within a predetermined range and de-
creases when the engine temperature increases across
the predetermined range. An example of the injection
time is indicated by solid arrow in FIG. 2. As shown in
FIG. 2, the injection time at an engine temperature of
-5°C is longer than the injection time at an engine tem-
perature of 80°C. FIG. 2 shows only a first stroke for the
injection time and does not show the subsequent strokes.
[0104] The injection time data varies depending on the
position to which the fuel injection device 54 injects fuel,
the injection direction, and the size of liquid droplets of
the injected fuel. This is performed in order to obtain an
appropriate air-fuel ratio at ignition by sufficiently evap-
orating the injected fuel even at low temperatures of the
engine 10. Thus, the injection time data is set such that
the fuel injection time is long at a low engine temperature.
In general, the injection time decreases as the size of
liquid droplets of the injected fuel decreases and the ex-
pansion angle of spraying increases.
[0105] The fuel injection by the fuel injection device 54
starts at a predetermined crank angle (e.g., 300 de-
grees), and finishes until the intake valve 50 is closed in
the intake stroke of the engine 10. Thus, the rotation
speed of the crankshaft 46 needs to be determined such
that the fuel injection finishes before the intake valve 50
is opened. In this embodiment, the timing of fuel injection
start is fixed at a crank angle of 300 degrees, independ-
ently of the engine temperature.
[0106] Accordingly, to obtain a fuel injection time at low
temperatures, the target rotation speed A of the crank-
shaft 46 needs to be set depending on the time from the

17 18 



EP 3 626 956 A1

11

5

10

15

20

25

30

35

40

45

50

55

fuel injection start to closing of the intake valve 50. Thus,
as shown in FIG. 7, as the injection time increases, the
target rotation speed A is set lower. As described above,
the fuel injection time needs to be increased as the engine
temperature decreases. Thus, as shown in FIG. 7, a tar-
get rotation speed A’ at a low engine temperature is lower
than the target rotation speed A at a high engine temper-
ature.
[0107] FIG. 8A shows an example of a relationship be-
tween an engine temperature and a rotation speed of the
crankshaft 46 in starting the engine. As described above,
the target rotation speed A of the crankshaft 46 decreas-
es as the temperature of the engine 10 decreases. As
an example, as shown in FIG. 8A, in temperatures of the
engine 10 at any two points on the graph (referred to as
a first temperature and a second temperature, respec-
tively), the ECU 32 controls the rotation speed of the per-
manent magnet starter motor 30 such that the rotation
speed of the crankshaft 46 at the relatively low first tem-
perature is lower than the rotation speed at the second
temperature higher than the first temperature.
[0108] The rotation speed of the crankshaft 46 does
not continuously change in accordance with the temper-
ature of the engine 10 as described above, but as shown
in FIG. 8B, control may be performed such that the tem-
perature of the engine 10 is constant to a predetermined
temperature and when the temperature of the engine 10
decreases below the predetermined temperature, the ro-
tation speed is reduced.
[0109] As described above, the fuel injection only
needs to be finished within a period from when the fuel
injection starts to when the intake valve 50 is closed (fuel
injection time FI). Thus, the fuel injection time of the in-
jection time data may be shorter than the fuel injection
time FI.
[0110] When the target rotation speed of the crankshaft
46 is increased in accordance with the fuel injection time,
power consumption of the permanent magnet starter mo-
tor 30 increases, and accordingly, power consumption
of the battery 64 increases. On the other hand, the target
rotation speed A of the crankshaft 46 may be reduced to
a rotation speed at which a necessary fuel injection time
can be obtained in accordance with the engine temper-
ature. This can reduce power consumption of the perma-
nent magnet starter motor 30 so that an increase in power
consumption of the battery 64 can be suppressed.
[0111] In the engine unit 100 according to this embod-
iment, the permanent magnet starter motor 30 that can
obtain a higher output torque at a lower rotation speed
is used as a starter motor. In addition, in the engine 10
in which the high-load region TH and the low-load region
TL are present in four strokes, as shown in FIG. 5, in the
low-load region TL after the crankshaft 46 rotates from
the stopped state to the first combustion, the target rota-
tion speed A of the crankshaft 46 is set in accordance
with the engine temperature. Thus, a time for vaporiza-
tion of fuel supplied into the intake passage 33a can be
obtained. As a result, energy obtained by the first com-

bustion can be sufficiently increased so that startability
of the engine 10 can be enhanced.
[0112] In this embodiment, the decompression mech-
anism 58 is actuated in the compression stroke in starting
the engine so that the pressure in the combustion cham-
ber 36 can be reduced. However, the actuation of the
decompression mechanism 58 in the compression stroke
might cause the possibility that sufficient energy cannot
be obtained in the first compression in starting the engine
so that the rotation speed of the crankshaft 46 cannot be
increased. On the other hand, in the engine unit 100 ac-
cording to this embodiment, in the low-load region TL
after the rotation of the crankshaft 46 from the stopped
state to the first combustion, the target rotation speed A
of the crankshaft 46 is set in accordance with the engine
temperature so that the time for vaporization of fuel sup-
plied into the intake passage 33a can be obtained. Thus,
energy obtained by the first combustion can be sufficient-
ly enhanced, and as a result, startability of the engine 10
can be enhanced.

