EP 3 203 056 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 3 203 056 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
09.08.2017 Bulletin 2017/32

(21) Application number: 15846146.7

(22) Date of filing: 02.07.2015

(51)

(86)

(87)

Int Cl.:
F02D 15/00 (2006.07) FO1L 13/08 (2006.01)
F02D 29/02 (2006.07) F02D 45/00 (2006.01)

FO2N 11/08 (2006.0%)

International application number:
PCT/JP2015/003330

International publication number:
WO 2016/051629 (07.04.2016 Gazette 2016/14)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA
(30) Priority: 30.09.2014 JP 2014199952
30.09.2014 JP 2014199953
22.04.2015 JP 2015087874

(71) Applicant: Yamaha Hatsudoki Kabushiki Kaisha
lwata-shi, Shizuoka 438-8501 (JP)

(72)

(74)

Inventors:

MASUDA, Takahiro
Iwata-shi

Shizuoka 438-8501 (JP)
SAKAI, Kouji

Iwata-shi

Shizuoka 438-8501 (JP)

Representative: Stockeler, Ferdinand
Schoppe, Zimmermann, Stéckeler
Zinkler, Schenk & Partner mbB
Patentanwilte

Radlkoferstrasse 2

81373 Miinchen (DE)

(54) ENGINE SYSTEM AND VEHICLE

(67)  An EUC controls an engine and an integrated
starter generator such that an engine start-up operation
including at least a reverse rotation start-up operation is
performed. In the reverse rotation start-up operation, a
fuel-air mixture is introduced into a first cylinder while a
crankshaftis rotated in a reverse direction, and the crank-
shaft is driven in a forward direction by combustion of the
fuel-air mixture in the first cylinder. A decompression
mechanism, in the engine start-up operation, reduces
pressure in the first cylinder or another cylinder such that
an increase in rotational resistance of the crankshaft
caused by an increase in pressure in the first cylinder or
the other cylinder is inhibited.
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Description
[Technical Field]

[0001] The presentinvention relates to an engine sys-
tem and a vehicle including the engine system.

[Background Art]

[0002] In order to increase startability of an engine,
there is a technology for rotating a crankshaftin a reverse
direction and combusting a fuel-air mixture in a cylinder
during start-up of the engine. In an engine start-up control
device described in Patent Document 1, when the engine
is stopped during idle stop control, a fuel-air mixture is
introduced into a specific cylinder, and a crankshaft is
stopped with the cylinder in an expansion stroke. There-
after, during a re-start of the engine, the crankshaft is
rotated in reverse such that a piston in the above-men-
tioned specific cylinder returns to an initial position of the
expansion stroke or a position in the vicinity of the initial
position of the expansion stroke, and the fuel-air mixture
in the cylinder is ignited.

[0003] [Patent Document 1] JP 2005-180380 A

[Summary of Invention]
[Technical Problem]

[0004] Intheidle stop control, the stop and the re-start
of the engine are automatically performed. In this case,
because a period during which the engine is stopped is
relatively short, the fuel-air mixture introduced into the
cylinder during the stop of the engine is likely to remain
in the cylinder also during the re-start of the engine. On
the other hand, if the period during which the engine is
stopped is lengthened, the fuel-air mixture in the cylinder
naturally dissipates. Therefore, the above-mentioned op-
eration cannot be realized during cold start-up and the
like.

[0005] Further, even in the case where the period dur-
ing which the engine is stopped is short, the fuel-air mix-
ture in the cylinder is diluted during the period. Therefore,
it is difficult to appropriately adjust a fuel-air ratio in the
cylinder at a time of ignition.

[0006] From the above, the start-up of the engine
sometimes cannot be appropriately performed by the
technology described in the above-mentioned document.
[0007] An object of the present invention is to provide
an engine system and a vehicle capable of appropriately
performing start-up of an engine.

[Solution to Problem]
[0008]

(1) According to one aspect of the present invention,
an engine system includes an engine having a plu-
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rality of cylinders, a rotation driver that rotates a
crankshaft of the engine in forward and reverse di-
rections, and a controller that controls the engine
and the rotation driver such that an engine start-up
operation including at least a reverse rotation start-
up operation is performed, wherein the plurality of
cylinders include first and second cylinders, a fuel-
air mixture is introduced into the first cylinder while
the crankshaft is rotated in the reverse direction, and
the crankshaft is driven in the forward direction by
combustion of the fuel-air mixture in the first cylinder,
in the reverse rotation start-up operation, the engine
includes a pressure reduction mechanism that re-
duces pressure in at least one cylinder of the first
and second cylinders, and the pressure reduction
mechanism, in the engine start-up operation, reduc-
es the pressure in the at least one cylinder such that
there is an increase in rotational resistance of the
crankshaft caused by an increase in pressure in the
at least one cylinder.

[0009] In this engine system, the engine is started by
the engine start-up operation including at least the re-
verse rotation start-up operation. In the reverse rotation
start-up operation, the fuel-air mixture is introduced into
the first cylinder among the plurality of cylinders while
the crankshaft is rotated in reverse, and the crankshaft
is driven in the forward direction by the combustion of
the fuel-air mixture in the first cylinder. In this case, be-
cause a time period from the time when the fuel-air mix-
ture is introduced into the first cylinder until the time when
the fuel-air mixture is ignited is short, the fuel-air mixture
in the first cylinder is prevented from dissipating or being
diluted, and a fuel-air ratio of the fuel-air mixture at the
time of ignition can be appropriately adjusted.

[0010] In the engine start-up operation, the pressure
in at least one cylinder of the first and second cylinders
is reduced by the pressure reduction mechanism, where-
by an increase in rotational resistance of the crankshaft
caused by an increase in pressure in the at least one
cylinder is inhibited. Thus, the rotation of the crankshaft
is not prevented, and the engine start-up operation is
smoothly performed. Therefore, a forward torque of the
crankshaft can be sufficiently increased by the reverse
rotation start-up operation. As a result, the engine can
be appropriately started.

(2) The pressure reduction mechanism, in the re-
verse rotation start-up operation, may reduce the
pressure in the at least one cylinder.

In this case, in the reverse rotation start-up opera-
tion, because an increase in rotational resistance of
the crankshaft caused by an increase in pressure in
the above-mentioned at least one cylinder is inhibit-
ed, the reverse rotation of the crankshaft is not pre-
vented. Thus, the reverse rotation start-up operation
can be appropriately performed.

(3) The engine may further include an opening clos-
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ing mechanism that opens and closes an intake port
and an exhaust port of each of the first and second
cylinders, ranges of a crank angle respectively cor-
responding to an intake stroke, a compression
stroke, an expansion stroke and an exhaust stroke
of the first cylinder during normal running may be
defined as a first intake range, a first compression
range, a first expansion range and a first exhaust
range, and ranges of the crank angle respectively
corresponding to an intake stroke, a compression
stroke, an expansion stroke and an exhaust stroke
ofthe second cylinder during the normal running may
be defined as a second intake range, a second com-
pression range, a second expansion range and a
second exhaust range, the first exhaust range may
include a start-up intake range, and the first expan-
sion range may include a start-up ignition range, the
rotation driver, in the reverse rotation start-up oper-
ation, may rotate the crankshaft in reverse such that
the crank angle exceeds the start-up intake range
and reaches the start-up ignition range, the opening
closing mechanism, in the reverse rotation start-up
operation, may open the intake port of the first cyl-
inder when the crank angle is in the start-up intake
range, a fuel injection device corresponding to the
first cylinder, in the reverse rotation start-up opera-
tion, may inject fuel into an intake passage that leads
airtothefirstcylinder such that, when the crank angle
is in the start-up intake range, a fuel-air mixture is
introduced into the first cylinder, an ignition device
corresponding to the first cylinder, in the reverse ro-
tation start-up operation, may ignite the fuel-air mix-
ture in the first cylinder when the crank angle is in
the start-up ignition range, the second expansion
range may include a start-up pressure reduction
range, and the pressure reduction mechanism, in
the reverse rotation start-up operation, may reduce
pressure in the second cylinder when the crank angle
is in the start-up pressure reduction range.

[0011] In this case, in the reverse rotation start-up op-
eration, the crankshaft is rotated in reverse such that the
crank angle passes through the start-up intake range and
reaches the start-up ignition range. The intake port of the
first cylinder is opened when the crank angle is in the
start-up intake range, and the fuel-air mixture is intro-
duced into the first cylinder. Thereafter, the fuel-air mix-
ture in the first cylinder is ignited when the crank angle
is in the start-up ignition range. The crankshaft is driven
in the forward direction by the energy of combustion of
the fuel-air mixture.

[0012] Whenthe crank angle isinthe start-up pressure
reduction range, the pressure in the second cylinder is
reduced by the pressure reduction mechanism. Thus,
even in the case where the crank angle becomes close
to the angle corresponding to the pressure top dead cent-
er of the second cylinder, an increase in pressure in the
second cylinder is inhibited. Therefore, an increase in
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rotational resistance of the crankshaft is inhibited, so that
the reverse rotation of the crankshaft is not prevented.
[0013] Because the pressure in the second cylinder
does not prevent the reverse rotation of the crankshaft,
the introduction of the fuel-air mixture into the first cylinder
and the compression of the fuel-air mixture in the first
cylinder can be appropriately performed. Thus, the fuel-
air mixture can be appropriately combusted in the first
cylinder, and a forward torque of the crankshaft can be
sufficiently increased. As a result, the engine can be ap-
propriately started.

(4) At least one of the first compression range and
the first intake range may include a reverse rotation
start range, and the engine start-up operation may
further include a forward rotation positioning opera-
tion of adjusting the crank angle in the reverse rota-
tion start range by rotating the crankshaft in the for-
ward direction before the reverse rotation start-up
operation.

In this case, because the crank angle is adjusted in
the reverse rotation start range before the reverse
rotation start-up operation, the speed of the reverse
rotation of the crankshaft is increased before the
crank angle reaches the start-up intake range in the
reverse rotation start-up operation. Therefore, the
fuel-air mixture is appropriately introduced into the
first cylinder in the start-up intake range, and the
crank angle easily reaches the start-up ignition
range. Thus, the fuel-air mixture can be appropriately
combusted in the first cylinder.

(5) The second compression range may include a
positioning pressure reduction range, and the pres-
sure reduction mechanism, in the forward rotation
positioning operation, may reduce pressure in the
second cylinder when the crank angle is in the posi-
tioning pressure reduction range.

In this case, even in the case where the crank angle
becomes close to the angle corresponding to the
compression top dead center of the second cylinder,
an increase in pressure in the second cylinder is in-
hibited. Therefore, an increase in rotational resist-
ance ofthe crankshaft is inhibited, so that the forward
rotation of the crankshaft is not prevented. Thus, the
crank angle can easily be adjusted in the reverse
rotation start range.

(6) A difference between the crank angle in the case
where a piston reaches a compression top dead
center in the first cylinder and the crank angle in the
case where a piston reaches a compression top
dead center in the second cylinder may be 360 de-
grees.

In this case, during the normal running of the engine,
the combustion of the fuel-air mixture in the first cyl-
inder and the combustion of the fuel-air mixture in
the second cylinder are performed at equal intervals.
Even in such an engine, the fuel-air mixture can be
appropriately combusted in the first cylinder during
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the reverse rotation start-up operation. Thus, the en-
gine can be appropriately started.

(7) A fuel injection device corresponding to the sec-
ond cylinder, in the reverse rotation start-up opera-
tion, may inject fuel into an intake passage that leads
air to the second cylinder after the crank angle ex-
ceeds the start-up intake range and before the crank
angle reaches the start-up ignition range.

In this case, when the crank angle reaches the start-
up ignition range, and the forward rotation of the
crankshaft is started, the second cylinder is in the
intake stroke. Therefore, the fuel is injected into the
intake passage that leads air to the second cylinder
before the crank angle reaches the start-up ignition
range, whereby the fuel-air mixture is introduced into
the second cylinder right after the start of the forward
rotation of the crankshaft. Thus, in a first expansion
stroke of the second cylinder, the fuel-air mixture can
be combusted in the second cylinder. Therefore, the
engine can be quickly started.

(8) A difference between the crank angle in the case
where the piston reaches a compression top dead
center in the first cylinder and the crank angle in the
case where the piston reaches a compression top
dead center in the second cylinder may be an angle
other than 360 degrees.

In this case, during the normal running of the engine,
the combustion of the fuel-air mixture in the first cyl-
inder and the combustion of the fuel-air mixture in
the second cylinder are performed at unequal inter-
vals. Evenin such an engine, the fuel-air mixture can
be appropriately combusted in the first cylinder dur-
ing the reverse rotation start-up operation. Thus, the
engine can be appropriately started.

(9) The engine start-up operation may further include
a forward rotation positioning operation of adjusting
the crank angle in the reverse rotation start range by
rotating the crankshaftin the forward direction before
the reverse rotation start-up operation, and the pres-
sure reduction mechanism, in the forward rotation
positioning operation, may reduce pressure in at
least one cylinder of the first and second cylinders.

[0014] In this case, because the crank angle is adjust-
ed in the reverse rotation start range before the reverse
rotation start-up operation, the fuel-air mixture can be
appropriately introduced into the first cylinder in the re-
verse rotation start-up operation, and the fuel-air mixture
can be sufficiently compressed. Thus, the fuel-air mixture
can be appropriately combusted in the first cylinder.
[0015] Further, in the forward rotation positioning op-
eration, because an increase in rotational resistance of
the crankshaft caused by an increase in pressure in at
least one cylinder of the first and second cylinders is in-
hibited, the forward rotation of the crankshaft is not pre-
vented. Thus, the forward rotation positioning operation
can be appropriately performed.
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(10) The engine may further include an opening clos-
ing mechanism that opens and closes an intake port
and an exhaust port of each of the first and second
cylinders, ranges of a crank angle respectively cor-
responding to an intake stroke, a compression
stroke, an expansion stroke and an exhaust stroke
of the first cylinder during normal running may be
defined as a first intake range, a first compression
range, a first expansion range and a first exhaust
range, and ranges of the crank angle respectively
corresponding to an intake stroke, a compression
stroke, an expansion stroke and an exhaust stroke
ofthe second cylinder during the normal running may
be defined as a second intake range, a second com-
pression range, a second expansion range and a
second exhaust range, the first intake range may
include the reverse rotation start range, the first ex-
haust range includes a start-up intake range and the
first expansion range includes a start-up ignition
range, the rotation driver, in the forward rotation po-
sitioning operation, may rotate the crankshaft for-
ward such that the crank angle reaches the reverse
rotation start range, and in the reverse rotation start-
up operation, may rotate the crankshaft in reverse
such thatthe crank angle exceeds the start-up intake
range from the reverse rotation start range and
reaches the start-up ignition range, the opening clos-
ing mechanism, in the reverse rotation start-up op-
eration, may open an intake port of the first cylinder
when the crank angle is in the start-up intake range,
a fuel injection device corresponding to the first cyl-
inder, in the reverse rotation start-up operation, may
inject fuel into an intake passage that leads air to the
first cylinder such that, when the crank angle is in
the start-up intake range, a fuel-air mixture is intro-
duced into the first cylinder, an ignition device cor-
responding to the first cylinder, in the reverse rotation
start-up operation, may ignite the fuel-air mixture in
the first cylinder when the crank angle is in the start-
up ignition range, the first compression range may
include a positioning pressure reduction range, and
the pressure reduction mechanism, in the forward
rotation positioning operation, may reduce pressure
in the first cylinder when the crank angle is in the
positioning pressure reduction range.

[0016] In this case, the crank angle is adjusted in the
reverse rotation start range by the forward rotation posi-
tioning operation, and then the crankshaft is rotated in
reverse by the reverse rotation start-up operation such
that the crank angle passes through the start-up intake
range from the reverse rotation start range and reaches
the start-up ignition range.

[0017] In the reverse rotation start-up operation, the
intake port of the first cylinder is opened when the crank
angle is in the start-up intake range, and the fuel-air mix-
ture is introduced into the first cylinder. Thereafter, when
the crank angle is in the start-up ignition range, the fuel-
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air mixture in the first cylinder is ignited, and the crank-
shaft is driven in the forward direction by the energy of
combustion.

[0018] Because the forward rotation positioning oper-
ation is performed before the reverse rotation start-up
operation, the speed of the reverse rotation of the crank-
shaft is increased before the crank angle reaches the
start-up intake range in the reverse rotation start-up op-
eration. Thus, the fuel-air mixture is appropriately intro-
duced into the first cylinder in the start-up intake range,
and the crank angle easily reaches the start-up ignition
range.

[0019] From the above, the fuel-air mixture can be ap-
propriately combusted in the first cylinder, and a forward
torque of the crankshaft can be sufficiently increased. As
aresult, the engine can be appropriately started.
[0020] Further, in the forward rotation positioning op-
eration, when the crank angle is in the positioning pres-
sure reduction range, the pressure in the first cylinder is
reduced by the pressure reduction mechanism. In this
case, even in the case where the crank angle becomes
close to the angle corresponding to the compression top
dead center of the first cylinder, an increase in pressure
in the first cylinder is inhibited. Therefore, because an
increase in rotational resistance of the crankshaft is in-
hibited, the forward rotation of the crankshaft is not pre-
vented. Thus, the crank angle can easily be adjusted in
the reverse rotation start range.

(11) At least part of the first intake range may be in
the second compression range, and the crank angle,
in the reverse rotation start-up operation, may reach
the start-up ignition range without passing through
an angle corresponding to a compression top dead
center of each of the first and second cylinders.

[0021] In this case, in the reverse rotation start-up op-
eration, because the crank angle does not pass through
the angle corresponding to the compression top dead
center of each of the first and second cylinders, the crank-
shaft can easily reach the start-up ignition range with no
reduction in pressure in each of the first and second cyl-
inders. Thus, the forward rotation positioning operation
and the reverse rotation start-up operation can be appro-
priately performed with the simple configuration.

(12) The plurality of cylinders may further include a
third cylinder, and the pressure reduction mecha-
nism, in the reverse rotation operation, may reduce
pressure in each of the second and third cylinders.
In this case, in the reverse rotation start-up opera-
tion, an increase in rotational resistance of the crank-
shaft caused by an increase in pressure in the sec-
ond or third cylinder is inhibited, and the reverse ro-
tation of the crankshaft is not prevented. Thus, in the
multi-cylinder engine having three or more cylinders,
the reverse rotation start-up operation can be appro-
priately performed, and the engine can be appropri-
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ately started.

