EP 4 467 801 A1

(19)

Europdisches
Patentamt

European
Patent Office

Office européen
des brevets

9

(12)

(43) Date of publication:
27.11.2024 Bulletin 2024/48

(21) Application number: 24175651.9

(22) Date of filing: 14.05.2024

(11) EP 4 467 801 A1

EUROPEAN PATENT APPLICATION

(51) International Patent Classification (IPC):

F02D 31/00 (2006.01) F02D 41/00 (2006.0)
F02D 41/12 (2006.01) F02D 41/14 (2006.0)
(52) Cooperative Patent Classification (CPC):

F02D 41/1475; FO2D 31/009; F02D 41/008;
F02D 41/123; FO2D 41/0087; FO2D 41/1454;
F02D 2200/1002; FO2D 2200/101

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
GE KH MA MD TN

(30) Priority: 19.05.2023 JP 2023082989

(71)

(72)

(74)

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

Inventors:
¢ AKIMOTO, Yoshitomo
lwata, Shizuoka, 438-8501 (JP)
« TANAKA, Yasushi
lwata, Shizuoka, 438-8501 (JP)

Representative: Studio Torta S.p.A.
Via Viotti, 9
10121 Torino (IT)

(54) ENGINE CONTROL METHOD

(567)  Thereis described an engine control method for
controlling an engine (11) provided with a first cylinder
(15a) and a second cylinder (15b), including a first step,
a second step, and a third step;when a rotation speed
(A) is equal to or more than a first reference value (B1)
and less than a second reference value (B2), the first
step being executed; in the first step, a first amount (Q1)
being controlled so that a first air-fuel ratio (D1) being
leaner than the theoretical air-fuel ratio, and a second
amount (Q2) being controlled so that a second air-fuel
ratio (D2) is leaner than the theoretical air-fuel ratio;when

the rotation speed (A) is equal to or more than the second
reference value (B2) and less than a third reference value
(B3), the second step being executed; in the second step,
the first amount (Q1) being controlled to zero, and the
second amount (Q2) being controlled so that the second
air-fuel ratio (D2) is leaner than the theoretical air-fuel
ratio; when the rotation speed (A) is equal to or more
than the third reference value (B3), the third step being
executed; in the third step, the first amount (Q1) being
controlled to zero and the second amount (Q2) being
controlled to zero.
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Description

Technical Field

[0001] The presentinvention relates to an engine con-
trol method.

Prior Art

[0002] Japanese Unexamined Patent Publication

S61-55323 A discloses a vehicle. A vehicle includes an
engine, a first fuel injection device, and a second fuel
injection device. The engine includes a first cylinder and
a second cylinder. The first fuel injection device supplies
fuel to the first cylinder. The second fuel injection device
supplies fuel to the second cylinder. As the fuel burns in
the first cylinder and the second cylinder, the engine ro-
tates, and the engine outputs torque.

[0003] A vehicle includes a fuel cut control device. The
fuel cut control device controls the first fuel injection de-
vice and the second fuel injection device on the basis of
the rotation speed of the engine. Specifically, the fuel cut
control device executes a first step, a second step, and
a third step.

[0004] When the rotation speed of the engine is equal
to or less than the first reference value, the first step is
executed. In the first step, the fuel cut control device does
not cut the fuel supply to the first cylinder and does not
cut the fuel supply to the second cylinder. That is, in the
first step, the fuel cut control device supplies fuel to the
first cylinder and supplies fuel to the second cylinder.
[0005] When the rotation speed of the engine is larger
than the first reference value and equal to or less than
the second reference value, the second step is executed.
In the second step, the fuel cut control device cuts the
fuel supply to the first cylinder and does not cut the fuel
supply to the second cylinder. That is, in the second step,
the fuel cut control device stops to supply fuel to the first
cylinder and supplies fuel to the second cylinder. There-
fore, in the second step, it is difficult to increase the ro-
tation speed of the engine.

[0006] When the rotation speed of the engine is larger
than the second reference value, the third step is exe-
cuted. In the third step, the fuel cut control device cuts
the fuel supply to the first cylinder and cuts the fuel supply
to the second cylinder. That is, in the third step, the fuel
cut control device stops to supply fuel to the first cylinder
and stops to supply fuelto the second cylinder. Therefore,
in the third step, it is more difficult to increase the rotation
speed of the engine.

[0007] Insummary, the fuel cut control device includes
the second step and the third step. Therefore, the rotation
speed of the engine is less likely to be excessively high.
That is, the fuel cut control device prevents over speed
of the engine.

[0008] In the fuel cut control device of Japanese Un-
examined Patent Publication S61-55323 A, a difference
between the amount of fuel supplied to the first cylinder
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in the first step and the amount of fuel supplied to the
first cylinder in the second step is large. Therefore, when
the step proceeds from the first step to the second step,
the torque of the engine changes drastically.

[0009] In the fuel cut control device of Japanese Un-
examined Patent Publication S61-55323 A, a decrease
amount of the fuel supplied to the first cylinder is large
when the step proceeds from the first step to the second
step. Therefore, when the step proceeds from the first
step to the second step, the amount of decrease in the
torque of the engine is large.

[0010] For the same reason, when the step proceeds
from the second step to the third step, the torque of the
engine changes drastically. When the step proceeds
from the second step to the third step, the amount of
decrease in the torque of the engine is large.

[0011] When the change in the torque of the engine is
drastic, the change in the behavior of the vehicle is dras-
tic. For example, when the amount of decrease in the
torque of the engine is large, the vehicle decelerates sig-
nificantly.

[0012] When the change in the behavior of the vehicle
is drastic, the drivability of the vehicle tends to deteriorate.
When the change in the behavior of the vehicle is drastic,
the ride comfort of the driver tends to deteriorate.
[0013] The present invention has been made in view
of such circumstances, and an object thereofis to provide
an engine control method for preventing over speed of
an engine while mitigating a change in torque of the en-
gine.

Description of the Invention

[0014] In order to achieve such an object, the present
invention has the following configuration.

[0015] That is, the present invention provides an en-
gine control method for controlling an engine including a
first cylinder and a second cylinder, the engine control
method including:

a first step of controlling a first amount that is an
amount of fuel supplied to the first cylinder so that a
first air-fuel ratio that is an air-fuel ratio of an air-fuel
mixture supplied to the first cylinder is leaner than a
theoretical air-fuel ratio and controlling a second
amount that is an amount of fuel supplied to the sec-
ond cylinder so that a second air-fuel ratio that is an
air-fuel ratio of an air-fuel mixture supplied to the
second cylinder is leaner than the theoretical air-fuel
ratio when a rotation speed of the engine is equal to
or more than a first reference value and less than a
second reference value that is larger than the first
reference value;

a second step of controlling the first amount to zero
and controlling the second amount so that the sec-
ond air-fuel ratio is leaner than the theoretical air-
fuel ratio when the rotation speed of the engine is
equal to or more than the second reference value
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and less than a third reference value that is larger
than the second reference value; and

a third step of controlling the first amount to zero and
controlling the second amount to zero when the ro-
tation speed of the engine is equal to or more than
the third reference value.

[0016] The engine control method is for controlling an
engine. The engine includes a first cylinder and a second
cylinder. The engine control method includes a first step,
a second step, and a third step. When the rotation speed
of the engine is equal to or more than the first reference
value and less than the second reference value, the first
step is executed. When the rotation speed of the engine
is equal to or more than the second reference value and
less than the third reference value, the second step is
executed. When the rotation speed of the engine is equal
to or more than the third reference value, the third step
is executed. The second reference value is larger than
the first reference value. The third reference value is larg-
er than the second reference value.

[0017] In the first step, the second step, and the third
step, the first amount and the second amount are con-
trolled. The first amount is the amount of fuel supplied to
the first cylinder. The second amount is the amount of
fuel supplied to the second cylinder.

[0018] In the first step, the first amount is controlled so
that the first air-fuel ratio is leaner than the theoretical
air-fuel ratio. The first air-fuel ratio is an air-fuel ratio of
an air-fuel mixture supplied to the first cylinder. There-
fore, the first amount of the first step is relatively small.
The first amount in the first step is larger than zero. In
the first step, the second amount is controlled so that the
second air-fuel ratio is leaner than the theoretical air-fuel
ratio. The second air-fuel ratio is an air-fuel ratio of the
air-fuel mixture supplied to the second cylinder. There-
fore, the second amountin the first stepis relatively small.
The second amount in the first step is larger than zero.
[0019] Inthe second step, the firstamountis controlled
to zero. Therefore, the first amount of the second step is
zero. In the second step, the supply of fuel to the first
cylinder is stopped. In the second step, the second
amount is controlled so that the second air-fuel ratio is
leaner than the theoretical air-fuel ratio. Therefore, the
second amountin the second stepis relatively small. The
second amount in the second step is larger than zero.
[0020] In the third step, the first amount is controlled
to zero. Therefore, the first amount of the third step is
zero. Inthe third step, the supply of fuel to the first cylinder
is stopped. In the third step, the second amount is con-
trolled to zero. Therefore, the second amount of the third
step is zero. In the third step, the supply of fuel to the
second cylinder is stopped.

[0021] As described above, the first amount in the first
step is relatively small. The second amount in the first
step is relatively small. Therefore, in the first step, it is
slightly difficult to increase the rotation speed of the en-
gine.
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[0022] Asdescribed above, the firstamountin the sec-
ond step is zero. The second amount in the second step
is relatively small. Therefore, in the second step, it is dif-
ficult to increase the rotation speed of the engine.
[0023] Asdescribed above, the firstamountin the third
step is zero. The second amount of the third step is zero.
Therefore, in the third step, it is more difficult to increase
the rotation speed of the engine.

[0024] As described above, the first amount in the first
step is relatively small. The first amount of the second
step is zero. Therefore, when the step proceeds from the
first step to the second step, the first amount decreases.
The difference between the first amount in the first step
and the first amountin the second step is relatively small.
When the step proceeds from the first step to the second
step, the decrease amount of the firstamount is relatively
small. As described above, the second amount in the first
step is relatively small. The second amountin the second
stepisrelatively small. Therefore, the difference between
the second amount in the first step and the second
amount in the second step is very small. When the step
proceeds from the first step to the second step, the de-
crease amount of the second amount is very small.
Therefore, when the step proceeds from the first step to
the second step, the change in the torque of the engine
is moderate. When the step proceeds from the first step
to the second step, the amount of decrease in the torque
of the engine is small.

[0025] Asdescribed above, the firstamountin the sec-
ond step is zero. The firstamount of the third step is zero.
Therefore, there is no difference between the firstamount
in the second step and the first amount in the third step.
When the step proceeds from the second step to the third
step, the first amount does not increase or decrease.
When the step proceeds from the second step to the third
step, the decrease amount of the first amount is zero. As
described above, the second amount in the second step
is relatively small. The second amount of the third step
is zero. Therefore, when the step proceeds from the sec-
ond step to the third step, the second amount decreases.
The difference between the second amountin the second
step and the second amount in the third step is relatively
small. When the step proceeds from the second step to
the third step, the decrease amount of the second amount
is relatively small. Therefore, when the step proceeds
from the second step to the third step, the change in the
torque of the engine is moderate. When the step pro-
ceeds from the second step to the third step, the amount
of decrease in the torque of the engine is small.

[0026] In summary, in the engine control method, the
first amount and the second amount gradually decrease
as the rotation speed of the engine increases. In other
words, as the rotation speed of the engine increases, the
engine control method gradually cuts off the first amount
and the second amount. Therefore, the engine control
method prevents over speed of the engine while mitigat-
ing a change in torque of the engine. The engine control
method prevents an excessive increase in the rotation
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speed of the engine while mitigating a change in the
torque of the engine.
[0027] It is preferred in the above-described engine
control method that,

in the first step, the first amount is controlled so that
the first air-fuel ratio is 16 or more and 20 or less,
and the second amount is controlled so that the sec-
ond air-fuel ratio is 16 or more and 20 or less, and
in the second step, the second amount is controlled
so that the second air-fuel ratio is 16 or more and 20
or less.

[0028] In the first step, the first amount is controlled so
that the first air-fuel ratio is 16 or more and 20 or less.
Therefore, it is easy to make the first air-fuel ratio of the
first step leaner than the theoretical air-fuel ratio.
[0029] In the first step, the first amount is controlled so
that the first air-fuel ratio is 16 or more and 20 or less.
Therefore, the first amount in the first step is smaller.
Therefore, the difference between the first amount in the
first step and the first amount in the second step is small-
er. When the step proceeds from the first step to the
second step, the decrease amount of the first amount is
smaller. Therefore, when the step proceeds from the first
step to the second step, the change in the torque of the
engine is more moderate. When the step proceeds from
the first step to the second step, the amount of decrease
in the torque of the engine is smaller.

[0030] In the first step, the second amountis controlled
so that the second air-fuel ratio is 16 or more and 20 or
less. Therefore, it is easy to make the second air-fuel
ratio of the first step leaner than the theoretical air-fuel
ratio.

[0031] In the second step, the second amount is con-
trolled so that the second air-fuel ratio is 16 or more and
20 or less. Therefore, it is easy to make the second air-
fuel ratio of the second step leaner than the theoretical
air-fuel ratio.

[0032] In the second step, the second amount is con-
trolled so that the second air-fuel ratio is 16 or more and
20 or less. Therefore, the second amount in the second
step is smaller. Therefore, the difference between the
second amount in the second step and the second
amount in the third step is relatively small. When the step
proceeds from the second step to the third step, the de-
crease amount of the second amount is smaller. There-
fore, when the step proceeds from the second step to
the third step, the change in the torque of the engine is
more moderate. When the step proceeds from the sec-
ond step to the third step, the amount of decrease in the
torque of the engine is smaller.

[0033] It is preferred in the above-described engine
control method that,

the engine control method further comprises a fourth
step for controlling the first amount and the second
amount when the rotation speed of the engine is
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equal to or more than a fourth reference value that
is smaller than the first reference value, and less
than the first reference value, and

in the fourth step, the first amount is controlled so
that the first air-fuel ratio in the fourth step is richer
than the first air-fuel ratio in the first step, and the
second amount is controlled so that the second air-
fuel ratio in the fourth step is richer than the second
air-fuel ratio in the first step.

[0034] The engine control method includes a fourth
step. When the rotation speed of the engine is equal to
or more than the fourth reference value and less than the
first reference value, the fourth step is executed. The
fourth reference value is smaller than the first reference
value. In the fourth step, the first amount and the second
amount are controlled.

[0035] In the fourth step, the first amount is controlled
so that the first air-fuel ratio of the fourth step is richer
than the first air-fuel ratio of the first step. Therefore, the
first amount of the fourth step is relatively large. In the
fourth step, the second amount is controlled so that the
second air-fuel ratio of the fourth step is richer than the
second air-fuel ratio of the first step. Therefore, the sec-
ond amount of the fourth step is relatively large.

