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Description
Technical Field

[0001] The present teaching relates to a straddled ve-
hicle equipped with an independent throttle engine.

Background Art

[0002] A straddled vehicle equipped with an independ-
ent throttle engine is a straddled vehicle having an inde-
pendent throttle engine mounted thereon. The independ-
ent throttle engine includes at least one cylinder, and a
throttle valve corresponding to each cylinder.

[0003] The straddled vehicle equipped with the inde-
pendent throttle engine includes a catalyst for purifying
an exhaust gas. When the independent throttle engine
is started, the catalyst is heated by an exhaust gas, to
change from an inactive state to an active state. The cat-
alyst brought into the active state can exert a purification
performance.

[0004] Patent Literature 1 (PTL 1) discloses a motor-
cycle equipped with a single cylinder engine. The motor-
cycle equipped with the single cylinder engine is an ex-
ample of the straddled vehicle equipped with the inde-
pendent throttle engine. The motorcycle according to
PTL 1 has a catalyst arranged near the engine, and more
specifically arranged near a cylinder or an exhaust valve.
The motorcycle according to PTL 1 aims to both achieve
an early activation of the catalyst and maintain a capa-
bility of cooling the cylinder, by means of a layout of the
catalystand cylinder. Patent Literature 2 (PLT 2) disclos-
es aresistance-type gas sensor including: an oxide sem-
iconductor layer composed of an oxide containing ceri-
um; and detection electrodes for detecting the resistivity
of the oxide semiconductor layer. The oxide semicon-
ductor layer includes an alumina-containing layer in
which alumina is contained, and the detection electrodes
are disposed in contact with the alumina-containing layer.
Patent Literature 3 (PLT 3) discloses a method for reduc-
ing the exhaust emissions during the cold start of an in-
ternal combustion engine. The method according to PLT
3, a starter motor is operated in parallel with the internal
combustion engine until the operating temperature of an
exhaust gas catalytic converter is reached, to thereby
relieve the power demand on the internal combustion
engine and thereby to minimize the production of pollut-
ants. The heating of catalytic converter can preferably
be accelerated by retarded spark timing, by a delayed
shift in automatic transmission and/or by an electrical
heater coupled to catalytic converter.

Citation List
Patent Literature

[0005]

10

15

20

25

30

35

40

45

50

55

PTL 1: Japanese Patent Application Laid-Open No.
2007-187004

PTL 2: European Patent Application Laid-Open No.
1855 105

PTL 3: United States Patent Application Laid-Open
No. 2004/128981

Summary of Invention
Technical Problem

[0006] PTL 1 proposes a layout of the catalyst and cyl-
inder for both achieving an early activation of the catalyst
and maintaining a capability of cooling the cylinder. The
layout, however, may be difficult to apply to some models
or designs of motorcycles, for example. Some models or
designs of motorcycles, for example, involve a risk that
acatalyst arranged near an engine may be strongly heat-
ed by the engine so that the catalyst has a high temper-
ature. The catalyst having a high temperature may influ-
ence apparatuses and devices other than the cylinder.
[0007] An object of the present teaching is to provide
astraddled vehicle equipped with anindependent throttle
engine capable of achieving both a degree of design free-
dom for catalyst layout and an early activation of a cat-
alyst.

Solution to Problem

[0008] The present inventors studied the relationship
between an early activation of a catalyst and a layout of
the catalyst in a straddled vehicle equipped with an in-
dependent throttle engine.

[0009] In the motorcycle according to PTL 1, the cat-
alyst is arranged near the engine, for the purpose of an
early activation of the catalyst. The catalyst arranged
near the engine has a high temperature when activated.
As a result, the capability of cooling the cylinder may be
influenced. The motorcycle according to PTL 1 aims to
maintain the capability of cooling the cylinder by contriv-
ing the arrangement of the catalyst and cylinder, which
however results in a restricted layout of the catalyst and
cylinder.

[0010] In the motorcycle according to PTL 1, a layout
of the catalyst and the cylinder which is likely to be influ-
enced by the temperature of the catalyst is designed on
the assumption that the catalyst is arranged near the en-
gine. According to PLT 2, the catalyst is provided on the
exhaust pipe, and, therefore, a design freedom of the
catalyst layout is limited. In PLT 3, there is no clear dis-
closure regarding the design freedom of the catalyst lay-
out and activation. An attempt to design a layout of ap-
paratuses or devices on the assumption that the catalyst
is arranged near the engine as described above results
in less versatility, which makes the motorcycle applicable
to limited vehicles. It is also not easy to occasionally ad-
just the layout in accordance with a model, a vehicle de-
sign, and the like. In a straddled vehicle equipped with
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an independent throttle engine, a space for installation
of devices or apparatuses is limited as compared to au-
tomobiles and the like. It therefore is desirable to obtain
a degree of freedom for catalyst layout.

[0011] The present inventors studied from another
viewpoint. Specifically, the present inventors studied
combustion in an independent throttle engine.

[0012] In the independent throttle engine, a throttle
valve is arranged closer to a combustion chamber, as
compared to a single-throttle type multi-cylinder engine
having a single throttle valve and a plurality of cylinders.
In the single-throttle type multi-cylinder engine, the single
throttle valve is disposed upstream of an intake manifold.
The intake manifold normally includes: a surge tank lo-
cated downstream of the throttle valve; and an intake
pipe that connects the surge tank to a combustion cham-
ber of each cylinder. Thus, the distance between the
throttle valve and the combustion chamber is long. In the
independent throttle engine, on the other hand, the throt-
tle valve is disposed in an intake pipe, and therefore the
distance between the throttle valve and the combustion
chamber is short. This provides a good responsiveness,
because the amount of air to be supplied to the combus-
tion chamber can easily make a quick change in accord-
ance with an open/close action of the throttle valve. Here,
since the throttle valve is arranged near the combustion
chamber, an airflow in the combustion chamber is sus-
ceptible to influences from the open/close action of the
throttle valve. Consequently, in a control of, after a mag-
nettype motor starts rotating a crankshaft, startinga com-
bustion action of the independent throttle engine and then
increasing the rotation speed of the crankshaft up to an
idling rotation speed, the stable implementation of (a)
and (b) below may be sometimes difficult:

(a) suppressing discharge of HC, CO, or NOx; and
(b) raising the temperature of an exhaust gas dis-
charged from the combustion chamber.

[0013] As aresultof further studies, the presentinven-
tors found out the following. In the independent throttle
engine, while the crankshaft is rotating at an extremely
low speed, an airflow into the combustion chamber is
likely to be disturbed by the open/close action of the throt-
tle valve, which may make the implementation of (a) and
(b) above difficult. An increase in the rotation speed of
the crankshaft makes the disturbance of the airflow less
likely to occur.

[0014] Based on thefindings above, the presentinven-
tors conducted studies about having the independent
throttle engine perform no combustion action while the
crankshatt is rotating at an extremely low speed ata time
of cold-starting the independent throttle engine. The
present inventors consequently conceived the idea of, at
a time of cold-starting the independent throttle engine,
firstly causing a magnet type motor to rotate the crank-
shaft without any combustion action of the independent
throttle engine until the rotation speed of the crankshaft
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exceeds an idling rotation speed, and then, after the ro-
tation speed of the crankshaft exceeds the idling rotation
speed, starting the combustion action of the independent
throttle engine.

[0015] Until the crankshaft exceeds the idling rotation
speed, no combustion action of the independent throttle
engine is performed, and the crankshaft is rotated by the
magnet type motor. This makes it possible to implement
(a) and (b) below:

(a) effectively suppressing discharge of HC, CO, or
NOx; and

(b) making it easy to suppress discharge of HC, CO,
or NOx while controlling the temperature of an ex-
haust gas, when raising the temperature of an ex-
haust gas discharged from the combustion chamber.

[0016] It is possible to implement (a) and (b) above,
conceivably because the crankshaft being rotated up to
arotation speed higher than the idling rotation speed with
no combustion action of the independent throttle engine
enables adequate scavenging to be done before an initial
combustion action and also enables disturbance of an
airflow in the combustion chamber to be suppressed due
to an increase in the rotation speed of the crankshaft.
Since the initial combustion action is performed in a state
where the rotation speed of the crankshaft is higher than
the idling rotation speed, an exhaust gas initially dis-
charged from the combustion chamber can have an in-
creased amount of heat. As the exhaust gas initially dis-
charged from the combustion chamber at a time of cold-
starting has a large amount of heat, the restriction on the
catalystlayoutcan be reduced. Forexample, itis possible
to provide a relatively long exhaust passage between the
catalyst and the independent throttle engine, with an at-
tempt at an early activation of the catalyst. It is also pos-
sible to arrange the catalyst near the independent throttle
engine, with an attempt at an early activation of the cat-
alyst. Accordingly, both a degree of design freedom for
catalyst layout and an early activation of the catalyst can
be achieved in the independent throttle engine.

[0017] A straddled vehicle equipped with anindepend-
ent throttle engine according to some aspects of the
presentteaching accomplished based on the findings de-
scribed above may employ the following configurations.
[0018] (1)Inanaspectofthe presentteaching, a strad-
dled vehicle equipped with an independent throttle en-
gine includes:

an independent throttle engine including atleastone
cylinder and a crankshaft, each of the at least one
cylinder being provided with an independent throttle
valve and a combustion chamber disposed inside
the cylinder, the independent throttle engine being
configured to output power through the crankshaft;
an exhaust passage having a discharge port through
which an exhaust gas discharged from the combus-
tion chamber is discharged to the atmosphere, the



5 EP 3 640 464 B1 6

exhaust passage being configured to let the exhaust
gas pass therethrough from the combustion cham-
ber to the discharge port;

a silencer disposed downstream of the exhaust pas-
sage;

a catalyst disposed in the exhaust passage and lo-
cated upstream of an upstream end portion of the
silencer;

a magnet type motor including a rotor and a stator,
the rotor being connected to the crankshaft such that
power transmission between the rotor and the crank-
shaft is allowed, the stator being arranged opposed
to the rotor, the rotor or the stator including a perma-
nent magnet, the magnet type motor being config-
ured to rotate the crankshaft at least when starting
a combustion action of the independent throttle en-
gine;

an electricity storage device that supplies electricity
to the magnet type motor;

a driven member configured to be driven by power
outputted from the independent throttle engine
and/or the magnet type motor, to make the straddled
vehicle equipped with the independent throttle en-
gine move forward; and

a control section configured to control the magnet
type motor and the independent throttle engine such
that, when cold-starting the independent throttle en-
gine in a state where the combustion action of the
independent throttle engine is stopped and the driv-
en member is not driven, firstly, the magnet type mo-
tor uses electricity in the electricity storage device to
cause a forward rotation of the crankshaft with the
combustion action of the independent throttle engine
stopped, until a rotation speed of the crankshaft ex-
ceeds an idling rotation speed of the independent
throttle engine, and then in a state where the rotation
speed of the crankshaft exceeds the idling rotation
speed of the independent throttle engine, the inde-
pendent throttle engine supplies air through the or
each throttle valve as well as a fuel to the or each
cylinder and starts the combustion action.

[0019] Inthe straddled vehicle equipped with the inde-
pendent throttle engine of (1), when cold-starting the in-
dependent throttle engine in a state where the combus-
tion action of the independent throttle engine is stopped
and the driven member is not driven, firstly, (A) the mag-
net type motor uses electricity in the electricity storage
device to cause a forward rotation of the crankshaft with
the combustion action of the independent throttle engine
stopped, until the rotation speed of the crankshaft ex-
ceeds theidling rotation speed of the independent throttle
engine. Then, (B) in a state where the rotation speed of
the crankshaft exceeds the idling rotation speed of the
independent throttle engine, the independent throttle en-
gine supplies air through the or each throttle valve as
well as a fuel to the or each corresponding cylinder and
starts the combustion action. Implementation of (A) and
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(B) enables an initial combustion action to be performed
in the combustion chamber thatis adequately scavenged
and has less disturbance of an airflow. Consequently, an
exhaust gas initially discharged from the combustion
chamber at a time of cold-starting has a larger amount
of heat. The exhaust gas passes through the exhaust
passage, and reaches the catalyst. The exhaust gas
starts heating the catalyst, and the heated catalyst puri-
fies the exhaust gas.

[0020] As the exhaust gas initially discharged from the
combustion chamber at a time of cold-starting has alarge
amount of heat, the restriction on the catalyst layout can
be reduced. It is, therefore, possible that, for example, a
portion of the exhaust passage located between the cat-
alyst and the independent throttle engine is made rela-
tively long, with an attempt at an early activation of the
catalyst. It is also possible that the catalyst is arranged
near the independent throttle engine, with an attempt at
a further early activation of the catalyst. Accordingly, the
straddled vehicle equipped with the independent throttle
engine of (1) can achieve both a degree of design free-
dom for the catalyst layout and an early activation of the
catalyst.

Advantageous Effects of Invention

[0021] The present teaching can provide a straddled
vehicle equipped with an independent throttle engine ca-
pable of achieving both a degree of design freedom for
catalyst layout and an early activation of a catalyst.
[0022] The terminology used herein is for defining par-
ticular embodiments only and is not intended to be limiting
the teaching.

[0023] As used herein, the term "and/or" includes any
and all combinations of one or more of the associated
listed items.

[0024] As used herein, the terms "including”, "compris-
ing", or "having", and variations thereof specify the pres-
ence of stated features, steps, operations, elements,
components, and/or equivalents thereof, and can include
one or more of steps, operations, elements, components,
and/or their groups.

[0025] Asused herein, the terms "attached", "connect-
ed", "coupled", and/or equivalents thereof are used in a
broad sense, and include both of direct and indirect at-
tachment, connection, and coupling. In addition, the
terms "connected" and "coupled" can mean not only
physical or mechanical connection or coupling but also
direct or indirect electrical connection or coupling.
[0026] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which the present teaching belongs.
[0027] It will be further understood that terms, such as
those defined in commonly used dictionaries, should be
interpreted as having a meaning that is consistent with
their meaning in the context of the present disclosure and
relevant art and should not be interpreted in an idealized
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oroverly formal sense unless expressly so defined here-
in.