(13) The engine start-up operation may include a
forward rotation positioning operation of adjusting
the crank angle in a predetermined reverse rotation
start range by rotating the crankshaft in the forward
direction before the reverse rotation start-up opera-
tion, and the pressure reduction mechanism, in the
forward rotation positioning operation, may reduce
pressure in each of the second and third cylinders.

[0022] In this case, because the crank angle is adjust-
ed in the reverse rotation start range before the reverse
rotation start-up operation, the fuel-air mixture can be
appropriately introduced into the first cylinder in the re-
verse rotation start-up operation, and the crank angle
can easily reach the start-up ignition range. Thus, the
fuel-air mixture can be appropriately combusted in the
first cylinder.

[0023] Further, in the forward rotation positioning op-
eration, because an increase in rotational resistance of
the crankshaft caused by an increase in pressure in the
second or third cylinder is inhibited, the forward rotation
of the crankshaft is not prevented. Thus, in the multi-
cylinder engine having three or more cylinders, the for-
ward rotation positioning operation can be appropriately
performed.

(14) The pressure reduction mechanism may include
a communication path that connects the second cyl-
inder and the third cylinder to each other, and a com-
munication path opening closing mechanism that
switches the communication path between a com-
municated state and a closed state, and the commu-
nication path opening closing mechanism may re-
duce the pressure in each of the second and third
cylinders by keeping the communication path in the
communicated state.

In this case, an increase in rotational resistance of
the crankshaft caused by an increase in pressure in
the second or third cylinder can be inhibited with the
simple configuration and by simple control.

(15) The communication path may have a first open-
ing that opens in the second cylinder and a second
opening that opens in the third cylinder, the commu-
nication path opening closing mechanism may in-
clude a first valve that opens and closes the first
opening, a second valve that opens and closes the
second opening, and a communication driver that
integrally drives the first and second valves, and the
communication driver may reduce the pressure in
each of the second and third cylinders by opening
the first and second openings by the first and second
valves.

In this case, the communication path can be appro-
priately switched between the communicated state
and the closed state with the simple configuration.
(16) According to another aspect of the present in-
vention, a vehicle includes a main body having a



9 EP 3 203 056 A1 10

drive wheel, and the above-mentioned engine sys-
tem that generates motive power for rotating the
drive wheel.

In this vehicle, because the above-mentioned engine
system is used, the engine can be appropriately
started.

(17) The pressure reduction mechanism may be con-
figured to reduce the pressure in the second cylinder
in the start-up pressure reduction range when the
crank angle is rotated at a rotation speed lower than
a predetermined value.

In this case, the pressure in the second cylinder can
be reduced during the reverse rotation start-up op-
eration with the simple configuration.

(18) The pressure reduction mechanism may be con-
figured to reduce the pressure in the first or second
cylinder in the positioning pressure reduction range
when the crankshaft is rotated at a rotation speed
lower than the predetermined value.

[0024] In this case, the pressure in the first or second
cylinder can be reduced during the forward rotation po-
sitioning operation with the simple configuration.

[Advantageous Effects of Invention]

[0025] The presentinvention enables the engine to be
appropriately started.

[Brief Description of Drawings]
[0026]

[FIG. 1] Fig. 1 is a schematic side view showing a
schematic configuration of a motorcycle according
to one embodiment of the present invention.

[FIG. 2] Fig. 2 is a schematic side view for explaining
a configuration of an engine system according to a
first embodiment.

[FIG. 3] Fig. 3 is a schematic side view for explaining
the configuration of the engine system according to
the first embodiment.

[FIG. 4] Fig. 4 is a diagram for explaining an operation
of an engine during normal running in the first em-
bodiment.

[FIG. 5] Fig. 5 is a diagram for explaining the oper-
ation of the engine during the normal running in the
first embodiment.

[FIG. 6] Fig. 6 is a diagram for explaining a forward
rotation positioning operation of an engine unit in the
first embodiment.

[FIG. 7] Fig. 7 is a diagram for explaining a reverse
rotation start-up operation of the engine unit in the
first embodiment.

[FIG. 8] Fig.8 is a diagram showing a relationship
between arotational load of a crankshaft and a crank
angle in the first embodiment.

[FIG. 9] Fig. 9 is a flow chart for explaining one ex-
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ample of an engine start-up process in the first em-
bodiment.

[FIG. 10] Fig. 10 is a flow chart for explaining one
example of the engine start-up process in the first
embodiment.

[FIG. 11] Fig. 11 is a diagram for explaining another
example of the reverse rotation start-up operation in
the first embodiment.

[FIG. 12] Fig. 12 is a diagram for explaining the other
example of the reverse rotation start-up operation in
the first embodiment.

[FIG. 13] Fig. 13 is a schematic side view for explain-
ing a configuration of the engine system according
to a second embodiment.

[FIG. 14] Fig. 14 is a diagram for explaining an op-
eration of an engine during normal running in the
second embodiment.

[FIG. 15] Fig. 15is a diagram for explaining a forward
rotation positioning operation of an engine unit in the
second embodiment.

[FIG. 16] Fig. 16 is a diagram for explaining the for-
ward rotation positioning operation of the engine unit
in the second embodiment.

[FIG.17]Fig. 17 is adiagram for explaining a reverse
rotation start-up operation of the engine unit in the
second embodiment.

[FIG. 18] Fig. 18 is a diagram for explaining the re-
verse rotation start-up operation of the engine unit
in the second embodiment.

[FIG. 19] Fig. 19 is a diagram showing a relationship
between a rotational load of the crankshaft and a
crank angle in the second embodiment.

[FIG. 20] Fig. 20 is a flow chart of an engine start-up
process in the second embodiment.

[FIG. 21] Fig. 21 is a schematic diagram showing
one example of a valve driver in the second embod-
iment.

[FIG. 22] Fig. 22 is a perspective view showing a
decompression mechanism in the second embodi-
ment.

[FIG. 23] Fig. 23 is a schematic cross-sectional view
for explaining an operation state of the decompres-
sion mechanism in the second embodiment.

[FIG. 24] Fig. 24 is a schematic cross-sectional view
for explaining a non-operation state of the decom-
pression mechanism in the second embodiment.
[FIG. 25] Fig. 25 is a diagram for explaining a con-
figuration of an engine unit in a third embodiment.
[FIG. 26] Fig. 26 is a diagram for explaining normal
running of an engine in the third embodiment.
[FIG. 27] Fig. 27 is a diagram for explaining the nor-
mal running of the engine in the third embodiment.
[FIG. 28] Fig. 28 is a diagram for explaining the nor-
mal running of the engine in the third embodiment.
[FIG. 29] Fig. 29 is a diagram showing a relationship
between a rotational load of the crankshaft and a
crank angle in the third embodiment.

[FIG. 30] Fig. 30 is a diagram for explaining a forward
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rotation positioning operation in the third embodi-
ment.

[FIG. 31]Fig. 31is a diagram for explaining a reverse
rotation start-up operation in the third embodiment.
[FIG. 32] Fig. 32 is a diagram showing a specific
example of a decompression mechanism in the third
embodiment.

[FIG. 33] Fig. 33 is a diagram for explaining an op-
eration in each of second and third cylinders in the
third embodiment.

[FIG. 34] Fig. 34 is a schematic diagram for explain-
ing flows of gas during the forward rotation position-
ing operation in the third embodiment.

[FIG. 35] Fig. 35 is a diagram for explaining opera-
tions performed in the second and third cylinders in
the third embodiment.

[FIG. 36] Fig. 36 is a schematic diagram for explain-
ing flows of gas during the reverse rotation start-up
operation in the third embodiment.

[FIG. 37] Fig. 37 is a diagram showing a relationship
between the rotational load of the crankshaft and the
crank angle during the forward rotation positioning
operation and the reverse rotation start-up operation
in the third embodiment.

[FIG. 38] Fig. 38 is a flow chart for explaining a cold
start-up process in the third embodiment.

[FIG. 39] Fig. 39 is a flow chart for explaining the
cold start-up process in the third embodiment.
[FIG. 40] Fig. 40 is a flow chart for explaining the
reverse rotation start-up process in the third embod-
iment.

[Description of Embodiments]

[0027] An engine system and a vehicle according to
embodiments of the present invention will be described
below with reference to the drawings.

[A] Vehicle

[0028] Fig. 1is a schematic side view showing a sche-
matic configuration of a motorcycle according to one em-
bodiment of the present invention. The motorcycle 100
of Fig. 1 is one example of the vehicle. In the motorcycle
100 of Fig. 1, a front fork 2 is provided in a front portion
of a vehicle body 1 to be swingable in a left-and-right
direction. A handle 4 is attached to the upper end of the
front fork 2, and a front wheel 3 is rotatably attached to
the lower end of the front fork 2.

[0029] A seat5is provided at an upper portion of sub-
stantially the center of the vehicle body 1. An ECU (En-
gine Control Unit) 6 and an engine unit EU are provided
below the seat 5. The engine system 200 is constituted
by the ECU 6 and the engine unit EU. A rear wheel 7 is
rotatably attached to a lower portion of the rear end of
the vehicle body 1. The rotation of the rear wheel 7 is
driven by motive power generated by the engine unit EU.
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[B] Engine System (First Embodiment)
(1) Configuration

[0030] Figs. 2 and 3 are schematic side views for ex-
plaining the configuration of the engine system 200 ac-
cording to the first embodiment of the present invention.
As shown in Fig. 2, the engine unit EU includes an engine
10 and an integrated starter generator 14. The engine
10 is a two-cylinder four-cycle engine and includes a first
cylinder 31A and a second cylinder 31 B. A piston 11 is
provided in each of the first and second cylinders 31A,
31 B. Each piston 11 is connected to a crankshaft 13 via
a connecting rod 12. The reciprocating motion of each
piston 11 is converted into the rotational motion of the
crankshaft 13.

[0031] The integrated starter generator 14 is provided
at the crankshaft 13. The integrated starter generator 14
is a generator having a function of a starter motor, drives
the rotation of the crankshaft 13 in forward and reverse
directions and generates electrical power by the rotation
of the crankshaft 13. The forward direction is a rotation
direction of the crankshaft 13 during normal running of
the engine 10, and the reverse direction is the opposite
direction. The integrated starter generator 14 directly
transmits a torque to the crankshaft 13 without a reduc-
tion gear. The rotation of the rear wheel 7 is driven by
the transmission of the rotation of the crankshaft 13 in
the forward direction (the forward rotation) to the rear
wheel 7. A starter motor and a generator may be inde-
pendently provided instead of the integrated starter gen-
erator 14.

[0032] In Fig. 3, only the first cylinder 31A of the first
and second cylinders 31A, 31B is shown. The configu-
ration of the second cylinder 31 B and its peripheral por-
tions is similar to the configuration of the first cylinder
31A and its peripheral portions.

[0033] As shown in Fig. 3, the engine 10 includes an
intake valve 15, an exhaust valve 16, an ignition plug 18,
an injector 19 and a valve driver 17. The intake valve 15,
the exhaust valve 16, the ignition plug 18 and the injector
19 are provided to correspond to each of the first and
second cylinders 31A, 31 B, and the valve driver 17 is
commonly provided for the first and second cylinders
31A, 31 B.

[0034] In each of the first and second cylinders 31A,
31 B, a combustion chamber 31a is formed above a pis-
ton 11. The combustion chamber 31 a communicates
with an intake passage 22 via an intake port 21 and com-
municates with an exhaust passage 24 via an exhaust
port 23. The intake port 21 is opened and closed by the
intake valve 15, and the exhaust port 23 is opened and
closed by the exhaust valve 16. The intake valve 15 and
the exhaust valve 16 are driven by the valve driver 17. A
throttle valve TV for adjusting a flow rate of air that flows
in from the outside is provided in the intake passage 22.
The ignition plug 18 is configured to ignite a fuel-air mix-
ture in the combustion chamber 31a. The injector 19 is
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configured to inject the fuel into the intake passage 22.

[0035] The engine 10 includes a decompression
mechanism DE for reducing the pressure in the first cyl-
inder 31A. The decompression mechanism DE reduces
the pressure in the first cylinder 31A by lifting the exhaust
valve 16 corresponding to the first cylinder 31A, for ex-
ample.

[0036] TheECU 6 includes a CPU (Central Processing
Unit) and a memory, for example. A microcomputer may
be used instead of the CPU and the memory. A main
switch 40, a starter switch 41, an intake pressure sensor
42, a crank angle sensor 43 and a current sensor 44 are
electrically connected to the ECU 6. The main switch 40
is provided below the handle 4 of Fig. 1, for example, and
the starter switch 41 is provided at the handle 4 of Fig.
1, forexample. The main switch 40 and the starter switch
41 are operated by a rider. The intake pressure sensor
42 detects the pressure in the intake passage 22. The
crank angle sensor 43 detects a rotation position of the
crankshaft 13 (hereinafter referred to as a crank angle).
The current sensor 44 detects an electric current flowing
inthe integrated starter generator 14 (hereinafterreferred
to as a motor current).

[0037] Operations of the main switch 40 and the starter
switch 41 are supplied to the ECU 6 as operation signals,
and results of detection by the intake pressure sensor
42, the crank angle sensor 43 and the current sensor 44
are supplied to the ECU 6 as detection signals. The ECU
6 controls the integrated starter generator 14, the ignition
plug 18 and the injector 19 based on the supplied oper-
ation signals and detection signals.

(2) Operation of Engine System

[0038] Forexample, the engine 10 is started by turning
on the starter switch 41 of Fig. 3, and the engine 10 is
stopped by turning off the main switch 40 of Fig. 3. Fur-
ther, the engine 10 may be automatically stopped by sat-
isfaction of a predetermined idle stop condition, and then
the engine 10 may be automatically re-started by satis-
faction of a predetermined idle stop release condition.
The idle stop condition includes a condition related to at
least one of a throttle opening (a degree of opening of
the throttle valve TV), a vehicle speed and a rotation
speed of the engine 10, forexample. Theidle stop release
condition is that the throttle opening becomes larger than
0 by an operation of an accelerator grip, for example.
Hereinafter, the state of the engine 10 being automati-
cally stopped by satisfaction of the idle stop condition is
referred to as an idle stop state.

[0039] In the present embodiment, the engine 10 is
started by an engine start-up operation and then shifted
to the normal running. The engine start-up operation in-
cludes a forward rotation positioning operation and a re-
verse rotation start-up operation, described below. In the
normal running, an intake stroke, a compression stroke,
an expansion stroke and an exhaust stroke are periodi-
cally repeated in each of the first and second cylinders

10

15

20

25

30

35

40

45

50

55

31A, 31B.

[0040] In the following description, a top dead center
through which the piston 11 passes at the time of shifting
from the compression stroke to the expansion stroke is
referred to as a compression top dead center, and a top
dead center through which the piston 11 passes at the
time of shifting from the exhaust stroke to the intake
stroke is referred to as an exhaust top dead center. Fur-
ther, a bottom dead center through which the piston 11
passes at the time of shifting from the intake stroke to
the compression stroke is referred to as an intake bottom
dead center, and a bottom dead center through which
the piston 11 passes at the time of shifting from the ex-
pansion stroke to the exhaust stroke is referred to as an
expansion bottom dead center.

[0041] Further, ranges of the crank angles respectively
corresponding to the intake stroke, the compression
stroke, the expansion stroke and the exhaust stroke of
the first cylinder 31A during the normal running are re-
ferredto as afirstintake range, a first compression range,
afirst expansion range and a first exhaustrange. Further,
ranges of the crank angles respectively corresponding
to the intake stroke, the compression stroke, the expan-
sion stroke and the exhaust stroke of the second cylinder
31 B during the normal running are referred to as a sec-
ond intake range, a second compression range, a second
expansion range and a second exhaust range.

[0042] The crank angle is indicated in a range of 720
degrees (two rotations of the crankshaft 13). The crank
angle sensor 43 of Fig. 3 detects a rotation position in a
range of one rotation (360 degrees) of the crankshaft 13.
The ECU 6 determines which rotation of the two rotations
of the crankshaft 13, that are equivalent to one cycle of
the engine 10, the rotation position detected by the crank
angle sensor 43 corresponds to based on the pressure
in the intake passage 22 detected by the intake pressure
sensor 42. Thus, the ECU 6 can acquire the rotation po-
sition in the range of two rotations (720 degrees) of the
crankshaft 13.

(2-1) Normal Running

[0043] Figs. 4 and 5 are diagrams for explaining the
normal running of the engine 10. A relationship between
operations performed in the first cylinder 31A and the
crank angleis shownin Fig. 4, and arelationship between
operations performed in the second cylinder 31 B and
the crank angle is shown in Fig. 5. In each of Figs. 4 and
5, and a plurality of subsequent diagrams, the range of
720 degrees of the crank angle is indicated by one circle.
[0044] As shown in Fig. 4, in the first cylinder 31A, the
piston 11 is positioned at the compression top dead cent-
er when the crank angle is an angle A1, the piston 11 is
positioned at the expansion bottom dead center when
the crank angle is an angle A2, the piston 11 is positioned
at the exhaust top dead center when the crank angle is
an angle A3, and the piston 11 is positioned at the intake
bottom dead center when the crank angle is an angle A4.
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[0045] During the normal running, the crankshaft 13
(Fig. 2) is rotated forward. During the forward rotation of
the crankshaft 13, the crank angle changes in a direction
of an arrow R1. In the first cylinder 31A, as indicated by
arrows P11 to P14, the piston 11 (Fig. 2) falls in a range
from the angle A1 to the angle A2, the piston 11 rises in
arange from the angle A2 to the angle A3, the piston 11
falls in a range from the angle A3 to the angle A4, and
the piston 11 rises in a range from the angle A4 to the
angle A1.

[0046] The range from the angle A3 to the angle A4 is
equivalentto afirstintake range, the range from the angle
A4 to the angle A1 is equivalent to a first compression
range, the range from the angle A1 to the angle A2 is
equivalent to a first expansion range, and the range from
the angle A2 tothe angle A3 is equivalent to a firstexhaust
range.