[0036] As described above, the first amount in the first
step is larger than zero. Therefore, the difference be-
tween the first amount in the fourth step and the first
amount in the first step is relatively small. As described
above, the second amount in the first step is larger than
zero. Therefore, the difference between the second
amount in the fourth step and the second amount in the
first step is relatively small. Therefore, when the step pro-
ceeds from the fourth step to the first step, the change
in the torque of the engine is moderate.

[0037] It is preferred in the above-described engine
control method that,

in the fourth step, the first amount is controlled so that
the first air-fuel ratio is less than 16, and the second
amount is controlled so that the second air-fuel ratio is
less than 16.

[0038] Therefore, it is easy to make the first air-fuel
ratio of the fourth step richer than the first air-fuel ratio of
the first step. It is easy to make the second air-fuel ratio
of the fourth step richer than the second air-fuel ratio of
the first step.

[0039] It is preferred in the above-described engine
control method that,

in the fourth step, the first amount is controlled so that
the first air-fuel ratio is 15 or less, and the second amount
is controlled so that the second air-fuel ratio is 15 or less.
[0040] Therefore, it is easier to make the first air-fuel
ratio of the fourth step richer than the first air-fuel ratio of
the first step. Itis easier to make the second air-fuel ratio
of the fourth step richer than the second air-fuel ratio of
the first step.

[0041] It is preferred in the above-described engine
control method that,
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in the fourth step, the first amount is controlled so that
the first air-fuel ratio is 13 or less, and the second amount
is controlled so that the second air-fuel ratio is 13 or less.
[0042] Therefore, it is easier to make the first air-fuel
ratio of the fourth step richer than the first air-fuel ratio of
the first step. It is easier to make the second air-fuel ratio
of the fourth step richer than the second air-fuel ratio of
the first step.

[0043] It is preferred in the above-described engine
control method that,

in the fourth step, the first amount is controlled so that
the first air-fuel ratio is 12 or less, and the second amount
is controlled so that the second air-fuel ratio is 12 or less.
[0044] Therefore, it is easier to make the first air-fuel
ratio of the fourth step richer than the first air-fuel ratio of
the first step. It is easier to make the second air-fuel ratio
of the fourth step richer than the second air-fuel ratio of
the first step.

[0045] It is preferred in the above-described engine
control method that,

the first amount decreases and the second amount de-
creases when the step proceeds from the fourth step to
the first step.

[0046] When the step proceeds from the fourth step to
the first step, the first amount decreases. As described
above, the difference between the first amount in the
fourth step and the firstamount in the first step is relatively
small. Therefore, when the step proceeds from the fourth
step to the first step, the decrease amount of the first
amount is relatively small. When the step proceeds from
the fourth step to the first step, the second amount de-
creases. As described above, the difference between the
second amountin the fourth step and the second amount
in the first step is relatively small. Therefore, when the
step proceeds from the fourth step to the first step, the
decrease amount of the second amount is relatively
small. Therefore, when the step proceeds from the fourth
step to the first step, the amount of decrease in the torque
of the engine is small.

[0047] As described above, when the step proceeds
from the fourth step to the first step, the first amount de-
creases. Therefore, in the first step, it is easy to make
the first air-fuel ratio leaner than the theoretical air-fuel
ratio.

[0048] As described above, when the step proceeds
from the fourth step to the first step, the second amount
decreases. Therefore, in the first step, it is easy to make
the second air-fuel ratio leaner than the theoretical air-
fuel ratio.

[0049] It is preferred in the above-described engine
control method that,

in the fourth step, the first amount is controlled so that
the first air-fuel ratio is 5 or more, and the second amount
is controlled so that the second air-fuel ratio is 5 or more.
[0050] In the fourth step, the first amount is controlled
so that the first air-fuel ratio is 5 or more. Therefore, the
first amount of the fourth step is not excessively large.
The difference between the firstamountin the fourth step
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and the first amount in the first step is not excessively
large. When the step proceeds from the fourth step to
the first step, the decrease amount of the first amount is
not excessively large. In the fourth step, the second
amount is controlled so that the second air-fuel ratio is 5
or more. Therefore, the second amount of the fourth step
is not excessively large. The difference between the sec-
ond amount in the fourth step and the second amount in
the first step is not excessively large. When the step pro-
ceeds from the fourth step to the first step, the decrease
amount of the second amount is not excessively large.
Therefore, when the step proceeds from the fourth step
to the first step, the change in the torque of the engine
is not excessively drastic. When the step proceeds from
the fourth step to the first step, the amount of decrease
in the torque of the engine is not excessively large.
[0051] It is preferred in the above-described engine
control method that,

the first amount in the first step is 70% or more and
90% or less of the first amount in the fourth step, and
the second amount in the first step is 70% or more
and 90% or less of the second amount in the fourth
step.

[0052] Therefore, when the step proceeds from the
fourth step to the first step, it is easy to reduce the first
amount. When the step proceeds from the fourth step to
the first step, it is easy to reduce the second amount.
[0053] It is preferred in the above-described engine
control method that,

a difference between the fourth reference value and the
first reference value is 100 rpm or less.

[0054] As described above, the range of the rotation
speed at which the fourth step is executed may be nar-
row.

[0055] It is preferred in the above-described engine
control method that,

in the first step, the second air-fuel ratio is equal to the
first air-fuel ratio.

[0056] Therefore, in the first step, the control of the
second air-fuel ratio is common to the control of the first
air-fuel ratio. Therefore, the control of the first step is
simple.

[0057] It is preferred in the above-described engine
control method that,

in the first step, the second amount is equal to the first
amount.

[0058] Therefore, in the first step, it is easy to make
the second air-fuel ratio equal to the first air-fuel ratio.
[0059] It is preferred in the above-described engine
control method that,

the first reference value is 7,000 rpm or more.

[0060] Therefore, when the rotation speed of the en-
gine is 7,000 rpm or more, the first step is started. In other
words, when the rotation speed of the engine is less than
7,000 rpm, the first step is not executed. When the rota-
tion speed of the engine is less than 7,000 rpm, also the
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second step is not executed. When the rotation speed of
the engine is less than 7,000 rpm, also the third step is
not executed. Therefore, when the rotation speed of the
engine is less than 7,000 rpm, the engine control method
does not cut the first amount. When the rotation speed
of the engine is less than 7,000 rpm, the engine control
method does not cut the second amount. Therefore,
when the rotation speed of the engine is less than 7,000
rpm, the engine control method does not change the
torque of the engine. When the rotation speed of the en-
gine is less than 7,000 rpm, the engine control method
does not intervene.

[0061] It is preferred in the above-described engine
control method that,

the first reference value is 8,000 rpm or more.

[0062] Therefore, when the rotation speed of the en-
gine is less than 8,000 rpm, the engine control method
does not change the torque of the engine.

[0063] It is preferred in the above-described engine
control method that,

the first reference value is 9,000 rpm or more.

[0064] Therefore, when the rotation speed of the en-
gine is less than 9,000 rpm, the engine control method
does not change the torque of the engine.

[0065] It is preferred in the above-described engine
control method that,

adifference between the second reference value and the
first reference value is smaller than a difference between
the third reference value and the second reference value.
[0066] The difference between the second reference
value and the first reference value corresponds to arange
of the rotation speed of the engine in which the first step
is executed. The difference between the third reference
value and the second reference value corresponds to a
range of the rotation speed of the engine in which the
second step is executed. Therefore, the range of the ro-
tation speed of the engine in which the first step is exe-
cuted is narrower than the range of the rotation speed of
the engine in which the second step is executed. There-
fore, the period of the first step is relatively short. There-
fore, it is easy to quickly shift the step from the first step
to the second step. As aresult, itis easy to quickly prevent
over speed of the engine.

[0067] It is preferred in the above-described engine
control method that,

a difference between the third reference value and the
second reference value is equal to or more than twice of
adifference between the second reference value and the
first reference value.

[0068] Therefore, it is easy to make the difference be-
tween the second reference value and the first reference
value smaller than the difference between the third ref-
erence value and the second reference value.

[0069] It is preferred in the above-described engine
control method that,

adifference between the second reference value and the
first reference value is 200 rpm or less.

[0070] Therefore, it is easy to make the difference be-
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tween the second reference value and the first reference
value smaller than the difference between the third ref-
erence value and the second reference value.

[0071] It is preferred in the above-described engine
control method that,

a difference between the third reference value and the
second reference value is 100 rpm or more.

[0072] Therefore, it is easy to make the difference be-
tween the second reference value and the first reference
value smaller than the difference between the third ref-
erence value and the second reference value.

[0073] It is preferred in the above-described engine
control method that,

a difference between the third reference value and the
second reference value is 200 rpm or more.

[0074] Therefore, it is easier to make the difference
between the second reference value and the first refer-
ence value smaller than the difference between the third
reference value and the second reference value.
[0075] It is preferred in the above-described engine
control method that

a difference between the third reference value and the
second reference value is 500 rpm or less.

[0076] Therefore, the difference between the third ref-
erence value and the second reference value is not ex-
cessively wide. Therefore, the period of the second step
is not excessively long. Therefore, the second step pro-
ceeds to the third step at an appropriate timing. As a
result, it is easy to properly prevent over speed of the
engine.

[0077] It is preferred in the above-described engine
control method that,

the firstamount is controlled by controlling a first fuel
injection device providedin a firstintake portion com-
municating with the first cylinder, and

the second amount s controlled by controlling a sec-
ond fuel injection device provided in a second intake
portion communicating with the second cylinder.

[0078] The first intake portion communicates with the
first cylinder. The first fuel injection device is provided in
the first intake portion. The first amount is controlled by
controlling the first fuel injection device. Here, the first
fuel injection device supplies fuel to the first cylinder
through the first intake portion. Therefore, it is easy to
control the first amount. Similarly, the second intake por-
tion communicates with the second cylinder. The second
fuel injection device is provided in the second intake por-
tion. The second amount is controlled by controlling the
second fuel injection device. Here, the second fuel injec-
tion device supplies fuel to the second cylinder through
the second intake portion. Therefore, it is easy to control
the second amount.

[0079] It is preferred in the above-described engine
control method that,

the first amount is controlled by controlling a fuel in-
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jection time of the first fuel injection device, and
the second amount is controlled by controlling a fuel
injection time of the second fuel injection device.

[0080] Therefore, itis easierto control the firstamount.
It is easier to control the second amount.

[0081] It is preferred in the above-described engine
control method that,

the engine is mounted on a straddled vehicle.

[0082] When the change in the torque of the engine is
moderate, the change in the behavior of the straddled
vehicle is moderate. For example, when the amount of
decrease in the torque of the engine is small, the strad-
dled vehicle decelerates gently. When the change in the
behavior of the straddled vehicle is moderate, the driva-
bility of the straddled vehicle is unlikely to deteriorate.
When the change in the behavior of the straddled vehicle
is moderate, the ride comfort of the driver is unlikely to
deteriorate.

Brief Description of the Drawings

[0083] For the purpose of illustrating the invention,
there are shown in the drawings several forms which are
presently preferred, it being understood, however, that
the invention is not limited to the precise arrangement
and instrumentalities shown.

Fig. 1 is a left side view of a straddled vehicle ac-
cording to an embodiment.

Fig. 2 is a conceptual diagram schematically illus-
trating a part of the straddled vehicle.

Fig. 3 is a graph schematically illustrating an engine
control method.

Embodiments of the invention

[0084] A straddled vehicle 1 according to this invention
will be described hereinafter with reference to the draw-
ings.

1. Outline Construction of Straddled Vehicle 1

[0085] Fig. 1 is a left side view of a straddled vehicle
1 according to an embodiment. The straddled vehicle 1
is classified as a street-type vehicle, for example.
[0086] Fig. 1 shows a longitudinal direction X, a trans-
verse directionY, and an up-down direction Z of the strad-
dled vehicle 1. The longitudinal direction X, transverse
direction Y, and up-down direction Z are defined with
reference to a driver (also called a rider) riding the strad-
dled vehicle 1. The longitudinal direction X, transverse
direction Y, and up-down direction Z are perpendicular
to one another. The longitudinal direction X and trans-
verse direction Y are horizontal. The up-down direction
Z is vertical.

[0087] The terms "forward", "rearward", "upward",
"downward", "rightward", and "leftward", respectively,
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mean "forward", "rearward", "upward", "downward",
"rightward", and "leftward" as seen from the driver mount-
ed on the straddled vehicle 1. Unless otherwise stated
in this specification, "forward" and "rearward" include not
only directions parallel to the longitudinal direction X but
also directions close to the longitudinal direction X. The
directions close to the longitudinal direction X are, for
example, directions at angles not exceeding 45 degrees
to the longitudinal direction X. Similarly, unless otherwise
specified, "rightward" and "leftward" include not only di-
rections parallel to the transverse direction Y but also
directions close to the transverse direction Y. Unless oth-
erwise specified, "upward" and "downward" include not
only directions parallel to the up-down direction Z but
also directions close to the up-down direction Z. For ref-
erence, the drawings show the terms FRONT, REAR,
UP and DOWN, as appropriate.

[0088] In the present specification, "in side view of the
straddled vehicle 1" is appropriately referred to as "in
vehicle side view".

[0089] The straddled vehicle 1 includes a vehicle body
frame 2. The vehicle body frame 2 includes a main frame
3. The main frame 3 extends rearward from the front part
of the straddled vehicle 1. More specifically, the main
frame 3 extends rearward and downward.

[0090] The straddled vehicle 1 includes a steering de-
vice 4 and a front wheel 8. The steering device 4 is pro-
vided at the front part of the straddled vehicle 1. The
steering device 4 is supported by the vehicle body frame
2. The steering device 4 is rotatable with respect to the
vehicle body frame 2. The front wheel 8 is supported by
the steering device 4.

[0091] The steering device 4 includes a handlebar 5,
a front suspension 6, and a front axle 7. The handlebar
5 includes, for example, an accelerator operator (not il-
lustrated). The accelerator operator is, for example, an
accelerator grip. The front suspension 6 extends down-
ward from the handlebar 5. The front axle 7 is supported
by a lower portion of the front suspension 6. The front
wheel 8 is supported by the front axle 7. The front wheel
8 is rotatable about the front axle 7.

[0092] The straddled vehicle 1 includes a fuel tank 9.
The fuel tank 9 is disposed above the main frame 3 in
vehicle side view. The fuel tank 9 is disposed behind the
steering device 4. The fuel tank 9 stores fuel.

[0093] The straddled vehicle 1includes a seat 10. The
seat 10 is disposed above the main frame 3 in vehicle
side view. The seat 10 is disposed behind the fuel tank
9. The entire of the seat 10 is disposed lower than the
upper end of the fuel tank 9. A part of the seat 10 is
disposed at the same height position as the fuel tank 9.
[0094] The straddled vehicle 1 includes an engine 11.
At least a part of the engine 11 is disposed below the
main frame 3 in vehicle side view. The engine 11 is dis-
posed behind the steering device 4. The engine 11 is
disposed below the fuel tank 9 and the seat 10. The en-
gine 11 rotates and produces torque by burning fuel.
[0095] The engine 11 is mounted on the straddled ve-
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hicle 1. The engine 11 is supported by the vehicle body
frame 2. For example, the engine 11 is supported by the
main frame 3. The engine 11 is rigidly supported by the
vehicle body frame 2. The engine 11 is fixed to the vehicle
body frame 2. The engine 11 is not swingable with respect
to the vehicle body frame 2. The engine 11 is not rotatable
with respect to the vehicle body frame 2. The engine 11
is classified as a rigid mount engine.