Second Embodiment

[0113] FIG. 10 is a schematic view illustrating a con-
figuration of an engine unit 101 according to the second
embodiment. The engine unit 101 according to this em-
bodiment is different from the engine unit 100 according
to the first embodiment in that an ECU 80 sets a rotation
speed of the crankshaft 46 in accordance with the tem-
perature of the engine 10 by using rotation speed data
as map data of the engine temperature and a target ro-
tation speed A.
[0114] Specifically, the ECU 80 includes a rotation
speed calculator 70, a crank angle determiner 71, a motor
controller 73, a fuel injection controller 74, an ignition
controller 75, a memory 76, and a rotation speed deter-
miner 81.
[0115] In this embodiment, the memory 76 stores ro-
tation speed data as map data in which the temperature
of the engine 10 and the target rotation speed A of the
crankshaft 46 in starting the engine are associated with
each other beforehand, in addition to injection time data
similar to that in the first embodiment.
[0116] The rotation speed determiner 81 determines,
by using the rotation speed data stored in the memory
76, the target rotation speed A of the crankshaft 46 in
starting the engine in accordance with an engine tem-
perature measured by the engine temperature sensor
28. The motor controller 73 controls an inverter 62 by
using the target rotation speed A determined by the ro-
tation speed determiner 81 to thereby drive a permanent
magnet starter motor 30 such that the crankshaft 46
reaches the target rotation speed A.
[0117] The fuel injection controller 74 determines, by
using the rotation speed data stored in the memory 76,
a fuel injection time in accordance with the engine tem-
perature measured by the engine temperature sensor
28. The method for determining the fuel injection time is
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similar to that in the first embodiment. The fuel injection
time may be determined in accordance with the rotation
speed of the crankshaft 46.
[0118] Part of the configuration of the ECU 80 except
for the configuration described above is similar to that of
the ECU 32 of the first embodiment, and detailed descrip-
tion of the ECU 80 will be omitted.
[0119] The configuration of this embodiment can also
obtain the time for vaporization of fuel supplied into an
intake passage 33a. As a result, energy obtained by the
first combustion can be sufficiently increased so that
startability of the engine 10 can be enhanced.

Other Embodiments

[0120] The embodiments of the present teaching have
been described above, but the embodiments are merely
examples for carrying out the present teaching. Thus,
the present teaching is not limited to the embodiments,
and the embodiments may be modified as necessary
within a range not departing from the gist of the present
teaching.
[0121] The embodiments described above have been
directed to the engine units using single-cylinder four-
stroke engines. The engines, however, may be parallel-
twin cylinder or a V-twin cylinder four-stroke engine.
[0122] The embodiments described above have been
directed to the case where the crankshaft 46 rotates in
the reverse direction in starting the engine. However, the
present teaching is not limited to these embodiments,
and the crankshaft 46 may not rotate in the reverse di-
rection and may rotate in the normal direction in starting
the engine.
[0123] The permanent magnet starter motor 30 used
in each embodiment may be a motor with a brush or a
brushless motor. The starter motor may be a starter motor
generator also serving as an electric generator.
[0124] In the embodiments described above, the fuel
injection device 54 injects fuel toward the intake valve
50, but may inject fuel toward another position in the in-
take passage 33a. For example, the fuel injection device
54 may inject fuel toward a position upstream of the intake
valve 50 and located on an inner surface of the wall con-
stituting the intake passage 33a.
[0125] In this case, the injection time data can be set
such that the injection time is longer than that in the case
of injecting fuel toward the intake valve 50. That is, as
shown in FIG. 11, a target rotation speed A of the crank-
shaft 46 in the case of injecting fuel toward the inner
surface of the wall constituting the intake passage 33a
is lower than that in the case of injecting fuel toward the
intake valve 50.
[0126] The embodiments described above are direct-
ed to the configurations in which the engine units 100
and 101 are applied to motorcycles. Alternatively, the
engine units 100 and 101 may be applied to other vehi-
cles such as tricycles or four-wheel vehicles.
[0127] In the embodiments described above, the tem-

perature of an engine coolant is measured as the tem-
perature of the engine 10. In the case of an air cooling
engine, for example, the temperature of oil in an oil pas-
sage in which lubricating oil flows may be measured as
the temperature of the engine.
[0128] Although the engine 10 uses the TPS 22 in the
above embodiments, the engine 10 may use an accel-
erator position sensor instead of the TPS 22.
[0129] In the first embodiment, the engine unit 100 in-
cludes the decompression mechanism 58. The engine
unit 101 in the second embodiment may also include a
decompression mechanism. The engine unit 100 may
not include a decompression mechanism.