[0047] The intake port 21 (Fig. 3) is opened by the in-
take valve 15 (Fig. 3) in a range from an angle A11 to an
angle A12, and the exhaust port 23 (Fig. 3) is opened by
the exhaust valve 16 (Fig. 3) in a range from an angle
A13toanangle A14. The angle A11is in the first exhaust
range and positioned at a further advanced angle than
the angle A3 by a constant angle in the forward direction,
and the angle A12 is in the first compression range and
positioned at a further retarded angle than the angle A4
by a constant angle in the forward direction. The angle
A13 is in the first expansion range and positioned at a
further advanced angle than the angle A2 by a constant
angle in the forward direction, and the angle A14 is in the
firstintake range and positioned at a further retarded an-
gle than the angle A3 by a constant range in the forward
direction.

[0048] The fuel is injected into the intake passage 22
(Fig. 3) by the injector 19 (Fig. 3) at an angle A15 and
ignited by the ignition plug 18 (Fig. 2) at an angle A16.
The angle A15is in the first exhaust range and positioned
at a further advanced angle than the angle A11 in the
forward direction. The angle A16 is in the first compres-
sion range and positioned at a further advanced angle
than the angle A1 by a constant angle in the forward
direction.

[0049] In this case, a fuel-air mixture including the fuel
injected at the angle A15 is introduced into the combus-
tion chamber 31a through the intake port 21 in the range
from the angle A11 to the angle A12. The fuel-air mixture
is compressed in the combustion chamber 31 a and ig-
nited by the ignition plug 18 at the angle A16. Thus, the
fuel-air mixture is combusted in the combustion chamber
31a, the piston 11 is driven by the energy of combustion,
and the crankshaft 13 is driven in the forward direction.
Thereafter, the combusted gas is exhausted from the
combustion chamber 31 a through the exhaust port 23
in the range from the angle A13 to the angle A14.
[0050] Asshownin Fig. 5, inthe second cylinder 31 B,
the piston 11 is positioned at an expansion bottom dead
center when the crank angle is an angle A1, the piston
11 is positioned at an exhaust top dead center when the
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crank angle is an angle A2, the piston 11 is positioned
at an intake bottom dead center when the crank angle is
an angle A3, and the piston 11 is positioned at a com-
pression top dead center when the crank angle is an an-
gle A4.

[0051] During the normal running, as indicated by ar-
rows P21 to P24, the piston 11 (Fig. 2) rises in a range
from the angle A1 to the angle A2, the piston 11 falls in
arange from the angle A2 to the angle A3, the piston 11
rises in a range from the angle A3 to the angle A4, and
the piston 11 falls in a range from the angle A4 to the
angle A1.

[0052] The range from the angle A2 to the angle A3 is
equivalent to a second intake range, the range from the
angle A3 to the angle A4 is equivalent to a second com-
pression range, the range from the angle A4 to the angle
A1 is equivalent to a second expansion range and the
range from the angle A1 to the angle A2 is equivalent to
a second exhaust range.

[0053] Anintake port21 (Fig. 3) is opened by an intake
valve 15 (Fig. 3) in arange from an angle A21 to an angle
A22, and an exhaust port 23 is opened by an exhaust
valve 16 (Fig. 3) in arange from an angle A23 to an angle
A24. The angle A21 is in the second exhaust range and
positioned at a further advanced angle than the angle A2
by aconstantangle in the forward direction, and the angle
A22 is in the second compression range and positioned
atafurtherretarded angle than the angle A3 by a constant
range in the forward direction. The angle A23 is in the
second expansion range and positioned at a further ad-
vanced angle than the angle A1 by a constant angle in
the forward direction, and the angle A24 is in the second
intake range and positioned at a further retarded angle
than the angle A2 by a constant angle in the forward
direction.

[0054] The fuel is injected into an intake passage 22
(Fig. 3) by an injector 19 (Fig. 3) at an angle A25 and
ignited by an ignition plug 18 (Fig. 3) at an angle A26.
The angle A25 is in the second exhaust range and posi-
tioned at a further advanced angle than the angle A21 in
the forward direction. The angle A26 is in the second
compression range and positioned at a further advanced
angle thanthe angle A4 by a constantangle in the forward
direction.

[0055] In this case, the fuel-air mixture including the
fuel injected at the angle A25 is introduced into a com-
bustion chamber 31a through the intake port 21 in the
range from the angle A21 to the angle A22. The fuel-air
mixture is compressed in the combustion chamber 31a
and ignited by the ignition plug 18 at the angle A26. Thus,
the fuel-air mixture is combusted in the combustion
chamber 31a, the piston 11 is driven by the energy of
combustion, and the crankshaft 13 is drivenin the forward
direction. Thereafter, the combusted gas is exhausted
through the exhaust port 23 from the combustion cham-
ber 31ainthe range from the angle A23 to the angle A24.
[0056] In the present example, a difference between
the crank angle in the case where the piston 11 reaches
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the compression top dead center in the first cylinder 31A
and the crank angle in the case where the piston 11
reaches the compression top dead center in the second
cylinder 31 B is 180 degrees. Therefore, during the nor-
mal running, the fuel-air mixtures are combusted at un-
equal intervals in the first and second cylinders 31A, 31B.
Specifically, an ignition operation is performed in the first
cylinder 31A, and then the crankshaft 13 is rotated by
180 degrees. Thereafter, the ignition operation is per-
formed in the second cylinder 31 B, then the crankshaft
13 is rotated by 540 degrees, and the ignition operation
is performed again in the first cylinder 31A.

(2-2) Forward Rotation Positioning Operation and Re-
verse Rotation Start-up Operation

[0057] The engine unit EU performs the forward rota-
tion positioning operation before the start-up of the en-
gine 10 and performs the reverse rotation start-up oper-
ation during the start-up of the engine 10. Fig. 6 is a di-
agram for explaining the forward rotation positioning op-
eration of the engine unit EU. Fig. 7 is a diagram for ex-
plaining the reverse rotation start-up operation of the en-
gine unit EU.

[0058] Ineach of Figs. 6 and 7, a relationship between
the operations performed in the first cylinder 31A and the
crank angle is shown. In the present example, main op-
erations related to the forward rotation positioning oper-
ation and the reverse rotation start-up operation are per-
formed in the first cylinder 31A. Therefore, the operations
performed in the first cylinder 31A will be mainly de-
scribed.

[0059] As shown in Fig. 6, during the forward rotation
positioning operation, the crank angle is adjusted to an
angle A30 by the forward rotation of the crankshaft 13
by the integrated starter generator 14 (Fig. 3). The angle
A30 is an example of a reverse rotation start range and
in the first intake range. The angle A30 is preferably po-
sitioned at a further retarded angle than the angle A14
in the forward direction. The reverse rotation start range
does not have to be a specific angle but may be a specific
angular range.

[0060] At the time of the start of the forward rotation
positioning operation, the crank angle is sometimes po-
sitioned at a further retarded angle than the angle A4
corresponding to the compression top dead center of the
second cylinder 31 B and a further advanced angle than
the angle A1 corresponding to the compression top dead
center of the first cylinder 31A in the forward direction
(an angle A30a of Fig. 6, for example). In this case, it is
necessary that the crank angle exceeds the angle A1
corresponding to the compression top dead center of the
first cylinder 31A in the forward rotation positioning op-
eration.

[0061] In the forward rotation positioning operation, in
the case where it is necessary that the crank angle ex-
ceeds the angle A1, the crankshaft 13 is rotated forward
while the pressure in the first cylinder 31A is reduced by
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the decompression mechanism DE. In the example of
Fig. 6, the pressure in the first cylinder 31A is reduced
by the decompression mechanism DE in a range from
an angle AD1 to an angle AD2. The range from the angle
AD1 to the angle AD2 is an example of a positioning
pressure reduction range and in the first compression
range.

[0062] Thus, even in the case where the crank angle
becomes close to the angle A1, an increase in pressure
inthefirstcylinder 31Ais inhibited. Therefore, the forward
rotation of the crank angle is not prevented, and the crank
angle can easily be adjusted to the angle A30. A rela-
tionship between the forward rotation positioning opera-
tion and the decompression mechanism DE will be de-
scribed below.

[0063] Asshownin Fig. 7, in the reverse rotation start-
up operation, the crankshaft 13 starts rotating in reverse
with the crank angle in the reverse rotation start range
(the angle A30). Thus, the crank angle changes in a di-
rection of an arrow R2. During the reverse rotation of the
crankshaft 13, as indicated by arrows P31 to P34, the
piston 11 rises in a range from the angle A4 to the angle
A3, the piston 11 falls in a range from the angle A3 to the
angle A2, the piston 11 rises in a range from the angle
A2 to the angle A1, and the piston 11 falls in a range from
the angle A1 to the angle A4. The moving direction of the
piston 11 during the reverse rotation of the crankshaft 13
is opposite to the moving direction of the piston 11 during
the forward rotation of the crankshaft 13.

[0064] The intake port 21 (Fig. 3) is opened by the in-
take valve 15 (Fig. 3) in a range from an angle A31 to an
angle A32. The fuel is injected into the intake passage
22 (Fig. 3) by the injector 19 (Fig. 3) at an angle A33 and
ignited by the ignition plug 18 at an angle A34. Further,
at the angle A34, the rotation direction of the crankshaft
13 is switched from the reverse direction to the forward
direction.

[0065] The range from the angle A31 to the angle A32
is an example of a start-up intake range and in the first
exhaust range. The angle A31 is preferably positioned
at a further retarded angle than the angle A11 in the re-
verse direction. The angle A33 may be in the first exhaust
range or the first intake range. The angle A33 is prefer-
ably positioned at a position further advanced angle than
the angle A31 in the reverse direction. The angle A34 is
an example of a start-up ignition range and in the first
expansion range. The angle A34 is positioned at a further
advanced angle than the angle A1 by a constant angle
in the reverse direction.

[0066] The angles A31, A32 are in the range from the
angle A3 to the angle A2 (the first exhaust range). As
described above, the piston 11 falls in the range from the
angle A3 to the angle A2. Therefore, a fuel-air mixture
including air and the fuel is introduced into the combus-
tion chamber 31 a through the intake port 21 from the
intake passage 22 by opening of the intake port 21 in the
range from the angle A31 to the angle A32. Thereafter,
at the angle A34, the fuel-air mixture introduced into the



19 EP 3 203 056 A1 20

combustion chamber 31 ais ignited. Thus, the crankshaft
13 is driven in the forward direction by the energy of com-
bustion of the fuel-air mixture, and a forward torque of
the crankshaft 13 is increased.

[0067] Thereafter, the engine 10 is shifted to the nor-
mal running of the Figs. 4 and 5. Specifically, the fuel is
injected into the intake passage 22 by the injector 19
corresponding to the second cylinder 31 B at an angle
A25 right after the switching of the rotation directions of
the crankshaft 13 (Fig. 5), and a fuel-air mixture is intro-
duced into the second cylinder 31 B in a range from the
angle A21 to the angle A22. Thereafter, the fuel-air mix-
ture in the second cylinder 31 B is ignited by the ignition
plug 18 corresponding to the second cylinder 31B at the
angle A26.

[0068] Inthis manner, in the present embodiment, dur-
ing the start-up of the engine 10, a fuel-air mixture is
introduced into the first cylinder 31A while the crankshaft
13isrotated inreverse by the integrated starter generator
14. Thereafter, in the first cylinder 31A, with the piston
11 close to the compression top dead center (with the
crank angle close to the angle A1), the fuel-air mixture
in the combustion chamber 31 a is ignited, and the rota-
tion direction of the crankshaft 13 is switched to the for-
ward direction. In this case, a forward torque of the crank-
shaft 13 is increased by the energy of combustion. Thus,
the crank angle can easily exceed each of the angles A1,
A4 corresponding to the compression top dead center of
each of the first and second cylinders 31A, 31 B, and the
engine 10 is stably started.

[0069] In the first cylinder 31A, during the reverse ro-
tation of the crankshaft 13, the intake port 21 may be
opened or does not have to be opened in the range of
the crank angle that is the same as the range of the crank
angle during the forward rotation (the range from the an-
gle A12 to the angle A11 of Fig. 7). During the reverse
rotation of the crankshaft 13, because the piston 11 rises
in the range from the angle A4 to the angle A3, even if
the intake port 21 is opened, air and fuel are hardly in-
troduced into the combustion chamber 31a. Therefore,
the reverse rotation start-up operation is hardly affected.
Further, during the reverse rotation of the crankshaft 13,
the exhaust port 23 may be opened or does not have to
be opened in the range of the crank angle that is the
same as the range of the crank angle during the forward
rotation (the range from the angle A14 to the angle A13
of Fig. 7). Each of the intake port 21 and the exhaust port
23 is opened in the same range of the crank angle during
each of the forward rotation and the reverse rotation of
the crankshaft 13, whereby the configuration of the valve
driver 17 can be simplified.

(3) Rotational Load of Crankshaft

[0070] Fig. 8 is a diagram showing a relationship be-
tween the rotational load of the crankshaft 13 and the
crank angle. In Fig. 8, the abscissa indicates the crank
angle, and the ordinate indicates the rotational load of
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the crankshaft 13. The rotational load generated due to
the first cylinder 31A is indicated by a solid line, and the
rotational load generated due to the second cylinder 31
B is indicated by a one-dot and dash line. The total of the
rotational load generated due to the first cylinder 31A and
the rotational load generated due to the second cylinder
31 B is exerted on the crankshaft 13.

[0071] As for the first cylinder 31A, the rotational load
is maximized at the angle A1 corresponding to the com-
pression top dead center. Further, as for the second cyl-
inder 31 B, the rotational load is maximized at the angle
A4 corresponding to the compression top dead center.
[0072] Further, in the case where the valve driver 17
of Fig. 3 is made of a camshaft, a reaction force applied
to the valve driver 17 when the valve driver 17 drives the
intake valves 15 and the exhaust valves 16 becomes the
rotational load of the valve driver 17. Because the valve
driver 17 is rotated by the crankshaft 13, the rotational
load of the valve driver 17 is the rotational load of the
crankshaft 13.

[0073] Inthe example of Fig. 8, as for the first cylinder
31A, the rotational load of the crankshaft 13 increases in
order to drive the intake valve 15 (Fig. 3) in the range
from the angle A3 to the angle A4, and the rotational load
of the crankshaft 13 increases in order to drive the ex-
haust valve 16 (Fig. 3) in the range from the angle A2 to
the angle A3. Further, as for the second cylinder 31 B,
the rotational load of the crankshaft 13 increases in order
to drive the intake valve 15 in the range from the angle
A2 to the angle A3, and the rotational load of the crank-
shaft 13 increases in order to drive the exhaust valve 16
in the range from the angle A1 to the angle A2.

[0074] When the engine 10 is stopped, the rotation of
the crankshaft 13 is likely to be stopped in the case where
the rotational loadis large. Thus, the rotation of the crank-
shaft 13 is likely to be stopped mainly when the crank
angle becomes close to each of the angles A1, A4 cor-
responding to the compression top dead center. Further,
the rotation of the crankshaft 13 is sometimes stopped
by the load for driving the intake valve 15 or the exhaust
valve 16.

[0075] For example, the rotation of the crankshaft 13
is sometimes stopped with the crank angle positioned at
a further retarded angle than the angle A33 and further
advanced angle than the angle A34 in the reverse direc-
tion. If the reverse rotation start-up operation is started
in that state, the crank angle does not pass through the
angle A33. Therefore, the fuel is not injected, and a fuel-
air mixture is not introduced into the first cylinder 31A. In
the reverse rotation start-up operation, in order to inject
the fuel and introduce a fuel-air mixture into the first cyl-
inder 31A, it is necessary for the crankshaft 13 to be
rotated in reverse such that the crank angle passes
through a range from the angle A33 to the angle A32.
[0076] Further, in the reverse rotation start-up opera-
tion, in order to effectively introduce a fuel-air mixture
into the first cylinder 31A, the rotation speed of the crank-
shaft 13 is preferably increased by the time when the
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crank angle reaches the angle A31. Further, also in order
to reliably let the crank angle reach the angle A34, the
rotation speed of the crankshaft 13 is preferably and suf-
ficiently increased. Thus, in the reverse direction, the re-
verse rotation start-up operation is preferably performed
with the crank angle positioned at a more sufficiently fur-
ther advanced angle than the angle A33.

[0077] Onthe otherhand, the rotation of the crankshaft
13 is sometimes stopped with the crank angle positioned
at a further retarded angle than the angle A1 and further
advanced angle thanthe angle A4 in the reverse direction
(with the crank angle positioned at the angle A30a of
Figs. 6 and 8, for example). If the reverse rotation start-
up operation is started in that state, a large rotational load
is applied to the crankshaft 13 as the crank angle be-
comes close to the angle A4 corresponding to the com-
pression top dead center of the second cylinder 31 B.
Therefore, the reverse rotation of the crankshaft 13 is
prevented.

[0078] Before the reverse rotation start-up operation,
the crank angle is adjusted to the angle A30 by the for-
ward rotation positioning operation. The angle A30 is po-
sitioned at a sulfficiently further advanced angle than the
angle A33in the reverse direction. Therefore, in the case
where the reverse rotation of the crankshaft 13 is started
with the crank angle positioned at the angle A30, the
crank angle passes through the range from the angle
A33to the angle A32, and the rotation speed of the crank-
shaft 13 is sufficiently increased at a time point at which
the crank angle reaches the angle A31. Therefore, a fuel-
air mixture is sufficiently introduced into the combustion
chamber 31ain the range from the angle A31 to the angle
A32, and the crank angle easily reaches the angle A34.
[0079] Further, because the angle A30 is positioned at
a further retarded angle than the angle A4 in the reverse
direction, the reverse rotation of the crankshaft 13 is not
prevented during the reverse rotation start-up operation.
Therefore, the fuel-air mixture can be appropriately com-
busted, and a forward torque of the crankshaft 13 can be
sufficiently increased.