[0096] The straddled vehicle 1 includes a pivot shaft
21, a swing arm 22, a rear axle 23, and a rear wheel 24.
The pivot shaft 21 is disposed below the fuel tank 9 and
the seat 10. The pivot shaft 21 is disposed behind the
engine 11. The pivot shaft 21 is supported by the vehicle
body frame 2. The swing arm 22 is supported by the pivot
shaft 21. The swing arm 22 is swingable about the pivot
shaft 21. The swing arm 22 extends rearward from the
pivot shaft 21. The rear axle 23 is supported by the rear
part of the swing arm 22. The rear wheel 24 is supported
by the rear axle 23. The rear wheel 24 is rotatable about
the rear axle 23.

[0097] Thestraddled vehicle 1includes achain25.The
chain 25 couples the engine 11 and the rear wheel 24.
The chain 25 transmits torque from the engine 11 to the
rear wheel 24. The engine 11 drives the rear wheels 24
via the chain 25. Specifically, the engine 11 rotates the
rear wheel 24 about the rear axle 23.

[0098] A driver of the straddled vehicle 1 sits astride
the seat 10 and performs a knee grip. The knee grip is
to sandwich a part of the straddled vehicle 1 between
both legs of the driver. The part of the straddled vehicle
1is, for example, at least a part of the main frame 3 and
the fueltank 9. The driver grips the handlebar 5 and steers
the steering device 4. The driver operates the accelerator
operator provided on the handlebar 5.

2. Details of engine 11 and configurationrelated to engine
11

[0099] Referto Fig. 1. The engine 11 includes a crank-
case 12 and a cylinder unit 13. The cylinder unit 13 is
provided above the crankcase 12.

[0100] Refer to Figs. 1 and 2. Fig. 2 is a conceptual
diagram schematically illustrating a part of the straddled
vehicle 1.

[0101] The engine 11 is classified as a multi-cylinder
engine. For example, the engine 11 is classified as a two-
cylinder engine.

[0102] The engine 11 includes a first cylinder 15a and
a second cylinder 15b. Each of the first cylinder 15a and
the second cylinder 15b is a space. Each of the first cyl-
inder 15a and the second cylinder 15b is located in the
engine 11. Each of the first cylinder 15a and the second
cylinder 15b is located in the cylinder unit 13.

[0103] The engine 11 includes a first piston 16a and a
second piston 16b. The first piston 16ais disposed in the
first cylinder 15a. The first piston 16a moves in the first
cylinder 15a. The second piston 16b is located in the
second cylinder 15b. The second piston 16b moves in
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the second cylinder 15b.

[0104] The first cylinder 15a and the first piston 16a
define a first combustion chamber. The first combustion
chamber is a part of the first cylinder 15a. The second
cylinder 15b and the second piston 16b define a second
combustion chamber. The second combustion chamber
is a part of the second cylinder 15b.

[0105] The engine 11 includes a crankshaft 17. The
crankshaft 17 isinstalled in the engine 11. The crankshaft
17 is installed in the crankcase 12. The crankshaft 17 is
coupled to the first piston 16a and the second piston 16b.
[0106] The engine 11 includes a first intake port 18a
and a second intake port 18b. Each of the first intake port
18a and the second intake port 18b is a space. Each of
the first intake port 18a and the second intake port 18b
is located in the engine 11. Each of the first intake port
18a and the second intake port 18b is located in the cyl-
inder unit 13. The firstintake port 18a communicates with
the first cylinder 15a. The first intake port 18a sends air
to the first cylinder 15a. The second intake port 18b com-
municates with the second cylinder 15b. The second in-
take port 18b sends air to the second cylinder 15b.
[0107] The engine 11 includes a first intake valve and
a second intake valve (not illustrated). The first intake
valve is provided in the first intake port 18a. The first
intake valve opens and closes the first intake port 18a.
When the first intake valve opens the first intake port 18a,
the first cylinder 15a communicates with the first intake
port 18a. When the firstintake valve opens the firstintake
port 18a, the firstintake valve allows the first cylinder 15a
to take in air from the first intake port 18a. When the first
intake valve closes the first intake port 18a, the first cyl-
inder 15ais blocked from the first intake port 18a. When
the first intake valve closes the first intake port 18a, the
firstintake valve prohibits the first cylinder 15a fromtaking
in air from the first intake port 18a. The second intake
valve is provided in the second intake port 18b. The sec-
ond intake valve opens and closes the second intake port
18b.

[0108] The engine 11 includes a first exhaust port 19a
and a second exhaust port 19b. Each of the first exhaust
port 19a and the second exhaust port 19b is a space.
The first exhaust port 19a and the second exhaust port
19b are located inside the engine 11. Each of the first
exhaust port 19a and the second exhaust port 19b is
located inside the cylinder unit 13. The first exhaust port
19a communicates with the first cylinder 15a. The first
cylinder 15a discharges exhaust gas to the first exhaust
port 19a. The second exhaust port 19b communicates
with the second cylinder 15b. The second cylinder 15b
discharges exhaust gas to the second exhaust port 19b.
[0109] Theengine 11includes afirstexhaustvalve and
a second exhaust valve (notillustrated). The first exhaust
valve is provided in the first exhaust port 19a. The first
exhaust valve opens and closes the first exhaust port
19a. When the first exhaust valve opens the first exhaust
port 19a, the first cylinder 15a communicates with the
first exhaustport 19a. When the first exhaust valve opens
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the first exhaust port 19a, the first exhaust valve allows
the first cylinder 15a to discharge the exhaust gas to the
firstexhaustport 19a. When the first exhaust valve closes
the first exhaust port 19a, the first cylinder 15a is blocked
from the first exhaust port 19a. When the first exhaust
valve closes the first exhaust port 19a, the first exhaust
valve prohibits the first cylinder 15a from discharging the
exhaust gas to the first exhaust port 19a. The second
exhaustvalve is provided in the second exhaust port 19b.
The second exhaust valve opens and closes the second
exhaust port 19b.

[0110] The straddled vehicle 1 includes an intake pipe
31. The intake pipe 31 is connected to the engine 11.
The intake pipe 31 supplies air to the engine 11.

[0111] Specifically, the intake pipe 31 is connected to
the cylinder unit 13.

[0112] More specifically, the intake pipe 31 is connect-
ed to the first intake port 18a and the second intake port
18b. The intake pipe 31 communicates with the first in-
take port 18a and the second intake port 18b. The intake
pipe 31 communicates with the first cylinder 15a and the
second cylinder 15b through the first intake port 18a and
the second intake port 18b. The intake pipe 31 supplies
air to the first intake port 18a and the second intake port
18b. The intake pipe 31 supplies air to the first cylinder
15a and the second cylinder 15b through the first intake
port 18a and the second intake port 18b.

[0113] For example, the intake pipe 31 includes a first
intake portion 32a and a second intake portion 32b. The
firstintake portion 32ais connected to the first intake port
18a. The first intake portion 32a communicates with the
firstintake port 18a. The first intake portion 32a commu-
nicates with the first cylinder 15a through the first intake
port 18a. The first intake portion 32a supplies air to the
firstintake port 18a. The first intake portion 32a supplies
air to the first cylinder 15a through the first intake port
18a. The second intake portion 32b is connected to the
second intake port 18b. The second intake portion 32b
communicates with the second intake port 18b. The sec-
ond intake portion 32b communicates with the second
cylinder 15b through the second intake port 18b. The
second intake portion 32b supplies air to the second in-
take port 18b. The second intake portion 32b supplies
air to the second cylinder 15b through the second intake
port 18b.

[0114] Forexample, the intake pipe 31 includes a col-
lective intake portion 33. The collective intake portion 33
is connected to the firstintake portion 32a and the second
intake portion 32b. The collective intake portion 33 col-
lects the first intake portion 32a and the second intake
portion 32b. In other words, the first intake portion 32a
and the second intake portion 32b branch from the col-
lective intake portion 33. The collective intake portion 33
supplies air to the first intake portion 32a and the second
intake portion 32b.

[0115] The straddled vehicle 1 includes an air cleaner
34. The air cleaner 34 is connected to the intake pipe 31.
The air cleaner 34 supplies air to the intake pipe 31.
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[0116] For example, the air cleaner 34 is connected to
the collective intake portion 33. The air cleaner 34 sup-
plies air to the collective intake portion 33.

[0117] The straddled vehicle 1 includes a throttle 35.
The throttle 35 is provided in the intake pipe 31. The
throttle 35 opens and closes the intake pipe 31. The throt-
tle 35 adjusts the amount of air flowing through the intake
pipe 31.

[0118] The amount of air flowing through the intake
pipe 31 corresponds to the amount of intake air of the
engine 11. Therefore, the throttle 35 adjusts an intake
amount of the engine 11.

[0119] The amount of air flowing through the intake
pipe 31 corresponds to the intake amount of the first cyl-
inder 15a and the second cylinder 15b. Therefore, the
throttle 35 adjusts the intake amount of the first cylinder
15a and the second cylinder 15b.

[0120] The throttle 35 is operated in accordance with
the operation of the accelerator operator by the driver.
[0121] For example, the throttle 35 is classified as a
mechanical throttle. The straddled vehicle 1 includes a
coupling member (not illustrated). The coupling member
mechanically couples the accelerator operator and the
throttle 35. The coupling member includes, for example,
at least one of a wire, a cable, and a linkage mechanism.
[0122] Forexample,thethrottle 35includes afirstthrot-
tle 36a and a second throttle 36b. The first throttle 36a
is provided in the first intake portion 32a. The first throttle
36a opens and closes the first intake portion 32a. The
first throttle 36a adjusts the amount of air flowing through
the first intake portion 32a. The second throttle 36b is
provided in the second intake portion 32b. The second
throttle 36b opens and closes the second intake portion
32b. The second throttle 36b adjusts the amount of air
flowing through the second intake portion 32b.

[0123] The amountofairflowing through the firstintake
portion 32a corresponds to the intake amount of the first
cylinder 15a. Therefore, the first throttle 36a adjusts the
intake amount of the first cylinder 15a. The amount of air
flowing through the second intake portion 32b corre-
sponds to the intake amount of the second cylinder 15b.
Therefore, the second throttle 36b adjusts the intake
amount of the second cylinder 15b.

[0124] The first throttle 36a includes, for example, a
throttle valve. The second throttle 36b includes, for ex-
ample, a throttle valve.

[0125] For example, the first throttle 36a and the sec-
ond throttle 36b are coupled to each other. The throttle
valve of the first throttle 36a and the throttle valve of the
second throttle 36b are fixed to a common valve shaft.
[0126] For example, the first throttle 36a and the sec-
ond throttle 36b operate integrally. The first throttle 36a
and the second throttle 36b are integrally opened and
closed. Therefore, the position of the second throttle 36b
is equal to the position of the first throttle 36a. The open-
ing degree of the second throttle 36b is equal to the open-
ing degree of the first throttle 36a. Therefore, the intake
amount of the second cylinder 15b is substantially equal
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to the intake amount of the first cylinder 15a.

[0127] The straddled vehicle 1 includes a fuel injection
device 37. The fuel tank 9 supplies fuel to the fuel injection
device 37. The fuel injection device 37 supplies fuel to
the engine 11.

[0128] Forexample, the fuel injection device 37 is pro-
vided in the intake pipe 31. The fuel injection device 37
injects fuel into the intake pipe 31. The intake pipe 31
sends fuel to the engine 11. The fuel injection device 37
supplies fuel to the engine 11 through the intake pipe 31.
[0129] More specifically, the intake pipe 31 sends fuel
to the first intake port 18a and the second intake port
18b. For example, the first intake portion 32a sends fuel
to the firstintake port 18a. The second intake portion 32b
sends fuel to the second intake port 18b. The first intake
port 18a sends fuel to the first cylinder 15a. The second
intake port 18b sends fuel to the second cylinder 15b.
The fuel injection device 37 supplies fuel to the first cyl-
inder 15a and the second cylinder 15b through the intake
pipe 31, the first intake port 18a, and the second intake
port 18b.

[0130] For example, the fuel injection device 37 is dis-
posed downstream of the throttle 35 in the air flow direc-
tion. The fuel injection device 37 is provided in a portion
of the intake pipe 31 located between the engine 11 and
the throttle 35.

[0131] For example, the fuel injection device 37 in-
cludes a first fuel injection device 38a and a second fuel
injection device 38b. The first fuel injection device 38ais
provided in the first intake portion 32a. The first fuel in-
jection device 38a injects fuel into the first intake portion
32a. The first fuel injection device 38a supplies fuel to
the first cylinder 15a through the first intake portion 32a
and the first intake port 18a. The second fuel injection
device 38b is provided in the second intake portion 32b.
The second fuel injection device 38b injects fuel into the
second intake portion 32b. The second fuel injection de-
vice 38b supplies fuel to the second cylinder 15b through
the second intake portion 32b and the second intake port
18b.

[0132] For example, the first fuel injection device 38a
is disposed downstream of the first throttle 36a in the air
flow direction. The first fuel injection device 38a is pro-
vided in a portion of the first intake portion 32a located
between the engine 11 and the first throttle 36a. The sec-
ond fuel injection device 38b is disposed downstream of
the second throttle 36b in the air flow direction. The sec-
ond fuel injection device 38b is provided in a portion of
the second intake portion 32b located between the en-
gine 11 and the second throttle 36b.

[0133] When fuel is injected, the air becomes a fuel-
containing mixture. Therefore, when the fuel is supplied
to the first cylinder 15a, the air-fuel mixture is supplied
to the first cylinder 15a. When fuel is not supplied to the
first cylinder 15a, only air is supplied to the first cylinder
15a. When the fuel is supplied to the second cylinder
15b, the air-fuel mixture is supplied to the second cylinder
15b. When fuel is not supplied to the second cylinder
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15b, only air is supplied to the second cylinder 15b.
[0134] The straddled vehicle 1 includes an ignition de-
vice 41. The ignition device 41 is attached to the engine
11. The ignition device 41 ignites the air-fuel mixture in
the engine 11. The air-fuel mixture burns in the engine 11.
[0135] For example, the ignition device 41 is attached
to the cylinder unit 13.

[0136] The ignition device 41 ignites the air-fuel mix-
ture in the first cylinder 15a and the second cylinder 15b.
The air-fuel mixture burns in the first cylinder 15a and
the second cylinder 15b.

[0137] For example, the ignition device 41 includes a
firstignition device 42a and a second ignition device 42b.
The first ignition device 42a ignites the air-fuel mixture in
the first cylinder 15a. The air-fuel mixture burns in the
first cylinder 15a. The second ignition device 41b ignites
the air-fuel mixture in the second cylinder 15b. The air-
fuel mixture burns in the second cylinder 15b.