[0028] Each of these has individual benefit and each
can also be used in conjunction with one or more, or in
some cases all, of the other disclosed techniques.
[0029] Accordingly, for the sake of clarity, this descrip-
tion will refrain from repeating every possible combina-
tion of the individual steps in an unnecessary fashion.
[0030] This Description describes a straddled vehicle
equipped with a novel independent throttle engine.
[0031] In the description given below, for the purposes
of explanation, numerous specific details are set forth in
order to provide a thorough understanding of the present
teaching.

[0032] It will be apparent, however, that those skilled
in the art may practice the present teaching without these
specific details.

[0033] The present disclosure is to be considered as
an exemplification of the present teaching, and is not
intended to limit the present teaching to the specific em-
bodiments illustrated by drawings or descriptions below.
[0034] Anindependentthrottle engine includes atleast
one cylinder, and a throttle valve independent for each
cylinder. A single cylinder engine is an example of the
independent throttle engine. The independentthrottle en-
gine may be a multi-cylinder engine. The number of cyl-
inders included in the independent throttle multi-cylinder
engine is not particularly limited, and for example, may
be two, three, or four. Preferably, the independent throttle
engine is a four-stroke engine having a high-load region
and a low-load region during four strokes, for example.
The four-stroke engine having a high-load region and a
low-load region during four strokes is, for example, a sin-
gle cylinder engine, a two-cylinder engine, a three-cylin-
der engine of unequal interval explosion type, or a four
cylinder engine of unequal interval explosion type. The
four-stroke engine having a high-load region and a low-
load region during four strokes involves a risk that rotation
of a crankshaft caused by a combustion action is less
likely to stabilize in an extremely low-speed region. In the
straddled vehicle equipped with the independent throttle
engine according to the aspect of the present teaching,
at a time of cold-starting, no combustion action is per-
formed until the rotation speed of the crankshaft exceeds
the idling rotation speed. This can make the catalyst ac-
tivated earlier. Here, the engine may be, for example, a
four-stroke engine not having a high-load region and a
low-load region during four strokes. A cooling system is
not particularly limited. For example, natural air-cooling,
forced air-cooling, or water-cooling may be adoptable.
The throttle valve may be operated by receiving an op-
eration on an accelerator operator through a physical ca-
ble or the like, or may be operated by throttle-by-wire.
[0035] The straddled vehicle equipped with the inde-
pendent throttle engine is a straddled vehicle having an
independent throttle engine mounted thereon. The strad-
dled vehicle means a motor vehicle having a saddle
where a driver sits astraddle. Non-limiting examples of
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the straddled vehicle include motorcycles, motor tricy-
cles, and ATVs (All-Terrain Vehicles). Non-limiting ex-
amples of the motorcycle include scooter, moped, off-
road, and on-road type motorcycles.

[0036] The straddled vehicle equipped with the inde-
pendent throttle engine preferably satisfies at least one
of the following three requirements, and more preferably
satisfies at least the requirement (1) of the following:

(i) the straddled vehicle equipped with the independ-
ent throttle engine is capable of leaning into turns;
(i) the straddled vehicle equipped with the independ-
entthrottle engine is configured such that operations
of the independent throttle engine and/or the magnet
type motor are controlled so as to change the rotation
speed of the crankshaft in accordance with the
amount of driver’s operation on the accelerator op-
erator, and such that whether power transmission
between the crankshaft and the driven member is
allowed or disconnected is switched in accordance
with the rotation speed of the crankshaft; and

(iii) the straddled vehicle equipped with the inde-
pendentthrottle engine is configured such that power
transmission between the crankshaft and the driven
member is disconnected when the rotation speed of
the crankshaft is in a low-speed region, while the
power transmission is allowed when the rotation
speed of the crankshaft is out of the low-speed re-
gion.

[0037] Regarding (i) above, when the straddled vehicle
equipped with the independent throttle engine capable
of leaning into turns takes a turn, the straddled vehicle
equipped with the independent throttle engine leans to-
ward the inside of a curve in order to oppose a centrifugal
force acting on the straddled vehicle equipped with the
independent throttle engine at a time of the turn. Regard-
ing (ii) above, the straddled vehicle equipped with the
independent throttle engine that satisfies (ii) above is
configured such that the rotation speed of the crankshaft
(that is, operations of the independent throttle engine
and/or the magnet type motor) and switching of whether
power transmission is allowed or disconnected by the
power transmission device are controlled in accordance
with an operation on the accelerator operator. Regarding
(iii) above, the straddled vehicle equipped with the inde-
pendent throttle engine that satisfies (iii) above can be
walked and towed. The straddled vehicle equipped with
the independent throttle engine that satisfies at least one
of (i) to (iii) above encompasses: a straddled vehicle
equipped with an independent throttle engine that satis-
fies one of (i) to (iii) above; a straddled vehicle equipped
with an independent throttle engine that satisfies (i) and
(ii) above; a straddled vehicle equipped with an inde-
pendent throttle engine that satisfies (ii) and (iii) above;
astraddled vehicle equipped with anindependent throttle
engine that satisfies (i) and (iii) above; and a straddled
vehicle equipped with an independent throttle engine that
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satisfies all of (i), (ii), and (iii) above.

[0038] The magnet type motor includes a rotor and a
stator. Either one of the rotor or the stator includes a
permanent magnet. The other includes a coil. A brushed
DC motor is an example of a magnet type motor with a
permanent magnet included in a stator. A brushless mo-
tor is an example of a magnet type motor with a perma-
nent magnet included in a rotor. The number of phases
of the brushless motor is not particularly limited. It may
have a single phase or three phases. The magnet type
motor functions as a motor to rotate the crankshaft at a
time of starting the combustion action of the engine. The
magnet type motor may be configured to function as a
generator to generate electricity while being driven by
the engine. The straddled vehicle equipped with the in-
dependent throttle engine may include a generator in ad-
dition to the magnet type motor. The magnet type motor
may be a magnet type motor generator that functions as
a generator, too. The magnet type motor may be either
of radial gap type or of axial gap type. The magnet type
motor of radial gap type may be either of outer rotor type
or of inner rotor type. The rotor may be connected to the
crankshaft such that power transmission between the ro-
tor and the crankshaft is allowed without interposition of
a clutch. The rotor may be configured such that power
transmission between the rotor and the crankshaft is not
disconnected. The rotor may be directly coupled to the
crankshaft, for example. The rotor may be connected to
the crankshaft with a fixed speed ratio gear interposed
therebetween, for example. The rotor may be connected
to the crankshaft such that power transmission between
the rotor and the crankshaft is constantly allowed. The
magnet type motor may be of interior permanent magnet
type (IPM type) having a permanent magnet embedded
in a magnetic material, or may be of surface permanent
magnet type (SPM type) having a permanent magnet
exposed from a magnetic material. The permanent mag-
net may comprise two or more permanent magnets each
having one magnetic pole pair, or may comprise a single
permanentmagnet magnetized to have two or more mag-
netic pole pairs. The ratio of the number of magnetic poles
to the number of slots is preferably more than 2/3, further
preferably equal to or more than 1/1, still further prefer-
ably more than 1/1, and particularly preferably 4/3. The
magnetic poles are arranged at equal intervals with re-
spect to the circumferential direction. The magnet type
motor may be installed in such a manner that electricity
is supplied thereto only in a period for which a start op-
eration is received. The magnet type motor may be in-
stalled in such a manner that upon reception of a start
operation, electricity is supplied thereto, and after com-
pletion of an engine start, the electricity supply is stopped.
[0039] The electricity storage device is a device that
stores electricity. The electricity storage device has a ca-
pacity of supplying electricity to the magnet type motor,
the capacity at least enabling the magnet type motor itself
to rotate the crankshaft up to the idling rotation speed by
using electricity in the electricity storage device. The elec-

10

15

20

25

30

35

40

45

50

55

tricity storage device is not particularly limited, and may
be a battery or a capacitor, for example.

[0040] The driven member according to an aspect of
the present teaching is a wheel, for example. The driven
member may be a screw propeller, for example. The
number of driven members is not particularly limited. In
a straddled vehicle including a front wheel and a rear
wheel, only the front wheel, only the rear wheel, or both
the front wheel and the rear wheel may serve as the driv-
en member.

[0041] The accelerator operator is a member that re-
ceives a torque request caused by a driver operating the
accelerator operator. The accelerator operator is not par-
ticularly limited, and may be an accelerator grip, an ac-
celerator pedal, a component constituted of a lever, or a
component constituted of a button. The accelerator op-
erator may be connected to a throttle valve included in
the engine via a mechanical wire, for example. The ac-
celerator operator may be electrically connected to a mo-
tor and a control device for driving the throttle valve, for
example.

[0042] The control section has a function to control the
engine and a function to control the magnet type motor.
For example, in a case where the magnet type motor is
a brushed DC motor, the function to control the magnet
type motor is a function to switch on/off the electricity
supply to the magnet type motor, for example. In a case
where the magnet type motor is a brushless motor, the
function to control the magnet type motor is a control on
the inverter circuit for example, and more specifically is
an on/off control on each of the plurality of switching parts.
Ahardware configuration of the control section is not par-
ticularly limited. The control section may be constituted
of a computer including a central processing unit and a
storage device. The control section may be partially or
entirely constituted of a wired logic which is an electronic
circuit. The control section as a whole may be physically
configured as a single piece, or may be physically con-
figured as a combination of different devices. For exam-
ple, a device having a function to control the engine and
a device having a function to control the magnet type
motor may be configured as separate pieces.

[0043] A cold start means a start in a state where the
independent throttle engine is not warmed up. At a time
of cold-starting, the independent throttle engine has a
temperature substantially equal to or lower than the out-
side air temperature, for example. Whether or not a start
of the independent throttle engine is a cold start is deter-
mined based on, for example, a detection result obtained
by a temperature sensor disposed in or near the inde-
pendent throttle engine. Alternatively, whether or not a
start of the independent throttle engine is a cold start may
be determined based on, for example, the time elapsed
since the combustion action of the independent throttle
engine is stopped or since the straddled vehicle equipped
with the independent throttle engine stops traveling.
[0044] Itis justrequired that (A) and (B) above are im-
plemented at least at a time of cold-starting. (A) and (B)
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above may be implemented at a time other than cold-
starting. (A) and (B) above may be implemented in each
starting, irrespective of whether or not the start is a cold
start. It is not always necessary that (A) and (B) above
be implemented in every cold-starting. For example, the
straddled vehicle equipped with the independent throttle
engine may be configured to be capable of accepting
setting on whether or not(A) and (B) above are implement
atatime of starting. In such a configuration, if such setting
that (A) and (B) above are not implemented at a time of
starting is entered, (A) and (B) above are notimplement-
ed atatime of cold-starting. A straddled vehicle equipped
with an independent throttle engine having such a con-
figuration, in which (A) and (B) above are implemented
atatime of cold-starting under some setting, is also within
the purview of the straddled vehicle equipped with the
independent throttle engine according to the present
teaching. The straddled vehicle equipped with the inde-
pendentthrottle engine according to the presentteaching
may be configured such that, at a time of cold-starting,
(A) and (B) above are implemented if a predetermined
condition is satisfied while (A) and (B) above are not im-
plemented if the predetermined condition is not satisfied.
For example, the straddled vehicle equipped with the in-
dependentthrottle engine according to the presentteach-
ing may be configured such that, ata time of cold-starting,
(A) and (B) above are implemented if the independent
throttle engine has a temperature less than a predeter-
mined temperature while (A) and (B) above are not im-
plemented if the independent throttle engine has a tem-
perature equal to or more than the predetermined tem-
perature.

[0045] Astartoperation, whichtriggersimplementation
of (A) and (B) above, is not particularly limited. For ex-
ample, (A) and (B) above are implemented when the
starter switch is turned on with the main switch being on.
In this case, if the starter switch is turned off before the
combustion action of the independent throttle engine is
started in (B) above, the magnet type motor may stop
driving without any combustion action performed. Alter-
natively, (A) and (B) above may be implemented when
the accelerator operator is operated with the main switch
being on.

[0046] Ata time of cold-starting, the magnet type motor
causes a forward rotation of the crankshaft with the com-
bustion action of the independent throttle engine
stopped, until the rotation speed of the crankshaft ex-
ceeds the idling rotation speed. At this time, the magnet
type motor may cause a forward rotation of the crankshaft
until the rotation speed of the crankshaft exceeds the
value of:

- idling over-rotation speed;
- clutch-in rotation speed; or
- clutch-stall rotation speed.

[0047] The magnet type motor may stop providing a
positive torque in the forward rotation direction of the
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crankshaft, by the time the rotation speed of the crank-
shaft exceeds the value of:

- idling over-rotation speed;
- clutch-in rotation speed; or
- clutch-stall rotation speed.

[0048] The magnet type motor may stop providing a
positive torque in the forward rotation direction of the
crankshaft, after the rotation speed of the crankshaft ex-
ceeds the clutch-stall rotation speed.

[0049] Theidling over-rotation speed may be arotation
speed a predetermined rotation speed (e.g., 100 rpm,
200 rpm, or 300 rpm) higher than the idling rotation
speed, or may be a predetermined rotation speed (e.g.,
2000 rpm or 2500 rpm) higher than the idling rotation
speed. The clutch-in rotation speed means a rotation
speed of the crankshaft at a time when clutch-in occurs.
The clutch-stall rotation speed means a rotation speed
of the crankshaft at a time when clutch-stall occurs.