[0080] Further, as described above, in the forward ro-
tation positioning operation, in the case where it is nec-
essary for the crank angle to exceed the angle A1 cor-
responding to the compression top dead center of the
first cylinder 31A, the crankshaft 13 is rotated forward
while the pressure in the first cylinder 31 A is reduced by
the decompression mechanism DE. Thus, the forward
rotation of the crankshaft 13 is not prevented, and the
crank angle can easily be adjusted to the angle A30.
[0081] The decompression mechanism DE may be
configured to be switched between an operation state
and a non-operation state by a centrifugal governor. For
example, in the case where the rotation speed of the
crankshaft 13 is lower than a constant threshold value,
the decompression mechanism DE enters the operation
state and lifts the exhaust valve 16 in the first compres-
sion range. Further, when the rotation speed of the crank-
shaft 13 becomes the constant threshold value or higher,
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the decompression mechanism DE enters the non-oper-
ation state and does not lift the exhaust valve 16. In this
case, the pressureinthefirstcylinder 31A can be reduced
during the forward rotation positioning operation with the
simple configuration.

[0082] Further, the decompression mechanism DE is
preferably configured not to reduce the pressure in the
first cylinder 31A with the crank angle positioned at a
further advanced angle than the angle A1 in the reverse
direction (the first expansion range). In this case, during
the above-mentioned reverse rotation start-up operation,
when the crank angle becomes close to the angle A1,
the pressure in the first cylinder 31A is not reduced by
the decompression mechanism DE. Thus, a reduction in
energy acquired by the combustion of the fuel-air mixture
is prevented.

[0083] Further, the decompression mechanism DE
may be configured to reduce the pressure in the first cyl-
inder 31A in a constant angular range only in the case
where the rotation speed of the crankshaft 13 is lower
than the constant threshold value and the crankshaft 13
is rotated forward. Furthermore, in this case, during the
reverse rotation start-up operation, a reduction in pres-
sure in the first cylinder 31A is prevented.

[0084] When the engine 10 is stopped, the rotation of
the crankshaft 13 is sometimes stopped with the crank
angle in the reverse rotation start range or near the re-
verse rotation start range. In that case, the forward rota-
tion positioning operation does nothave to be performed.

(4) Engine Start-up Process

[0085] The ECU 6 performs the engine start-up proc-
ess based on a control program stored in advance in a
memory. Figs. 9 and 10 are flow charts for explaining
one example of the engine start-up process. The engine
start-up process is performed in the case where the main
switch 40 or the starter switch 41 of Fig. 3 is turned on,
or the case where the engine 10 is shifted to the idle stop
state.

[0086] As shown in Fig. 9, the ECU 6 first determines
whether the current crank angle is stored in the memory
(step S11). For example, the current crank angle is not
stored right after the main switch 40 is turned on, and the
current crank angle is stored during the idle stop state.
[0087] Inthe case where the current crank angle is not
stored, the ECU 6 controls the integrated starter gener-
ator 14 such that the crank angle 13 is rotated forward
(step S12). In this case, a torque of the integrated starter
generator 14 is adjusted based on a detection signal from
the current sensor 44 (Fig. 3) such that the crank angle
does not reach the angle A4 (Fig. 8) corresponding to
the compression top dead center of the second cylinder
31 B.

[0088] In the step S12, in the case where the crank
angle passes through the angle A1 corresponding to the
compression top dead center of the first cylinder 31A,
the pressure in the first cylinder 31A is reduced by the
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decompression mechanism DE as described above such
that the forward rotation of the crankshaft 13 is not pre-
vented.

[0089] Next,the ECU 6 determines whether a specified
time period has elapsed since the start of the rotation of
the crankshaft 13 in the step S12 (step S13). In the case
where the specified time period has not elapsed, the ECU
6 controls the integrated starter generator 14 such that
the rotation of the crankshaft 13 in the forward direction
continues (step S12). In the case where the specified
time period has elapsed, the ECU 6 controls the integrat-
ed starter generator 14 such that the rotation of the crank-
shaft 13 is stopped (step S14). Thus, the crank angle is
adjusted in the reverse rotation start range (the angle
A30 of Fig. 6).

[0090] Inthe step S12, the crank angle may be detect-
ed when the crankshaft 13 is rotated forward, and the
crank angle may be adjusted in the reverse rotation start
range based on the detected value.

[0091] On the other hand, in the step S11, in the case
where the current crank angle is stored, the ECU 6 de-
termines whether the current crank angleisin the reverse
rotation start range (step S15). In the case where the
current crank angle is not in the reverse rotation start
range, the ECU 6 controls the integrated starter gener-
ator 14 such that the crankshaft 13 is rotated forward
(step S16). In this case, a torque of the integrated starter
generator 14 is adjusted based on a detection signal from
the current sensor 44 (Fig. 3) such that the crank angle
does not reach the angle A4 corresponding to the com-
pression top dead center of the second cylinder 31 B
(Fig. 8).

[0092] Similarly to the above-mentioned step S12, in
the step S16, in the case where the crank angle passes
through the angle A1 corresponding to the compression
top dead center of the first cylinder 31A, the pressure in
the first cylinder 31A is reduced by the decompression
mechanism DE such that the forward rotation of the
crankshaft 13 is not prevented.

[0093] Next,the ECU 6 determines whether the current
angle has reached the reverse rotation start range based
on detection signals from the intake pressure sensor 42
and the crank angle sensor 43 (step S17). In the case
where the current crank angle has not reached the re-
verse rotation start range, the ECU 6 controls the inte-
grated starter generator 14 such that the rotation of the
crankshaft 13 in the forward direction continues (step
S16). In the case where the current crank angle has
reached the reverse rotation start range, the ECU 6 con-
trols the integrated starter generator 14 such that the
rotation of the crankshaft 13 is stopped (step S14). Thus,
the crank angle is adjusted in the reverse rotation start
range.

[0094] In the process of the steps S16, S17, as com-
pared to the process of the above-mentioned steps S12,
S13, the crank angle is accurately adjusted, and power
consumption by the integrated starter generator 14 is in-
hibited.
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[0095] The crank angle is adjusted in the reverse ro-
tation startrange by the forward rotation of the crankshaft
13, and then the process of the step S21 of Fig. 10 is
performed. Further, in the step S15, in the case where
the current crank angle is in the reverse rotation start
range, the process of the step S21 of Fig. 10 is performed
asitis.

[0096] As shown in Fig. 10, in the step S21, the ECU
6 determines whether a predetermined start-up condition
of the engine 10 is satisfied. The start-up condition of the
engine 10 is that the starter switch 41 (Fig. 3) is turned
on, or that the idle stop release condition is satisfied, for
example.

[0097] In the case where the start-up condition of the
engine 10 is satisfied, the ECU 6 controls the integrated
starter generator 14 such that the crankshaft 13 is rotated
inreverse (step S22). Next, the ECU 6 determines wheth-
er the current crank angle has reached the angle A33 of
Fig. 7 based on detection signals from the intake pressure
sensor 42 (Fig. 3) and the crank angle sensor 43 (Fig. 3)
(step S23). The ECU 6 repeats the process of the step
S23 until the current crank angle reaches the angle A33.
[0098] Whenthe currentcrank angle reachestheangle
A33, the ECU 6 controls the injector 19 corresponding
to the first cylinder 31 A such that the fuel is injected into
the intake passage 22 (Fig. 3) (step S24). In this case, a
pulse signal may be supplied to the ECU 6 from the crank
angle sensor 43 when the crank angle reaches the angle
A33, and the ECU 6 may control the injector 19 such that
the fuel is injected in response to the pulse signal.
[0099] Next, the ECU 6 determines whether the motor
current has reached a predetermined threshold value
based on a detection signal from the current sensor 44
(step S25). In this case, the closer the crank angle is to
the angle A1 of Fig. 7, the larger the motor currentis. In
the present example, when the crank angle reaches the
angle A34 of Fig. 7, the motor current reaches the thresh-
old value. In the case where the motor current has not
reached the threshold value, the ECU 6 repeats the proc-
ess of the step S25.

[0100] In the case where the motor current reaches
the predetermined threshold value, the ECU 6 controls
the integrated starter generator 14 such that the reverse
rotation of the crankshaft 13 is stopped (step S26), and
the fuel-air mixture in the combustion chamber 31a is
ignited by the ignition plug 18 corresponding to the first
cylinder 31 A (step S27). Further, the ECU 6 controls the
integrated starter generator 14 such that the crankshaft
13 is rotated forward (step S28). Thus, the ECU 6 ends
the engine start-up process, and the engine 10 is shifted
to the normal running. The driving of the crankshaft 13
by the integrated starter generator 14 is stopped after a
constant time period has elapsed since the process of
the step S28, for example.

[0101] Inthepresentexample, whetherthe crankangle
has reached the start-up ignition range (the angle A34)
is determined based on the motor current. However, the
present invention is not limited to this. For example,
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whether the crank angle has reached the start-up ignition
range may be determined based on the current crank
angle detected by the intake pressure sensor 42 (Fig. 3)
and the crank angle sensor 43 (Fig. 3).

[0102] Further, in the case where the reverse rotation
of the crankshaft 13 is started in the step S22 and then
a predetermined time period has elapsed with the crank
angle not reaching the start-up ignition range, it is deter-
mined that the trouble with the engine unit EU has oc-
curred, so that the reverse rotation start-up operation
may be stopped. The trouble with the engine unit EU
includes an operational problem with the integrated start-
er generator 14 or an operational problem with the valve
driver 17.

(5) Effects

[0103] In the engine system 200 according to the
presentembodiment, a fuel-air mixture is led into the first
cylinder 31A while the crankshaft 13 is rotated inreverse,
and the fuel-air mixture is ignited with the piston 11 close
to the compression top dead center, by the reverse ro-
tation start-up operation. The crankshaft 13 is driven in
the forward direction by the energy of combustion of the
fuel-air mixture. In this case, because a time period from
the time when the fuel-air mixture is introduced into the
first cylinder 31A until the time when the fuel-air mixture
is ignited is short, a fuel-air ratio at the time of ignition
can be appropriately adjusted.

[0104] Further, before the reverse rotation start-up op-
eration, the crank angle is adjusted in the reverse rotation
start range (the angle A30) by the forward rotation posi-
tioning operation. Thus, a fuel-air mixture can be appro-
priately introduced into the first cylinder 31A in the re-
verse rotation start-up operation, and the crank angle
can easily reach the start-up ignition range (the angle
A34).

[0105] From the above, the fuel-air mixture can be ap-
propriately combusted in the first cylinder 31A, and a for-
ward torque of the crankshaft 13 can be sufficiently in-
creased. As a result, the engine 10 can be appropriately
started.

[0106] Further, in the forward rotation positioning op-
eration, when the crank angle is in the positioning pres-
sure reduction range (the range from the angle AD1 to
the angle AD2), the pressure in the first cylinder 31A is
reduced by the decompression mechanism DE. In this
case, even if the crank angle becomes close to the angle
A1 corresponding to the compression top dead center of
the first cylinder 31A, an increase in pressure in the first
cylinder 31A is inhibited. Therefore, an increase in rota-
tional resistance of the crankshaft 13 is inhibited, and the
forward rotation of the crankshaft 13 is not prevented.
Thus, the crank angle can easily be adjusted in the re-
verse rotation start range.

[0107] Further, in the reverse rotation start-up opera-
tion of the present embodiment, because the crank angle
does not pass through the angles A1, A4 respectively
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corresponding to the compression top dead centers of
the first and second cylinders 31A, 31 B, the crank angle
can easily reach the start-up ignition range (the angle
A34) with no reduction in pressure in the first and second
cylinders 31A, 31B. Thus, the forward rotation positioning
operation and the reverse rotation start-up operation can
be appropriately performed with the simple configuration.

(6) Another Example of Reverse Rotation Start-up Op-
eration

[0108] Inthe case where the engine 10 is stopped with
the crank angle in the first compression range, the re-
verse rotation start-up operation may be performed with-
out the forward rotation positioning operation. Figs. 11
and 12 are diagrams for explaining another example of
the reverse rotation start-up operation. In the examples
of Figs. 11 and 12, the reverse rotation start-up operation
is performed with the crank angle at an angle A70 in the
first compression range. As indicated by arrows P71 to
P74, in the second cylinder 31 B, during the reverse ro-
tation of the crankshaft 13, the piston 11 rises in the range
from the angle A1 to the angle A4, the piston 11 falls in
the range from the angle A4 to the angle A3, the piston
11 rises in the range from the angle A3 to the angle A2,
and the piston 11 falls in the range from the angle A2 to
the angle A1.

[0109] In this case, it is necessary for the crank angle
to exceed the angle A4 corresponding to the compres-
sion top dead center of the second cylinder 31 B. The
crankshaft 13 is rotated in reverse while the pressure in
the second cylinder 31 B is reduced by the decompres-
sion mechanism DE. In the example of Fig. 12, the pres-
sure in the second cylinder 31 B is reduced by the de-
compression mechanism DE in a range from an angle
ADY7 to an angle AD8. The range from the angle AD7 to
the angle AD8 is an example of a start-up pressure re-
duction range and in the second expansion range. Thus,
even in the case where the crank angle becomes close
to the angle A4, an increase in pressure in the second
cylinder 31 B is inhibited. Therefore, the reverse rotation
of the crankshaft 13 is not prevented.

[0110] The angle A70 s positioned at a sufficiently fur-
ther advanced angle than the angle A31 of Fig. 11 in the
reverse direction. Therefore, the reverse rotation of the
crankshaft 13 is started with the crank angle at the angle
A70, whereby the crank angle passes through the range
from the angle A33 to the angle A32 of Fig. 11, and the
rotation speed of the crankshaft 13 is sufficiently in-
creased at a time point at which the crank angle reaches
the angle A31. Therefore, a fuel-air mixture is sufficiently
introduced into the combustion chamber 31ain the range
from the angle A31 to the angle A32, and the crank angle
easily reaches the angle A34.

[0111] Inthis manner, also in the present embodiment,
during the start-up of the engine 10, a fuel-air mixture is
led into the first cylinder 31A while the crankshaft 13 is
rotated in reverse by the integrated starter generator 14.
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Thereafter, in the first cylinder 31A, with the piston 11
close to the compression top dead center, the fuel-air
mixture in the combustion chamber 31 a is ignited, and
the rotation direction of the crankshaft 13 is switched to
the forward direction. In this case, a forward torque of
the crankshaft 13 is increased by the energy of combus-
tion. Thus, the crank angle can easily exceed each of the
angles A1, A4 corresponding to the compression top
dead center of each of the first and second cylinders 31A,
31 B, and the engine 10 is appropriately started.

[0112] As shown in the examples of Figs. 11 and 12,
in the case where the engine 10 is stopped with the crank
angle in the first compression range (the second expan-
sionrange), the crank angle may be adjusted to the angle
A30 of Fig. 6 by the reverse rotation of the crankshaft 13
before the start-up of the engine 10 (before the reverse
rotation start-up operation). In this case, the pressure in
the second cylinder 31 B is reduced by the decompres-
sion mechanism DE while the crankshaft 13 is rotated in
reverse, whereby the crank angle exceeds the angle A4
corresponding to the compression top dead center of the
second cylinder 31 B. Thus, the crank angle can be ad-
justed to the angle A30. Therefore, similarly to the exam-
ple of Fig. 6, the reverse rotation start-up operation can
be started with the crank angle at the angle A30.

[C] Engine System (Second Embodiment)

[0113] As for the engine system according to the sec-
ond embodiment of the present invention, differences
from the above-mentioned first embodiment will be de-
scribed. Fig. 13 is a schematic side view for explaining
the configuration of the engine system 200 according to
the second embodiment. In the engine system 200 of
Fig. 13, a difference between a crank angle in the case
where the piston 11 reaches the compression top dead
center in the first cylinder 31A and a crank angle in the
case where the piston 11 reaches the compression top
dead center in the second cylinder 31 B is 360 degrees.
Therefore, in a top-and-bottom direction (a reciprocating
direction of the pistons 11), a position of the piston 11 in
the first cylinder 31A and a position of the piston 11 in
the second cylinder 31 B coincide with each other.

(1) Normal Running

[0114] Fig. 14 is a diagram for explaining the normal
running of the engine 10. A relationship between opera-
tions performed in the first cylinder 31A and the crank
angle is shown in Fig. 14(a), and a relationship between
operations performed in the second cylinder 31 B and
the crank angle is shown in Fig. 14(b).

[0115] As shown in Fig. 14(a), a relationship between
the operations performed in the first cylinder 31A and the
crank angle during the normal running is the same as the
example of Fig. 4 in the first embodiment. As shown in
Fig. 14(b), in the second cylinder 31B, the piston 11 is
positioned at the exhaust top dead center when the crank
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angle is the angle A1, the piston 11 is positioned at the
intake bottom dead center when the crank angle is the
angle A2, the piston 11 is positioned at the compression
top dead center when the crank angle is the angle A3,
and the piston 11 is positioned at the expansion bottom
dead center when the crank angle is the angle A4.
[0116] During the normal running, as indicated by ar-
rows P41 to P44, the piston 11 (Fig. 2) falls in the range
from the angle A1 to the angle A2, the piston 11 rises in
the range from the angle A2 to the angle A3, the piston
11 falls in the range from the angle A3 to the angle A4,
and the piston 11 rises in the range from the angle A4 to
the angle A1.

[0117] The range from the angle A1 to the angle A2 is
equivalent to the second intake range, the range from
the angle A2 to the angle A3 is equivalent to the second
compression range, the range from the angle A3 to the
angle A4 is equivalent to the second expansion range,
and the range from the angle A4 to the angle A1 is equiv-
alent to the second exhaust range.

[0118] The intake port 21 (Fig. 3) is opened by the in-
take valve 15 (Fig. 3) in a range from an angle A41to an
angle A42, and the exhaust port 23 (Fig. 3) is opened by
the exhaust valve 16 (Fig. 3) in a range from an angle
A43 to an angle A44. The angle A41 is in the second
exhaust range and positioned at a further advanced an-
gle than the angle A1 by a constant angle in the forward
direction, and the angle A42 isin the second compression
range and positioned at a further retarded angle than the
angle A2 by a constant angle in the forward direction.
The angle A43 is in the second expansion range and
positioned at a further advanced angle than the angle A4
by aconstantangle in the forward direction, and the angle
A44 is in the second intake range and positioned at a
further retarded angle than the angle A1 by a constant
angle in the forward direction.