[0138] The first ignition device 42a is provided in the
first cylinder 15a. The first ignition device 42a extends to
the first cylinder 15a. The second ignition device 42b is
provided in the second cylinder 15b. The second ignition
device 42b extends to the second cylinder 15b.

[0139] The firstignition device 42a includes, for exam-
ple, an ignition plug. The second ignition device 42b in-
cludes, for example, an ignition plug.

[0140] The combustion of the air-fuel mixture in the
first cylinder 15a causes the first piston 16a to reciprocate
in the first cylinder 15a. The combustion of the air-fuel
mixture in the second cylinder 15b causes the second
piston 16b to reciprocate in the second cylinder 15b. The
first piston 16a and the second piston 16b drive the crank-
shaft 17. When the first piston 16a and the second piston
16b reciprocate, the crankshaft 17 rotates.

[0141] In short, the combustion of the air-fuel mixture
rotates the crankshaft 17. The combustion of the air-fuel
mixture rotates the engine 11. Combustion of the air-fuel
mixture causes the engine 11 to produce torque.
[0142] The air-fuel mixture burns and becomes ex-
haust gas. For example, the exhaust gas is generated in
the first cylinder 15a by combustion of the air-fuel mixture
in the first cylinder 15a. Exhaust gas is generated in the
second cylinder 15b by combustion of the air-fuel mixture
in the second cylinder 15b.

[0143] The straddled vehicle 1 includes an exhaust
pipe 45. The exhaust pipe 45 is connected to the engine
11. The engine 11 discharges exhaust gas to the exhaust
pipe 45. The exhaust pipe 45 conveys exhaust gas.

[0144] The exhaustpipe 45is connectedtothe cylinder
unit 13.
[0145] The exhaust pipe 45 is connected to the first

exhaust port 19a and the second exhaust port 19b. The
exhaust pipe 45 communicates with the first exhaust port
19a and the second exhaust port 19b. The exhaust pipe
45 communicates with the first cylinder 15a and the sec-
ond cylinder 15b through the first exhaust port 19a and
the second exhaust port 19b. The first exhaust port 19a
sends exhaust gas to the exhaust pipe 45. The second
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exhaust port 19b sends the exhaust gas to the exhaust
pipe 45. The first cylinder 15a and the second cylinder
15b discharge exhaust gas to the exhaust pipe 45
through the first exhaust port 19a and the second exhaust
port 19b.

[0146] For example, the exhaust pipe 45 includes a
first exhaust portion 46a and a second exhaust portion
46b. The first exhaust portion 46a is connected to the
first exhaust port 19a. The first exhaust portion 46a com-
municates with the first exhaust port 19a. The first ex-
haust portion 46a communicates with the first cylinder
15a through the first exhaust port 19a. The first cylinder
15a discharges exhaust gas to the first exhaust portion
46a through the first exhaust port 19a. The second ex-
haust portion 46b is connected to the second exhaust
port 19b. The second exhaust portion 46b communicates
with the second exhaust port 19b. The second exhaust
portion 46b communicates with the second cylinder 15b
through the second exhaust port 19b. The second cylin-
der 15b discharges the exhaust gas to the second ex-
haust portion 46b through the second exhaust port 19b.
[0147] For example, the exhaust pipe 45 includes a
collective exhaust portion 47. The collective exhaust por-
tion 47 is connected to the first exhaust portion 46a and
the second exhaust portion 46b. The collective exhaust
portion 47 collects the first exhaust portion 46a and the
second exhaust portion 46b. The first exhaust portion
46a sends the exhaust gas to the collective exhaust por-
tion 47. The second exhaust portion 46b sends the ex-
haust gas to the collective exhaust portion 47.

[0148] The straddled vehicle 1 includes a catalyst 48.
The catalyst 48 is provided in the exhaust pipe 45. The
exhaust gas passes through the catalyst48. The catalyst
48 purifies the exhaust gas.

[0149] For example, the catalyst 48 is provided in the
collective exhaust portion 47.

[0150] Forexample, the catalyst48 is a three-way cat-
alyst.

[0151] After the catalyst 48 purifies the exhaust gas,
the exhaust pipe 45 releases the exhaust gas. The ex-
haust pipe 45 releases the exhaust gas to the outside of
the straddled vehicle 1.

[0152] For example, the collective exhaust portion 47
releases exhaust gas.

[0153] The straddled vehicle 1 includes a rotation
speed sensor 51. The rotation speed sensor 51 is at-
tached to the engine 11. The rotation speed sensor 51
detects the rotation speed of the engine 11.

[0154] The rotation speed sensor 51 is attached to, for
example, the crankcase 12. The rotation speed sensor
51 is attached to, for example, the crankshaft 17. The
rotation speed sensor 51 detects, for example, the rota-
tion speed of the crankshaft 17.

[0155] The straddled vehicle 1 includes a throttle sen-
sor 52. The throttle sensor 52 is attached to the throttle
35. The throttle sensor 52 is attached to, for example, a
valve shaft. The throttle sensor 52 detects the amount of
air flowing through the intake pipe 31.
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[0156] For example, the throttle sensor 52 detects a
throttle position. The throttle position is a position of the
throttle 35. For example, the throttle position is an open-
ing degree of the throttle 35.

[0157] The straddled vehicle 1includes an air-fuel ratio
sensor 53. The air-fuel ratio sensor 53 detects the air-
fuel ratio of the air-fuel mixture.

[0158] The air-fuel ratio of the air-fuel mixture is amass
ratio of air and fuel in the air-fuel mixture. The air-fuel
ratio of the air-fuel mixture is a value obtained by dividing
the mass of air in the air-fuel mixture by the mass of fuel
in the air-fuel mixture.

[0159] More specifically, the air-fuel ratio sensor 53 de-
tects the air-fuel ratio of the air-fuel mixture supplied to
the first cylinder 15a and the second cylinder 15b. The
air-fuel ratio sensor 53 detects the air-fuel ratio of the air-
fuel mixture before combustion.

[0160] For example, the air-fuel ratio sensor 53 is pro-
vided in the exhaust pipe 45. The air-fuel ratio sensor 53
detects the concentration of oxygen in the exhaust gas.
The concentration of oxygen in the exhaust gas is an
index indicating the air-fuel ratio of the air-fuel mixture.
The air-fuel ratio of the air-fuel mixture is specified on the
basis of the concentration of oxygen in the exhaust gas.
[0161] For example, the air-fuel ratio sensor 53 is dis-
posed upstream of the catalyst 48 in the directionin which
the exhaust gas flows. The air-fuel ratio sensor 53 is pro-
vided in a portion of the exhaust pipe 45 located between
the engine 11 and the catalyst 48. The air-fuel ratio sen-
sor 53 is provided in the collective exhaust portion 47.
[0162] The straddled vehicle 1includes acontroller 61.
The controller 61 includes, for example, a read-only
memory (ROM), a processor, and a random-access
memory (RAM). The ROM stores various programs. The
program stored in the ROM includes, for example, an
engine control program. The processor performs arith-
metic processing. The processor executes the program
stored in the ROM. As a result, the processor realizes
various functions. The processor is, for example, a cen-
tral processing unit (CPU). The RAM temporarily stores
various types of information. The RAM is used as a work
area of the processor.

[0163] The controller 61 includes a storage 62. The
storage 62 may include a part of the ROM and the RAM
described above. The storage 62 may include compo-
nents other than the ROM and the RAM described above.
The storage 62 may be at least one of a semiconductor
memory and a hard disk.

[0164] The controller 61 may be an electric control unit
(ECU) provided in the straddled vehicle 1.

[0165] The controller 61 controls the engine 11.
[0166] The controller 61 is electrically connected to the
fuelinjection device 37, theignition device 41, the rotation
speed sensor 51, the throttle sensor 52, and the air-fuel
ratio sensor 53. The controller 61 communicates with the
fuelinjection device 37, theignition device 41, the rotation
speed sensor 51, the throttle sensor 52, and the air-fuel
ratio sensor 53.
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[0167] The controller 61 controls the fuel injection de-
vice 37. The fuel injection device 37 operates according
to the control of the controller 61.

[0168] The controller 61 controls the first fuel injection
device 38a and the second fuel injection device 38b. The
firstfuel injection device 38a and the second fuel injection
device 38b operate under the control of the controller 61.
[0169] The controller 61 controls a firstamount Q1 and
a second amount Q2. The first amount Q1 is an amount
of fuel supplied to the first cylinder 15a. The second
amount Q2 is an amount of fuel supplied to the second
cylinder 15b.

[0170] For example, the first amount Q1 corresponds
to the amount of fuel injected by the first fuel injection
device 38a. The second amount Q2 corresponds to the
amount of fuel injected by the second fueliinjection device
38b. Therefore, the controller 61 controls the first amount
Q1 by controlling the first fuel injection device 38a. The
controller 61 controls the second amount Q2 by control-
ling the second fuel injection device 38b.

[0171] The first amount Q1 depends on, for example,
the fuel injection time of the first fuel injection device 38a.
The second amount Q2 depends on, for example, the
fuel injection time of the second fuel injection device 38b.
Therefore, the controller 61 controls the first amount Q1
by controlling the fuel injection time of the first fuel injec-
tion device 38a. The controller 61 controls the second
amount Q2 by controlling the fuel injection time of the
second fuel injection device 38b.

[0172] The controller 61 controls the ignition device 41.
The ignition device 41 operates according to the control
of the controller 61.

[0173] The rotation speed sensor 51 outputs a detec-
tion result of the rotation speed sensor 51 to the controller
61. The controller 61 acquires a detection result of the
rotation speed sensor 51.

[0174] Thethrottle sensor 52 outputs a detection result
ofthe throttle sensor 52 to the controller 61. The controller
61 acquires a detection result of the throttle sensor 52.

[0175] The air-fuel ratio sensor 53 outputs a detection
result of the air-fuel ratio sensor 53 to the controller 61.
The controller 61 acquires a detection result of the air-
fuel ratio sensor 53.

[0176] The storage 62 stores the fuel amount condition
information E. The fuel amount condition information E
is information for determining the first amount Q1 and
the second amount Q2. The fuel amount condition infor-
mation E defines, for example, a relationship between
the rotation speed A of the engine 11, the first amount
Q1, and the second amount Q2.

3. Operation example of engine control method

[0177] An operation of the engine control method will
be described. Fig. 3 is a graph schematically illustrating
an engine control method. Fig. 3 illustrates a relationship
among the rotation speed A of the engine 11, the first
amount Q1, and the second amount Q2.
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[0178] The controller 61 acquires the rotation speed A
on the basis of the detection result of the rotation speed
sensor 51. The rotation speed A is a rotation speed of
the engine 11. Specifically, the rotation speed A is a
measurement value of the rotation speed of the engine
11. The rotation speed A is measured by the rotation
speed sensor 51. The unit of the rotation speed A is, for
example, [rpm].

[0179] The controller 61 controls the first amount Q1
and the second amount Q2 on the basis of the rotation
speed A. The controller 61 controls the first amount Q1
and the second amount Q2 on the basis of the rotation
speed A and the fuel amount condition information E. As
a result, the first amount Q1 changes according to the
rotation speed A. The second amount Q2 changes ac-
cording to the rotation speed A.

[0180] The engine control method is divided into a first
step, a second step, a third step, and a fourth step ac-
cording to the rotation speed A.

[0181] When the rotation speed A is equal to or more
than the firstreference value B 1 and less than the second
reference value B2, the first step is executed. When the
rotation speed A is equal to or more than the second
reference value B2 and less than the third reference value
B3, the second stepis executed. When the rotation speed
A is equal to or more than the third reference value B3,
the third step is executed. When the rotation speed A is
equal to or more than the fourth reference value B4 and
less than the first reference value B1, the fourth step is
executed.

[0182] In the first step, the controller 61 controls the
firstamount Q1 and the secondamount Q2. In the second
step, the controller 61 controls the first amount Q1 and
the second amount Q2. In the third step, the controller
61 controls the first amount Q1 and the second amount
Q2. In the fourth step, the controller 61 controls the first
amount Q1 and the second amount Q2.

[0183] Each of the first to fourth reference values B1
to B4 is a reference value of the rotation speed A. Each
of the first to fourth reference values B 1 to B4 is, for
example, a constant.

[0184] For example, the first reference value B 1 is
7,000 rpm or more. For example, the first reference value
B 1is 8,000 rpm or more. For example, the first reference
value B 1 is 9,000 rpm or more.

[0185] The second reference value B2 is larger than
the first reference value B 1. The third reference value
B3 is larger than the second reference value B2. The
fourth reference value B4 is smaller than the first refer-
ence value B 1.

[0186] The difference between the second reference
value B2 and the first reference value B 1 corresponds
to a range of the rotation speed A in which the first step
is executed. The difference between the second refer-
ence value B2 and the first reference value B 1 is referred
to as a "difference C1".

[0187] The difference between the third reference val-
ue B3 and the second reference value B2 corresponds
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to the range of the rotation speed A in which the second
step is executed. The difference between the third refer-
ence value B3 and the second reference value B2 is re-
ferred to as a "difference C2".

[0188] The difference between the fourth reference
value B4 and the first reference value B1 corresponds to
the range of the rotation speed A in which the fourth step
is executed. The difference between the fourth reference
value B4 and the first reference value B1 is referred to
as a "difference C4".

[0189] For example, the difference C1 is smaller than
the difference C2. Forexample, the difference C2is equal
to or more than twice of the difference C 1.

[0190] For example, the difference C1 is 200 rpm or
less. For example, the difference C1 is 100 rpm or less.
[0191] For example, the difference C2 is 100 rpm or
more. For example, the difference C2 is 200 rpm or more.

[0192] For example, the difference C2 is 500 rpm or
less.
[0193] The difference C4 may be small. For example,

the difference C4 is smaller than the difference C1. For
example, the difference C4 is smaller than the difference
C2. For example, the difference C4 is 100 rpm or less.
[0194] Alternatively, the difference C4 may be large.
For example, the difference C4 is larger than the differ-
ence C1. For example, the difference C4 is larger than
the difference C2. For example, the difference C4 is larg-
er than 100 rpm.

[0195] Forexample, the fourth reference value B4 may
be 0 rpm.

[0196] For example, the first reference value B1 is
9,450 rpm. The second reference value B2 is 9,600 rpm.
The third reference value B3 is 10,000 rpm. The fourth
reference value B4 is 9,400 rpm. The difference C1 is
150 rpm. The difference C2 is 400 rpm. The difference
C4 is 50 rpm.

[0197] Hereinafter, the first step, the fourth step, the
second step, and the third step will be described in this
order.

[0198] The first step will be described. In the first step,
the first amount Q1 is controlled so that the first air-fuel
ratio D1 is leaner than a theoretical air-fuel ratio. In the
first step, the second amount Q2 is controlled so that the
second air-fuel ratio D2 is leaner than the theoretical air-
fuel ratio.