Brief Description of Drawings
[0050]

[FIG. 1] (a) is a side view schematically showing a
straddled vehicle according to a first embodiment;
(b) is an outline diagram schematically showing an
independent throttle engine and an exhaust system;
and (c) is a graph showing the relationship between
the rotation speed of a crankshaft and an elapsed
time at a time of cold-starting.

[FIG. 2] A partial cross-sectional view schematically
showing an overview configuration of the independ-
ent throttle engine shown in FIG. 1 and therearound.
[FIG. 3] An explanatory diagram schematically
showing the relationship between a crank angle po-
sition of the independent throttle engine and a re-
quired torque.

[FIG. 4] A block diagram schematically showing a
control system of the straddled vehicle shown in FIG.
1.

[FIG. 5] A cross-sectional view of a magnet type mo-
tor M shown in FIG. 1 on an enlarge scale.

[FIG. 6] A cross-sectional view of the magnet type
motor M as taken along A-A in FIG. 5.

[FIG. 7] A cross-sectional view of the magnet type
motor M as taken along B-B in FIG. 5.

[FIG. 8] A schematic diagram showing a state where
a movable permanent magnet is in an advanced an-
gle position.

[FIG. 9] A schematic diagram showing a state where
the movable permanent magnet is in a retarded an-
gle position.

[FIG. 10] A graph schematically showing character-
istics of the rotation speed and the output torque of
the magnet type motor M shown in FIG. 6.

[FIG. 11] A side view schematically showing a strad-
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dled vehicle according to a second embodiment.
[FIG. 12] A block diagram schematically showing a
control system of the straddled vehicle shown in FIG.
11.

[FIG. 13] An exploded perspective view schemati-
cally showing a magnet type motor generator MG
included in the straddled vehicle according to the
second embodiment.

[FIG. 14] A perspective view schematically showing
the magnet type motor generator MG shown in FIG.
13.

[FIG. 15] A diagram schematically showing action of
a stator in the magnet type motor generator MG
shown in FIG. 13.

[FIG. 16] A diagram showing a principle of a rotation
control on the magnet type motor generator MG
shown in FIG. 13.

Description of Embodiments

[0051] In the following, some embodiments of the
present teaching will be described with reference to the
drawings. The present teaching is not limited to the em-
bodiments below.

<First Embodiment>

[0052] FIG. 1(a) is a side view schematically showing
a straddled vehicle according to a first embodiment. FIG.
1(b) is an outline diagram schematically showing an in-
dependent throttle engine and an exhaust system. FIG.
1(c) is a graph showing the relationship between the ro-
tation speed of a crankshaft and an elapsed time at a
time of cold-starting.

[0053] A straddled vehicle 1 shown in FIG. 1(a) in-
cludes a vehicle body 2 and wheels 3a, 3b. Specifically,
the straddled vehicle 1 is a motorcycle. The straddled
vehicle 1 according to this embodiment is an example of
astraddled vehicle equipped with an independent throttle
engine.

[0054] The straddled vehicle 1 includes an independ-
entthrottle engine EG. Inthis embodiment, the independ-
ent throttle engine EG is a four-stroke single cylinder en-
gine. The independent throttle engine EG has one cylin-
der 12 and a crankshaft 15. The independent throttle en-
gine EG has, for each cylinder 12, one independent throt-
tle valve 27 and one combustion chamber 28. The com-
bustion chamber 28 is formed inside the independent
throttle engine EG. The independent throttle engine EG
outputs power through the crankshaft 15.

[0055] The straddled vehicle 1 is provided with an ex-
haust passage 29. The exhaust passage 29 has a dis-
charge port 29a through which an exhaust gas dis-
charged from the combustion chamber 28 is discharged
to the atmosphere. The exhaust passage 29 is configured
to let the exhaust gas pass therethrough from the com-
bustion chamber 28 to the discharge port 29a.

[0056] The straddled vehicle 1 includes a silencer 25.
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The silencer 25 is disposed downstream of the exhaust
passage 29.

[0057] The straddled vehicle 1 includes a catalyst unit
24. The catalyst unit 24 includes a tubular casing 22 and
a catalyst 23. The casing 22 constitutes a part of the
exhaust passage 29. The catalyst 23 is fixed inside the
casing 22. As a result of passing through the catalyst 23,
the exhaust gas is purified. The catalyst 23 is disposed
such that all of the exhaust gas discharged from the com-
bustion chamber 28 passes through the catalyst 23. The
catalyst 23 is a so-called three-way catalyst. The three-
way catalystremoves three kinds of substances, namely,
hydrocarbon (HC), carbon monoxide (CO), and nitrogen
oxide (NOx), contained in the exhaust gas, through oxi-
dation or reduction. The three-way catalyst is one of re-
dox catalysts. The catalyst 23 includes a substrate and
a catalytic material attached to a surface of the substrate.
The catalytic material includes a support and a noble
metal. The support is disposed between the noble metal
and the substrate. The support supports the noble metal
thereon. The noble metal purifies the exhaust gas. Ex-
amples of the noble metal include platinum, palladium,
and rhodium which remove HC, CO, and NOXx, respec-
tively. The catalyst 23 has a porous structure. The porous
structure is a structure having many perforations formed
in its cross-sections perpendicular to a direction in which
the exhaust path 29 extends. An example of the porous
structure is a honeycomb structure. The catalyst 23 may
be either a metal-based catalyst or a ceramic-based cat-
alyst. The metal-based catalyst is a catalyst having a
metallic substrate. The ceramic-based catalyst is a cat-
alyst having a ceramic substrate. The substrate of the
metal-based catalyst is formed by, for example, winding
an alternate stack of metallic corrugated plates and me-
tallic flat plates. The substrate of the ceramic-based cat-
alyst is, for example, a honeycomb structure body. The
catalyst may not necessarily be a three-way catalyst. The
catalyst may be a catalyst that removes any one or two
of HC, CO, or NOx. The catalyst may not necessarily be
a redox catalyst. The catalyst may be an oxidation cata-
lyst or a reduction catalyst that removes harmful sub-
stances through either one of oxidation or reduction. Ex-
amples of the reduction catalyst include a catalyst that
removes NOx through a reduction reaction.

[0058] The catalyst 23 disposed in the exhaust pas-
sage 29 is located upstream of an upstream end portion
25a of the silencer 25. The catalyst 23 has an upstream
end portion 23a located upstream of the upstream end
portion 25a ofthe silencer 25. The catalyst23 has adown-
stream end portion 23b located upstream of the upstream
end portion 25a of the silencer 25. It may be acceptable
that the catalyst 23 is located with the end portion 23b
located downstream of the end portion 25a.

[0059] The straddled vehicle 1 includes a magnet type
motor M. In this embodiment, the magnet type motor M
is abrushed DC motor. The magnet type motor M rotates
the crankshaft 15, in order to start the independent throt-
tle engine EG. The magnet type motor M is disposed
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such thatpower ofthe magnet type motor M is transmitted
to the crankshaft 15 through a one-way clutch mecha-
nism 49 (see FIG. 2). Thus, the magnet type motor M is
capable of rotating the crankshaft 15, but is not rotated
by the crankshaft 15. The magnet type motor M will be
detailed later.

[0060] The straddled vehicle 1 includes a magnet type
generator G. The magnet type generator G includes a
rotor 30 and a stator 40, as shown in FIG. 2. The rotor
30 includes a permanent magnet 37. The rotor 30 is con-
nected to the crankshaft 15 such that power transmission
between the rotor 30 and the crankshaft 15 is allowed
without interposition of a clutch and such that the rotor
30 canrotate with a fixed speed ratio relative to the crank-
shaft 15. The stator 40 is arranged opposed to the rotor
30. The magnet type generator G is configured to gen-
erate electricity when being driven by the independent
throttle engine EG.

[0061] The straddled vehicle 1 includes an electricity
storage device 4. The electricity storage device 4 sup-
plies electricity to the magnet type motor M. The electric-
ity storage device 4 is charged with electricity that is gen-
erated by the magnet type generator G.

[0062] The straddled vehicle 1includes an accelerator
operator 8. The accelerator operator 8 is configured to
receive a torque request from a driver, and is operated
to instruct the independent throttle engine EG to make
an output. More specifically, the accelerator operator 8
is connected to the throttle valve 27 through a wire (not
shown) such that the opening degree of the throttle valve
27 varies depending on the amount of operation on the
acceleratoroperator 8. The accelerator operator 8 is con-
figured to, when operated by the driver, receive an in-
struction about an increase or decrease in the output of
the independent throttle engine EG.

[0063] The straddled vehicle 1 includes the wheel 3b.
The wheel 3b is an example of a driven member. The
wheel 3b is configured to be driven by power outputted
from the independent throttle engine EG, to make the
straddled vehicle 1 move forward.

[0064] The straddled vehicle 1 includes a power trans-
mission device PT. The power transmission device PT
is configured to transmit power from the crankshaft 15 to
the wheel 3b. The power transmission device PT includes
a transmission TR (see FIG. 2) and a clutch CL. The
transmission TR is a continuously variable transmission,
for example. The transmission TR is capable of changing
a gear ratio which is the ratio of a rotation speed input to
a rotation speed output. The transmission TR is capable
of changing the gear ratio corresponding to the rotation
speed of the crankshaft 15 relative to the rotation speed
of the wheel. The clutch CL is a drum type centrifugal
clutch, for example.

[0065] The straddled vehicle 1 includes a control de-
vice 60. The control device 60 is configured to control
the independent throttle engine EG. The control device
60 constitutes a control section. The straddled vehicle 1
includes a circuit (see FIG. 4) related to operations of the
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magnet type motor M. The circuit as well as the control
device 60 constitutes the control section. At a time of
cold-starting the independentthrottle engine EG, the con-
trol device 60 operates the magnet type motor M and the
independent throttle engine EG so as to cause (A) and
(B) below.

(A) The magnet type motor M uses electricity in the
electricity storage device 4 to cause a forward rota-
tion of the crankshaft 15 with a combustion action of
the independent throttle engine EG stopped, until
the rotation speed of the crankshaft 15 exceeds an
idling rotation speed of the independent throttle en-
gine EG. This step (A) is started by the driver oper-
ating a starter switch 6.

(B) The independent throttle engine EG starts the
combustion action in a state where the rotation
speed of the crankshaft 15 exceeds the idling rota-
tion speed of the independent throttle engine EG. At
this time, air passing through the throttle valve 27 is
supplied to the cylinder 12. A fuel is also supplied to
the cylinder 12. This step (B) is performed subse-
quent to the above step (A).

[0066] Before the cold start, the combustion action of
the independent throttle engine EG is stopped. Before
the cold start, the wheel 3b is not driven at least by the
independent throttle engine EG.

[0067] The straddled vehicle 1 further includes a main
switch 5. The main switch 5 is a switch used to supply
electricity to each part of the straddled vehicle 1. The
straddled vehicle 1 includes the starter switch 6. The
starter switch 6 is a switch operable by the driver. In this
embodiment, the starter switch 6 is a switch that receives
a departure permission request when operated by the
driver. The straddled vehicle 1 includes the accelerator
operator 8. The accelerator operator 8 is configured to
give a torque request, for example, an instruction for the
independent throttle engine EG to make an output, in
accordance with an operation on the accelerator operator
8. The accelerator operator 8 is specifically an acceler-
ator grip.

[0068] In the straddled vehicle 1, electricity supply to
the control device 60 is started upon an operation on the
main switch 5 in a state where the combustion action of
the independent throttle engine EG is stopped and the
wheel 3b is not driven. Then, upon an operation on the
starter switch 6, energization of the magnet type motor
M is started. At a time of cold-starting, the magnet type
motor M causes a forward rotation of the crankshaft 15
with the combustion action of the independent throttle
engine EG stopped, until the rotation speed of the crank-
shaft 15 exceeds the idling rotation speed of the inde-
pendent throttle engine EG. In a state where the rotation
speed of the crankshaft 15 exceeds the idling rotation
speed of the independent throttle engine EG, the com-
bustion action of the independent throttle engine EG is
started.
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[0069] It may be acceptable that the starter switch 6 is
omitted and the main switch 5 serves as the starter switch
6. With such a configuration, upon an operation on the
main switch 5 in the drive stop state, electricity supply to
the control device 60 is started, and energization of the
magnet type motor Mis started. It may be also acceptable
that the accelerator operator 8 serves as both the main
switch 5 and the starter switch 6 at a time of start. With
such a configuration, upon an operation on the acceler-
ator operator 8 in the drive stop state, electricity supply
to the control device 60 is started, and energization of
the magnet type motor M is started.

[0070] FIG.2is apartial cross-sectional view schemat-
ically showing an overview configuration of the independ-
ent throttle engine EG shown in FIG. 1 and therearound.
[0071] The independent throttle engine EG includes a
crank case 11, the cylinder 12, a piston 13, a connecting
rod 14, and the crankshaft 15. The piston 13 is disposed
in the cylinder 12 and is capable of reciprocating therein.
The crankshaft 15 is disposed in the crank case 11 and
is rotatable therein. The crankshaft 15 is coupled to the
piston 13 via the connecting rod 14. A cylinder head 16
is attached to the upper side of the cylinder 12. The cyl-
inder 12, the cylinder head 16, and the piston 13 define
the combustion chamber 28. The cylinder head 16 has
an exhaust valve 18 and an intake valve 21. The exhaust
valve 18 controls discharge of an exhaust gas from the
cylinder 12. The intake valve 21 controls supply of a
mixed gas to the combustion chamber in the cylinder 12.
The exhaust valve 18 and the intake valve 21 are oper-
ated by an action of a cam (not shown) provided to a
camshaft Cs which rotates in conjunction with the crank-
shaft 15. The crankshaft 15 is supported in a freely ro-
tatable manner by the crank case 11 with a pair of bear-
ings 17 interposed therebetween.