[0119] The fuel is injected into the intake passage 22
(Fig. 3) by the injector 19 (Fig. 3) at an angle A45 and
ignited by the ignition plug 18 (Fig. 3) at an angle A46.
The angle A45 is in the second exhaust range and posi-
tioned at a further advanced angle than the angle A41 in
the forward direction. The angle A46 is in the second
compression range and positioned at a further advanced
angle thanthe angle A3 by a constantangle in the forward
direction.

[0120] In this case, a fuel-air mixture including the fuel
injected at the angle A45 is introduced into the combus-
tion chamber 31a through the intake port 21 in the range
from the angle A41 to the angle A42. The fuel-air mixture
is compressed in the combustion chamber 31 a and ig-
nited by the ignition plug 18 at the angle A46. Thus, the
fuel-air mixture is combusted in the combustion chamber
31a, the piston 11 is driven by the energy of combustion,
and the crankshaft 13 is driven in the forward direction.
Thereafter, the combusted gas is exhausted through the
exhaust port 23 from the combustion chamber 31a in the
range from the angle A43 to the angle A44.

[0121] In this manner, in the second embodiment, the



29 EP 3 203 056 A1 30

difference between the crank angle in the case where
the piston 11 reaches the compression top dead center
in the first cylinder 31A and the crank angle in the case
where the piston 11 reaches the compression top dead
center in the second cylinder 31 B is 360 degrees. There-
fore, during the normal running, a fuel-air mixture is com-
busted at equal intervals in the first and second cylinders
31A, 31B. Specifically, the ignition operationis performed
in the first cylinder 31A, the crankshaft 13 is rotated by
360degrees, and then the ignition operation is performed
in the second cylinder 31 B. Further, the crankshaft 13
is rotated by 360 degrees, and then the ignition operation
is performed again in the first cylinder 31A.

(2) Forward Rotation Positioning Operation and Reverse
Rotation Start-up Operation

[0122] Figs. 15 and 16 are diagrams for explaining the
forward rotation positioning operation of the engine unit
EU. Figs. 17 and 18 are diagrams for explaining the re-
verse rotation start-up operation of the engine unit EU.
In each of Figs. 15 and 17, a relationship between oper-
ations performed in the first cylinder 31A and the crank
angle is shown. In each of Figs. 16 and 18, a relationship
between operations performed in the second cylinder 31
B and the crank angle is shown.

[0123] As shown in Fig. 15, in the forward rotation po-
sitioning operation, the crank angle is adjusted to an an-
gle A50 by the forward rotation of the crankshaft 13 by
the integrated starter generator 14 (Fig. 3). The angle
A50 is an example of the reverse rotation start range and
in the first compression range. The reverse rotation start
range does not have to be a specific angle but may be a
specific angular range. The reverse rotation start range
may be in the first intake range or be a constant angular
range from an angle in the first intake range to an angle
in the first compression range.

[0124] At the time of the start of the forward rotation
positioning operation, the crank angle is sometimes po-
sitioned at a further retarded angle than the angle A1
corresponding to the compression top dead center of the
first cylinder 31A and a further advanced angle than the
angle A3 corresponding to the compression top dead
center of the second cylinder 31B (an angle A50a of Fig.
15, for example) in the forward direction. In this case, in
the forward rotation positioning operation, itis necessary
for the crank angle to exceed the angle A3 corresponding
to the compression top dead center of the second cylinder
31B.

[0125] Inthe second embodiment, the decompression
mechanism DE of Fig. 3 is configured to reduce the pres-
sure in the second cylinder 31 B. The decompression
mechanism DE reduces the pressure in the second cyl-
inder 31 B by lifting the exhaust valve 16 corresponding
to the second cylinder 31 B, for example.

[0126] In the forward rotation positioning operation, in
the case where it is necessary for the crank angle to
exceed the angle A3, the crankshaft 13 is rotated forward
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while the pressure in the second cylinder 31 B is reduced
by the decompression mechanism DE. In the example
of Fig. 16, the pressure in the second cylinder 31 B is
reduced by the decompression mechanism DE inarange
from an angle AD3 to an angle AD4 while the crankshaft
13 is rotated forward. The range from the angle AD3 to
the angle AD4 is an example of the positioning pressure
reduction range and in the second compression range.
[0127] Thus, even if the crank angle becomes close to
the angle A3, an increase in pressure in the second cyl-
inder 31 B is inhibited. Therefore, the forward rotation of
the crankshaft 13 is not prevented, and the crank angle
can easily be adjusted to the angle A50.

[0128] As shown in each of Figs. 17 and 18, in the
reverse rotation start-up operation, the crankshaft 13 is
rotated in reverse with the crank angle in the reverse
rotation start range (the angle A50). As indicated by ar-
rows P51 to P54 of Fig. 18, in the second cylinder 31 B,
the piston 11 rises in the range from the angle A4 to the
angle A3, the piston 11 falls in the range from the angle
A3 to the angle A2, the piston 11 rises in the range from
the angle A2 to the angle A1, and the piston 11 falls in
the range from the angle A1 to the angle A4.

[0129] In the first cylinder 31A, similarly to the above-
mentioned embodiment, the intake port 21 (Fig. 3) is
opened by the intake valve 15 (Fig. 3) in the range from
the angle A31 to the angle A32 of Fig. 17, and the fuel
is injected into the intake passage 22 (Fig. 3) by the in-
jector 19 (Fig. 3) at the angle A33. Further, at the angle
A34, the fuel is ignited by the ignition plug 18, and the
rotation direction of the crankshaft 13 is switched from
the reverse direction to the forward direction. Thus, the
fuel-air mixture is combusted in the first cylinder 31A, and
the crankshaft 13 is driven in the forward direction by the
energy of combustion of the fuel-air mixture.

[0130] In the reverse rotation start-up operation, it is
necessary for the crank angle to exceed the angle A3
corresponding to the compression top dead center of the
second cylinder 31 B. The crankshaft 13 is rotated in
reverse while the pressure in the second cylinder 31 B
is reduced by the decompression mechanism DE. In the
example of Fig. 18, the pressure in the second cylinder
31 B is reduced by the decompression mechanism DE
in a range from an angle AD5 to an angle AD6 while the
crankshaft 13 is rotated in reverse. The range from the
angle ADS5 to the angle AD6 is an example of the start-
up pressure reductionrange and in the second expansion
range. Thus, even in the case where the crank angle
becomes close to the angle A3, an increase in pressure
in the second cylinder 31 B is inhibited. Therefore, the
reverse rotation of the crankshaft 13 is not prevented.
[0131] The angle A50 is positioned at a sufficiently fur-
ther advanced angle than the angle A31 (Fig. 17) in the
reverse direction. Therefore, the reverse rotation of the
crankshaft 13 is started with the crank angle at the angle
A50, whereby the crank angle passes through the range
from the angle A33 to the angle A32, and the rotation
speed of the crankshaft 13 is sufficiently increased at a
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time point at which the crank angle reaches the angle
A31. Therefore, a fuel-air mixture is sufficiently intro-
duced into the combustion chamber 31 a in the range
from the angle A31 to the angle A32, and the crank angle
easily reaches the angle A34.

[0132] Further, as shown in Fig. 18, in the reverse ro-
tation start-up operation, when the crank angle reaches
an angle A47, the fuel is injected into the intake passage
22 by the injector 19 (Fig. 3) corresponding to the second
cylinder 31B. The angle A47 is in the second intake range
and positioned at afurther advanced angle than the angle
A34 in the reverse direction.

[0133] At the angle A34, the rotation direction of the
crankshaft 13 is switched from the reverse direction to
the forward direction. At this time, the second cylinder 31
B is in the intake stroke. Therefore, the fuel-air mixture
including the fuel injected at the angle A47 is introduced
into the second cylinder 31 B right after the rotation di-
rection of the crankshaft 13 is switched to the forward
direction at the angle A34. Thus, in a first expansion
stroke after the rotation direction of the crankshaft 13 is
switched to the forward direction, the fuel-air mixture can
be combusted in the second cylinder 31 B. Therefore,
the engine 10 can be quickly shifted to the normal running
of Fig. 14.

[0134] Inthis manner, also in the present embodiment,
during the start-up of the engine 10, a fuel-air mixture is
led into the first cylinder 31A while the crankshaft 13 is
rotated in reverse by the integrated starter generator 14.
Thereafter, in the first cylinder 31A, with the piston 11
close to the compression top dead center, the fuel-air
mixture in the combustion chamber 31a is ignited, and
the rotation direction of the crankshaft 13 is switched to
the forward direction. In this case, a forward torque of
the crankshaft 13 is increased by the energy of combus-
tion. Thus, the crank angle can easily exceed each of the
angles A1, A3 corresponding to the compression top
dead center of each of the first and second cylinders 31A,
31B, and the engine 10 is stably started.

(3) Rotational Load of Crankshaft

[0135] Fig. 19 is a diagram showing the relationship
between the rotational load of the crankshaft 13 and the
crank angle. As for the example of Fig. 19, differences
from the example of Fig. 8 will be explained. In the ex-
ample of Fig. 19, as for the second cylinder 31 B, the
rotational load is maximized at the angle A3 correspond-
ing to the compression top dead center. Further, in the
case where the valve driver 17 of Fig. 3 is made of a
camshaft, as for the second cylinder 31 B, the rotational
load of the crankshaft 13 is increased in order to drive
the intake valve 15 in the range from the angle A1 to the
angle A2, and the rotational load of the crankshaft 13 is
increased in order to drive the exhaust valve 16 in the
range from the angle A4 to the angle A1.

[0136] When the engine 10 is stopped, the rotation of
the crankshaft 13 is likely to be stopped in the case where
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the rotational loadis large. Thus, the rotation of the crank-
shaft 13 is likely to be stopped mainly when the crank
angle becomes close to each of the angles A1, A3 cor-
responding to the compression top dead center.

[0137] Similarly to the first embodiment, in the reverse
direction, the reverse rotation start-up operation is pref-
erably performed with the crank angle positioned at a
sufficiently further advanced angle than the angle A33.
Thus, before the reverse rotation start-up operation, the
crank angle is adjusted to the angle A50 by the forward
rotation positioning operation. The angle A50 is posi-
tioned at a sufficiently further advanced angle than the
angle A33 in the reverse direction. Therefore, when the
reverse rotation of the crankshaft 13 is started with the
crank angle at the angle A50, the crank angle passes
through the range from the angle A33 to the angle A32,
and the rotation speed of the crankshaft 13 is sufficiently
increased atatime pointatwhich the crank angle reaches
the angle A31. Therefore, a fuel-air mixture is sufficiently
introduced into the combustion chamber 31ain the range
from the angle A31 to the angle A32, and the crank angle
easily reaches the angle A34.

[0138] Further, in the forward rotation positioning op-
eration, in the case where it is necessary for the crank
angle to exceed the angle A3 corresponding to the com-
pression top dead center of the second cylinder 31 B,
the crankshaft 13 is rotated forward while the pressure
in the second cylinder 31 B is reduced by the decom-
pression mechanism DE. Thus, the forward rotation of
the crankshaft 13 is not prevented and the crank angle
can easily be adjusted to the angle A50.

[0139] Similarly to the first embodiment, the decom-
pression mechanism DE may be configured to be
switched between the operation state and the non-oper-
ation state by the centrifugal governor. For example, in
the case where the rotation speed of the crankshaft 13
is lower than the constant threshold value, the decom-
pression mechanism DE enters the operation state and
lifts the exhaust valve 16 in the second compression
range. Further, when the rotation speed of the crankshaft
13 is the constant threshold value or higher, the decom-
pression mechanism DE enters the non-operation state
and does not lift the exhaust valve 16. In this case, the
pressure in the second cylinder 31B can be reduced dur-
ing the forward rotation positioning operation with the
simple configuration.

[0140] When the engine 10 is stopped, the rotation of
the crankshaft 13 is sometimes stopped with the crank
angle in the reverse rotation start range or near the re-
verse rotation start range. In this case, the forward rota-
tion positioning operation does nothave to be performed.

(4) Engine Start-up Process

[0141] Asforthe engine start-up process in the second
embodiment, differences from the example of Figs. 9 and
10 of the first embodiment will be described. Fig. 20 is a
flow chart of part of the engine start-up process in the
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second embodiment.

[0142] First, the crank angle is adjusted in the reverse
rotation start range by the process of the steps S11 to
S17 of Fig. 9. In the steps S12, S16 of Fig. 9, in the case
where the crank angle passes through the angle A3 cor-
responding to the compression top dead center of the
second cylinder 31 B, the pressure in the second cylinder
31 B is reduced by the decompression mechanism DE
such that the forward rotation of the crankshaft 13 is not
prevented.

[0143] Subsequently, the process of the step S21 of
Fig. 20 is performed. The example of Fig. 20 is different
from the example of Fig. 10 in that the process of the
steps S31, S32 is performed after the process of the step
S24 and before the process of the step S25.

[0144] Inthe step S31, the ECU 6 determines whether
the current crank angle has reached the angle A47 of
Fig. 18 based on detection signals from the intake pres-
sure sensor 42 (Fig. 3) and the crank angle sensor 43
(Fig. 3). The ECU 6 repeats the process of the step S31
until the current crank angle reaches the angle A47.
[0145] Whenthecurrentcrankanglereachesthe angle
A47, the ECU 6 controls the injector 19 corresponding
to the second cylinder 31 B such that the fuel is injected
into the intake passage 22 (Fig. 3) (step S32). In this
case, a pulse signal may be supplied from the crank sen-
sor 43 to the ECU 6 when the crank angle reaches the
angle A47, and the ECU 6 may control the injector 19
such that the fuel is injected in response to the pulse
signal.

[0146] Thus, as described above, a fuel-air mixture is
introduced into the second cylinder 31 B right after the
rotation direction of the crankshaft 13 is switched to the
forward direction at the angle A34. Therefore, the engine
10 can be quickly shifted to the normal running.

(5) Specific Example of Decompression Mechanism

[0147] The specific example of the decompression
mechanism DE in the second embodiment will be de-
scribed. Fig. 21 is a schematic diagram showing one ex-
ample of the valve driver 17. The valve driver 17 of Fig.
21 includes an intake camshaft 171 and an exhaust cam-
shaft 172. Each of the intake camshaft 171 and the ex-
haust camshaft 172 is rotated in conjunction with the
crankshaft 13. The intake camshaft 171 includes a plu-
rality of intake cams 173 that respectively drive the intake
valves 15 of the first and second cylinders 31A, 31B. The
exhaust camshaft 172 includes a plurality of exhaust
cams 174 that respectively drive the exhaust valves 16
of the first and second cylinders 31A, 31 B. In Fig. 21,
only one intake cam 173 and one exhaust cam 174 are
shown.

[0148] In the present example, the decompression
mechanism DE is provided in the exhaust cam 174. Fig.
22 is a perspective view of the decompression mecha-
nism DE. In Fig. 22, part of the exhaust cam 174 is shown
in a transmissive manner.
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[0149] The exhaust cam 174 of Fig. 22 drives the ex-
haust valve 16 (Fig. 21) corresponding to the second
cylinder 31 B. The exhaust cam 174 of Fig. 22 includes
a cam member CA and the decompression mechanism
DE. The cam member CA lifts the exhaust valve 16 cor-
responding to the second cylinder 31 B in the range from
the angle A43 to the angle A44 of Fig. 14(b).

[0150] The decompression mechanism DE includes a
rotation member 61, decompression pins 62, 63, a cou-
pling member 64, a decompression weight 65 and a stop-
per pin 66. The rotation member 61 and the decompres-
sion pins 62, 63 are stored inside of the cam member
CA. The rotation member 61 is substantially columnar
and provided to be rotatable about a straight line parallel
to a rotational center axis of the exhaust cam 174 with
respect to the cam member CA. Each of the decompres-
sion pins 62, 63 is provided to abut against an outer pe-
ripheral surface of the rotation member 61.

[0151] The coupling member 64, the decompression
weight 65 and the stopper pin 66 are provided on one
surface of the cam member CA. One end of the coupling
member 64 is fixed to the rotation member 61. A projec-
tion pin 64a is provided at the other end of the coupling
member 64.

[0152] The decompression weight 65 is substantially
U-shaped. One end of the decompression weight 65 is
attached to the cam member CA via a swing shaft 65a.
The decompression weight 65 is swingable with respect
to the cam member CA by being centered at the swing
shaft 65a. An oval through hole 65b is provided at the
other end of the decompression weight 65. The projection
pin 64a of the coupling member 64 is inserted into the
through hole 65b.

[0153] The decompression weight 65 swings with re-
spect to the cam member CA, whereby the coupling
member 64 swings in conjunction with the decompres-
sion weight 65, and the rotation member 61 is rotated
with respect to the cam member CA. The stopper pin 66
is provided between the coupling member 64 and the
decompression weight 65. Swing ranges of the coupling
member 64 and the decompression weight 65 are limited
by the stopper pin 66.

[0154] Therotation speed of the exhaust camshaft 172
of Fig. 21 depends on the rotation speed of the crankshaft
13. The decompression mechanism DE is switched be-
tween the operation state and the non-operation state
depending on the rotation speed of the exhaust camshaft
172, that is, the rotation speed of the crankshaft 13. In
the case where the rotation speed of the crankshaft 13
is lower than the constant threshold value, the decom-
pression mechanism DE is kept in the operation state.
In the case where the rotation speed of the crankshaft
13 is the constant threshold value or higher, the decom-
pression mechanism DE is kept in the non-operation
state.

[0155] The operation of the decompression mecha-
nism DE will be described. Fig. 23 is a schematic cross-
sectional view for explaining the operation state of the



35 EP 3 203 056 A1 36

decompression mechanism DE. Fig. 24 is a schematic
cross-sectional view for explaining the non-operation
state of the decompression mechanism DE. In each of
Figs. 23 and 24, a cross-section of the cam member CA
is indicated by a dotted pattern. Further, the decompres-
sion weight 65 and the stopper pin 66 are indicated by
dotted lines.

[0156] Asshown in each of Figs. 23 and 24, in the cam
member CA, a storage hole CAa in which the rotation
member 61 is stored, and storage holes CAb, CAc in
which the decompression pins 62, 63 are respectively
stored are formed. One end of the storage hole CAb and
one end of the storage hole CAc respectively open on
an outer peripheral surface of the cam member CA, and
the other ends of the storage hole CAb and the storage
hole CAc respectively open on an inner peripheral sur-
face of the storage hole CAa. The one end of the storage
hole CAb and the one end of the storage hole CAc are
provided at different positions in a rotation direction of
the cam member CA.