[0199] The first air-fuel ratio D1 is an air-fuel ratio of
an air-fuel mixture supplied to the first cylinder 15a. The
second air-fuel ratio D2 is an air-fuel ratio of an air-fuel
mixture supplied to the second cylinder 15b. When the
fuel is gasoline, the theoretical air-fuel ratio is, for exam-
ple, 14.7. "The first air-fuel ratio D1 is leaner than the
theoretical air-fuel ratio" means, for example, that "the
first air-fuel ratio D1 is larger than 14.7". "The second air-
fuel ratio D2 is leaner than the theoretical air-fuel ratio"
means, for example, that "the second air-fuel ratio D2 is
larger than 14.7".

[0200] For example, in the first step, the first amount
Q1 is controlled so that the first air-fuel ratio D1 is 16 or
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more and 20 or less. In the first step, the second amount
Q2 is controlled so that the second air-fuel ratio D2 is 16
or more and 20 or less.

[0201] For example, in the first step, the first amount
Q1 and the second amount Q2 are controlled so that the
second air-fuel ratio D2 is equal to the first air-fuel ratio
D1.

[0202] For example, in the first step, the first amount
Q1 and the second amount Q2 are controlled so that the
second amount Q2 is equal to the first amount Q1.
[0203] The firstamount Q1 and the second amount Q2
of the first step are defined in the fuel amount condition
information E.

[0204] As aresult, the first amount Q1 of the first step
is the first amount Q1b. The first amount Q1b is defined
in the fuel amount condition information E. The first
amount Q1b is defined in the fuel amount condition in-
formation E as the first amount Q1 of the first step. The
first amount Q1b is larger than zero. In the first step, the
first amount Q1b of fuel is supplied to the first cylinder
15a. For example, the fuel injection device 37 supplies
the first amount Q1b of fuel to the first cylinder 15a. The
first fuel injection device 38a injects the fuel of the first
amount Q1b.

[0205] The second amount Q2 of the first step is the
second amount Q2b. The second amount Q2b is defined
in the fuel amount condition information E. The second
amount Q2b is defined in the fuel amount condition in-
formation E as the second amount Q2 of the first step.
The second amount Q2b is larger than zero. In the first
step, the second amount Q2b of fuel is supplied to the
second cylinder 15b. For example, the fuel injection de-
vice 37 supplies the second cylinder 15b with the second
amount Q2b of fuel. The second fuel injection device 38b
injects the fuel of the second amount Q2b.

[0206] For example, in the first step, the second
amount Q2b is equal to the first amount Q1b. That is, the
second amount Q2b of the first step is equal to the first
amount Q1b of the first step.

[0207] Fig. 3 further illustrates the relationship among
the rotation speed A of the engine 11, the first air-fuel
ratio D1, and the second air-fuel ratio D2. As a result, the
first air-fuel ratio D1 in the first step is the first air-fuel
ratio D1b. That is, in the first step, the air-fuel mixture of
the first air-fuel ratio D1b burns in the first cylinder 15a.
The first air-fuel ratio D1b is leaner than the theoretical
air-fuel ratio. The combustion of the air-fuel mixture hav-
ing the first air-fuel ratio D1b is sometimes referred to as
"lean burn".

[0208] The second air-fuel ratio D2 in the first step is
the second air-fuel ratio D2b. That s, in the first step, the
air-fuel mixture of the second air-fuel ratio D2b burns in
the second cylinder 15b. The second air-fuel ratio D2b
is leaner than the theoretical air-fuel ratio. The combus-
tion of the air-fuel mixture having the second air-fuel ratio
D2b is sometimes referred to as "lean burn".

[0209] For example, the first air-fuel ratio D1b is 16 or
more and 20 or less. The second air-fuel ratio D2b is 16
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or more and 20 or less.

[0210] For example, the second air-fuel ratio D2b is
equal to the first air-fuel ratio D1b.

[0211] The fourth step will be described. In the fourth
step, the first amount Q1 is controlled so that the first air-
fuel ratio D1 of the fourth step is richer than the first air-
fuel ratio D1b of the first step. In the fourth step, the sec-
ond amount Q2 is controlled so that the second air-fuel
ratio D2 in the fourth step is richer than the second air-
fuel ratio D2b in the first step.

[0212] "The first air-fuel ratio D1 of the fourth step is
richer than the first air-fuel ratio D1b of the first step"
means that "the first air-fuel ratio D1 of the fourth step is
smaller than the first air-fuel ratio D1b of the first step".
"The second air-fuel ratio D2 of the fourth step is richer
than the second air-fuel ratio D2b of the first step” means
that "the second air-fuel ratio D2 of the fourth step is
smallerthan the second air-fuel ratio D2b of the first step”.
[0213] For example, in the fourth step, the first amount
Q1 is controlled so that the first air-fuel ratio D1 is less
than 16. In the fourth step, the second amount Q2 is
controlled so that the second air-fuel ratio D2 is less than
16.

[0214] For example, in the fourth step, the first amount
Q1 is controlled so that the first air-fuel ratio D1 is 15 or
less. In the fourth step, the second amount Q2 is control-
led so that the second air-fuel ratio D2 is 15 or less.
[0215] For example, in the fourth step, the first amount
Q1 is controlled so that the first air-fuel ratio D1 is 13 or
less. In the fourth step, the second amount Q2 is control-
led so that the second air-fuel ratio D2 is 13 or less.
[0216] Forexample, in the fourth step, the first amount
Q1 is controlled so that the first air-fuel ratio D1 is 12 or
less. In the fourth step, the second amount Q2 is control-
led so that the second air-fuel ratio D2 is 12 or less.
[0217] Forexample, in the fourth step, the first amount
Q1 is controlled so that the first air-fuel ratio D1 is 5 or
more. In the fourth step, the second amount Q2 is con-
trolled so that the second air-fuel ratio D2 is 5 or more.
[0218] Forexample, in the fourth step, the first amount
Q1 is controlled so that the first air-fuel ratio D1 is 11.5.
In the fourth step, the second amount Q2 is controlled
so that the second air-fuel ratio D2 is 11.5.

[0219] Forexample, in the fourth step, the first amount
Q1 is controlled so that the first air-fuel ratio D1 is an
outputair-fuel ratio. In the fourth step, the second amount
Q2 is controlled so that the second air-fuel ratio D2 is the
output air-fuel ratio.

[0220] The output air-fuel ratio is an air-fuel ratio that
maximizes the output of the engine 11.

[0221] Forexample, in the fourth step, the first amount
Q1 and the second amount Q2 are controlled so that the
second air-fuel ratio D2 is equal to the first air-fuel ratio
D1.

[0222] Forexample, in the fourth step, the first amount
Q1 and the second amount Q2 are controlled so that the
second amount Q2 is equal to the first amount Q1.
[0223] The firstamount Q1 and the second amount Q2
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of the fourth step are defined in the fuel amount condition
information E.

[0224] As a result, the first amount Q1 of the fourth
step is the first amount Q1a. The first amount Q1a is
defined in the fuel amount condition information E. The
first amount Q1a is defined in the fuel amount condition
information E as the first amount Q1 of the fourth step.
The first amount Q1a is larger than zero. In the fourth
step, the fuel of the first amount Q1a is supplied to the
first cylinder 15a.

[0225] The second amount Q2 of the fourth step is the
second amount Q2a. The second amount Q2a is defined
in the fuel amount condition information E. The second
amount Q2a is defined in the fuel amount condition in-
formation E as the second amount Q2 of the fourth step.
The second amount Q2a is larger than zero. In the fourth
step, the fuel of the second amount Q2a is supplied to
the second cylinder 15b.

[0226] For example, in the fourth step, the second
amount Q2a is equal to the first amount Q1a.

[0227] For example, the first amount Q1a of the fourth
step is larger than the first amount Q1b of the first step.
Therefore, when the step proceeds from the first step to
the fourth step, the first amount Q1 increases. On the
contrary, when the step proceeds from the fourth step to
the first step, the first amount Q1 decreases.

[0228] For example, the second amount Q2a in the
fourth step is larger than the second amount Q2b in the
first step. Therefore, when the step proceeds from the
first step to the fourth step, the second amount Q2 in-
creases. On the contrary, when the step proceeds from
the fourth step to the first step, the second amount Q2
decreases.

[0229] For example, the first amount Q1b of the first
step is 70% or more and 90% or less of the first amount
Q1a of the fourth step.

[0230] For example, the second amount Q2b in the
first step is 70% or more and 90% or less of the second
amount Q2a in the fourth step.

[0231] As aresult, the first air-fuel ratio D1 in the fourth
step is the first air-fuel ratio D1a. That is, in the fourth
step, the air-fuel mixture having the first air-fuel ratio D1a
burns in the first cylinder 15a. The first air-fuel ratio D1a
of the fourth step is richer than the first air-fuel ratio D1b
of the first step. The first air-fuel ratio D1a of the fourth
step is smaller than the first air-fuel ratio D1b of the first
step.

[0232] The second air-fuel ratio D2 in the fourth step
is the second air-fuel ratio D2a. That is, in the fourth step,
the air-fuel mixture of the second air-fuel ratio D2a burns
in the second cylinder 15b. The second air-fuel ratio D2a
in the fourth step is richer than the second air-fuel ratio
D2b in the first step. The second air-fuel ratio D2a in the
fourth step is smaller than the second air-fuel ratio D2b
in the first step.

[0233] For example, the first air-fuel ratio D1a is less
than 16. The second air-fuel ratio D2a is less than 16.
[0234] For example, the first air-fuel ratio D1a is 15 or
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less. The second air-fuel ratio D2a is 15 or less.

[0235] For example, the first air-fuel ratio D1a is 13 or
less. The second air-fuel ratio D2a is 13 or less.

[0236] For example, the first air-fuel ratio D1a is 12 or
less. The second air-fuel ratio D2a is 12 or less.

[0237] For example, the first air-fuel ratio D1a is 5 or
more. The second air-fuel ratio D2a is 5 or more.
[0238] For example, the first air-fuel ratio D1a is 11.5.
The second air-fuel ratio D2a is 11.5.

[0239] For example, the first air-fuel ratio D1a is equal
to the output air-fuel ratio. The second air-fuel ratio D2a
is equal to the output air-fuel ratio.

[0240] For example, the second air-fuel ratio D2a is
equal to the first air-fuel ratio D1a.

[0241] The second step will be described. In the sec-
ond step, the first amount Q1 is controlled to zero. In the
second step, the second amount Q2 is controlled so that
the second air-fuel ratio D2 is leaner than the theoretical
air-fuel ratio.

[0242] For example, in the second step, the second
amount Q2 is controlled so that the second air-fuel ratio
D2 is 16 or more and 20 or less.

[0243] The firstamount Q1 and the second amount Q2
of the second step are defined in the fuel amount condi-
tion information E.

[0244] As a result, the first amount Q1 of the second
step is the first amount Q1c. The first amount Q1c is
defined in the fuel amount condition information E. The
first amount Q1c is defined in the fuel amount condition
information E as the first amount Q1 of the second step.
The first amount Q1c is zero. In the second step, the
supply of fuel to the first cylinder 15a is stopped. For
example, the fuel injection device 37 does not supply fuel
to the first cylinder 15a. The first fuel injection device 38a
does not inject fuel.

[0245] The second amount Q2 of the second step is
the second amount Q2b. The second amount Q2b is de-
fined in the fuel amount condition information E. The sec-
ond amount Q2b is defined in the fuel amount condition
information E as the second amount Q2 of the second
step. The second amount Q2b in the second step is larger
than zero. In the second step, the second amount Q2b
of fuel is supplied to the second cylinder 15b.

[0246] ThefirstamountQ1cinthe secondstepissmall-
er than the first amount Q1b in the first step. Therefore,
when the step proceeds from the first step to the second
step, the first amount Q1 decreases.

[0247] ThefirstamountQ1cinthe secondstepissmall-
er than the first amount Q1a in the fourth step.

[0248] A difference between the first amount Q1b of
the first step and the first amount Q1c of the second step
is smaller than a difference between the firstamount Q1a
of the fourth step and the first amount Q1c of the second
step.

[0249] The second amount Q2b of the second step
may be substantially equal to the second amount Q2b of
the first step. When the step proceeds from the first step
to the second step, the second amount Q2 may not de-
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crease. Alternatively, the second amount Q2b of the sec-
ond step may be smaller than the second amount Q2b
of the first step. When the step proceeds from the first
step to the second step, the second amount Q2 may de-
crease.

[0250] For example, the second amount Q2b of the
second step is smaller than the second amount Q2a of
the fourth step.

[0251] For example, the difference between the sec-
ond amount Q2b of the first step and the second amount
Q2b of the second step is smaller than the difference
between the second amount Q2a of the fourth step and
the second amount Q2b of the second step.

[0252] For example, the second amount Q2b in the
second step is 70% or more and 90% or less of the sec-
ond amount Q2a in the fourth step.

[0253] The second amount Q2b of the second step is
more than the first amount Q1c of the second step.
[0254] As aresult, in the second step, the air-fuel mix-
ture is not supplied to the first cylinder 15a. In the second
step, only air is supplied to the first cylinder 15a. In the
second step, combustion does not occur in the first cyl-
inder 15a. That is, in the second step, the first cylinder
15a is in the non-combustion state. In the second step,
the first cylinder 15a is in an unburned state.

[0255] The second air-fuel ratio D2 in the second step
is the second air-fuel ratio D2b. That is, in the second
step, the air-fuel mixture of the second air-fuel ratio D2b
burns in the second cylinder 15b. The second air-fuel
ratio D2b in the second step is leaner than the theoretical
air-fuel ratio.

[0256] For example, the second air-fuel ratio D2b in
the second step is 16 or more and 20 or less.

[0257] The third step will be described. In the third step,
the first amount Q1 is controlled to zero. In the third step,
the second amount Q2 is controlled to zero.

[0258] The firstamount Q1 and the second amount Q2
of the third step are defined in the fuel amount condition
information E.

[0259] As aresult, the first amount Q1 of the third step
is the first amount Q1c. The first amount Q1c is defined
in the fuel amount condition information E. The first
amount Q1c is defined in the fuel amount condition in-
formation E as the first amount Q1 of the third step. The
first amount Q1c is zero. In the third step, the supply of
fuel to the first cylinder 15a is stopped.

[0260] The second amount Q2 of the third step is the
second amount Q2c. The second amount Q2c is defined
in the fuel amount condition information E. The second
amount Q2c is defined in the fuel amount condition in-
formation E as the second amount Q2 of the third step.
The second amount Q2c is zero. In the third step, the
supply of fuel to the second cylinder 15b is stopped. For
example, the fuel injection device 37 does not supply fuel
to the second cylinder 15b. The second fuel injection de-
vice 38b does not inject fuel.

[0261] The first amount Q1c of the third step is equal
to the first amount Q1c of the second step. When the
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step proceeds from the second step to the third step, the
first amount Q1 does not increase or decrease.

[0262] The firstamount Q1cin the third step is smaller
than the first amount Q1b in the first step.

[0263] The firstamount Q1cin the third step is smaller
than the first amount Q1a in the fourth step.