DESCRIPTION OF REFERENCE CHARACTERS

[0130]

10 four-stroke engine body
12 air cleaner
14a, 14b intake pipe
16 exhaust pipe
20 throttle device
22 TPS
24 pressure sensor
26 crank angle sensor (crank angle detector)
28 engine temperature sensor (engine temper-

ature detector)
30 permanent magnet starter motor
32, 80 ECU (control device)
33a intake passage
33b exhaust passage
35a intake port
35b exhaust port
34 cylinder head
36 combustion chamber
40 cylinder
42 piston
44 crankcase
46 crankshaft
48 connecting rod
50 intake valve
52 exhaust valve
54 fuel injection device
56 ignition plug (ignition device)
58 decompression mechanism
62 inverter
64 battery
66 start switch
70 rotation speed calculator
71 crank angle determiner
72 fuel injection time determiner
73 motor controller
74 fuel injection time controller
75 ignition controller
76 memory
81 rotation speed determiner
100, 101 engine unit
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Claims

1. An engine unit comprising:

a four-stroke engine body including

a combustion chamber having an intake
port and an exhaust port,
an intake valve configured to open and
close the intake port,
an exhaust valve configured to open and
close the exhaust port,
an intake passage connected to the intake
port and configured to guide air in the at-
mosphere into the combustion chamber
through the intake port,
an exhaust passage connected to the ex-
haust port,
a fuel injection device configured to inject
fuel into the intake passage,
an ignition device configured to ignite an air-
fuel mixture including fuel and air in the com-
bustion chamber,
a piston configured to move to and fro in the
combustion chamber, and
a crank shaft connected to the piston to ro-
tate in accordance with the to-and-fro move-
ment of the piston, a high-load region where
the load for rotating the crank shaft is high
and a low-load region where the load for
rotating the crank shaft is low being present
in four strokes:

a permanent magnet starter motor that includes
a permanent magnet and is configured to rotate
the crank shaft;
a control device that controls the permanent
magnet starter motor, the fuel injection device,
and the ignition device;
an engine temperature detector that detects a
temperature of the four-stroke engine body; and
a crank angle detector that detects a crank an-
gle, the crank angle being a position of a rotation
angle of the crank shaft, wherein
the control device

drives the permanent magnet starter motor
to rotate the crank shaft from a stopped
state,
controls the fuel injection device while a
crank angle of the crank shaft is in the low-
load region, thereby injecting fuel into the
intake passage,
controls a rotation speed of the permanent
magnet starter motor so that an increase in
a rotation speed of the crank shaft is sup-
pressed, based on the temperature of the
four-stroke engine body detected by the en-

gine temperature detector while the crank
angle of the crank shaft is in the low-load
region and from when the fuel injection de-
vice injects fuel into the intake passage to
when the intake valve is closed, and
starts the four-stroke engine body by ignit-
ing the air-fuel mixture in the combustion
chamber by using the ignition device while
the crank angle of the crank shaft is in the
high-load region.

2. The engine unit according to claim 1, wherein
the control device controls the rotation speed of the
permanent magnet starter motor such that a rotation
speed of the crank shaft obtained when the temper-
ature of the four-stroke engine body detected by the
engine temperature detector is a first temperature is
lower than a rotation speed of the crank shaft ob-
tained when the temperature of the four-stroke en-
gine body detected by the engine temperature de-
tector is a second temperature higher than the first
temperature.

3. The engine unit according to claim 1 or 2, wherein
the fuel injection device injects fuel toward the intake
valve.

4. The engine unit according to any one of claims 1 to
3, wherein
the control device determines a rotation speed of the
crank shaft in accordance with a fuel injection time
determined based on the temperature of the four-
stroke engine body detected by the engine temper-
ature detector.

5. The engine unit according to any one of claims 1 to
4, wherein
the engine temperature detector is a sensor that de-
tects a temperature of a coolant of the four-stroke
engine body or a temperature of oil in an oil passage.

6. The engine unit according to any one of claims 1 to
5, wherein
the control device causes the fuel injection device to
inject fuel until the fuel injection time exceeds a pre-
determined time in which fuel necessary for engine
start is allowed to be supplied.

7. The engine unit according to any one of claims 1 to
6, wherein
the control device controls the rotation speed of the
motor such that as the temperature of the four-stroke
engine body detected by the engine temperature de-
tector decreases, the rotation speed of the crank
shaft in the fuel injection time decreases.

8. The engine unit according to any one of claims 1 to
7, wherein
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the four-stroke engine body further includes a de-
compression mechanism that temporarily opens the
exhaust valve in order to eject the air-fuel mixture in
the combustion chamber while the crank angle of
the crank shaft is in the high-load region.
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