[0072] The crankshaft 15 is provided with the one-way
clutch mechanism 49. The magnet type motor M is con-
nected to the crankshaft 15 with the one-way clutch
mechanism 49 interposed therebetween so that the mag-
net type motor M is able to rotate the crankshaft 15. The
magnet type motor M will be described later.

[0073] The crankshaft 15 included in the independent
throttle engine EG has a first end portion 15a to which
the magnet type generator G is attached. No clutch is
disposed between the crankshaft 15 and the magnet type
generator G. The crankshaft 15 included in the independ-
ent throttle engine EG has a second end portion 15b to
which the power transmission device PT is provided. In
FIG. 2, the first end portion 15a of the crankshaft 15 is a
right end portion, and the second end portion 15b thereof
is a left end portion.

[0074] The independent throttle engine EG includes a
decompression device D. The decompression device D
is outlined in FIG. 2. The decompression device D acts
to decrease the pressure in the cylinder 12 in a compres-
sion stroke. In the compression stroke, the decompres-
sion device D opens the exhaust valve 18 so that a gas
in the cylinder 12 is partially discharged. The decompres-
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sion device D is configured to open the exhaust valve 18
in the compression stroke if the rotation speed of the
crankshaft 15 is equal to or lower than a decompression
upper limit speed thatis set for the decompression device
D. The camshaft Cs which rotates in conjunction with the
crankshaft 15 is provided with a mechanism that causes
the decompression device D to open the exhaust valve
18. The decompression device D, for example, uses a
centrifugal force involved in rotation of the camshaft Cs,
for the action to open the exhaust valve 18. Since the
decompression device D lowers the pressure of the
mixed gas in the cylinder 12 in the compression stroke,
a compression reaction force acting on the piston 13 is
reduced. In a high-load region, a load on an action of the
piston 13 is reduced.

[0075] The independent throttle engine EG also in-
cludes the throttle valve 27 and a fuel injection device J
(seeFIG.4). The throttle valve 27 is opened with an open-
ing degree that is based on the amount of operation on
the accelerator operator 8 (see FIG. 1). The throttle valve
27 adjusts the amount of flowing air in accordance with
its opening degree, and thus adjusts the amount of air to
be supplied into the cylinder 12. The fuel injection device
Jinjects a fuel, and thus supplies the fuel to the combus-
tion chamber 28 in the cylinder 12. A mixed gas com-
posed of the air flowing through the throttle valve and the
fuel injected from the fuel injection device J is supplied
to the combustion chamber 28 in the cylinder 12. The
independent throttle engine EG is provided with a spark
plug 19. The spark plug 19 ignites the mixed gas in the
cylinder 12, so that the mixed gas is combusted. The
independent throttle engine EG includes a temperature
sensor 51 (see FIG. 4). The control device 60 is able to
acquire the temperature of the independent throttle en-
gine EG based on a signal from the temperature sensor
51. In this embodiment, the number of temperature sen-
sors 51 is two or more, though only one temperature sen-
sor 51is illustrated in the Figure. The temperature sensor
51 may be, for example, a sensor for detecting an intake
temperature, a sensor for detecting an exhaust temper-
ature, or a sensor for detecting an oil temperature. In a
case of the independent throttle engine of water-cooled
type, the temperature sensor may be a sensor for detect-
ing a coolant temperature. Whether or not a start is a
cold start can be determined based on a temperature
acquired from the temperature sensor 51. In this embod-
iment, (A) and (B) mentioned above are performed in
both cases of a cold start and other starts. There is no
or reduced difference between a cold start and other
starts, in terms of vehicle behaviors and time required
before an engine start. This embodiment is one of pre-
ferred embodiments.

[0076] The independent throttle engine EG is an inter-
nal combustion engine. The independent throttle engine
EG is supplied with the fuel. The independent throttle
engine EG performs a combustion action whereby the
mixed gas is combusted, to output power (torque).
[0077] More specifically, the mixed gas containing the
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fuel supplied to the combustion chamber 28 is combusted
so that the piston 13 moves. The combustion of the mixed
gas makes the piston 13 reciprocate. In conjunction with
the reciprocation of the piston 13, the crankshaft 15 ro-
tates. The power is outputted to the outside of the inde-
pendent throttle engine EG through the crankshaft 15.
The wheel 3b (see FIG. 1), which receives the power
outputted from the independent throttle engine EG
through the crankshaft 15, drives the straddled vehicle
1. The power of the crankshaft 15 is transmitted to the
wheel 3b through the power transmission mechanism PT
(see FIG. 1). The straddled vehicle 1 is driven by the
wheel 3b receiving the power from the independent throt-
tle engine EG through the crankshaft 15.

[0078] FIG. 3is an explanatory diagram schematically
showing the relationship between a crank angle position
of the independent throttle engine EG and a required
torque. FIG. 3 shows a torque required for the crankshaft
15 to rotate with no combustion action of the independent
throttle engine EG.

[0079] The independent throttle engine EG is a four-
stroke independent throttle engine. The independent
throttle engine EG has, during one combustion cycle
composed of four strokes, a high-load region TH in which
a high load is put on rotation of the crankshaft 15 and a
low-load region TL in which a load put on rotation of the
crankshaft 15 is lower than the load in the high-load re-
gion TH. The high-load region means a region in one
combustion cycle of the independent throttle engine EG
where a load torque is higher than an average value Av
of the load torque over the one combustion cycle. On the
basis of the rotation angle of the crankshaft 15, the low-
load region TL is equal to or wider than the high-load
region TH. To be specific, the low-load region TL is wider
than the high-load region TH. In other words, a rotation
angle region corresponding to the low-load region TL is
wider than a rotation angle region corresponding to the
high-load region TH. The independent throttle engine
EG, during its rotation, repeats a combustion stroke (ex-
pansion stroke), an exhaust stroke, an intake stroke, and
a compression stroke. The compression stroke overlaps
the high-load region TH.

[0080] One combustion cycle of the independent throt-
tle engine EG includes one combustion stroke, one ex-
haust stroke, one intake stroke, and one compression
stroke. In the intake stroke, the mixed gas is supplied to
the combustion chamber. In the compression stroke, the
piston 13 compresses the mixed gas in the combustion
chamber. In the expansion stroke, the mixed gas ignited
by the spark plug 19 combusts and pushes the piston
13. In the exhaust stroke, an exhaust gas produced after
the combustion is discharged out of the combustion
chamber.

[0081] FIG.4isablockdiagram schematically showing
a control system of the straddled vehicle shown in FIG.
1. The straddled vehicle 1 includes the control device 60.
In this embodiment, the control device 60 is an ECU (En-
gine Control Unit). The control device 60 controls the
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independent throttle engine EG. The control device 60
is configured to control each part of the straddled vehicle
1, though not shown in FIG. 4.

[0082] The fuel injection device J, the spark plug 19,
and the electricity storage device 4 are connected to the
control device 60. A rotor position detection device 50 is
connected to the control device 60. The control device
60 acquires the rotation speed of the crankshaft 15 based
on a detection result obtained by the rotor position de-
tection device 50. Although the straddled vehicle 1 is con-
figured such that the rotor position detection device 50
acquires the rotation speed of the crankshaft 15, how to
acquire the rotation speed of the crankshaft 15 is not
limited to this example. In addition to or instead of the
rotor position detection device 50, a detector for detecting
the rotation speed of the wheel 3b serving as a driven
member may be provided in the straddled vehicle 1. The
control device 60 (control section) is configured to ac-
quire the rotation speed of the crankshaft 15.

[0083] The control device 60 controls the spark plug
19 and the fuel injection device J, to control the combus-
tion action of the independent throttle engine EG. The
control device 60 controls the spark plug 19 and the fuel
injection device J, to control the power of the independent
throttle engine EG.

[0084] The electricity storage device 4 is connected to
the control device 60 via the main switch 5. In this em-
bodiment, the electricity storage device 4 is a lead-acid
battery. Connected to the electricity storage device 4 are
the magnet type motor M, a relay 26, the generator G,
and a regulator 20. The main switch 5 is configured to
be switched on/off by an ignition key.

[0085] The electricity storage device 4 supplies elec-
tricity to the control device 60. To drive the independent
throttle engine EG, based on an instruction from the con-
trol device 60, the electricity storage device 4 supplies
electricity to the fuel injection device J and the spark plug
19. Accessories (not shown) such as a headlight 7 (see
FIG. 1) is connected to the control device 60. When the
main switch 5 is on, the accessories are supplied with
electricity. Upon pushing of the starter switch 6, the elec-
tricity storage device 4 supplies electricity to the magnet
type motor M, to drive the magnet type motor M. A fuse
4a is attached near the electricity storage device 4.
[0086] The relay 26 includes a coil and a switch. When
a current flows in the coil, the relay 26 functions as an
electromagnet to attract the switch, so that the switch is
turned on. When the relay 26 is turned on, electricity is
supplied from the electricity storage device 4 to the mag-
net type motor M, to drive the magnet type motor M.
[0087] The control device 60 is configured to, after the
starter switch 6 is operated and turned on, switch be-
tween a state of supplying electricity of the electricity stor-
age device 4 to the coil of the relay 26 and a state of not
supplying the electricity thereto. At a time of a cold start,
the control device 60 drives the magnet type motor M
until the rotation speed of the crankshaft 15 exceeds the
idling rotation speed of the independent throttle engine



21 EP 3 640 464 B1 22

EG.

[0088] The magnettype generator G is attached to the
crankshaft 15. The magnet type generator G is rotated
by the crankshaft 15, to generate electricity.

[0089] The regulator 20 is disposed between the elec-
tricity storage device 4 and the magnet type generator
G. The regulator 20 rectifies a voltage outputted from the
magnet type generator G.

[0090] FIG. 5is a cross-sectional view of the magnet
type motor M shown in FIG. 1 on an enlarge scale. FIG.
6 is a cross-sectional view of the magnet type motor M
as taken along A-A in FIG. 5. FIG. 7 is a cross-sectional
view of the magnet type motor M as taken along B-B in
FIG. 5.

[0091] The magnet type motor M includes a housing
202, arotator 205, fixed brushes 222, 223, movable per-
manent magnets 203, and a magnet moving unit 225.
The housing 202 of the magnet type motor M includes a
tubular part 220a, a front cover 220b, and a rear cover
220c. The front cover 220b and the rear cover 220c are
disposed so as to close openings at the opposite ends
of the tubular part 220a. The tubular part 220a, the front
cover 220b, and the rear cover 220c are fixed to one
another by welding, for example. Alternatively, the tubu-
lar part 220a, the front cover 220b, and the rear cover
220c may be fixed to one another by a fastening member,
for example. The housing 202 accommodates compo-
nents of the magnet type motor M, including the rotator
205, the fixed brushes 222, 223, the movable permanent
magnets 203, and the magnetmoving unit225. The hous-
ing 202 accommodates at least the rotator 205, the fixed
brushes 222, 223, the movable permanent magnets 203,
and the magnet moving unit 225. The housing 202 of the
magnet type motor M has its position fixed relative to the
independent throttle engine EG and the straddled vehicle
1.

[0092] The rotator 205 is supported on the housing 202
such that the rotator 205 is rotatable relative to the hous-
ing 202. The rotator 205 includes a rotation shaft 206, a
core 207, a commutator 208, and windings 209. The core
207 is fixed to the rotation shaft 206. The rotation shaft
206 is fitted in the core 207 so as to penetrate the core
207. The rotation shaft 206 is supported on the housing
202 with a bearing 214 interposed therebetween. The
rotation shaft 206, the core 207, the commutator 208,
andthe windings 209 are rotated integrally. In the magnet
type motor M, the direction in which the rotation shaft 206
of the rotator 205 extends will be referred to as an axis
direction X, and the direction perpendicular to the axis
direction X will be referred to as a radial direction R. The
direction along rotation of the rotator 205 will be referred
to as a circumferential direction C.

[0093] The core 207 is made of a magnetic material.
The core 207 faces the movable permanent magnets 203
with an air gap Y therebetween. The magnet type motor
M is a motor of radial gap type, with the core 207 and the
movable permanent magnets 203 opposed to each other
in the radial direction R. The core 207 is wound with the
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windings 209. More specifically, the core 207 has a plu-
rality of teeth 207a that extends radially outward from a
central portion of the core 207 with respect to the radial
direction R. The plurality of teeth 207a are arranged with
slots thereamong in the circumferential direction C. The
windings 209, which are disposed through the slots, are
wound on the teeth 207a to form coils. The magnet type
motor M of this embodiment has a distributed winding
configuration in which one coil constituted of the winding
209 envelops a plurality of teeth 207a. Alternatively, the
magnet type motor M may have a concentrated winding
configuration.

[0094] The commutator 208 is arranged so as to sur-
round the rotation shaft 206, and is electrically connected
to the windings 209. The commutator 208 has contact
pieces 208a the number of which corresponds to the
number of teeth 207a. The coils constituted of the wind-
ings 209 are connected to the respective contact pieces
208a.

[0095] The fixed brushes 222, 223, when coming into
contact with the commutator 208, cause a current to flow
in the rotator 205. The fixed brushes 222, 223 come into
contact with the contact pieces 208a of the rotating com-
mutator 208 one after another, so that a current flowing
in the windings 209 is switched. That is, commutation of
the windings 209 is caused. The fixed brushes 222, 223
have their positions fixed relative to the housing 202 in
the rotation direction of the rotator 205. More specifically,
as shown in FIG. 7, a plate-shaped brush holder 221 is
fixed to the rear cover 220c of the housing 202, and the
fixed brushes 222, 223 are mounted to the brush holder
221. The magnet type motor M of this embodiment in-
cludes four fixed brushes 222, 223. The four fixed brush-
es 222, 223 are arranged side by side in the circumfer-
ential direction C. The fixed brushes 222 serving as pos-
itive electrodes and the fixed brushes 223 serving as neg-
ative electrodes are arranged adjacent to each other in
the circumferential direction C. The fixed brushes 222,
223 are biased toward the commutator 208, and are in
contact with the commutator 208. The fixed brushes 222
serving as the positive electrodes are electrically con-
nected to a positive electrode terminal 215. The fixed
brushes 223 serving as the negative electrodes are elec-
trically connected to negative electrode (ground) termi-
nals 224, and are grounded through a cable 216.
[0096] The magnet type motor M of this embodiment
is a motor for outputting unidirectional rotation. For ex-
ample, the positive electrode terminal 215 is electrically
connected to a positive electrode of the battery 4 which
is a DC power source, and the negative electrode termi-
nals 224 are electrically connected to a negative elec-
trode of the battery 4, so thatthe rotator 205 of the magnet
type motor M is rotated in a direction indicated by the
arrow D in FIG. 6 and FIG. 7. The fixed brushes 222, 223
correspond to one example of a brush of the present
teaching.