[0264] A difference between the first amount Q1c of
the second step and the firstamount Q1c of the third step
is smaller than a difference between the firstamount Q1a
of the fourth step and the first amount Q1c of the third
step.

[0265] The second amount Q2c in the third step is
smaller than the second amount Q2b in the second step.
Therefore, when the step proceeds from the second step
to the third step, the second amount Q2 decreases.
[0266] The second amount Q2c of the third step is
smaller than the second amount Q2b of the first step.
[0267] The second amount Q2c of the third step is
smaller than the second amount Q2a of the fourth step.
[0268] The difference between the second amount
Q2b of the second step and the second amount Q2c of
the third step is smaller than the difference between the
second amount Q2a of the fourth steps and the second
amount Q2c of the third step.

[0269] The second amount Q2c of the third step is
equal to the first amount Q1c¢ of the third step.

[0270] As aresult, in the third step, the air-fuel mixture
is not supplied to the first cylinder 15a. In the third step,
only air is supplied to the first cylinder 15a. In the third
step, combustion does not occur in the first cylinder 15a.
That is, in the third step, the first cylinder 15a is in the
non-combustion state. In the third step, the first cylinder
15a is in an unburned state.

[0271] In the third step, the air-fuel mixture is not sup-
plied to the second cylinder 15b. In the third step, only
air is supplied to the second cylinder 15b. In the third
step, combustion does not occur in the second cylinder
15b. That is, in the third step, the second cylinder 15b is
in the non-combustion state. In the third step, the second
cylinder 15b is in an unburned state.

4. Effects of Embodiment

[0272] The engine control method is for controlling the
engine 11. The engine 11 includes the first cylinder 15a
and the second cylinder 15b. The engine control method
includes the first step, the second step, and the third step.
When the rotation speed A of the engine 11 is equal to
or more than the first reference value B1 and less than
the second reference value B2, the first step is executed.
When the rotation speed A of the engine 11 is equal to
or more than the second reference value B2 and less
than the third reference value B3, the second step is ex-
ecuted. When the rotation speed A of the engine 11 is
equal to or more than the third reference value B3, the
third step is executed. The second reference value B2 is
larger than the first reference value B1. The third refer-
ence value B3 is larger than the second reference value
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B2.

[0273] In the first step, the second step, and the third
step, the first amount Q1 and the second amount Q2 are
controlled. The firstamount Q1 is the amount of fuel sup-
plied to the first cylinder 15a. The second amount Q2 is
the amount of fuel supplied to the second cylinder 15b.
[0274] Inthefirststep, the firstamount Q1 is controlled
so that the first air-fuel ratio D1 is leaner than the theo-
retical air-fuel ratio. The first air-fuel ratio D1 is the air-
fuel ratio of the air-fuel mixture supplied to the first cylin-
der 15a. Therefore, the first amount Q1b of the first step
is relatively small. The first amount Q1b of the first step
is larger than zero. In the first step, the second amount
Q2 is controlled so that the second air-fuel ratio D2 is
leaner than the theoretical air-fuel ratio. The second air-
fuel ratio D2 is the air-fuel ratio of the air-fuel mixture
supplied to the second cylinder 15b. Therefore, the sec-
ond amount Q2b of the first step is relatively small. The
second amount Q2b in the first step is larger than zero.
[0275] In the second step, the first amount Q1 is con-
trolled to zero. Therefore, the first amount Q1c of the
second step is zero. In the second step, the supply of
fuel to the first cylinder 15a is stopped. In the second
step, the second amount Q2 is controlled so that the sec-
ond air-fuel ratio D2 is leaner than the theoretical air-fuel
ratio. Therefore, the second amount Q2b of the second
step is relatively small. The second amount Q2b in the
second step is larger than zero.

[0276] Inthethird step, the firstamountQ1 is controlled
to zero. Therefore, the first amount Q1c of the third step
is zero. In the third step, the supply of fuel to the first
cylinder 15a is stopped. In the third step, the second
amount Q2 is controlled to zero. Therefore, the second
amount Q2c of the third step is zero. In the third step, the
supply of fuel to the second cylinder 15b is stopped.
[0277] Asdescribed above, the firstamount Q1b of the
first step is relatively small. The second amount Q2b of
the first step is relatively small. Therefore, in the first step,
it is slightly difficult to increase the rotation speed A of
the engine 11. In the first step, it is slightly easy to de-
crease the rotation speed A of the engine 11.

[0278] As described above, the firstamount Q1cinthe
second step is zero. The second amount Q2b of the sec-
ond step is relatively small. Therefore, in the second step,
it is difficult to increase the rotation speed A of the engine
11. In the second step, it is easy to reduce the rotation
speed A of the engine 11.

[0279] As described above, the first amount Q1cin the
third step is zero. The second amount Q2c in the third
step is zero. Therefore, in the third step, it is more difficult
to increase the rotation speed A of the engine 11. In the
third step, it is easier to decrease the rotation speed A
of the engine 11.

[0280] Asdescribed above, the firstamount Q1b of the
first step is relatively small. The first amount Q1c in the
second step is zero. Therefore, when the step proceeds
from the first step to the second step, the firstamount Q1
decreases. A difference between the first amount Q1b
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of the first step and the first amount Q1c of the second
step is relatively small. When the step proceeds from the
first step to the second step, the decrease amount of the
first amount Q1 is relatively small. As described above,
the second amount Q2b of the first step is relatively small.
The second amount Q2b of the second step is relatively
small. Therefore, the difference between the second
amount Q2b of the first step and the second amount Q2b
of the second step is very small. When the step proceeds
from the first step to the second step, the decrease
amount of the second amount Q2 is very small. There-
fore, when the step proceeds from the first step to the
second step, the change in the torque of the engine 11
is moderate. When the step proceeds from the first step
to the second step, the amount of decrease in the torque
of the engine 11 is small.

[0281] Asdescribed above, the firstamount Q1cinthe
second step is zero. The first amount Q1c in the third
step is zero. Therefore, there is no difference between
the first amount Q1c of the second step and the first
amount Q1c of the third step. When the step proceeds
from the second step to the third step, the first amount
Q1 does not increase or decrease. When the step pro-
ceeds from the second step to the third step, the decrease
amount of the first amount Q1 is zero. As described
above, the second amount Q2b of the second step is
relatively small. The second amount Q2c in the third step
is zero. Therefore, when the step proceeds from the sec-
ond step to the third step, the second amount Q2 de-
creases. A difference between the second amount Q2b
of the second step and the second amount Q2c of the
third step is relatively small. When the step proceeds
from the second step to the third step, the decrease
amount of the second amount Q2 is relatively small.
Therefore, when the step proceeds from the second step
to the third step, the change in the torque of the engine
11is moderate. When the step proceeds from the second
step to the third step, the amount of decrease in the torque
of the engine 11 is small.

[0282] In summary, in the engine control method, the
first amount Q1 and the second amount Q2 gradually
decrease as the rotation speed A of the engine 11 in-
creases. In other words, as the rotation speed A of the
engine 11 increases, the engine control method gently
cuts off the first amount Q1 and the second amount Q2.
Therefore, the engine control method prevents over
speed of the engine 11 while mitigating a change in
torque of the engine 11. The engine control method pre-
vents an excessive increase in the rotation speed A of
the engine 11 while mitigating a change in the torque of
the engine 11.

[0283] When the change in the torque of the engine 11
is moderate, the change in the behavior of the straddled
vehicle 1 is moderate. For example, when the amount of
decrease in the torque of the engine 11is small, the strad-
dled vehicle 1 decelerates gently. When the change in
the behavior of the straddled vehicle 1 is moderate, the
drivability of the straddled vehicle 1 is unlikely to deteri-
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orate. When the change in the behavior of the straddled
vehicle 1 is moderate, the ride comfort of the driver of
the straddled vehicle 1 is unlikely to deteriorate. There-
fore, even when the step proceeds from the first step to
the second step, the straddled vehicle 1 has excellent
drivability. Even when the step proceeds from the first
step to the second step, the straddled vehicle 1 is com-
fortable for the driver.

[0284] For the same reason, even when the step pro-
ceeds fromthe second step to the third step, the straddled
vehicle 1 has excellent drivability. Even when the step
proceeds from the second step to the third step, the strad-
dled vehicle 1 is comfortable for the driver.

[0285] As described above, the first step is executed
before the second step and the third step are executed.
In the first step, the increase in the rotation speed A of
the engine 11 is slightly slowed. Therefore, in the second
step and the third step, it is easier to slow the increase
in the rotation speed A of the engine 11. In the second
step and the third step, it is easier to reduce the rotation
speed A of the engine 11. Therefore, it is easy to shorten
the time for executing the second step and the third step.
[0286] In the second step, combustion does not occur
in the first cylinder 15a. Therefore, in the second step,
unburned fuel may be generated. The unburned fuel
means fuel discharged from the engine 11 without burn-
ing. For example, in the first step, unburned fuel is inject-
ed from the fuel injection device 37, adheres to the first
intake portion 32a, and does not enter the first cylinder
15a. Then, in the second step, the unburned fuel enters
the first cylinder 15a from the first intake portion 32a. In
the second step, the unburned fuel passes through the
first cylinder 15a without burning in the first cylinder 15a.
In the second step, the unburned fuel flows through the
exhaust pipe 45 and reaches the catalyst 48. Unburned
fuel adheres to the catalyst 48.

[0287] Asdescribed above, the firstamount Q1b of the
first step is relatively small. Therefore, in the first step,
the amount of fuel adhering to the first intake portion 32a
is relatively small. Therefore, the amount of unburned
fuel generated in the second step is relatively small. That
is, the amount of unburned fuel adhering to the catalyst
48 in the second step is relatively small. Therefore, in the
second step, the catalyst 48 is suitably protected. For
example, in the second step, the temperature of the cat-
alyst 48 is unlikely to rise excessively high.

[0288] In the third step, combustion does not occur in
the second cylinder 15b. Therefore, in the third step, un-
burned fuel may be generated. For example, in the sec-
ond step, unburned fuel is injected from the fuel injection
device 37, adheres to the second intake portion 32b, and
does not enter the second cylinder 15b. Then, in the third
step, the unburned fuel enters the second cylinder 15b
from the second intake portion 32b. In the third step, the
unburned fuel passes through the second cylinder 15b
without burning in the second cylinder 15b. In the third
step, the unburned fuel flows through the exhaust pipe
45 and reaches the catalyst 48. Unburned fuel adheres
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to the catalyst 48.

[0289] As described above, the second amount Q2b
of the second step is relatively small. Therefore, in the
second step, the amount of fuel adhering to the second
intake portion 32b is relatively small. Therefore, the
amount of unburned fuel generated in the third step is
relatively small. That is, the amount of unburned fuel ad-
hering to the catalyst48 in the third step is relatively small.
Therefore, in the third step, the catalyst 48 is suitably
protected. For example, in the third step, the temperature
of the catalyst 48 is unlikely to rise excessively high.
[0290] In the first step, the first amount Q1 is controlled
so that the first air-fuel ratio D1 is 16 or more and 20 or
less. Therefore, it is easy to make the first air-fuel ratio
D1b of the first step leaner than the theoretical air-fuel
ratio.

[0291] In the first step, the first amount Q1 is controlled
so that the first air-fuel ratio D1 is 16 or more and 20 or
less. Therefore, the first amount Q1b of the first step is
further reduced. Therefore, the difference between the
firstamount Q1b of the first step and the firstamount Q1c
ofthe second stepis stillsmaller. When the step proceeds
from the first step to the second step, the decrease
amount of the first amount Q1 is still smaller. Therefore,
when the step proceeds from the first step to the second
step, the change in the torque of the engine 11 is more
moderate. When the step proceeds from the first step to
the second step, the amount of decrease in the torque
of the engine 11 is smaller.

[0292] In the first step, the second amount Q2 is con-
trolled so that the second air-fuel ratio D2 is 16 or more
and 20 or less. Therefore, it is easy to make the second
air-fuel ratio D2b of the first step leaner than the theoret-
ical air-fuel ratio.

[0293] In the second step, the second amount Q2 is
controlled so that the second air-fuel ratio D2 is 16 or
more and 20 or less. Therefore, it is easy to make the
second air-fuel ratio D2b of the second step leaner than
the theoretical air-fuel ratio.

[0294] In the second step, the second amount Q2 is
controlled so that the second air-fuel ratio D2 is 16 or
more and 20 or less. Therefore, the second amount Q2b
of the second step is further reduced. Therefore, the dif-
ference between the second amount Q2b of the second
step and the second amount Q2c of the third step is rel-
atively small. When the step proceeds from the second
step to the third step, the decrease amount of the second
amountQ2 is smaller. Therefore, when the step proceeds
from the second step to the third step, the change in the
torque of the engine 11 is more moderate. When the step
proceeds from the second step to the third step, the
amount of decrease in the torque of the engine 11 is
smaller.

[0295] The engine control method includes a fourth
step. When the rotation speed A of the engine 11 is equal
to or more than the fourth reference value B4 and less
than the first reference value B1, the fourth step is exe-
cuted. The fourth reference value B4 is smaller than the
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firstreference value B1. Inthe fourth step, the firstamount
Q1 and the second amount Q2 are controlled.

[0296] In the fourth step, the first amount Q1 is con-
trolled so that the first air-fuel ratio D1 of the fourth step
is richer than the first air-fuel ratio D1b of the first step.
Therefore, the first amount Q1a of the fourth step is rel-
atively large. In the fourth step, the second amount Q2
is controlled so that the second air-fuel ratio D2 in the
fourth step is richer than the second air-fuel ratio D2b in
the first step. Therefore, the second amount Q2a in the
fourth step is relatively large.

[0297] Asdescribed above, the firstamount Q1b of the
first step is larger than zero. Therefore, a difference be-
tween the first amount Q1a of the fourth step and the first
amount Q1b of the first step is relatively small. As de-
scribed above, the second amount Q2b in the first step
is larger than zero. Therefore, the difference between the
second amount Q2a in the fourth step and the second
amount Q2b in the first step is relatively small. Therefore,
when the step proceeds from the fourth step to the first
step, the change in the torque of the engine 11 is mod-
erate.

[0298] Therefore, even when the step proceeds from
the fourth step to the first step, the straddled vehicle 1
has excellent drivability. Even when the step proceeds
from the fourth step to the first step, the straddled vehicle
1 is comfortable for the driver.

[0299] In the fourth step, the first amount Q1 is con-
trolled so that the first air-fuel ratio D1 is less than 16.
Therefore, it is easy to make the first air-fuel ratio D1a of
the fourth step richer than the first air-fuel ratio D1b of
the first step.

[0300] Inthe fourth step, the second amount Q2 is con-
trolled so that the second air-fuel ratio D2 is less than 16.
Therefore, itis easy to make the second air-fuel ratio D2a
in the fourth step richer than the second air-fuel ratio D2b
in the first step.

[0301] In the fourth step, the first amount Q1 is con-
trolled so that the first air-fuel ratio D1 is 15 orless. There-
fore, it is easier to make the first air-fuel ratio D1a of the
fourth step richer than the first air-fuel ratio D1b of the
first step.