[0157] A flange-shape abutment portion 62a is provid-
ed at one end of the decompression pin 62, and a flange-
shape abutment portion 63a is provided at one end of
the decompression pin 63. Atthe other end of the storage
hole CAb, an expanded portion CAB in which the abut-
ment portion 62a can be stored is provided. At the other
end of the storage hole CAc, an expanded portion CAC
in which the abutment portion 63a can be stored is pro-
vided. A spring SP1 is arranged in the expanded portion
CAB, and a spring SP2 is arranged in the expanded por-
tion CAC. The abutment portion 62a of the decompres-
sion pin 62 is pushed against the outer peripheral surface
of the rotation member 61 by the spring SP1, and the
abutment portion 63a of the decompression pin 63 is
pushed against the outer peripheral surface of the rota-
tion member 61 by the spring SP2.

[0158] The outer peripheral surface of the rotation
member 61 has curved portions 61 a, 61 b and planar
portions 61 ¢, 61 d. The curved portions 61 a, 61 b are
respectively included in a columnar plane centered at a
rotational center axis of the rotation member 61. The pla-
nar portion 61 c is provided to connect one side of the
curved portion 61 a to one side of the curved portion 61
b, and the planar portion 61d is provided to connect an-
other side of the curved portion 61 a to another side of
the curved portion 61 b. The coupling member 64 is bi-
ased in one direction DR1 by a biasing member (not
shown).

[0159] In the case where the rotation speed of the
crankshaft 13 is lower than the constant threshold value,
the decompression mechanism DE is kept in the opera-
tion state of Fig. 23. As shown in Fig. 23, in the operation
state, the decompression weight 65 abuts against the
stopper pin 66 by the biasing force exerted on the cou-
pling member 64. In this case, the abutment portion 62a
of the decompression pin 62 abuts against the curved
portion 61 a of the rotation member 61, and the abutment
portion 63a of the decompression pin 63 abuts against
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the curved portion 61 b of the rotation member 61. Thus,
a tip end of the decompression pin 62 projects from the
outer peripheral surface of the cam member CA, and a
tip end of the decompression pin 63 projects from the
outer peripheral surface of the cam member CA.

[0160] When the crank angle is in the range from the
angle AD3 to the angle AD4 of Fig. 16, the decompres-
sion pin 62 lifts the exhaust valve 16 (Fig. 21) correspond-
ing to the second cylinder 31 B. Thus, in the forward
rotation positioning operation, when the crank angle be-
comes close to the angle A3 corresponding to the com-
pression top dead center of the second cylinder 31 B,
the pressure in the second cylinder 31 B can be reduced.
Therefore, the crank angle can easily exceed the angle
A3.

[0161] When the crank angle is in the range from the
angle ADS5 to the angle ADG6 of Fig. 18, the decompres-
sion pin 63 lifts the exhaust valve 16 (Fig. 21) correspond-
ing to the second cylinder 31 B. Thus, in the reverse
rotation start-up operation, when the crank angle be-
comes close to the angle A3 corresponding to the com-
pression top dead center of the second cylinder 31 B,
the pressure in the second cylinder 31 B can be reduced.
Therefore, the crank angle can easily exceed the angle
A3.

[0162] In the case where the rotation speed of the
crankshaft 13 is the constant threshold value or higher,
the decompression mechanism DE is kept in the non-
operation state of Fig. 24. As shown in Fig. 24, in the
non-operation state, the decompression weight 65 is
moved away from the rotational center axis of the exhaust
cam 174 by a centrifugal force. Thus, the coupling mem-
ber 64 abuts against the stopper pin 66. In this case, the
abutment portion 62a of the decompression pin 62 abuts
against the planar portion 61c¢ of the rotation member 61,
and the abutment portion 63a of the decompression pin
63 abuts against the planar portion 61 d of the rotation
member 61. Thus, the tip end of the decompression pin
62 is stored in the storage hole CAa, and the tip end of
the decompression pin 63 is stored in the storage hole
CAb. Therefore, during the normal running, the decom-
pression pins 62, 63 do not lift the exhaust valve 16 (Fig.
21).

[0163] In this manner, during the forward rotation po-
sitioning operation and the reverse rotation start-up op-
eration, the decompression mechanism DE is kept in the
operation state, and the exhaust valve 16 corresponding
to the second cylinder 31 B is lifted in a constant range
of the crank angle by the decompression pins 62, 63. On
the other hand, during the normal running, the decom-
pression mechanism DE is kept in the non-operation
state, and the exhaust valve 16 is not lifted by the de-
compression pins 62, 63.

[0164] The similar configuration to that of the decom-
pression mechanism DE of Figs. 22 to 24 can be applied
to the decompression mechanism DE of the above-men-
tioned first embodiment. In this case, the decompression
mechanism DE is provided in each exhaust cam 174 that
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drives the exhaust valve 16 corresponding to the first
cylinder 31 A. Further, a decompression pin that lifts the
exhaust valve 16 in the range from the angle AD1 to the
angle AD2 of Fig. 6 is provided instead of the decom-
pression pins 62, 63.

[0165] By such a configuration, during the forward ro-
tation positioning operation, the decompression mecha-
nism DE enters the operation state. When the crank angle
becomes close to the angle A1 corresponding to the com-
pression top dead center of the first cylinder 31A, the
pressure in the first cylinder 31A is reduced by the de-
compression mechanism DE. Further, during the reverse
rotation start-up operation, the pressure in each of the
firstand second cylinders 31A, 31B is not reduced by the
decompression mechanism DE. During the normal run-
ning, the decompression mechanism DE enters the non-
operation state, and the pressure in each of the first and
second cylinders 31A, 31B is not reduced by the decom-
pression mechanism DE. Therefore, in the first embodi-
ment, the forward rotation start-up operation and the re-
verse rotation start-up operation can be appropriately
performed while the configuration of the decompression
mechanism DE is simplified as compared to the second
embodiment.

(6) Effects

[0166] Furthermore, in the engine system 200 accord-
ing to the present embodiment, similarly to the first em-
bodiment, the engine 10 is started by the reverse rotation
start-up operation. Thus, a fuel-air ratio at the time of
ignition can be appropriately adjusted. Further, when the
crank angle is in the start-up pressure reduction range
(the range from the angle AD5 to the angle ADG6), the
pressure in the second cylinder 31 B is reduced by the
decompression mechanism DE. In this case, even if the
crank angle becomes close to the angle A3 correspond-
ing to the compression top dead center of the second
cylinder 31B, an increase in pressure in the second cyl-
inder 31 Bisinhibited. Therefore, an increase in rotational
resistance of the crankshaft 13 is inhibited, and the re-
verse rotation of the crankshaft 13 is not prevented.
[0167] Because the pressure in the second cylinder 31
B does not prevent the reverse rotation of the crankshaft
13, the introduction of a fuel-air mixture into the first cyl-
inder 31A and the compression of a fuel-air mixture in
the first cylinder 31A can be appropriately performed.
Thus, the fuel-air mixture can be appropriately combust-
ed in the first cylinder 31A, and a forward torque of the
crankshaft 13 can be sufficiently increased. As a result,
the engine 10 can be appropriately started.

[0168] Further, before the reverse rotation start-up op-
eration, the crank angle is adjusted in the reverse rotation
start range (the angle A50) by the forward rotation posi-
tioning operation. Thus, a fuel-air mixture can be appro-
priately introduced into the first cylinder 31A in the re-
verse rotation start-up operation, and the crank angle
can easily reach the start-up ignition range (the angle
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A34).

[0169] Further, in the forward rotation positioning op-
eration, when the crank angle is in the positioning pres-
sure reduction range (the range from the angle AD3 to
the angle AD4), the pressure in the second cylinder 31
B is reduced by the decompression mechanism DE.
Thus, an increase in rotational resistance of the crank-
shaft 13 is inhibited, and the forward rotation of the crank-
shaft 13 is not prevented. Thus, the crank angle can eas-
ily be adjusted in the reverse rotation start range.

(7) Modified Example

[0170] In the above-mentioned first embodiment, the
difference between the crank angle in the case where
the piston 11 reaches the compression top dead center
in the first cylinder 31A and the crank angle in the case
where the piston 11 reaches the compression top dead
center in the second cylinder 31 B is 180 degrees. In the
above-mentioned second embodiment, the difference is
360 degrees. However, the present invention is not lim-
ited to this.

[0171] For example, the difference between the crank
angle in the case where the piston 11 reaches the com-
pression top dead center in the first cylinder 31A and the
crank angle in the case where the piston 11 reaches the
compression top dead center in the second cylinder 31B
may be 270 degrees. In this case, similarly to the first
embodiment, the pressure in the first cylinder 31A may
be reduced by the decompression mechanism DE in the
forward rotation positioning operation. Alternatively, sim-
ilarly to the second embodiment, the pressure in the sec-
ond cylinder 31 B may be reduced by the decompression
mechanism DE in the forward rotation positioning oper-
ation and the reverse rotation start-up operation.

[D] Engine System (Third Embodiment)

[0172] As for the engine system according to the third
embodiment of the present invention, differences from
the above-mentioned first embodiment will be described.

(1) Configuration

[0173] Fig. 25 is a diagram for explaining the configu-
ration of an engine unit EU used in the third embodiment.
The engine unit EU of Fig. 25 includes an engine 10A
instead of the engine 10 of Fig. 2. The engine 10A is a
three-cylinder four-cycle engine and includes first, sec-
ond and third cylinders 31 P, 31 Q, 31 R. A piston 11 is
provided in each of the first, second and third cylinders
31P, 31Q, 31R, and a combustion chamber 31a is pro-
vided above each piston 11. Each piston 11 is connected
to a crankshaft 13 via a connecting rod 12.

[0174] At each of the first, second and third cylinders
31P, 31Q, 31R, an intake port 21 and an exhaust port 23
are provided. Each intake port 21 is opened and closed
by anintake valve 15, and each exhaust port 23 is opened
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and closed by an exhaust valve 16. An intake camshaft
171 and an exhaust camshaft 172 are respectively and
commonly provided for the first, second and third cylin-
ders 31 P, 31 Q, 31 R. The intake camshaft 171 includes
a plurality of intake cams 173, and the exhaust camshaft
172 includes a plurality of exhaustcams 174. Each intake
cam 173 and each exhaust cam 174 respectively drive
the intake valve 15 and the exhaust valve 16. The ignition
plug 18 and the injector 19 of Fig. 3 are provided to cor-
respond to each of the first, second and third cylinders
31P,31Q,31R.

[0175] A decompression mechanism DEa is provided
between the second cylinder 31 Q and the third cylinder
31 R. Anincrease in pressure in each of the second and
third cylinders 31 Q, 31 R is inhibited by the decompres-
sion mechanism DEa. Details of the decompression
mechanism DEa will be described below.

(2) Normal Running

[0176] Figs. 26 and 27 are diagrams for explaining the
normal running of the engine 10A. Arelationship between
operations performed in the first cylinder 31 P and the
crank angle is shown in Fig. 26, a relationship between
operations performed in the second cylinder 32Q and the
crank angle is shown in Fig. 27, and a relationship be-
tween operations performed in the third cylinder 32R and
the crank angle is shown in Fig. 28.

[0177] As shown in Fig. 26, the relationship between
the operations performed in the first cylinder 31 P and
the crank angle during the normal running is the same
as the relationship between the operations performed in
the first cylinder 31A and the crank angle in the above-
mentioned first embodiment. Specifically, as shown in
Fig. 26, the piston 11 is positioned at the compression
top dead center when the crank angle is the angle A1,
the piston 11 is positioned at the expansion bottom dead
center when the crank angle is the angle A2, the piston
11 is positioned at the exhaust top dead center when the
crank angle is the angle A3, and the piston 11 is posi-
tioned at the intake bottom dead center when the crank
angle is the angle A4. The piston 11 (Fig. 25) falls in the
range from the angle A1 to the angle A2, the piston 11
rises in the range from the angle A2 to the angle A3, the
piston 11 falls in the range from the angle A3 to the angle
A4, and the piston 11 rises in the range from the angle
A4 to the angle A1.

[0178] The intake port 21 (Fig. 25) is opened by the
intake valve 15 (Fig. 25) in the range from the angle A11
to the angle A12, and the exhaust port 23 (Fig. 25) is
opened by the exhaust valve 16 (Fig. 25) in the range
from the angle A13 to the angle A14. Further, the fuel is
injected into the intake passage 22 (Fig. 3) by the injector
19 (Fig. 3) at the angle A15 and ignited by the ignition
plug 18 (Fig. 3) at the angle A16.

[0179] As shown in Fig. 27, in the second cylinder 31
Q, the piston 11 is positioned at the compression top
dead center when the crank angle is an angle A101, the
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piston 11 is positioned at the expansion bottom dead
center when the crank angle is an angle A102, the piston
11 is positioned at the exhaust top dead center when the
crank angle is an angle A103, and the piston 11 is posi-
tioned at the intake bottom dead center when the crank
angle is an angle A104. The piston 11 falls in a range
from the angle A101 to the angle A102, the piston 11
rises in a range from the angle A102 to the angle A103,
the piston 11 falls in a range from the angle A103 to the
angle A104, and the piston 11 rises in a range from the
angle A104 to the angle A101. In the forward direction,
the angles A101 to A104 of Fig. 27 are respectively po-
sitioned at further retarded angles than the angles A1 to
A4 of Fig. 26 by 240 degrees.

[0180] The intake port 21 (Fig. 25) is opened by the
intake valve 15 (Fig. 25) in a range from an angle A111
to an angle A112, and the exhaust port 23 (Fig. 25) is
opened by the exhaust valve 16 (Fig. 25) in a range from
an angle A113 to an angle A114. Further, the fuel is in-
jected into the intake passage 22 (Fig. 3) by the injector
19 (Fig. 3) at an angle A115 and ignited by the ignition
plug 18 (Fig. 3) at an angle A116.

[0181] As shown in Fig. 28, in the third cylinder 31 R,
the piston 11 is positioned at the compression top dead
center when the crank angle is an angle A201, the piston
11 is positioned at the expansion bottom dead center
when the crank angle is an angle A202, the piston 11 is
positioned at the exhausttop dead center when the crank
angle is an angle A203, and the piston 11 is positioned
at the intake bottom dead center when the crank angle
is an angle A204. The piston 11 falls in a range from the
angle A201 to the angle A202, the piston 11 rises in a
range from the angle A202 to the angle A203, the piston
11 falls in arange from the angle A203 to the angle A204,
and the piston 11 rises in a range from the angle A204
to the angle A201. In the forward direction, the angles
A201 to A204 of Fig. 28 are respectively positioned at
further retarded angles than the angles A101 to A104 of
Fig. 27 by 240 degrees.

[0182] The intake port 21 (Fig. 25) is opened by the
intake valve 15 (Fig. 25) in a range from an angle A211
to an angle A212, and the exhaust port 23 (Fig. 25) is
opened by the exhaust valve 16 (Fig. 25) in a range from
an angle A213 to an angle A214. Further, the fuel is in-
jected into the intake passage 22 (Fig. 3) by the injector
19 (Fig. 3) at an angle A215 and ignited by the ignition
plug 18 (Fig. 3) at an angle A216. The angles A211 to
A216 of Fig. 27 are respectively different from the angles
A11 to A16 of Fig. 26 by 480 degrees.

[0183] Fig. 29 is a diagram showing a relationship be-
tween arotational load of the crankshaft 13 and the crank
angle. In Fig. 29, the abscissa indicates the crank angle,
and the ordinate indicates the rotational load of the crank-
shaft 13. The rotational load generated due to the first
cylinder 31 P is shown in Fig. 29(a), the rotational load
generated due to the second cylinder 31 Q is shown in
Fig. 29(b) and the rotational load generated due to the
third cylinder 31 R is shown in Fig. 29(c). In Fig. 29(d),
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the total of the rotational loads generated due to the first,
second and third cylinders 31 P, 31 Q, 31 R is shown.
[0184] Asshownin Figs. 29(a) to 29(c), as for the first,
second and third cylinders 31 P, 31 Q, 31 R, the rotational
loads are respectively maximized atthe angles A1, A101,
A201 respectively corresponding to the compression top
dead centers. As described above, in the forward direc-
tion, the angle A101 is different from the angle A1 by 240
degrees, and the angle A201 is different from the angle
A101 by 240 degrees. Thus, as shown in Fig. 29(d), the
rotational load of the crankshaft 13 is increased every
time the crank angle is changed by 240 degrees.
[0185] As described above, when the engine 10 is
stopped, the rotation of the crankshaft 13 is likely to be
stopped in the case where the rotational load is large.
Therefore, in the present example, the rotation of the
crankshaft 13is likely to be stopped when the crank angle
becomes close to the angle A1, when the crank angle
becomes close tothe angle A101 orwhen the crank angle
becomes close to the angle A201.

(3) Forward Rotation Positioning Operation and Reverse
Rotation Start-up Operation

[0186] Fig. 30 is a diagram for explaining the forward
rotation positioning operation of the engine unit EU, and
Fig. 31 is a diagram for explaining the reverse rotation
start-up operation of the engine unit EU. In each of Figs.
30 and 31, a relationship between operations performed
in the first cylinder 31 P and the crank angle is shown.
[0187] In the forward rotation start-up operation, as
shown in Fig. 30, the crank angle is adjusted to an angle
A300 by the forward rotation of the crankshaft 13. The
angle A300 is an example of the reverse rotation start
range. The angle A300 is positioned at a further retarded
angle than the angle A4 and a further advanced angle
than the angle A1 in the forward direction. In the case
where the engine 10 is stopped with the crank angle near
the angle A300, the forward rotation start-up operation
does not have to be performed.