[0097] As shown in FIG. 6, the movable permanent
magnets 203 are disposed so as to face the core 207
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withthe airgap Y therebetween. The movable permanent
magnets 203 are disposed so as to directly face the core
207. The magnet type motor M of this embodiment in-
cludes four movable permanent magnets 203. The mov-
able permanent magnets 203 are disposed outside the
core 207 of the rotator 205 with respect to the radial di-
rection R. The movable permanent magnets 203 are dis-
posed at positions surrounding the core 207. The mov-
able permanent magnets 203 are arrayed such that N-
pole and S-pole are alternately repeated in the circum-
ferential direction C when viewed from the core 207. The
movable permanent magnets 203 are supported on the
housing 202. The movable permanent magnets 203 are
supported on the housing 202 so as to be movable in the
circumferential direction C independently of the rotator
205. An angle range through which the movable perma-
nent magnets 203 move is within an adjustment angle
range H. The adjustment angle range H is a predeter-
mined angle range through which the movable perma-
nent magnets 203 are allowed to move. The magnet type
motor M of this embodiment includes a movable yoke
part231 disposed between the movable permanent mag-
nets 203 and the housing 202. The plurality of movable
permanent magnets 203 are fixed to the movable yoke
part 231. The movable yoke part 231 is made of a mag-
netic material. The movable yoke part 231 is tubular. The
movable yoke part 231 is supported on the housing 202
so as to be rotatable in the circumferential direction C.
The plurality of movable permanent magnets 203 are
supported on the housing 202 with the movable yoke part
231 interposed therebetween. The movable permanent
magnets 203 are supported on the housing 202 so as to
be movable in the circumferential direction C independ-
ently of the rotator 205. As the movable yoke part 231
moves in the circumferential direction C, the movable
permanent magnets 203 move in the circumferential di-
rection C together with the movable yoke part 231. In a
region opposite to the movable permanent magnets 203
across the movable yoke part 231, which means aregion
outside the movable yoke part 231 with respect to the
radial direction R, location-dependent bias of a magnetic
force is suppressed. Thus, when the movable permanent
magnets 203 move, unevenness in a resistance force
caused by bias of a magnetic force of the movable per-
manent magnets 203 acting on the housing 202 can be
suppressed. Accordingly, the movable permanent mag-
nets 203 can move smoothly.

[0098] The housing 202 has a limiting part 202s that
limits movement of the movable permanent magnets 203
out of the adjustment angle range H. In the magnet type
motor M of this embodiment, the limiting part 202s is a
projection that projects from the tubular part 220a of the
housing 202 toward the center with respect to the radial
direction R. The movable yoke part 231 has a cutout
203d. The limiting part 202s is disposed in the cutout
203d. The limiting part 202s limits the rotation angle of
the movable yoke part 231, and thus limits movement of
the movable permanent magnets 203. The limiting part

10

15

20

25

30

35

40

45

50

55

13

202s suppresses a situation where too much rotation of
the movable permanent magnets 203 hinders rotation of
the rotator 205.

[0099] Theadjustmentanglerange H in which the mov-
able permanent magnets 203 moves includes a retarded
angle position and an advanced angle position. The re-
tarded angle position is a position where the angle posi-
tion of the movable permanent magnets 203 relative to
the fixed brushes 222, 223 is displaced in an angle retard
direction B. When one position in the circumferential di-
rection is identified based on a direction of displacement
to another position, the direction used for the identifica-
tion is a direction along the smaller one of two central
angles formed between those two positions.

[0100] The magnet type motor M is configured such
that an output torque of the magnet type motor M varies
depending on the position of the movable permanent
magnets 203 in the circumferential direction C. The po-
sition of the movable permanent magnets 203 in the cir-
cumferential direction where the magnet type motor M
has the highest output torque is called a maximum torque
position. In this case, the "retarded angle position" in the
magnet type motor M is a position where the angle po-
sition of the movable permanent magnets 203 relative to
the fixed brushes 222, 223 is displaced in the angle retard
direction B from the maximum torque position. The ad-
vanced angle position of the movable permanent mag-
nets 203 is a position displaced from the retarded angle
position in the angle advance direction A. In the circum-
ferential direction C, the advanced angle position is clos-
er to the maximum torque position than the retarded an-
gle position is. The advanced angle position may be sub-
stantially the same as the maximum torque position.
When the movable permanent magnets 203 are in the
advanced angle position, a higher torque is produced in
the rotator 205 as compared to a torque produced in the
retarded angle position.

[0101] Here, the angle advance direction A is a direc-
tion opposite to the rotation direction D of the rotator 205
when the rotator 205 supplied with a current from the
fixed brushes 222, 223 is rotating. The angle retard di-
rection B is the same direction as the rotation direction
D of the rotator. The retarded angle position and the ad-
vanced angle position will be detailed later.

[0102] The magnet moving unit 225 is configured to
move the movable permanent magnets 203. The magnet
moving unit 225 moves the movable permanent magnets
203 inthe angle retard direction B orin the angle advance
direction A within the adjustment angle range, in a period
for which a current is supplied to the rotator 205.

[0103] Inthe magnettype motor M of this embodiment,
the magnet moving unit 225 includes an elastic member
225a. The elastic member 225a has an elastic force that
biases the movable permanent magnets 203 in the angle
retard direction B. The elastic member 225a is, for ex-
ample, a spring coupled to the housing 202 and the mov-
able yoke part 231. The elastic member 225a is, for ex-
ample, a torsion spring. In the magnet type motor M of



25 EP 3 640 464 B1 26

this embodiment, the elastic member 225a is configured
such that the elastic force of the elastic member 225a is
smaller than a reaction force of the rotator 205 acting on
the movable permanent magnets 203 at a time of the
rotator 205 starting rotation. The elastic member 225a is
also configured such that the elastic force of the elastic
member 225a is greater than a reaction force of the ro-
tator 205 acting on the movable permanent magnets 203
when a torque decreases due to an increase in the rota-
tion speed of the rotator 205. For example, the elastic
member 225a is configured such that, in a case where
the movable permanent magnets 203 are fixed in the
advanced angle position showninFIG. 8, the elastic force
of the elastic member 225a is greater than a reaction
force acting when a rated load is rotated at a rated speed
in the magnet type motor M.

[0104] FIG. 8 and FIG. 9 are schematic diagrams
showing the positions of the fixed brushes 222, 223 and
the movable permanent magnets 203 in the magnet type
motor M shown in FIG. 7. FIG. 8 and FIG. 9 illustrate the
commutator 208 and the movable yoke part 231, too.
FIG. 8 and FIG. 9 schematically illustrate the elastic mem-
ber 225a.

[0105] InFIG. 8, the movable permanent magnets 203
in an advanced angle position L2 are illustrated with the
solid lines. In FIG. 8 and FIG. 9, the position of each
movable permanent magnet 203 is represented by the
center position of this movable permanent magnet 203
with respect to the circumferential direction C. In FIG. 8,
the movable permanent magnets 203 in aretarded angle
position L1 are illustrated with the broken lines, for ref-
erence.

[0106] InFIG.9,the movable permanent magnets 203
in the retarded angle position L1 are illustrated with the
solid lines.

[0107] Theretarded angle position L1 is where the po-
sition of the movable permanent magnets 203 relative to
the fixed brushes 222, 223 is displaced in the angle retard
direction B from the advanced angle position L2. The
angle advance direction A is the direction opposite to the
rotation direction D of the rotator 205 when the rotator
205 supplied with a current from the fixed brushes 222,
223 is rotating. The angle retard direction B is the same
direction as the rotation direction D of the rotator 205.
[0108] The advanced angle position L2 shown in FIG.
8 is where the position of the movable permanent mag-
nets 203 relative to the fixed brushes 222, 223 is dis-
placed in the angle advance direction A from the retarded
angle position L1 shown in FIG. 9. The advanced angle
position L2 shown in FIG. 8 is a position that allows the
rotator 205 to produce a higher torque than the torque
produced in the retarded angle position L1. In the circum-
ferential direction C, the advanced angle position L2 is
closer to the maximum torque position than the retarded
angle position L1 shown in FIG. 9 is. Preferably, the ad-
vanced angle position L2 is substantially the same as the
maximum torque position. The advanced angle position
L2, however, may not necessarily be substantially the
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same as the maximum torque position. The advanced
angle position L2 is just required to be closer to the max-
imum torque position than the retarded angle position L1
is in the circumferential direction C. In such a case, the
advanced angle position L2 is preferably located be-
tween the retarded angle position L1 and the maximum
torque position. It may be also acceptable that the max-
imum torque position is located between the advanced
angle position L2 and the retarded angle position L1.
[0109] The maximum torque position of the movable
permanent magnets 203 is a position that causes the
phase of a current flowing in a winding 209 to be sub-
stantially coincident with the phase of magnetic fluxes
linked with the winding.

[0110] The maximum torque position of the movable
permanent magnets 203 is a position that causes a max-
imuminduced voltage to occur between the fixed brushes
222, 223 when, for example, the magnet type motor M
functioning as a generator is rotated by an external rotary
force.

[0111] Therelationship betweenthe current phase and
the magnetic-flux phase is determined by the relative po-
sition between the movable permanent magnets 203 and
the fixed brushes 222, 223.

[0112] The retarded angle position L1 shown in FIG. 9
is where the position of the movable permanent magnets
203 relative to the fixed brushes 222, 223 is displaced in
the angle retard direction B from the advanced angle po-
sition L2 shown in FIG. 8.

[0113] From the viewpoint of a commutation timing of
the windings 209, a state where the movable permanent
magnets 203 are in the retarded angle position L1 is
equivalent to, for example, a state where brushes are in
the advanced angle position provided the brushes are
rotatable. To be more specific, the state shown in FIG. 9
can be translated into a state where the relative position
of the fixed brushes 222, 223 to the movable permanent
magnets 203 is moved in the angle advance direction A
from the position that causes the maximum torque. Ac-
cordingly, when the movable permanent magnets 203
are in the retarded angle position L1 shown in FIG. 9, a
lower induced voltage is produced with the magnet type
motor Mfunctioning as a generator, as compared to when
the movable permanent magnets 203 are in the ad-
vanced angle position L2. In addition, a start-up torque
obtained when the movable permanent magnets 203 are
in the retarded angle position L1 is lower than a start-up
torque obtained when the movable permanent magnets
203 are in the advanced angle position L2.

[0114] In a starter motor constituted of a brushed mo-
tor, in general, an output torque T, a magnetic flux @, the
number of poles P of the permanentmagnets, the number
of turns Z of the winding, and a current | satisfy the fol-
lowing relationship:

T o« ®PZI.

[0115] Specifically, ® represents magnetic fluxes
linked with a winding in which the current | flows. The
current | is proportionate to a difference between a power
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source voltage of the starter motor and an induced volt-
age caused in the winding. The induced voltage caused
in the winding is proportionate to a time derivative of the
magnetic flux ®. In the magnet type motor M of this em-
bodiment, movement of the movable permanent mag-
nets 203 to the retarded angle position L1 causes the
magnetic fluxes ® to be reduced as compared to the
advanced angle position L2, the magnetic fluxes ® being
linked at a timing when the current | supplied from the
fixed brushes 222, 223 flows. The movement of the mov-
able permanent magnets 203 to the retarded angle po-
sition L1, however, causes the induced voltage to be low-
ered. Therefore, a current can be supplied to the winding
under a highrotation speed. Thatis, an increased rotation
speed can be outputted.

[0116] Inthe magnettype motor M of this embodiment,
the adjustment angle range in a case of moving the mov-
able permanent magnets 203 from the maximum torque
position to the retarded angle position L1 is less than 90°
in electrical angle. Preferably, the adjustment angle
range is equal to or less than 30° in electrical angle. The
electrical angle is an angle obtained under a condition
thatthe angle of each pole pair of the movable permanent
magnets 203 corresponds to 360°. Since the magnet type
motor M of this embodiment includes two pairs of poles
formed by the four movable permanent magnets 203 and
the four fixed brushes 222, 223, it is preferable that the
adjustment angle range H is equal to or less than 15° in
mechanical angle.

[0117] Inthe magnettype motor M of this embodiment,
the magnet moving unit 225 moves the movable perma-
nent magnets 203 in the angle retard direction B or in the
angle advance direction A within the adjustment angle
range H and within the period for which a current is sup-
plied to the rotator 205. In more detail, at a time point
when a current is supplied to the rotator 205 so that the
rotator 205 starts rotation, the magnet moving unit 225
places the movable permanent magnets 203 in the ad-
vanced angle position L2 shown in FIG. 8. The magnet
moving unit 225 moves the movable permanent magnets
203 in the angle retard direction B to the retarded angle
position L1, within a period for which the rotator 205 is
rotating with the current supplied to the rotator 205.
[0118] Actions of the magnet moving unit 225 will be
described step by step, starting with a state where no
current is supplied. In the magnet type motor M of this
embodiment, the elastic member 225a (see FIG. 5) of
the magnet moving unit 225 exerts the elastic force to
bias the movable permanent magnets 203 in the angle
retard direction B. The elastic force of the elastic member
225a is weaker than a reaction force of the rotator 205
acting on the movable permanent magnets 203 at a time
when the rotator 205 starts rotation, and is stronger than
a reaction force of the rotator 205 acting on the movable
permanent magnets 203 when the torque decreases
along with an increase in the rotation speed of the rotator
205. In the state where no current is supplied to the ro-
tator, the movable permanent magnets 203 are located
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in the retarded angle position L1 as shown in FIG. 9, due
to the biasing force of the elastic member 225a in the
angle retard direction B.