[0302] Inthe fourth step, the second amount Q2 is con-
trolled so that the second air-fuel ratio D2 is 15 or less.
Therefore, it is easier to make the second air-fuel ratio
D2a in the fourth step richer than the second air-fuel ratio
D2b in the first step.

[0303] In the fourth step, the first amount Q1 is con-
trolled so that the first air-fuel ratio D1 is 13 orless. There-
fore, it is easier to make the first air-fuel ratio D1a of the
fourth step richer than the first air-fuel ratio D1b of the
first step.

[0304] Inthe fourth step, the second amount Q2 is con-
trolled so that the second air-fuel ratio D2 is 13 or less.
Therefore, it is easier to make the second air-fuel ratio
D2a in the fourth step richer than the second air-fuel ratio
D2b in the first step.

[0305] In the fourth step, the first amount Q1 is con-
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trolled so that the firstair-fuel ratio D1is 12 or less. There-
fore, it is easier to make the first air-fuel ratio D1a of the
fourth step richer than the first air-fuel ratio D1b of the
first step.

[0306] Inthe fourth step, the second amount Q2 is con-
trolled so that the second air-fuel ratio D2 is 12 or less.
Therefore, it is easier to make the second air-fuel ratio
D2ain the fourth step richer than the second air-fuel ratio
D2b in the first step.

[0307] When the step proceeds from the fourth step to
the first step, the first amount Q1 decreases. As de-
scribed above, the difference between the first amount
Q1a of the fourth step and the first amount Q1b of the
first step is relatively small. Therefore, when the step pro-
ceeds from the fourth step to the first step, the decrease
amount of the first amount Q1 is relatively small.

[0308] When the step proceeds from the fourth step to
the first step, the second amount Q2 decreases. As de-
scribed above, the difference between the second
amount Q2a in the fourth step and the second amount
Q2b in the first step is relatively small. Therefore, when
the step proceeds from the fourth step to the first step,
the decrease amount of the second amount Q2 is rela-
tively small.

[0309] Therefore, when the step proceeds from the
fourth step to the first step, the amount of decrease in
the torque of the engine 11 is small.

[0310] As described above, when the step proceeds
from the fourth step to the first step, the first amount Q1
decreases. Therefore, in the first step, it is easy to make
the first air-fuel ratio D1b leaner than the theoretical air-
fuel ratio.

[0311] As described above, when the step proceeds
from the fourth step to the first step, the second amount
Q2 decreases. Therefore, in the first step, it is easy to
make the second air-fuel ratio D2b leaner than the the-
oretical air-fuel ratio.

[0312] In the fourth step, the first amount Q1 is con-
trolled so that the first air-fuel ratio D1 is 5 or more. There-
fore, the first amount Q1a of the fourth step is not exces-
sively large. Therefore, the difference between the first
amount Q1a of the fourth step and the first amount Q1b
of the first step is not excessively large. When the step
proceeds from the fourth step to the first step, the de-
crease amount of the first amount Q1 is not excessively
large.

[0313] Inthefourth step, the second amount Q2 is con-
trolled so that the second air-fuel ratio D2 is 5 or more.
Therefore, the second amount Q2a in the fourth step is
not excessively large. Therefore, the difference between
the second amount Q2a in the fourth step and the second
amount Q2b in the first step is not excessively large.
When the step proceeds from the fourth step to the first
step, the decrease amount of the second amount Q2 is
not excessively large.

[0314] Therefore, when the step proceeds from the
fourth step to the first step, the change in the torque of
the engine 11 is not excessively drastic. When the
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change in the torque of the engine 11 is not excessively
drastic, the change in the behavior of the straddled ve-
hicle 1 is not excessively drastic. For example, when the
step proceeds from the fourth step to the first step, the
amount of decrease in the torque of the engine 11 is not
excessively large. When the amount of decrease in the
torque of the engine 11 is not excessively large, the strad-
dled vehicle 1 does not decelerate excessively.

[0315] The first amount Q1b in the first step is 70% or
more and 90% or less of the firstamount Q1ain the fourth
step. Therefore, when the step proceeds from the fourth
step to the first step, it is easy to reduce the first amount
Q1.

[0316] The second amount Q2b in the first step is 70%
or more and 90% or less of the second amount Q2a in
the fourth step. Therefore, when the step proceeds from
the fourth step to the first step, it is easy to reduce the
second amount Q2.

[0317] The difference C4 is, for example, 100 rpm or
less. As described above, the range of the rotation speed
A at which the fourth step is executed may be narrow.
[0318] In the first step, the second air-fuel ratio D2b is
equal to the first air-fuel ratio D1b. Therefore, in the first
step, the control of the second air-fuel ratio D2 is common
to the control of the first air-fuel ratio D1. Therefore, the
control of the first step is simple.

[0319] Inthefirststep,the second amountQ2bisequal
to the first amount Q1b. Therefore, in the first step, it is
easy to make the second air-fuel ratio D2b equal to the
first air-fuel ratio D1b.

[0320] For example, the first reference value B1 is
7,000 rpm or more. Therefore, when the rotation speed
A of the engine 11 is 7,000 rpm or more, the first step is
started. In other words, when the rotation speed A of the
engine 11 is less than 7,000 rpm, the first step is not
executed. When the rotation speed A of the engine 11 is
lessthan 7,000 rpm, also the second step is not executed.
When the rotation speed A of the engine 11 is less than
7,000 rpm, also the third step is not executed. Therefore,
when the rotation speed A of the engine 11 is less than
7,000 rpm, the engine control method does not cut the
firstamount Q1. When the rotation speed A of the engine
11 is less than 7,000 rpm, the engine control method
does not cut the second amount Q2. Therefore, when
the rotation speed A of the engine 11 is less than 7,000
rpm, the engine control method does not change the
torque of the engine 11. When the rotation speed A of
the engine 11 is less than 7,000 rpm, the engine control
method does not intervene.

[0321] Therefore, when the rotation speed A of the en-
gine 11isless than 7,000 rpm, the engine control method
does not deteriorate drivability of the straddled vehicle
1. When the rotation speed A of the engine 11 is less
than 7,000 rpm, the engine control method does notlower
the ride comfort of the driver.

[0322] For example, the first reference value B1 is
8,000 rpm or more. Therefore, when the rotation speed
A of the engine 11 is less than 8,000 rpm, the engine
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control method does not change the torque of the engine
11.

[0323] Therefore, when the rotation speed A of the en-
gine 11 isless than 8,000 rpm, the engine control method
does not deteriorate drivability of the straddled vehicle
1. When the rotation speed A of the engine 11 is less
than 8,000 rpm, the engine control method does notlower
the ride comfort of the driver.

[0324] For example, the first reference value B1 is
9,000 rpm or more. Therefore, when the rotation speed
A of the engine 11 is less than 9,000 rpm, the engine
control method does not change the torque of the engine
11.

[0325] Therefore, when the rotation speed A of the en-
gine 11 is less than 9,000 rpm, the engine control method
does not deteriorate drivability of the straddled vehicle
1. When the rotation speed A of the engine 11 is less
than 9,000 rpm, the engine control method does notlower
the ride comfort of the driver.

[0326] The difference C1 is smaller than the difference
C2. The difference C1 corresponds to a range of the ro-
tation speed A in which the first step is executed. The
difference C2 corresponds to a range of the rotation
speed A in which the second step is executed. Therefore,
the range of the rotation speed A in which the first step
is executed is narrower than the range of the rotation
speed A in which the second step is executed. Therefore,
the period of the first step is relatively short. Therefore,
it is easy to quickly shift the step from the first step to the
second step. As aresult, itis easy to quickly prevent over
speed of the engine 11.

[0327] Thedifference C2isequal to or more than twice
of the difference C1. Therefore, it is easy to make the
difference C1 smaller than the difference C2.

[0328] Thedifference C1is 200 rpmorless. Therefore,
it is easy to make the difference C1 smaller than the dif-
ference C2.

[0329] The difference C2 is 100 rpm or more. There-
fore, it is easy to make the difference C1 smaller than
the difference C2.

[0330] The difference C2 is 200 rpm or more. There-
fore, it is easy to make the difference C1 smaller than
the difference C2.

[0331] Thedifference C2is 500 rpmorless. Therefore,
the difference C2 is not excessively wide. Therefore, the
period of the second step is not excessively long. There-
fore, the second step proceeds to the third step at an
appropriate timing. As a result, it is easy to properly pre-
vent over speed of the engine 11.

[0332] The firstintake portion 32a communicates with
the first cylinder 15a. The first fuel injection device 38a
is provided in the firstintake portion 32a. The firstamount
Q1is controlled by controlling the first fuel injection device
38a. Here, the first fuel injection device 38a supplies fuel
to the first cylinder 15a through the first intake portion
32a. Therefore, it is easy to control the first amount Q1.
[0333] Similarly, the second intake portion 32b com-
municates with the second cylinder 15b. The second fuel
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injection device 38b is provided in the second intake por-
tion 32b. The second amount Q2 is controlled by control-
ling the second fuel injection device 38b. Here, the sec-
ond fuel injection device 38b supplies fuel to the second
cylinder 15b through the second intake portion 32b.
Therefore, it is easy to control the second amount Q2.
[0334] The firstamount Q1 is controlled by controlling
the fuel injection time of the first fuel injection device 38a.
Therefore, it is easier to control the first amount Q1.
[0335] The second amount Q2 is controlled by control-
ling the fuel injection time of the second fuel injection
device 38b. Therefore, it is easier to control the second
amount Q2.

[0336] The engine 11 is mounted on the straddled ve-
hicle 1. When the change in the torque of the engine 11
is moderate, the change in the behavior of the straddled
vehicle 1 is moderate. For example, when the amount of
decrease in the torque of the engine

[0337] 11 is small, the straddled vehicle 1 decelerates
gently. When the change in the behavior of the straddled
vehicle 1 is moderate, the drivability of the straddled ve-
hicle 1 is unlikely to deteriorate. When the change in the
behavior of the straddled vehicle 1 is moderate, the ride
comfort of the driver is unlikely to deteriorate. Therefore,
the straddled vehicle 1 has excellent drivability. The
straddled vehicle 1 is comfortable for the driver.

5. Modifications

[0338] This invention is not limited to the embodiment
described above, but may be modified as follows.

(1) In the embodiment described above, the config-
uration of the fuel amount condition information E is
appropriately selected. Forexample, the fuel amount
condition information E may include fuel amount con-
dition information E1b for determining the first
amount Q1b of the first step. Hereinafter, a first ex-
ample, a second example, and a third example of
the fuel amount condition information E1b will be de-
scribed.

(1-1) First example of fuel amount condition information
E1b

[0339] Although not illustrated, the fuel amount condi-
tion information E1b includes a map F1. The map F1
defines a relationship between the rotation speed A and
the target value H1. The target value H1 is a target value
of the first amount Q1b. In the first step, the controller 61
acquires the target value H1 on the basis of the rotation
speed A and the map F1. In the first step, the controller
61 controls the first amount Q1 to the target value H1.

(1-2) Second example of fuel amount condition informa-
tion E1b

[0340] Although not illustrated, the fuel amount condi-
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tion information E1b includes a function G1. The function
G1 defines a relationship between the rotation speed A
and the target value H2. The target value H2 is a target
value of the first amount Q1b. In the first step, the con-
troller 61 acquires the target value H2 on the basis of the
rotation speed A and the function G1. In the first step,
the controller 61 controls the firstamount Q1 to the target
value H2.

(1-3) Third example of fuel amount condition information
E1b

[0341] Although notillustrated, the fuel amount condi-
tion information E1b includes a map F2 and a function
G2. The map F2 defines a relationship between the ro-
tation speed A and the basic value J. The basic value J
is, for example, a set value of the first amount Q1 for
maximizing the output of the engine 11. The function G2
defines a relationship between the basic value J and the
target value H3. The target value H3 is a target value of
the first amount Q1b. For example, the function G2 de-
fines that the target value H3 is a product of the basic
value J and the coefficient K. The coefficient K is, for
example, a value larger than 0 and less than 1. The co-
efficient K is, for example, 0.7 or more and 0.9 or less.
In the first step, the controller 61 acquires the basic value
J on the basis of the rotation speed A and the map F2.
Then, the controller 61 acquires the target value H3 on
the basis of the basic value J and the function G2. In the
first step, the controller 61 controls the first amount Q1
to the target value H3.

[0342] (2)Inthe embodimentdescribed above, the fuel
amount condition information E may include the fuel
amount condition information E2b for determining the
second amount Q2b of the first step and the second step.
The configuration of the fuel amount condition informa-
tion E2b is appropriately selected, similarly to the fuel
amount condition information E1b. Here, at least a part
ofthe fuelamount condition information E2b may be com-
mon to the fuel amount condition information E1b. Alter-
natively, at least a part of the fuel amount condition in-
formation E2b may be different from the fuel amount con-
dition information E1b.

[0343] (3)Inthe embodimentdescribed above, the fuel
amount condition information E may include the fuel
amount condition information E1cfor determining the first
amount Q1c of the second step and the third step. The
configuration of the fuel amount condition information
E1cis appropriately selected, similarly to the fuel amount
condition information E1b. Here, at least a part of the fuel
amount condition information E1c may be common to
the fuel amount condition information E1b. Alternatively,
at least a part of the fuel amount condition information
E1c may be different from the fuel amount condition in-
formation E1b.

[0344] The fuel amount condition information E may
include fuel amount condition information E2c¢ for deter-
mining the second amount Q2c of the third step. The
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configuration of the fuel amount condition information
E2c is appropriately selected, similarly to the fuel amount
condition information E1b. Here, at least a part of the fuel
amount condition information E2c may be common to
the fuel amount condition information E2b. Alternatively,
at least a part of the fuel amount condition information
E2c may be different from the fuel amount condition in-
formation E2b. At least a part of the fuel amount condition
information E2c may be common to the fuel amount con-
dition information E1c. Alternatively, atleast a part of the
fuel amount condition information E2c may be different
from the fuel amount condition information E1c.

[0345] (4)Inthe embodimentdescribed above, the fuel
amount condition information E may include the fuel
amount condition information E1afor determining the first
amount Q1a of the fourth step. The configuration of the
fuel amount condition information E1a is appropriately
selected, similarly to the fuel amount condition informa-
tion E1b. Here, atleast a part of the fuel amount condition
information E1a may be common to the fuel amount con-
dition information E1b. Alternatively, at least a part of the
fuel amount condition information E1a may be different
from the fuel amount condition information E1b.

[0346] The fuel amount condition information E may
include fuel amount condition information E2a for deter-
mining the second amount Q2a of the fourth step. The
configuration of the fuel amount condition information
E2a is appropriately selected, similarly to the fuel amount
condition information E1b. Here, at least a part of the fuel
amount condition information E2a may be common to
the fuel amount condition information E2b. Alternatively,
at least a part of the fuel amount condition information
E2a may be different from the fuel amount condition in-
formation E2b. At least a part of the fuel amount condition
information E2a may be common to the fuel amount con-
dition information E1a. Alternatively, at least a part of the
fuel amount condition information E2a may be different
from the fuel amount condition information E1a.