[0188] In the reverse rotation start-up operation, as
shown in Fig. 31, the crankshaft 13 is rotated in reverse
with the crank angle in the reverse rotation start range
(the angle A300). In the first cylinder 31 P, similarly to
the first embodiment, the intake port 21 (Fig. 25) is
opened by the intake valve 15 (Fig. 25) in the range from
the angle A31 to the angle A32, and the fuel is injected
into the intake passage 22 (Fig. 3) by the injector 19 (Fig.
3) at the angle A33. Further, at the angle A34, the fuel is
ignited by the ignition plug 18, and the rotation direction
ofthe crankshaft 13 is switched from the reverse direction
to the forward direction. Thus, a fuel-air mixture is com-
busted in the first cylinder 31A, and the crankshaft 13 is
driven in the forward direction by the energy of combus-
tion of the fuel-air mixture.

[0189] In the case where the crank angle is between
the angle A101 and the angle A201 of Fig. 29 when the
engine 10 is stopped, it is necessary for the crank angle
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to exceed the angle A201 corresponding to the compres-
sion top dead center of the third cylinder 31 R during the
forward rotation positioning operation. Further, in the
case where the crank angle is between the angle A1 and
the angle A101 of Fig. 29 when the engine 10 is stopped,
it is necessary for the crank angle to exceed both of the
angle A101 corresponding to the compression top dead
center of the second cylinder 31 Q and the angle A201
corresponding to the compression top dead center of the
third cylinder 31 R during the forward rotation positioning
operation. Further, during the reverse rotation start-up
operation, it is necessary for the crank angle to exceed
both of the angle A201 corresponding to the compression
top dead center of the third cylinder 31 R and the angle
A101 corresponding to the compression top dead center
of the second cylinder 31 Q. During the forward rotation
positioning operation and the reverse rotation start-up
operation, the pressure in each of the second and third
cylinders 31 Q, 31 R is reduced by the decompression
mechanism DEa (Fig. 25). Fig. 32 is a diagram showing
a specific example of the decompression mechanism
DEa.

[0190] The decompression mechanism DEa of Fig. 32
includes a communication path 210, auxiliary valves
212a, 212b, valve springs 213a, 213b and an auxiliary
valve driver 220. The communication path 210 is provid-
ed to connect the combustion chamber 31 a of the second
cylinder 31 Q and the combustion chamber 31 a of the
third cylinder 31 R to each other. In the second cylinder
31Q, an opening 211a at one end of the communication
path 210 is provided, and the auxiliary valve 212a is ar-
ranged to open and close the opening 211 a. In the third
cylinder 31 R, an opening 211b at the other end of the
communication path 210 is provided, and the auxiliary
valve 212b is arranged to open and close the opening
211b.

[0191] The auxiliary valve 212a is biased in a direction
in which the opening 211 a is closed by the valve spring
213a. The auxiliary valve 212b is biased in a direction in
which the opening 211b is closed by the valve spring
213b. The auxiliary valves 212a, 212b are coupled to
each other by a couplingmember 215. The auxiliary valve
driver 220 is a solenoid actuator, for example, and switch-
es the communication path 210 between a communicat-
ed state and a closed state by integrally driving the aux-
iliary valves 212a, 212b. The communicated state means
the state where the openings 211 a, 211 b are respec-
tively opened by the auxiliary valves 212a, 212b, and the
closed state means the state where the openings 211a,
211barerespectively closed by the auxiliary valves 212a,
212b. In the present embodiment, during the forward ro-
tation positioning operation and the reverse rotation start-
up operation, the communication path 210 is kept in the
communicated state by the auxiliary valve driver 220.
[0192] Changesin pressure in each of the second and
third cylinders 31 Q, 31 R during the forward rotation
positioning operation will be described. Fig. 33 is a dia-
gram for explaining the operations in each of the second
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and third cylinders 31 Q, 31 P during the forward rotation
of the crankshaft 13. Fig. 34 is a schematic diagram for
explaining flows of gas during the forward rotation posi-
tioning operation. In Fig. 33, the abscissa indicates the
crank angle. Further, in Fig. 33(a), the timing for opening
and closing the intake port 21 and the exhaust port 23 in
the second cylinder 31 Q and the moving direction of the
piston 11 are shown. In Fig. 33(b), timing for opening and
closing the intake port 21 and the exhaust port 23 in the
third cylinder 31 R and the moving direction of the piston
11 are shown.

[0193] As shown in Fig. 33(a), in the second cylinder
31 Q, when the crank angle is in a range from the angle
A112totheangle A101, the piston 11rises with the intake
port 21 and the exhaust port 23 both closed. Thus, in the
case where the communication path 210 is in the closed
state, the pressure in the second cylinder 31 Q is in-
creased. On the other hand, as shown in Fig. 33(b), in
the third cylinder 31 R, when the crank angle is in the
range from the angle A112 to the angle A101, at least
one of the intake port 21 and the exhaust port 23 is
opened. In this case, if the communication path 210 is in
the communicated state, an increase in pressure in the
second cylinder 31 Q is inhibited by a flow of the gas in
the second cylinder 31Q to the third cylinder 31 R through
the communication path 210 of Fig. 32.

[0194] Forexample, whenthe crankangleisinarange
from the angle A214 to the angle A101, the piston 11 falls
with the intake port 21 opened in the third cylinder 31 R.
In this case, as shown in Fig. 34(a), the gas in the second
cylinder 31 Q flows into the third cylinder 31 R through
the communication path 210 while the gas flows into the
third cylinder 31 R through the intake port 21 of the third
cylinder 31 R. Therefore, the gas is not compressed in
the second cylinder 31Q, and an increase in pressure in
the second cylinder 31Q is inhibited.

[0195] Further, as shown in Fig. 33(b), in the third cyl-
inder 31 R, when the crank angle is in a range from the
angle A212 to the angle A201, the piston 11 rises with
the intake port 21 and the exhaust port 23 both closed.
Therefore, in the case where the communication path
210isinthe closed state, the pressure in the third cylinder
31 R is increased. On the other hand, as shown in Fig.
33(a), in the second cylinder 31 Q, when the crank angle
is in a range from the angle A212 to the angle A113, the
piston 11 falls with the intake port 21 and the exhaust
port 23 both closed. In this case, if the communication
path 210 is in the communicated state, the gas in the
third cylinder 31 R flows into the second cylinder 31Q
through the communication path 210 as shown in Fig.
34(b). Thus, the gas is not compressed in the third cyl-
inder 31 R, and an increase in pressure in the third cyl-
inder 31 R is inhibited.

[0196] Further, as shown in Fig. 33(a), when the crank
angleisin arange from the angle A113 to the angle A201,
the exhaust port 23 of the second cylinder 31Q s opened.
Therefore, in the case where the communication path
210isin the communicated state, anincrease in pressure
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in the third cylinder 31R is inhibited by a flow of the gas
in the third cylinder 31 R to the second cylinder 31 Q
through the communication path 210.

[0197] Forexample, whenthe crankangleisinarange
from the angle A102 to the angle A201, the piston 11
rises with the exhaust port 23 opened in the second cyl-
inder 31 Q. In this case, as shown in Fig. 34(c), the gas
in the second cylinder 31Q flows out through the exhaust
port 23 while the gas in the third cylinder 31 R flows into
the second cylinder 31Qthrough the communication path
210. Therefore, the gas is not compressed in the third
cylinder 31R, and an increase in pressure in the third
cylinder 31 R is inhibited.

[0198] Changesin pressure in each of the second and
third cylinders 31 Q, 31 R during the reverse rotation
start-up operation will be described. Fig. 35 is a diagram
for explaining operations performed in each of the second
and third cylinders 31 Q, 31 P during the reverse rotation
of the crankshaft 13. Fig. 36 is a schematic diagram for
explaining flows of gas during the reverse rotation start-
up operation. In Fig. 35, the abscissa indicates the crank
angle. Further, in Fig. 35(a), timing for opening and clos-
ing the intake port 21 and the exhaust port 23 in the sec-
ond cylinder 31 Q and the moving direction of the piston
11 are shown. In Fig. 35(b), timing for opening and closing
the intake port 21 and the exhaust port 23 in the third
cylinder 31 R and the moving direction of the piston 11
are shown.

[0199] As shown in Fig. 35(b), in the third cylinder 31
R, when the crank angle is in a range from the angle
A213tothe angle A201, the piston 11 rises with the intake
port 21 and the exhaust port 23 both closed. Therefore,
in the case where the communication path 210 is in the
closed state, the pressure in the third cylinder 31 R is
increased. On the other hand, as shown in Fig. 35(a), in
the second cylinder 31 Q, when the crank angle is in a
range from the angle A213 to the angle A201, at least
one of the intake port 21 and the exhaust port 23 is
opened. In this case, if the communication path 210 is in
the communicated state, an increase in pressure in the
third cylinder 31 R is inhibited by a flow of the gas in the
third cylinder 31 R to the second cylinder 31 Q through
the communication path 210.

[0200] Forexample, whenthe crankangleisinarange
from the angle A111 to the angle A201, the piston 11 falls
with the exhaust port 23 opened in the second cylinder
31 Q. In this case, as shown in Fig. 36(a), the gas in the
third cylinder 31 R flows into the second cylinder 31Q
through the communication path 210 while the gas flows
into the second cylinder 31Q through the exhaust port
23 of the second cylinder 31Q. Therefore, the gas is not
compressed in the third cylinder 31R, and an increase in
pressure in the third cylinder 31 R is inhibited.

[0201] Further, as shown in Fig. 35(a), in the second
cylinder 31 Q, when the crank angle is in a range from
the angle A113 to the angle A101, the piston 11 rises
with the intake port 21 and the exhaust port 23 both
closed. Therefore, in the case where the communication
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path 210 is in the closed state, the pressure in the second
cylinder 31Q is increased. On the other hand, as shown
in Fig. 35(b), in the third cylinder 31 R, when the crank
angleisin arange fromthe angle A113 to the angle A212,
the piston 11 falls with the intake port 21 and the exhaust
port 23 both closed. In this case, in the case where the
communication path 210 is in the communicated state,
as shown in Fig. 36(b), the gas in the second cylinder 31
Q flows into the third cylinder 31 R through the commu-
nication path 210. Thus, the gas is not compressed in
the second cylinder 31Q, and an increase in pressure in
the second cylinder 31 Q is inhibited.

[0202] Further, as shown in Fig. 35(b), when the crank
angleisin arange from the angle A212 to the angle A101,
the intake port 21 of the third cylinder 31R is opened.
Therefore, in the case where the communication path
210isin the communicated state, anincrease in pressure
in the second cylinder 31Q is inhibited by a flow of the
gas in the second cylinder 31Q to the third cylinder 31 R
through the communication path 210.

[0203] Forexample, whenthe crankangleisinarange
from the angle A204 to the angle A101, the piston 11
rises with the intake port 21 opened in the third cylinder
31 R. In this case, as shown in Fig. 36(c), the gas in the
third cylinder 31 R flows out through the intake port 21
while the gas in the second cylinder 31 Q flows into the
third cylinder 31 R through the communication path 210.
Therefore, the gas is not compressed in the second cyl-
inder 31Q, and an increase in pressure in the second
cylinder 31Q is inhibited.

[0204] Fig. 37 is a diagram showing a relationship be-
tween the rotational load of the crankshaft 13 and the
crank angle during the forward rotation positioning oper-
ation and the reverse rotation start-up operation. Simi-
larly to Fig. 29, the rotational loads generated due to the
first, second and third cylinders 31 P, 31 Q, 31 R are
respectively shown in Figs. 37(a) to 37(c), and the total
of the rotational loads generated due to the first, second
and third cylinders 31P, 31Q, 31R is shown in Fig. 37(d).
As described above, during the forward rotation position-
ing operation and the reverse rotation start-up operation,
an increase in pressure in each of the second and third
cylinders 31Q, 31 R is inhibited. Specifically, as shown
in Fig. 37(b), even in the case where the crank angle
becomes close to the angle A101 corresponding to the
compression top dead center of the second cylinder 31Q,
an increase in rotational resistance generated due to the
second cylinder 31Q is inhibited. Further, as shown in
Fig. 37(c), even in the case where the crank angle be-
comes close to the A201 corresponding to the compres-
siontop dead center of the third cylinder 31 R, anincrease
in rotational resistance generated due to the third cylinder
31 Ris inhibited. Thus, as shown in Fig. 37(d), the rota-
tional load of the crankshaft 13 is increased only near
the angle A1 corresponding to the compression top dead
center of the first cylinder 31 P, and the forward rotation
and the reverse rotation of the crankshaft 13 are not pre-
vented in other angular ranges. Therefore, the forward
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rotation positioning operation of Fig. 30 and the reverse
rotation start-up operation of Fig. 31 can be appropriately
performed.

(4) Engine Start-up Process

[0205] The ECU 6 performs the engine start-up proc-
ess based on a control program stored in advance in a
memory. In the present example, the engine start-up
process includes a cold start-up process, an idle stop
process and a reverse rotation start-up process. Fig. 38
is a flow chart for explaining the cold start-up process.
Fig. 39 is a flow chart for explaining the idle stop process.
Fig. 40 is a flow chart for explaining the reverse rotation
start-up process.

[0206] When the main switch 40 of Fig. 3 is turned on,
the ECU 6 starts the cold start-up process of Fig. 38. In
this case, the current crank angle is not stored in the ECU
6. First, the ECU 6 controls the auxiliary valve driver 220
such that the communication path 210 is in the commu-
nicated state (step S101). Then, the ECU 6 controls the
integrated starter generator 14 such that the crankshaft
13 is rotated forward (step S102). In this case, because
the communication path 210 is kept in the communicated
state, an increase in pressure in each of the second and
third cylinders 31 Q, 31 R is inhibited. Thus, the forward
rotation of the crankshaft 13 is not prevented. Further, a
torque of the integrated starter generator 14 is adjusted
based on a detection signal from the current sensor 44
(Fig. 3) such that the crank angle does not reach the
angle A1 (Fig. 30) corresponding to the compression top
dead center of the first cylinder 31 P.

[0207] Next,the ECU 6 determines whether a specified
time period has elapsed since the start of the forward
rotation of the crankshaft 13 in the step S102 (step S103).
In the case where the specified time period elapses, the
ECU 6 controls the integrated starter generator 14 such
that the forward rotation of the crankshaft 13 is stopped
(step S104). Thus, the crank angle is adjusted in the re-
verse rotation start range (the angle A300 of Fig. 30).
Thereafter, the ECU 6 controls the auxiliary valve driver
220 such thatthe communication path 210 isin the closed
state (step S105) and ends the cold start-up process.
[0208] Onthe otherhand,inthe case where the above-
mentioned idle stop condition is satisfied, the ECU 6
starts the idle stop process of Fig. 39. First, the ECU 6
stops the injection of fuel by each injector 19 (Fig. 3) and
the ignition by each ignition plug 18 (Fig. 3) such that
combustion is stopped in each of the first, second and
third cylinders 31 P, 31 Q, 31R (step S111).

[0209] Then, the ECU 6 determines whether the rota-
tion speed of the crankshaft 13 is a specified value or
lower than the specified value based on the detection
signal from the crank angle sensor 43 of Fig. 3 (step
S112). This specified value is sufficiently lower than the
rotational speed of the crankshaft 13 during idling. In the
case where the rotation speed of the crankshaft 13 is
larger than the specified value, the ECU 6 repeats the
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process of the step S112 until the rotation speed of the
crankshaft 13 is the specified value or lower than the
specified value.

[0210] When the rotation speed of the crankshaft 13
is the specified value or lower than the specified value,
the ECU 6 controls the auxiliary valve driver 220 such
that the communication path 210 is in the communicated
state (step S113). In this case, because an increase in
pressure in each of the second and third cylinders 31 Q,
31 Ris inhibited, the rotation of the crankshaft 31 is likely
to be stopped when the crank angle becomes close to
the angle A1 corresponding to the compression top dead
center of the first cylinder 31 P. Thus, the rotation of the
crankshaft 13 is likely to be stopped with the crank angle
in the reverse rotation start range or near the reverse
rotation start range.

[0211] Next, the ECU 6 determines whether the rota-
tion of the crankshaft 13 is stopped based on the detec-
tion signal from the crank angle sensor 43 (step S114).
In the case where the rotation of the crankshaft 13 is not
stopped, the ECU 6 repeats the process of the step S114
until the rotation of the crankshaft 13 is stopped.

[0212] When the rotation of the crankshaft 13 is
stopped, the ECU 6 determines whether the current
crank angle is in the reverse rotation start range (step
S115). In the case where the current crank angle is not
in the reverse rotation start range, the ECU 6 controls
the integrated starter generator 14 such that the crank-
shaft 13 is rotated forward (step S116). Similarly to the
step S102 of Fig. 38, because the communication path
210 is kept in the communicated state, an increase in
pressure in each of the second and third cylinders 31 Q,
31 R is inhibited. Thus, the forward rotation of the crank-
shaft 13 is not prevented.

[0213] Next, the ECU 6 determines whether the crank
angle has reached the reverse rotation start range based
on the detection signal from the crank angle sensor 43
(step S117). The ECU 6 repeats the process of the step
S117 until the crank angle reaches the reverse rotation
start range. When the crank angle reaches the reverse
rotation start range, the ECU 6 controls the integrated
starter generator 14 such that the forward rotation of the
crankshaft 13 is stopped (step S118). Thereafter, the
ECU 6 controls the auxiliary valve driver 220 such that
the communication path 210 is in the closed state (step
S119), and ends the idle stop process. On the other hand,
in the step S115, in the case where the current crank
angle is in the reverse rotation start range, the ECU 6
does not perform the forward rotation positioning opera-
tion, controls the auxiliary valve driver 220 such that the
communication path 210 is in the closed state (step
S119), and ends the idle stop process.

[0214] In the case where the starter switch 41 of Fig.
3 is turned on after the end of the cold start-up process,
the ECU 6 starts the reverse rotation start-up process of
Fig. 40. Further, in the case where the above-mentioned
idle stop release condition is satisfied after the end of the
idle stop process, the ECU 6 starts the reverse rotation
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start-up process of Fig. 40.

[0215] In the reverse rotation start-up process of Fig.
40, the ECU 6 first controls the auxiliary valve driver 220
such that the communication path 210 is in the commu-
nicated state (step S121). Then, the ECU 6 controls the
integrated starter generator 14 such that the crankshaft
13isrotated inreverse (step S122). In this case, because
the communication path 210 is kept in the communicated
state, an increase in pressure in each of the second and
third cylinders 31 Q, 31 R is inhibited. Thus, the reverse
rotation of the crankshaft 13 is not prevented.