[0119] The elastic member 225a permits the movable
permanent magnets 203 to move to the advanced angle
position in a period from when a current supply to the
rotator 205 is started to when the rotator 205 rotates.
When the movable permanent magnets 203 are permit-
ted to move to the advanced angle position, the movable
permanent magnets 203 start moving in the angle ad-
vance direction A due to the reaction force of the rotator
205 acting on the movable permanent magnets 203. In
a case where, for example, the magnet type motor M is
operated with a voltage supplied from the electricity stor-
age device 4 configured to output a rated voltage, the
maximum output torque normally occurs in a period from
when a current supply is started to when the rotator 205
rotates. Accordingly, the reaction of the output torque
acting on the movable permanent magnets 203 is also
maximized in the period from when a current supply is
started to when the rotator 205 rotates. At this time, move-
ment of the movable permanentmagnets 203 in the angle
advance direction A is started, as indicated by the arrow
M1 in FIG. 8.

[0120] Whenthe movable permanentmagnets 203 are
moved in the angle advance direction A and located in
the advanced angle position L2 shown in FIG. 8, a higher
torque is caused in the rotator 205 than a torque caused
in the retarded angle position shown in FIG. 9. The mag-
net type motor M is able to start rotation with a higher
torque, as compared to when the movable permanent
magnets 203 are located in the retarded angle position
L1 shown in FIG. 9.

[0121] The elastic member 225a is configured such
that, when the torque decreases as the rotation speed
of the rotator 205 increases, the movable permanent
magnets 203 located in the advanced angle position L2
shown in FIG. 8 are moved in the angle retard direction
B by the biasing force of the elastic member 225a. After
the rotator 205 starts rotation, the output torque of the
rotator 205 decreases as the rotation speed of the rotator
205 increases, so that the reaction force of the rotator
205 acting on the movable permanent magnets 203 also
decreases. Here, the elastic force of the elastic member
225ais stronger than the reaction force of the rotator 205
acting on the movable permanent magnets 203 when the
torque decreases as the rotation speed of the rotator 205
increases. Therefore, the magnet moving unit 225 moves
the movable permanent magnets 203 in the angle retard
direction B to the retarded angle position L1 shown in
FIG. 9 within the period for which the rotator 205 is ro-
tating with the current supplied to the rotator 205. The
movable permanent magnets 203 are moved in the angle
retard direction B, as indicated by the arrow M2 in FIG.
9. In more detail, the magnet moving unit 225 moves the
movable permanent magnets 203 in the angle retard di-
rection B to the retarded angle position L1 shown in FIG.
9,basedon anincrease in the rotation speed of the rotator
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205. Generally, forexample, the output torque decreases
based on an increase in the rotation speed of the rotator
205, and thus the reaction force of the rotator 205 acting
on the movable permanent magnets 203 also decreases
in accordance with the increase in the rotation speed of
the rotator 205. The elastic force of the elastic member
225a is set so as to gradually weaken as the distance
through which the elastic member 225a moves the mov-
able permanent magnets 203 becomes longer. Here, the
relationship between the elastic force (loading) of the
elastic member 225a and the distance through which the
elastic member 225a moves the movable permanent
magnets 203 may be linear (in direct proportion), sub-
stantially linear, or non-linear. Setting a variation range
of the elastic force of the elastic member 225a so as to
overlap a variation range of the reaction force acting on
the movable permanent magnets 203 allows the magnet
moving unit 225 to gradually move the movable perma-
nent magnets 203 based on an increase in the rotation
speed of the rotator 205. As a result, this embodiment
can, for example, gradually shift rotation speed charac-
teristics and output torque characteristics of the magnet
type motor M from one indicated by the solid line P to
one indicated by the solid line Q in FIG. 10. In this em-
bodiment, the rotation speed characteristics and output
torque characteristics can be changed steplessly.
[0122] From the viewpoint of a commutation timing of
the winding, movement of the movable permanent mag-
nets 203 to the retarded angle position L1 shown in FIG.
9 is equivalent to, for example, movement of brushes to
the advanced angle position provided the brushes are
rotatable. Accordingly, movement of the movable perma-
nent magnets 203 to the retarded angle position L1
makes the induced voltage less influential. A delay in a
change of the current flowing in the winding 209 along
with an increase in the rotation speed, which delay is
caused by an inductance of the winding 9, is also made
less influential by the movement of the movable perma-
nentmagnets 203 to the retarded angle position L1. Thus,
the rotation speed of the rotator increases.

[0123] FIG. 10 is a graph schematically showing rota-
tion speed characteristics and output torque character-
istics of the magnet type motor M shown in FIG. 6. In
FIG. 10, the solid line P indicates characteristics obtained
when the movable permanent magnets 203 are located
in the advanced angle position L2 shown in FIG. 8, and
the solid line Q indicates characteristics obtained when
the movable permanent magnets 203 are located in the
retarded angle position L1 shown in FIG. 9.

[0124] The output torque T of the magnet type motor
M, ingeneral, decreases as a rotation speed N increases.
[0125] Whenthe movable permanent magnets 203 are
located in the advanced angle position L2 shown in FIG.
8, a relatively high output torque is outputted under a low
rotation speed, as indicated by the solid line P. For ex-
ample, a relatively high outputtorque Tp can be outputted
at a time of starting rotation. When the movable perma-
nent magnets 203 are located in the advanced angle po-
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sition L2 shownin FIG. 8, however, the torque decreases
relatively rapidly along with an increase in the rotation
speed. As a result, a relatively low rotation speed can be
outputted.

[0126] Whenthe movable permanentmagnets 203 are
located in the retarded angle position L1 shown in FIG.
9, a relatively low output torque is obtained under a low
rotation speed. On the other hand, a decrease in the
torque along with an increase in the rotation speed is
gentle, and thus a relatively high rotation speed can be
outputted. For example, a high rotation speed Nq is ob-
tained under an unloaded state.

[0127] Inthe magnettype motor M of this embodiment,
the movable permanent magnets 203 are located in the
advanced angle position L2 shown in FIG. 8 at a time
point when the rotator 205 starts rotation upon a current
supply to the rotator 205. This can provide an increased
output torque, as indicated by the solid line P in FIG. 10.
Then, within the period for which the rotator 205 is rotating
with the current supplied to the rotator 205, the movable
permanent magnets 203 are moved in the angle retard
direction Bto the retarded angle position L1. This enables
an improved rotation speed to be outputted, as indicated
by the solid line Q in FIG. 10. That s, in the magnet type
motor M of this embodiment, the rotation speed charac-
teristics and the output torque characteristics are
changed from the characteristics indicated by the solid
line P to the characteristics indicated by the solid line Q
in FIG. 10, within the period for which the rotator is rotat-
ing.

[0128] In the present teaching, for example, a magnet
type motor having characteristics indicated by the broken
line M may be employed as a starter motor capable of
outputting both the output torque Tp and the possible
output rotation speed Nq in the graph of FIG. 10 without
moving the position of the movable permanent magnets.
Here, in a case of employing the magnet type motor hav-
ing the characteristics indicated by the broken line M, it
is necessary to: reduce the number of turns of a winding
for the purpose of suppressing an influence of the in-
duced voltage and increase the thickness of the winding
such that a torque can be obtained even through the
number of turns is reduced; or increase a magnetic force
of a magnet. ltis, therefore, preferable to employ a mag-
net type motor having its rotation-speed/torque charac-
teristics changeable, such as the magnet type motor M
according to the first embodiment. The magnet type mo-
tor can be downsized, with a good mountability to a strad-
dled vehicle. In addition, electricity in a battery is less
consumed. Moving the position of the brush instead of
moving the movable permanent magnets 203 is also con-
ceivable as alternative means for adjusting a current
commutation timing. Here, the brush is a member that
supplies a current to the rotator while being in contact
with the rotating rotator, as shown in FIG. 7 for example.
A conductor such as a wire and the like is connected to
the brush. Configuring a brush, to which a conductor (lead
wire) is connected, so as to be movable while being ap-
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propriately kept in contact with a commutator for supply-
ing a current leads to a complicated structure.

[0129] Inthe magnettype motor M of this embodiment,
both an operation state that provides an improved output
torque under a low rotation speed and an operation state
that increases the rotation speed when the torque is low
can be achieved by movement of the movable permanent
magnets 203, without movement of the fixed brushes
222, 223. Accordingly, the magnet type motor M can im-
prove the output torque characteristics and the rotation
speed characteristics for starting the independent throttle
engine EG, with a simple configuration and with improve-
ment in mountability to the straddled vehicle 1.

[0130] Tostartthe independent throttle engine EG, the
magnet type motor M causes the crankshaft 15 of the
independent throttle engine EG which is in a stop state
to rotate. At this time, the magnet type motor M is able
to improve the output torque ata low rotation speed. After
the combustion action of the independent throttle engine
EG is started, the output torque decreases along with an
increase in the rotation speed. At this time, the magnet
type motor M causes the crankshaft 15 of the independ-
ent throttle engine EG to rotate at a high rotation speed,
which can stabilize the action of the independent throttle
engine EG.

[0131] Inthe magnettype motor M of this embodiment,
the movable permanent magnets 203 are located in the
advanced angle position at a time point when the rotator
205 starts rotation upon a current supply to the rotator
205. Thus, the output torque at the time point when the
rotation is started can be improved as indicated by the
solid line P in FIG. 10. The movable permanent magnets
203 are moved in the angle retard direction B to the re-
tarded angle position L1 within the period for which the
rotator 205 is rotating with the current supplied to the
rotator 205. Thus, the rotation speed can be improved
as indicated by the solid line Q in FIG. 10.

[0132] Examples of an adoptable brushed motor not
having a movable permanent magnet include a fixed-
type brushed motor having a position-fixed permanent
magnet and three or more brushes disposed in different
positions. The positions of the three or more brushes are
fixed. In the fixed-type brushed motor, a brush used to
supply a current is switched from one brush to another
brush, for changing characteristics. In such a fixed-type
brushed motor, however, the characteristics are limited
by the number of brushes. In addition, the characteristics
are changed discontinuously by the switching.

[0133] The magnet moving unit 225 of the magnettype
motor M moves the movable permanent magnets 203 in
the angle retard direction B to the retarded angle position
L1 (seeFIG.9)basedonanincreasein the rotation speed
of the rotator 205, within the period for which the rotator
205 is rotating with the current supplied to the rotator
205. Accordingly, the magnet type motor M can smoothly
widen the rotation speed range of the rotator.

[0134] The magnet moving unit 225 of the magnet type
motor M uses the elastic force of the elastic member 225a
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as a force for biasing the movable permanent magnets
203 in the angle retard direction. This enables the magnet
type motor M to improve output torque characteristics
and rotation speed characteristics with a configuration
simpler than, for example, using an actuator or a control
device.

[0135] The elastic force of the elastic member 225a of
the magnet type motor M is weaker than the reaction
force of the rotator acting on the movable permanent
magnets 203 at a time when the rotator 205 starts rota-
tion. In the first embodiment, therefore, at a time of initi-
ating a cold start, the movable permanent magnets 203
first teeth 181 are moved in the angle advance direction
A by the reaction force of the rotator. Thus, the cold start
can be started in a state where the output torque of the
magnet type motor M is increased. The elastic force of
the elastic member 225a of the magnet type motor M is
stronger than the reaction force of the rotator 205 acting
on the movable permanent magnets 203 when the torque
decreases along with an increase in the rotation speed
of the rotator 205. As a result, the movable permanent
magnets 203 are moved in the angle retard direction B
by the elastic force along with an increase in the rotation
speed of the rotator 205. Thus, the rotation speed can
be improved. This way, in the magnet type motor M, the
movements of the movable permanent magnets 203 in
the angle advance direction A and in the angle retard
direction B are implemented as a self-adjustment func-
tion using the elastic force of the elastic member 225a
and the reaction force of the rotator 205. Accordingly, the
magnet type motor M can smoothly increase the rotation
speed of the crankshaft 15 until the rotation speed of the
crankshaft 15 exceeds the idling rotation speed of the
independent throttle engine EG. Then, the control device
60 operates the magnet type motor M and the independ-
ent throttle engine EG such that the independent throttle
engine EG supplies air through the throttle valve 27 as
well as a fuel to the cylinder 12 and starts the combustion
action in a state where the rotation speed of the crank-
shaft 15 exceeds the idling rotation speed of the inde-
pendent throttle engine EG. The rotation speed of the
crankshaft 15 at a time of starting the combustion action
is higher than the idling rotation speed. The combustion
actionis started before the clutch CTis letin, forexample.
The rotation speed of the crankshaft 15 at a time of start-
ing the combustion action is lower than the rotation speed
at a time of letting the clutch CT in, for example. After the
independent throttle engine EG starts the combustion
action, the magnet type motor M stops driving the inde-
pendent throttle engine EG. Consequently, the magnet
type motor M stops rotation. The magnet type generator
G, which is driven by the independent throttle engine EG,
keeps generating electricity even after the magnet type
motor M stops rotation.