[0347] (5) In the above-described embodiments, the
fuel amount condition information E has defined, for ex-
ample, a relationship between the rotation speed A of
the engine 11, the first amount Q1, and the second
amount Q2. As a result, the first amount Q1 changes
according to the rotation speed A. The second amount
Q2 changes according to the rotation speed A. However,
the present invention is not limited to this. Hereinafter, a
first example, a second example, and a third example
regarding the fuel amount condition information E, the
first amount Q1, and the second amount Q2 will be de-
scribed.

(5-1) First example of fuel amount condition information
E, first amount Q1, and second amount Q2

[0348] The fuelamountconditioninformation E defines
arelationship between the rotation speed A of the engine
11, the throttle position L, the first amount Q1, and the
second amount Q2. The controller 61 acquires the throt-
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tle position L on the basis of the detection result of the
throttle sensor 52. The throttle position L is a measure-
ment value of the throttle position. The throttle position
L is measured by the throttle sensor 52. The controller
61 controls the first amount Q1 and the second amount
Q2 on the basis of the rotation speed A, the throttle po-
sition L, and the fuel amount condition information E. As
a result, the first amount Q1 changes according to the
rotation speed A and the throttle position L. The second
amount Q2 changes according to the rotation speed A
and the throttle position L.

(5-2) Second example of fuel amount condition informa-
tion E, first amount Q1, and second amount Q2

[0349] The fuelamountcondition information E defines
a relationship between the rotation speed A of the engine
11, the air-fuel ratio M of the air-fuel mixture, the first
amount Q1, and the second amount Q2. The controller
61 acquires the air-fuel ratio M on the basis of the detec-
tion result of the air-fuel ratio sensor 53. The air-fuel ratio
M is a measurement value of the air-fuel ratio of the air-
fuel mixture. The air-fuel ratio M is measured by the air-
fuel ratio sensor 53. The controller 61 controls the first
amount Q1 and the second amount Q2 on the basis of
the rotation speed A, the air-fuel ratio M, and the fuel
amount condition information E. As a result, the first
amount Q1 changes according to the rotation speed A
and the air-fuel ratio M. The second amount Q2 changes
according to the rotation speed A and the air-fuel ratio M.

(5-3) Third example of fuel amount condition information
E, first amount Q1, and second amount Q2

[0350] Thefuelamountconditioninformation E defines
a relationship between the rotation speed A of the engine
11, the accelerator operation amount N, the first amount
Q1, and the second amount Q2. The accelerator opera-
tion amount N is an operation amount of the accelerator
operator by the driver. The accelerator operator is, for
example, at least one of the accelerator grip and an ac-
celerator pedal. The straddled vehicle 1 includes an ac-
celerator sensor (notillustrated). The accelerator sensor
detects the operation amount of the accelerator operator.
The controller 61 acquires the accelerator operation
amount N on the basis of the detection result of the ac-
celerator sensor. The accelerator operation amount N is
a measurement value of the operation amount of the ac-
celerator operator. The accelerator operation amount N
is measured by the accelerator sensor. The controller 61
controls the first amount Q1 and the second amount Q2
on the basis of the rotation speed A, the accelerator op-
eration amount N, and the fuel amount condition infor-
mation E. As a result, the first amount Q1 changes ac-
cording to the rotation speed A and the accelerator op-
eration amount N. The second amount Q2 changes ac-
cording to the rotation speed A and the accelerator op-
eration amount N.
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[0351] (6)Inthe embodiment described above, the en-
gine 11 is classified as a two-cylinder engine. However,
the present invention is not limited to this. The number
of cylinders included in the engine 11 may be three or
more.

[0352] Forexample, the engine 11 includes a third cyl-
inder 15c¢ in addition to the first cylinder 15a and the sec-
ond cylinder 15b. The fuel injection device 37 supplies
fuel to the third cylinder 15c. In the first step, the second
step, and the third step, the third amount Q3 is controlled.
The third amount Q3 is the amount of fuel supplied to the
third cylinder 15c. The fuel injection device 37 also sup-
plies fuel to the first cylinder 15a and the second cylinder
15b. In the first step, the second step, and the third step,
the first amount Q1 and the second amount Q2 are also
controlled.

[0353] For example, in the first step, the second step,
and the third step, the third amount Q3 is controlled in
the same manner as the first amount Q1. Specifically, in
the first step, the third amount Q3 is controlled so that a
third air-fuel ratio D3 is leaner than the theoretical air-fuel
ratio. The third air-fuel ratio D3 is an air-fuel ratio of an
air-fuel mixture supplied to the third cylinder 15c. In the
first step, the third amount Q3 is controlled to be larger
than zero. In the second step and the third step, the third
amount Q3 is controlled to zero.

[0354] Alternatively, in the first step, the second step,
and the third step, the third amount Q3 is controlled in
the same manner as the second amount Q2. Specifically,
in the first step and the second step, the third amount Q3
is controlled so that the third air-fuel ratio D3 is leaner
than the theoretical air-fuel ratio. In the first step and the
second step, the third amount Q3 is controlled to be larger
than zero. In the third step, the third amount Q3 is con-
trolled to zero.

[0355] Furthermore, in the fourth step, the third amount
Q3 is controlled. For example, in the fourth step, the third
amount Q3 is controlled in the same manner as the first
amount Q1. Specifically, in the fourth step, the third
amount Q3 is controlled so that the third air-fuel ratio D3
of the fourth step is richer than the third air-fuel ratio D3
of the first step.

[0356] (7) In the above-described embodiment, the
throttle 35is classified as a mechanical throttle. However,
the present invention is not limited to this. For example,
the throttle 35 may be classified as an electronically con-
trolled throttle. In the present modification, for example,
the straddled vehicle 1 includes an accelerator sensor
and an actuator. The accelerator sensor detects an op-
eration amount of an accelerator operator. The acceler-
ator operator is, for example, at least one of an acceler-
ator grip and an accelerator pedal. The actuator drives
the throttle 35. The controller 61 acquires the accelerator
operation amount on the basis of the detection result of
the accelerator sensor. The controller 61 controls the ac-
tuator on the basis of the accelerator operation amount.
[0357] (8) In the embodiment described above, each
of the first to fourth reference values B1 to B4 is a con-
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stant. However, the present invention is not limited to
this. At least one of the first to fourth reference values B1
to B4 may be a variable.

[0358] (9) In the embodiment, the fuel injection device
37 has been provided in the intake pipe 31. However,
the present invention is not limited to this. For example,
the fuel injection device 37 may be provided in the throttle
35. The fuel injection device 37 may be attached to the
throttle 35.

[0359] (10) In the above-described embodiment, the
throttle 35 has been provided in the first intake portion
32a and the second intake portion 32b. However, the
present invention is not limited to this. For example, the
throttle 35 may be provided in the collective intake portion
33.

[0360] (11) In the embodiment described above, the
air-fuel ratio sensor 53 is disposed upstream of the cat-
alyst 48 in the direction in which the exhaust gas flows.
However, the present invention is not limited thereto. For
example, the air-fuel ratio sensor 53 may be disposed
downstream of the catalyst 48 in the direction in which
the exhaust gas flows. The catalyst 48 may be provided
in a portion of the exhaust pipe 45 located between the
engine 11 and the air-fuel ratio sensor 53.

[0361] (12) In the embodiment described above, the
control of the ignition device 41 is appropriately selected.
For example, the ignition device 41 is controlled so as to
ignite in the first cylinder 15a when the first amount Q1
is larger than zero. For example, the ignition device 41
is controlled so as to stop ignition in the first cylinder 15a
when the first amount Q1 is zero.

[0362] Forexample,in the first step, the ignition device
41 ignites in the first cylinder 15a. For example, in the
second step, the ignition device 41 does not ignite in the
first cylinder 15a. For example, in the third step, the ig-
nition device 41 does not ignite in the first cylinder 15a.
[0363] For example, in the fourth step, the ignition de-
vice 41 ignites in the first cylinder 15a.

[0364] Forexample, theignition device 41 is controlled
soas to ignite in the second cylinder 15b when the second
amount Q2 is larger than zero. For example, the ignition
device 41 is controlled so as to stop ignition in the second
cylinder 15b when the second amount Q2 is zero.
[0365] Forexample,in the first step, the ignition device
41 ignites in the second cylinder 15b. For example, in
the second step, the ignition device 41 ignites in the sec-
ond cylinder 15b. For example, in the third step, the ig-
nition device 41 does not ignite in the second cylinder
15b.

[0366] For example, in the fourth step, the ignition de-
vice 41 ignites in the second cylinder 15b.

[0367] (15) In the present embodiment, the number of
front wheels 8 is one. However, the present invention is
not limited to this. The number of front wheels 8 may be
two. In the embodiment, the number of rear wheels 24
is one. The present invention is not limited to this. The
number of rear wheels 24 may be two.

[0368] (16) Inthe embodiment, a street type vehicle is
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exemplified as the straddled vehicle 1. However, the
present invention is not limited thereto. For example, the
straddled vehicle 1 may be changed to other types of
vehicles such as a scooter type, a sports type, an off-
road type, and an all-terrain vehicle.

[0369] (17)Theforegoingembodimentand each ofthe
modifications described in paragraphs (1) to (16) above
may be further varied as appropriate by replacing or com-
bining their constructions with the constructions of the
other modifications.

[Description of Reference Numerals]
[0370]

1: Straddled vehicle

11: Engine

15a: First cylinder

15b: Second cylinder

31: Intake pipe

32a: First intake portion

32b: Second intake portion

35: Throttle

37: Fuel injection device

38a: First fuel injection device

38b: Second fuel injection device

41: Ignition device

45: Exhaust pipe

48: Catalyst

51: Rotation speed sensor

52: Throttle sensor

53: Air-fuel ratio sensor

61: Controller

A: Rotation speed of engine

B1: First reference value

B2: Second reference value

B3: Third reference value

B4: Fourth reference value

C1: Difference between second reference value and
first reference value

C2: Difference between third reference value and
second reference value

C4: Difference between fourth reference value and
first reference value

D1: First air-fuel ratio

D2: Second air-fuel ratio

E: Fuel amount condition information

Q1: First amount

Q2: Second amount

X: Longitudinal direction of straddled vehicle
Y: Transverse direction of straddled vehicle
Z: Up-down direction of straddled vehicle

Claims

1. An engine control method for controlling an engine
(11) including a first cylinder (15a) and a second cyl-
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inder (15b), the engine control method comprising:

a first step of controlling a first amount (Q1) that
is an amount of fuel supplied to the first cylinder
(15a) so that a first air-fuel ratio (D1) that is an
air-fuel ratio of an air-fuel mixture supplied to the
first cylinder (15a) is leaner than a theoretical
air-fuel ratio, and controlling a second amount
(Q2) that is an amount of fuel supplied to the
second cylinder (15b) so that a second air-fuel
ratio (D2) that is an air-fuel ratio of an air-fuel
mixture supplied to the second cylinder (15b) is
leaner than the theoretical air-fuel ratio when a
rotation speed (A) of the engine (11) is equal to
or more than a first reference value (B1) and
less than a second reference value (B2) that is
larger than the first reference value (B 1);

a second step of controlling the firstamount (Q1)
to zero and controlling the second amount (Q2)
so that the second air-fuel ratio (D2) is leaner
than the theoretical air-fuel ratio when the rota-
tion speed (A) of the engine (11) is equal to or
more than the second reference value (B2) and
less than a third reference value (B3) that is larg-
er than the second reference value (B2); and

a third step of controlling the first amount (Q1)
to zero and controlling the second amount (Q2)
to zero when the rotation speed (A) of the engine
(11) is equal to or more than the third reference
value (B3).

2. The engine control method according to claim 1,

wherein

inthe first step, the firstamount (Q1) is controlled
so that the first air-fuel ratio (D1) is 16 or more
and 20 or less, and the second amount (Q2) is
controlled so that the second air-fuel ratio (D2)
is 16 or more and 20 or less, and

in the second step, the second amount (Q2) is
controlled so that the second air-fuel ratio (D2)
is 16 or more and 20 or less.

The engine control method according to claim 1 or
2, further comprising a fourth step for controlling the
firstamount (Q1) and the second amount (Q2) when
the rotation speed (A) of the engine (11) is equal to
or more than a fourth reference value (B4) that is
smaller than the first reference value (B 1), and less
than the first reference value (B 1), wherein

in the fourth step, the first amount (Q1) is controlled
so that the first air-fuel ratio (D1) in the fourth step
is richer than the first air-fuel ratio (D1) in the first
step, and the second amount (Q2) is controlled so
that the second air-fuel ratio (D2) in the fourth step
is richer than the second air-fuel ratio (D2) in the first
step.
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The engine control method according to claim 3,
wherein

in the fourth step, the first amount (Q1) is controlled
so that the first air-fuel ratio (D1) is less than 16, and
the second amount (Q2) is controlled so that the sec-
ond air-fuel ratio (D2) is less than 16.

The engine control method according to claim 3 or
4, wherein

in the fourth step, the first amount (Q1) is controlled
so that the first air-fuel ratio (D1) is 12 or less, and
the second amount (Q2) is controlled so that the sec-
ond air-fuel ratio (D2) is 12 or less.

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

the first amount (Q1) decreases and the second
amount (Q2) decreases when the step proceeds
from the fourth step to the first step.

The engine control method according to any one of
claims 3 to 6, wherein

a difference (C4) between the fourth reference value
(B4) and the first reference value (B1) is 100 rpm or
less.

The engine control method according to any one of
claims 1 to 7, wherein

in the first step, the second air-fuel ratio (D2) is equal
to the first air-fuel ratio (D1).

The engine control method according to any one of
claims 1 to 8, wherein
in the first step, the second amount (Q2) is equal to
the first amount (Q1).

The engine control method according to any one of
claims 1 to 9, wherein
the first reference value (B 1) is 7,000 rpm or more.

The engine control method according to any one of
claims 1 to 10, wherein

a difference (C1) between the second reference val-
ue (B2) and the first reference value (B1) is smaller
than a difference (C2) between the third reference
value (B3) and the second reference value (B2).

The engine control method according to any one of
claims 1 to 11, wherein

a difference (C2) between the third reference value
(B3) and the second reference value (B2) is equal
to or more than twice of a difference (C1) between
the second reference value (B2) and the first refer-
ence value (B 1).

The engine control method according to any one of
claims 1 to 12, wherein
a difference (C1) between the second reference val-
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ue (B2) and the first reference value (B 1) is 200 rpm
or less.

14. The engine control method according to any one of
claims 1 to 13, wherein

the first amount (Q1) is controlled by controlling
a first fuel injection device (38a) provided in a
firstintake portion (32a) communicating with the
first cylinder (15a), and

the second amount (Q2) is controlled by control-
ling asecondfuelinjection device (38b) provided
in a second intake portion (32b) communicating
with the second cylinder (15b).

15. The engine control method according to any one of
claims 1 to 14, wherein
the engine (11)is mounted on a straddled vehicle (1).
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