[0216] Next, the ECU 6 determines whether the crank
angle has reached the angle A33 of Fig. 31 based on the
detection signal from the crank angle sensor 43 (step
S123). The ECU 6 repeats the process of the step S123
until the crank angle reaches the angle A33. When the
crank angle reaches the angle A33, the ECU 6 controls
the injector 19 corresponding to the first cylinder 31 P
such that the fuel is injected into the intake passage 22
(step S124). The ECU 6 then determines whether the
motor current has reached a predetermined threshold
value based on the detection signal from the current sen-
sor 44 (step S125). In the case where the motor current
has not reached the threshold value, the ECU 6 repeats
the process of the step S125 until the motor current
reaches the threshold value.

[0217] When the motor current reaches the threshold
value, the ECU 6 controls the integrated starter generator
14 such that the reverse rotation of the crankshaft 13 is
stopped (step S126). Further, the ECU 6 controls the
ignition plug 18 corresponding to the first cylinder 31 P
such that a fuel-air mixture in the first cylinder 31 P is
ignited (step S127). At the time of the ignition or right
after the ignition in the step S127, the rotation of the
crankshaft 13 may be driven in the forward direction by
the integrated starter generator 14.

[0218] Then, the ECU 6, based on the detection signal
from the crank angle sensor 43, determines whether the
rotation speed of the crankshaft 13 has reached a pre-
determined initial explosion determination value before
a constant time period has elapsed since the ignition in
the step S127 (step S128). In the case where the fuel-
air mixture is appropriately combusted in the first cylinder
31 P by the ignition in the step S127, the rotation speed
of the crankshaft 13 reaches the initial explosion deter-
mination value before the crank angle reaches the angle
A2 corresponding to the first compression top dead cent-
er of the first cylinder 31 P.

[0219] Inthe step S128, in the case where the rotation
speed of the crankshaft 13 reaches the initial explosion
determination value in the constant time period, the ECU
6 controls the auxiliary valve driver 220 such that the
communication path 210 is in the closed state (step
S129), and ends the reverse rotation start-up process.
[0220] On the other hand, in the case where the fuel-
air mixture is not appropriately combusted in the first cyl-
inder 31 P by the ignition in the step S127, the rotation
speed of the crankshaft 13 does not reach the initial ex-
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plosion determination value. In this case, the crank angle
does not exceed the angle A2, and the rotation of the
crankshaft 13 is stopped or the crankshaft 13 is rotated
inreverse by the rotational resistance caused by the pres-
sure in the first cylinder 31 P. In the present example, in
the case where the fuel-air mixture is not appropriately
combusted in this manner, the reverse rotation start-up
operation is repeated.

[0221] Inthe step S128, in the case where the rotation
speed of the crankshaft 13 does not reach the initial ex-
plosion determination value in the constant time period,
the ECU 6 determines whether the rotation of the crank-
shaft 13 is stopped and whether the crankshaft 13 is ro-
tated in reverse (step S130). In the case where the rota-
tion of the crankshaft 13 is not stopped and the crankshaft
13 is not rotated in reverse, the forward rotation of the
crankshaft 13 is continued. Therefore, the ECU 6 repeats
the process ofthe step S130 until the rotation of the crank-
shaft 13 is stopped or the crankshaft 13 is rotated in re-
verse.

[0222] When the rotation of the crankshaft 13 is
stopped or the crankshaft 13 is rotated in reverse, the
ECU 6 determines whether the reverse rotation start-up
operation has been repeated a specified number of times
(step S131). In the case where the reverse rotation start-
up operation has notbeen repeated the specified number
of times, the ECU 6 returns to the step S122. In the case
where the reverse rotation start-up operation has been
repeated the specified number of times, the trouble with
the engine system 200 may have occurred. The trouble
with the engine system 200 includes an operational prob-
lem with the engine unit EU or a problem with each type
of sensor, for example. Therefore, the ECU 6 warns a
rider (step S132). Specifically, the rider is informed of the
possibility of an occurrence of trouble with the engine
system 200 by a warning lamp and the like. Thereatfter,
the ECU 6 controls the auxiliary valve driver 220 such
that the communication path 210 is in the closed state
(step S129), and ends the reverse rotation start-up proc-
ess.

[0223] Also in the examples of Figs. 9 and 10 or the
example of Fig. 20, similarly to the example of Fig. 40,
whether the fuel-air mixture has been appropriately com-
busted in the first cylinder 31A may be determined based
on the rotation speed of the crankshaft 13. Further, in the
case where it is determined that the fuel-air mixture has
not been appropriately combusted, the reverse rotation
start-up operation may be repeated.

(5) Effects

[0224] In the engine system 200 according to the
present embodiment, an increase in pressure in each of
the second and third cylinders 31 Q, 31 R is inhibited by
the decompression mechanism DEa during the forward
rotation positioning operation and the reverse rotation
start-up operation. Thus, an increase in rotational resist-
ance of the crankshaft 13 caused by an increase in pres-
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sure in each of the second and third cylinders 31 Q, 31
R is inhibited. Therefore, the forward rotation positioning
operation and the reverse rotation start-up operation are
smoothly performed with the rotation of the crankshaft
13 not prevented. Therefore, the fuel-air mixture can be
appropriately combusted in the first cylinder 31 P, and
the engine 10 can be appropriately started. Further, be-
cause the integrated starter generator 14 is required to
generate a smaller torque, the size of each of the inte-
grated starter generator 14 and a battery (not shown)
can be reduced.

[0225] Further, in the present embodiment, an in-
crease in pressure in each of the second and third cylin-
ders 31 Q, 31 R is inhibited by communication between
the second cylinder 31Q and the third cylinder 31 R
through the communication path 210. Thus, an increase
in rotational resistance of the crankshaft 13 caused by
an increase in pressure in each of the second and third
cylinders 31 Q, 31 R can be inhibited with the simple
configuration and by the simple control.

[0226] Further, in the present embodiment, the open-
ings 211a, 211b of the communication path 210 are
opened and closed by integral driving of the auxiliary
valves 212a, 212b. Thus, the communication path 210
can be appropriately switched between the communicat-
ed state and the closed state with the simple configura-
tion.

(6) Other Examples of Decompression Mechanism

[0227] While the communication path 210 is keptin the
communicated state during the forward rotation position-
ing operation and the reverse rotation start-up operation
in the above-mentioned third embodiment, the present
invention is not limited to this. The communication path
210 may be in the communicated state only during a con-
stant period of time. For example, the communication
path 210 may be in the communicated state only during
a period in which the intake port 21 and the exhaust port
23 are closed in each of the second and third cylinders
31 Q, 31 R and the piston 11 rises.

[0228] While an increase in pressure in each of the
second and third cylinders 31 Q, 31 R is inhibited by
communication between the second cylinder 31 Q and
the third cylinder 31 R through the communication path
210 in the above-mentioned third embodiment, the
present invention is not limited to this. For example, the
pressure in the second cylinder 31 Q may be reduced by
lifting of the exhaust valve 16 corresponding to the sec-
ond cylinder 31Q, and the pressure in the third cylinder
31 R may be reduced by lifting of the exhaust valve 16
corresponding to the third cylinder 31 R. In this case, the
decompression mechanism having the similar configu-
ration to that of the Figs. 22 to 24 may be provided to
correspond to each of the second and third cylinders 31
Q, 31 R.
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[E] Other Embodiments

[0229] While the above-mentioned first to third embod-
iments are the examples where the present invention is
applied to a two-cylinder engine and a three-cylinder en-
gine, the present invention may be applied to a multi-
cylinder engine having four or more cylinders. In this
case, in the reverse rotation start-up operation, a fuel-air
mixture is combusted in one cylinder. Further, in the en-
gine start-up operation including the reverse rotation
start-up operation, the pressure in the one or each of
other cylinders is reduced such that an increase in rota-
tional resistance of the crankshaft caused by an increase
in pressure in the one or each of other cylinders is inhib-
ited. Thus, the engine can be appropriately started.
[0230] Whilethe presentinvention is applied to the mo-
torcycle in the above-mentioned embodiment, the inven-
tion is not limited to this. The present invention may be
applied to another straddled vehicle such as a motor tri-
cycle or an ATV (All Terrain Vehicle) or another vehicle
such as a four-wheeled automobile.

[F] Correspondences between Constituent Elements in
Claims and Parts in Preferred Embodiments

[0231] Inthe following paragraphs, non-limiting exam-
ples of correspondences between various elements re-
cited in the claims below and those described above with
respect to various preferred embodiments of the present
invention are explained.

[0232] In the above-mentioned embodiment, the en-
gine system 200 is an example of an engine system, the
engine unit EU is an example of an engine unit, the engine
10 is an example of an engine, the first cylinders 31A,
31P are examples of afirst cylinder, the second cylinders
31 B, 31 Q are examples of a second cylinder, the third
cylinder 31 R is an example of a third cylinder, the inte-
grated starter generator 14 is an example of a rotation
driver, the ECU 6 is an example of a controller, the valve
driver 17 is an example of an opening closing mecha-
nism, the decompression mechanisms DE, DEa are ex-
amples of a pressure reduction mechanism, the injector
19is anexample of a fuel injection device, and the ignition
plug 18 is an example of an ignition device. Further, the
communication path 210 is an example of a communi-
cation path, the auxiliary valves 212a, 212b and the aux-
iliary valve driver 220 are examples of a communication
path opening closing mechanism, the opening 211 a is
an example of a first opening, the opening 211b is an
example of a second opening, the auxiliary valve 212a
is an example of a first valve, the auxiliary valve 212b is
an example of a second valve, and the auxiliary valve
driver 220 is an example of a communication driver. Fur-
ther, the motorcycle 100 is an example of a vehicle, the
rear wheel 7 is an example of a drive wheel and the ve-
hicle body 1 is an example of a main body.

[0233] As each of constituent elements recited in the
claims, various other elements having configurations or
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functions described in the claims can be also used.
[Industrial Applicability]

[0234] The presentinvention can be applied to various
types of engine systems and vehicles.

Claims
1. An engine system comprising:

an engine having a plurality of cylinders;

a rotation driver that rotates a crankshaft of the
engine in forward and reverse directions; and
a controller that controls the engine and the ro-
tation driver such that an engine start-up oper-
ation including at least a reverse rotation start-
up operation is performed, wherein

the plurality of cylinders include first and second
cylinders,

a fuel-air mixture is introduced into the first cyl-
inder while the crankshaft is rotated in the re-
verse direction, and the crankshaft is driven in
the forward direction by combustion of the fuel-
air mixture in the first cylinder, in the reverse
rotation start-up operation,

the engine includes a pressure reduction mech-
anism that reduces pressure in at least one cyl-
inder of the first and second cylinders, and

the pressure reduction mechanism, in the en-
gine start-up operation, reduces the pressure in
the at least one cylinder such that an increase
in rotational resistance of the crankshaft is
caused by anincrease in pressure in the at least
one cylinder.

2. The engine system according to claim 1, wherein
the pressure reduction mechanism, in the reverse
rotation start-up operation, reduces the pressure in
the at least one cylinder.

3. The engine system according to claim 2, wherein
the engine furtherincludes an opening closing mech-
anism that opens and closes an intake port and an
exhaust port of each of the firstand second cylinders,
ranges of a crank angle respectively corresponding
to anintake stroke, a compression stroke, an expan-
sion stroke and an exhaust stroke of the first cylinder
during normal running are defined as a first intake
range, a first compression range, a first expansion
range and a first exhaust range, and ranges of the
crank angle respectively corresponding to an intake
stroke, a compression stroke, an expansion stroke
and an exhaust stroke of the second cylinder during
the normal running are defined as a second intake
range, a second compression range, a second ex-
pansion range and a second exhaust range,
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the first exhaust range includes a start-up intake
range, and the first expansion range includes a start-
up ignition range,

the rotation driver, in the reverse rotation start-up
operation, rotates the crankshaftin reverse such that
the crank angle exceeds the start-up intake range
and reaches the start-up ignition range,

the opening closing mechanism, in the reverse rota-
tion start-up operation, opens the intake port of the
first cylinder when the crank angle is in the start-up
intake range,

a fuel injection device corresponding to the first cyl-
inder, in the reverse rotation start-up operation, in-
jects fuel into an intake passage that leads air to the
first cylinder such that, when the crank angle is in
the start-up intake range, a fuel-air mixture is intro-
duced into the first cylinder,

an ignition device corresponding to the first cylinder,
in the reverse rotation start-up operation, ignites the
fuel-air mixture in the first cylinder when the crank
angle is in the start-up ignition range,

the second expansion range includes a start-up
pressure reduction range, and the pressure reduc-
tion mechanism, in the reverse rotation start-up op-
eration, reduces pressure in the second cylinder
when the crank angle is in the start-up pressure re-
duction range.

The engine system according to claim 3, wherein
at least one of the first compression range and the
first intake range includes a reverse rotation start
range, and

the engine start-up operation further includes a for-
ward rotation positioning operation of adjusting the
crank angle in the reverse rotation start range by
rotating the crankshaftin the forward direction before
the reverse rotation start-up operation.

The engine system according to claim 4, wherein
the second compression range includes a position-
ing pressure reduction range, and

the pressure reduction mechanism, in the forward
rotation positioning operation, reduces pressure in
the second cylinder when the crank angle is in the
positioning pressure reduction range.

The engine system according to any one of claims
3 to 5, wherein

a difference between the crank angle in the case
where a piston reaches a compression top dead
center in the first cylinder and the crank angle in the
case where a piston reaches a compression top
dead center in the second cylinder is 360 degrees.

The engine system according to claim 6, wherein

a fuel injection device corresponding to the second
cylinder, in the reverse rotation start-up operation,
injects fuel into an intake passage that leads air to
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the second cylinder after the crank angle exceeds
the start-up intake range and before the crank angle
reaches the start-up ignition range.

The engine system according to any one of claims
3 to 5, wherein

a difference between the crank angle in the case
where the piston reaches a compression top dead
center in the first cylinder and the crank angle in the
case where the piston reaches a compression top
dead center in the second cylinder is an angle other
than 360 degrees.

The engine system according to claim 1, wherein
the engine start-up operation further includes a for-
ward rotation positioning operation of adjusting the
crank angle in the reverse rotation start range by
rotating the crankshaft in the forward direction before
the reverse rotation start-up operation, and

the pressure reduction mechanism, in the forward
rotation positioning operation, reduces pressure in
atleast one cylinder of the first and second cylinders.

The engine system according to claim 9, wherein
the engine furtherincludes an opening closing mech-
anism that opens and closes an intake port and an
exhaust port of each of the firstand second cylinders,
ranges of a crank angle respectively corresponding
to anintake stroke, a compression stroke, an expan-
sion stroke and an exhaust stroke of the first cylinder
during normal running are defined as a first intake
range, a first compression range, a first expansion
range and a first exhaust range, and ranges of the
crank angle respectively corresponding to an intake
stroke, a compression stroke, an expansion stroke
and an exhaust stroke of the second cylinder during
the normal running are defined as a second intake
range, a second compression range, a second ex-
pansion range and a second exhaust range,

the first intake range includes areverse rotation start
range, the first exhaust range includes a start-up in-
take range and the first expansion range includes a
start-up ignition range,

the rotation driver, in the forward rotation positioning
operation, rotates the crankshaft forward such that
the crank angle reaches the reverse rotation start
range, and in the reverse rotation start-up operation,
rotates the crankshaft in reverse such that the crank
angle exceeds the start-up intake range from the re-
verse rotation start range and reaches the start-up
ignition range,

the opening closing mechanism, in the reverse rota-
tion start-up operation, opens an intake port of the
first cylinder when the crank angle is in the start-up
intake range,

a fuel injection device corresponding to the first cyl-
inder, in the reverse rotation start-up operation, in-
jects fuel into an intake passage that leads air to the
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first cylinder such that, when the crank angle is in
the start-up intake range, a fuel-air mixture is intro-
duced into the first cylinder,

an ignition device corresponding to the first cylinder,
in the reverse rotation start-up operation, ignites the
fuel-air mixture in the first cylinder when the crank
angle is in the start-up ignition range,

the first compression range includes a positioning
pressure reduction range, and the pressure reduc-
tion mechanism, in the forward rotation positioning
operation, reduces pressure in the first cylinder when
the crank angle is in the positioning pressure reduc-
tion range.

The engine system according to claim 10, wherein
at least part of the first intake range is in the second
compression range, and

the crank angle, in the reverse rotation start-up op-
eration, reaches the start-up ignition range without
passing through an angle corresponding to a com-
pression top dead center of each of the first and sec-
ond cylinders.

The engine system according to claim 2, wherein
the plurality of cylinders further includes a third cyl-
inder, and

the pressure reduction mechanism, in the reverse
rotation operation, reduces pressure in each of the
second and third cylinders.

The engine system according to claim 12, wherein
the engine start-up operation includes a forward ro-
tation positioning operation of adjusting the crank
angle in a predetermined reverse rotation start range
by rotating the crankshaft in the forward direction
before the reverse rotation start-up operation, and

the pressure reduction mechanism, in the forward
rotation positioning operation, reduces pressure in
each of the second and third cylinders.

The engine system according to claim 12 or 13,
wherein

the pressure reduction mechanism includes

a communication path that connects the second cyl-
inder and the third cylinder to each other, and

a communication path opening closing mechanism
that switches the communication path between a
communicated state and a closed state, and

the communication path opening closing mechanism
reduces the pressure in each of the second and third
cylinders by keeping the communication path in the
communicated state.

The engine system according to claim 14, wherein

the communication path has a first opening that
opens in the second cylinder and a second opening
that opens in the third cylinder,

the communication path opening closing mechanism
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includes a first valve that opens and closes the first
opening,

a second valve that opens and closes the second
opening, and

a communication driver that integrally drives the first
and second valves, and

the communication driver reduces the pressure in
each of the second and third cylinders by opening
the first and second openings by the first and second
valves.

16. A vehicle comprising:

a main body having a drive wheel, and

the engine system according to any one of
claims 1 to 15 that generates motive power for
rotating the drive wheel.
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FIG. 39
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FIG. 40
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