<Second Embodiment>

[0136] A straddled vehicle according to a second em-
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bodiment will now be described. In the drawings related
to the second embodiment, components identical to or
corresponding to the components in the firstembodiment
will be respectively denoted by the same reference signs
as in the first embodiment. The following description
mainly deals with differences from the first embodiment.
[0137] FIG. 11 is a side view schematically showing a
straddled vehicle 1 according to the second embodiment.
The straddled vehicle 1 according to the second embod-
iment includes a magnet type motor generator MG in-
stead of the magnet type motor M and the magnet type
generator G of the first embodiment. Like the magnet
type generator G of the first embodiment, the magnet
type motor generator MG of this embodiment is disposed
at afirst end of the crankshaft 15. The magnet type motor
generator MG is a three-phase brushless motor of per-
manent magnet type.

[0138] FIG. 12is a block diagram schematically show-
ing a control system of the straddled vehicle 1 shown in
FIG. 11. The straddled vehicle 1 includes an inverter 61.
The control device 60 controls respective parts, including
the inverter 61, of the straddled vehicle 1.

[0139] The magnet type motor generator MG and the
electricity storage device 4 are connected to the inverter
61. When the magnet type motor generator MG acts as
a motor, the electricity storage device 4 supplies elec-
tricity to the magnet type motor generator MG. The elec-
tricity storage device 4 is charged with electricity that is
generated by the magnet type motor generator MG.
[0140] The electricity storage device 4 is connected to
the inverter 61 via the main switch 5. The electricity stor-
age device 4 is connected to accessories via the main
switch 5.

[0141] The inverter 61 includes a plurality of switching
parts 611 to 616. The inverter 61 of this embodiment
includes six switching parts 611 to 616. The switching
parts 611 to 616 constitute a three-phase bridge inverter.
The plurality of switching parts 611 to 616 are connected
to the respective phases of the multi-phase stator wind-
ings W. To be specific, among the plurality of switching
parts 611 to 616, every two switching parts that are con-
nected in series constitute a half bridge. The half bridges
each corresponding to each phase are connected in par-
allel to the electricity storage device 4. Those of the
switching parts 611 to 616 constituting the half bridge of
each phase are connected to the corresponding phase
of the multi-phase stator windings W.

[0142] The switching parts 611 to 616 control a current
flow between the electricity storage device 4 and the
magnet type motor generator MG. Specifically, the
switching parts 611 to 616 selectively allow or block the
passing of a current between the electricity storage de-
vice 4 and the multi-phase stator windings W. More spe-
cifically, whenthe magnet type motor generator MG func-
tions as a motor, energizing each of the multi-phase sta-
tor windings W is selectively allowed or stopped by on/off-
operation on the switching parts 611 to 616. When the
magnet type motor generator MG functions as a gener-
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ator, the passing of a current between each of the stator
windings W and the electricity storage device 4 is selec-
tively allowed or blocked by on/off-operation on the
switching parts 611 to 616. By switching on/off the switch-
ing parts 611 to 616 one after another, a voltage control
and a rectification are performed on a three-phase AC
outputted from the magnet type motor generator MG. The
switching parts 611 to 616 control a current that the mag-
net type motor generator MG outputs to the electricity
storage device 4.

[0143] Each of the switching parts 611 to 616 has a
switching element. The switching element is, for exam-
ple, a transistor, and more specifically, an FET (Field
Effect Transistor).

[0144] The control device 60 acquires the amount of
operation on the accelerator operator 8 and the rate of
increase in the amount of operation based on, for exam-
ple, a detection result obtained by a throttle position sen-
sor (not shown).

[0145] The control device 60 includes a starting and
electricity generation control section 62, and a combus-
tion control section 63.

[0146] The starting and electricity generation control
section 62 controls the on/off-operation on each of the
switching parts 611 to 616, to control the operation of the
magnet type motor generator MG. The starting and elec-
tricity generation control section 62 includes a drive con-
trol section 621 and an electricity generation control sec-
tion 622. The starting and electricity generation control
section 62 controls an adjustment mechanism 150 (see
FIG. 14) which will be described later.

[0147] The combustion control section 63 controls the
spark plug 19 and the fuel injection device J, to control
the combustion action of the independent throttle engine
EG. The combustion control section 63 controls the spark
plug 19 and the fuel injection device J, to control the pow-
eroftheindependentthrottle engine EG. The combustion
control section 63 controls the spark plug 19 and the fuel
injection device J in accordance with the opening degree
of the throttle valve 27 which is indicated by a signal out-
putted from the throttle position sensor.

[0148] The control device 60 is composed of a com-
puter including a central processing unit (not shown) and
a storage device (not shown). The central processing
unit executes arithmetic processing based on a control
program. The storage device stores data relating to pro-
grams and arithmetic operations. The combustion control
section 63 and the starting and electricity generation con-
trol section 62 including the drive control section 621 and
the electricity generation control section 622 are imple-
mented by a computer (not shown) and a control program
executable by the computer. Thus, below-described op-
erations performed respectively by the combustion con-
trol section 63 and by the starting and electricity gener-
ation control section 62 including the drive control section
621 and the electricity generation control section 622 can
be considered as operations performed by the control
device 60. The starting and electricity generation control
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section 62 and the combustion control section 63 may
be, for example, either configured as separate devices
placed at a distance from each other, or integrated as a
single device.

[0149] The starter switch 6 is connected to the control
device 60. The starter switch 6 is actuated by the driver
at a time of starting the independent throttle engine EG.
The main switch 5 supplies electricity to the control device
60 in accordance with an operation on the main switch 5.
[0150] FIG. 13 is an exploded perspective view sche-
matically showing the magnet type motor generator MG
included in the straddled vehicle 1 according to the sec-
ond embodiment. FIG. 14 is a perspective view schemat-
ically showing the magnet type motor generator MG
shown in FIG. 13. FIG. 15 is a diagram schematically
showing action of a stator in the magnet type motor gen-
erator MG showninFIG. 13. FIG. 16 isadiagram showing
a principle of a rotation control on the magnet type motor
generator MG shown in FIG. 13.

[0151] The magnet type motor generator MG includes
a stator 142 composed of a first stator 183 and a second
stator 187. An adjustment mechanism 150 which will be
described later allows the second stator 187 to rotate
about the crankshaft 15 relative to the first stator 183.
FIG. 13 is an exploded perspective view of the magnet
type motor generator MG having the first stator 183 and
the second stator 187 arranged in this manner. FIG. 14
is a perspective view showing a state where the magnet
type motor generator MG is assembled as well as the
adjustment mechanism 150. FIG. 15 is a diagram show-
ing the rotation angle and action of a reciprocating motion
that the second stator 187 undergoes relative to the first
stator 183 along the rotation direction of a rotor 144. FIG.
16 is a diagram showing a principle of a rotation control
on the magnet type motor generator MG from high-
torque/low-speed rotation to low-torque/high-speed ro-
tation.

[0152] As shown in FIG. 13, the magnet type motor
generator MG includes the rotor 144, and the rotor 144
is configured to rotate in a disk-like fashion about the
crankshaft 15. The rotor 144 has a yoke 146 including a
ring part 174, a taper part 175, a first cylindrical part 176,
a second cylindrical part 178, a ring part 177, and per-
manent magnets 148. The rotor 144 has a plurality of
detection object parts (not shown) to be detected by the
rotor position detection device 50. The rotor 144 is con-
nected to the crankshaft 15 such that the rotor 144 is
rotated along with rotation of the crankshaft 15. No clutch
is disposed between the rotor 144 and the crankshaft 15.
A power transmission mechanism such as a belt, a chain,
a gear, a speed reducer, or a speed increaser is not in-
terposed between the rotor 144 and the crankshaft 15.
The rotor 144 is rotated with a speed ratio of 1:1 relative
to the crankshaft 15. Opposed to the rotor 144 are a plu-
rality of first teeth 181 which are arranged with their first
end surfaces 181a facing the rotor 144. Each of the first
teeth 181 has peripheral side faces 181c which are dif-
ferent fromits firstand second end surfaces (181a, 181b)
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and on which a stator winding 182 is wound. Each of the
first teeth 181 mentioned above is formed such that the
end surface 181a facing the rotor 144 is wider than the
opposite end surface 181b. Accordingly, the interval be-
tween adjacent ones of the first teeth 181 is narrow at a
location close to the end surface 181a facing the rotor
144, and is wide at a location close to the opposite end
surface 181b.

[0153] The plurality of first teeth 181 with the stator
windings 182 put thereon are molded integrally with the
stator windings 182, to constitute the first stator 183 hav-
ing a ring shape as a whole. A current for producing a
torque, which is applied to the stator windings 182 of the
first teeth 181 of the first stator 183, is controlled based
on a current control according to a basic driving method
involving no field-weakening control.

[0154] Second teeth 184 are arranged opposed to the
end surfaces 181b of the first teeth 181 opposite to the
end surfaces 181a facing the rotor 144. The number of
second teeth 184 is equal to the number of first teeth
181. The second teeth 184 are arranged with their first
end portions 184a facing the end surfaces 181b of the
first teeth 181. The second teeth 184 have second end
portions 184b that are press-fitted and fixed in a plurality
of mounting holes 186 formed in an annular base 185.
[0155] The second stator 187 is composed of the sec-
ond teeth 184 and the base 185 having the mounting
holes 186 in which the second teeth 184 are press-fitted
and fixed. Preferably, the second teeth 184 and the base
185 are molded, though not shown in the Figure.
[0156] FIG. 14 illustrates slits 188 formed in the base
185 of the second stator 187, the slits 188 communicating
with and extending from the mounting holes 186. The
magnet type motor generator MG has the rotor 144, the
first stator 183, and the second stator 187 that are op-
posed to one another with slight intervals among them
and that are arranged one on another along an output
shaft direction. The second stator 187 is turnable relative
to the first teeth 181 within a predetermined range. The
first teeth 181 is disposed so as to face magnets 148.
The magnets 179 are provided to the rotator-side yoke
173. Rotation of the second stator 187 will be detailed
later.

[0157] In the magnet type motor generator MG, as
shown in the Figure, gear engagement teeth 189 that is
provided to a part of a circumferential side surface of the
base 185 included in the second stator 187 are meshed
with a small-diameter gear of a third deceleration gear
191 included in the adjustment mechanism 150. The ad-
justment mechanism 150 includes the third deceleration
gear 191, a second deceleration gear 192, a first decel-
eration gear 193, and an actuator 194. The actuator 194
is not particularly limited, and for example, may be a mo-
tor or a solenoid. The third deceleration gear 191 has a
large-diameter gear which is meshed with a small-diam-
eter gear of the second deceleration gear 192. The sec-
ond deceleration gear 192 has a large-diameter gear
which is meshed with a small-diameter gear of the first
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deceleration gear 193. The first deceleration gear 193
has a large-diameter gear which is meshed with a worm
gear 195 fixed to the distal end of a rotation shaft of the
actuator 194.

[0158] The actuator 194, which is connected to the
control device 60 capable of receiving electricity supply
from the electricity storage device 4, is driven in both a
forward rotation and a reverse rotation. The forward and
reverse rotations of the actuator 194 are, by the worm
gear 195, converted in a direction orthogonal to the ro-
tation shaft and decelerated, then are transferred to the
large-diameter gear of the first deceleration gear 193,
then go through the second deceleration gear 192 and
the third deceleration gear 191 while being decelerated
in three steps in accordance with gear ratios, and then
are transferred to the gear engagement teeth 189 of the
second stator 187. Accordingly, the second stator 187 is
rotatable relative to the first stator 183 within a predeter-
mined range in the rotation direction of the rotor 144.
Thus, the second stator 187 undergoes stepless recip-
rocating motion with a predetermined rotation angle
along the rotation direction of the rotor 144 (the direction
indicated by the sign a in the Figure).

[0159] Referringto FIG. 15(a), (b), (c), the above-men-
tioned reciprocating motion that the second stator 187
undergoes relative to the first stator 183 along the rotation
direction of the rotor 144 will be described. The stator
windings 182, the slits 188, the gear engagement teeth
189, and the adjustment mechanism 150 shown in FIG.
14 are omitted in FIG. 15(a), (b), (c), for clearly illustrating
a state of displacement of the second teeth 184 of the
second stator 187 relative to the first teeth 181 of the first
stator 183.

[0160] FIG. 15(a)shows a positional relationship of the
second teeth 184 relative to the first teeth 181, the posi-
tional relationship corresponding to high-torque/low-
speed rotation of the magnet type motor generator MG
shown in FIG. 14. In this embodiment, this positional re-
lationship serves as a reference position. The above-de-
scribed turning of the second stator 187 allows the sec-
ond teeth 184 to turn (reciprocate) in a direction of the
rotor 144 indicated by the arrow a, from the reference
position shown in FIG. 15(a) which means a position
where the second teeth 184 are opposed to the first teeth
181 to an intermediate position shown in FIG. 15(b), and
then to a maximum movement position shown in FIG.
15(c) which means a position where each of the second
teeth 184 is located (for example, at the midpoint) be-
tween one first tooth 181 and another first tooth 181 ad-
jacent to the one first tooth. The intermediate position
shown in FIG. 15(b) represents an optional position that
allows stepless and intermittent turning.

[0161] Referring to FIG. 16, a principle of the rotation
control on the magnet type motor generator MG from
high-torque/low-speed rotation to low-torque/high-speed
rotation according to this embodiment will be described.
In FIG. 16(a), (b), the stator windings 182 wound on the
first teeth 181, a mold therefor, and a mold for the second

10

15

20

25

30

35

40

45

50

55

20

teeth 184 and the base 185 are not shown, for easy un-
derstanding.

[0162] FIG. 16(a)shows a state underhigh-torque/low-
speed rotation, where the second teeth 184 are posi-
tioned opposed to the first teeth 181 as shown in FIG.
15(a). FIG. 16(b) shows a state under low-torque/high-
speed rotation, where each of the second teeth 184 is
positioned between one first tooth 181 and another first
tooth 181 adjacent to the one first tooth 181 as shown in
FIG. 15(c). FIG. 16(a) shows a state where the perma-
nent magnets 148 of the rotor 144 are opposed to the
first teeth 181 and the second teeth 184 are opposed to
the first teeth 181. That is, FIG. 16(a) shows the same
state as shown in FIG. 15(a). FIG. 16(b) shows a state
where each of the second teeth 184 is positioned be-
tween one first tooth 181 and another first tooth 181 ad-
jacent to the one first tooth 181 without any change in
the positional relationship between the permanent mag-
nets 148 of the rotor 144 and the first teeth 181. That is,
FIG. 16(b) shows the same state as shown in FIG. 15(c).
[0163] ReferringtoFIG. 16(a), the yoke 146 of the rotor
144, the first teeth 181, the second teeth 184, and the
base 185 have high magnetic permeabilities. An interval
h between surfaces of the permanent magnets 148 and
surfaces of the first teeth 181 facing each other and an
interval k between surfaces of the first teeth 181 and sur-
faces of the second teeth 184 facing each other are ex-
tremely narrow. Therefore, an in-air magnetic resistance
is low. As described above, the end surfaces 181a of the
first teeth 181 facing the rotor 144 are wider than the
other end surfaces 181b. Thus, an interval j formed be-
tween the end surfaces 181a of adjacent first teeth 181
facing the rotor 144 is extremely narrower than adistance
between the other end surfaces. The interval j, however,
is wider than the interval h from the rotor 144. These
intervals have a relationship of "h=k<j". Accordingly,
magnetic fluxes produced between a permanent magnet
148i (assumed as N-pole) and a permanent magnet 148i-
1 (assumed as S-pole) adjacent to the permanent magnet
148i hardly pass through the interval j, but form a strong
flux flow 198a passing through the interval h, a first tooth
181i, the interval k, a second tooth 184i, the base 185, a
second tooth 184i-1, the interval k, a first tooth 181i-1,
the interval h, and the yoke 146. Also, magnetic fluxes
produced between the permanent magnet 148i (N-pole)
and another permanent magnet 148i+1 (S-pole) adjacent
to the permanent magnet 148i hardly pass through the
interval j, butform a strong flux flow 198b passing through
theinterval h, the first tooth 181i, the interval k, the second
tooth 184i, the base 185, a second tooth 184i+1, the in-
terval k, a first tooth 181i+1, the interval h, and the yoke
146. Also when the permanent magnet 148iis not N-pole
but is S-pole, the same phenomena occur so that strong
flux flows are produced to pass through the correspond-
ing permanent magnets 148, the corresponding firstteeth
181, the corresponding second teeth 184, the base 185,
and the yoke 146, except that the directions of the flux
flows are opposite.
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[0164] These strong flux flows act as a magnetic re-
sistance which makes it difficult for the magnet type motor
generator MG to transition from the high-torque/low-
speed rotation to the low-torque/high-speed rotation. In
this embodiment, therefore, as illustrated in FIG. 14 and
FIG. 15, the second teeth 184 are allowed to rotate (re-
ciprocate) in a rotation direction of the rotor 144 indicated
by the arrow a, from the reference position where the
second teeth 184 are opposed to the first teeth 181 to a
predetermined position (maximum movement position)
where each of the second teeth 184 is located between
one first tooth and another first tooth adjacent to the one
first tooth.

[0165] Itis assumed that the second teeth 184 are ro-
tated from the reference position shown in FIG. 16(a) to
the maximum movement position shown in FIG. 16(b).
Consequently, an interval m appears between a portion
of each first tooth 181 and a portion of each second tooth
184 opposed to each other. The interval m is wider than
the interval k which appears when the first teeth 181 and
the second teeth 184 are opposed to each other. In ad-
dition, an interval n appears between each first tooth 181
and the base 185, because the second teeth 184 are
arranged so as to project farther than the base 185 does.
The interval n is wider than the interval m between the
first tooth 181 and the second tooth 184.

[0166] These intervals have a relationship of "m<n".
Since the interval n is wider than the interval m, the in-
terval n is negligible for the interval m from the viewpoint
of amagneticresistance. In the state shown in FIG. 16(b),
when each of the second teeth 184 is moved to a position
between one first tooth 181 and another adjacent first
tooth 181, it can be considered that the interval m is the
shortest distance between each second tooth and the
end surface 181b of the corresponding first tooth oppo-
site to the end surface 181a facing the rotor 144.
[0167] As described above, the end surfaces 181a of
the first teeth 181 facing the rotor 144 are wider than the
other end surfaces 181b. Thus, the interval j formed be-
tween the end surfaces 181a of adjacent first teeth 181
facing the rotor 144 is extremely narrow. In the state
shown in FIG. 16(b), the interval j and the interval m have
a relationship of "j<m". That is, the distance (j) between
an end surface 181a of one first tooth 181 facing the rotor
144 and an end surface 181a of another first tooth 181
facing the rotor 144 and adjacent to the one first tooth
181 is shorter than the shortest distance (interval m) be-
tween each second tooth 184 and the end surface 181b
of the corresponding first tooth 181.

[0168] By creating this state, that is, by creating a state
where the intervals of the respective members have a
relationship of "h<j<m<n", as shown in FIG. 16(b), mag-
netic fluxes produced between one permanent magnet
148i (N-pole) and another adjacent permanent magnet
148i-1 (S-pole) flow from the first tooth 181i neither to
the second tooth 184i-1 nor to the base 185 due to flux
resistances provided by the interval m and by the interval
n, but form a weak flux flow 199a passing through only
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the first tooth 181i, the interval j, the first tooth 181i-1,
and the yoke 146. Also, magnetic fluxes produced be-
tween one permanent magnet 148i (N-pole) and another
adjacent permanent magnet 148i+1 (S-pole) flow from
the first tooth 181i neither to the second tooth 184i+1 nor
to the base 185 due to flux resistances provided by the
interval m and by the interval n, but form a weak flux flow
199b passing through only the firsttooth 181i, the interval
j, the first tooth 181i+1, and the yoke 146. Accordingly,
the magnetic fluxes from the permanent magnets 148 do
not flow across the stator windings 182 (not shown) of
the first teeth 181, and therefore a flux resistance in the
rotation direction of the rotor 144 which is caused by the
magnetic fluxes flowing across the stator windings 182
is suppressed, so that high-speed rotation can be al-
lowed. Likewise, the magnetic fluxes from the permanent
magnets 148 hardly flow into coil core portions of the first
teeth 181, which results in lowering a torque on the rotor
144 generated between the permanent magnets 148 and
the first teeth 181 having the stator windings 182 ener-
gized. Consequently, low-torque/high-speed rotation
can be allowed.

[0169] As thus far described, in this embodiment, the
magnet type motor generator MG is able to increase or
decrease magnetic fluxes flowing from the permanent
magnets 148 of the rotor 144 to the first teeth 181, simply
by moving the second stator 187 relative to the first stator
183 in the rotation direction of the rotor 144. In this man-
ner, rotation output characteristics can be changed eas-
ily. Accordingly, the magnet type motor generator MG
can easily adjust a flux flow from the rotor 144 so as to
generate an electricity generation current that corre-
sponds to the amount of electricity stored in the electricity
storage device 4 per unit time. It is also possible to gen-
erate an electricity generation current greater than the
amount of electricity stored in the electricity storage de-
vice 4 per unit time, to suppress application of an extra
electricity generation load to the independent throttle en-
gine EG.

[0170] The magnet type motor generator MG accord-
ing to the second embodiment described above can
change output performance at a time of driving the wheel
3b. Specifically, in the magnet type motor generator MG
according to the second embodiment, at a time of starting
rotation of the crankshaft 15, for example, the second
teeth 184 and the first teeth 181 are arranged as shown
in FIG. 15(a) and FIG. 16(a), so that a high torque can
be outputted. In the magnet type motor generator MG
according to the second embodiment, after the start of
rotation of the crankshaft 15, for example, the second
teeth 184 and the first teeth 181 are arranged as shown
in FIG. 15(c) and FIG. 16(b), so that high-speed rotation
can be allowed. Also in a case of the magnet type motor
generator MG functioning as a generator, the electricity
generation performance can be changed by changing
the arrangement of the second teeth 184 and the first
teeth 181.

[0171] In the second embodiment, at a time point of
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initiating a cold start, the second teeth 184 are located
in the reference position (see FIG. 15(a)). Thus, the cold
start can be initiated in a state where the magnet type
motor generator MG has a high outputtorque. The control
device 60, firstly, causes the magnet type motor gener-
ator MG to start a forward rotation of the crankshaft 15
by using electricity in the electricity storage device 4 with
the combustion action of the independent throttle engine
EG stopped. The rotation speed of the crankshaft 15 in-
creases. The control device 60 acquires the increasing
rotation speed of the crankshaft 15 based on a detection
result obtained by the rotor position detection device 50.
In accordance with the increasing rotation speed of the
crankshaft 15, the control device 60 moves the second
teeth 184 in the direction indicated by the arrow a (see
FIG. 15(a) to (c)). Consequently, the rotation-
speed/torque characteristics of the magnet type motor
generator MG are changed. The rotation-speed/torque
characteristics obtained after the change allow a higher
torque to be outputted in a high-speed region or allow a
torque to be outputted in a higher-speed region, as com-
pared to the rotation-speed/torque characteristics exhib-
ited at a time point of initiating a cold start. Accordingly,
the rotation speed of the crankshaft 15 can be quickly
increased, until exceeding the idling rotation speed.
Then, the control device 60 operates the magnet type
motor generator MG and the independent throttle engine
EG suchthatthe independent throttle engine EG supplies
air through the throttle valve 27 as well as a fuel to the
cylinder 12 and starts the combustion action in a state
where the rotation speed of the crankshaft 15 exceeds
the idling rotation speed of the independent throttle en-
gine EG. After the independent throttle engine EG starts
the combustion action, the magnet type motor generator
MG stops driving the independent throttle engine EG up-
on the driver stopping the operation on the starter switch
6. Nevertheless, the magnet type motor generator MG
is driven by the independent throttle engine EG to gen-
erate electricity, because the combustion of the inde-
pendent throttle engine EG has been already started.
[0172] The first embodiment and the second embodi-
ment have been described above. In these embodi-
ments, the rotation-speed/torque characteristics of the
magnet type motor at a time of initiating a start is different
from the rotation-speed/torque characteristics of the
magnet type motor at a time when the rotation speed of
the crankshaft exceeds the idling rotation speed and
reaches a combustion-action-starting rotation speed.
The former characteristics allow a higher torque to be
outputted at a start-initiating rotation speed as compared
to the latter characteristics. The latter characteristics al-
low a higher torque to be outputted at the combustion-
action-starting rotation speed as compared to the former
characteristics. The present teaching, however, is not
limited to these examples. The following configurations
may be adoptable, for example.

[0173] The change in the rotation-speed/torque char-
acteristics is not limited to the example illustrated above,
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and may be implemented based on a field-weakening
control, for example. The change in the rotation-
speed/torque characteristics is preferably implemented
by changing the arrangement of the stator and/or the
rotor as shown in the example illustrated above. Chang-
ing the arrangement of the stator and/or the rotor is not
particularly limited, and may be implemented not only by
the example illustrated above but also by, for example,
adjusting the length of an air gap between the rotor and
the stator. A magnet type motor having its rotation-
speed/torque characteristics unchangeable may also be
adopted.

Reference Signs List

[0174]

1 straddled vehicle

2 vehicle body

3a,3b  wheel

4 electricity storage device
4a fuse

5 main switch

6 starter switch

8 accelerator operator

12 cylinder

15  crankshaft

19  spark plug

20  regulator

21 intake valve

22  casing

23  catalyst
23a upstream end portion
23b downstream end portion

24 catalyst unit
25  silencer
25a upstream end portion

26 relay

27  throttle valve

28  combustion chamber

29  exhaust passage
29a discharge port

30 rotor

37 permanent magnet

40 stator

60 control device

CL  clutch

EG independent throttle engine
G magnet type generator

M magnet type motor

PT power transmission device

TR transmission
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Claims tion action of the independent throttle engine
(EG) stopped, until a rotation speed of the crank-
shaft (15) exceeds an idling rotation speed of
the independent throttle engine (EG), and then
(B) in a state where the rotation speed of the
crankshaft (15) exceeds the idling rotation

1. A straddled vehicle equipped with an independent
throttle engine (EG), the straddled vehicle compris-
ing: 5

an independent throttle engine (EG) including
at least one cylinder (12) and a crankshaft (15),
each of the at least one cylinder (12) being pro-

speed of the independent throttle engine (EG),
the independent throttle engine (EG) is config-
ured to supply air through the or each throttle

vided with anindependent throttle valve (27)and 70 valve (27) as well as a fuel to the or each cylinder
a combustion chamber (28) disposed inside the (12) and starts the combustion action, such that
cylinder (12), the independent throttle engine (A) and (B) enable adequate scavenging to be
(EG) being configured to output power through done before an initial combustion action and dis-
the crankshaft (15); turbance of an airflow in the combustion cham-
an exhaust passage (29) having a discharge 15 ber to be suppressed.

port (29a) through which an exhaust gas dis-
charged from the combustion chamber (28) is

discharged to the atmosphere, the exhaust pas-
sage (29) being configured to let the exhaust
gas pass therethrough from the combustion 20 1.
chamber (28) to the discharge port;

a silencer (25) disposed downstream of the ex-

Patentanspriiche

Gratschfahrzeug, das mit einem unabhangigem
Drosselmotor (EG) ausgestattet ist, wobei das
Gratschfahrzeug folgende Merkmale aufweist:

haust passage (29);
a catalyst (23) disposed in the exhaust passage

einen unabhangigen Drosselmotor (EG), der zu-

(29) and located upstream of an upstream end 25 mindest einen Zylinder (12) und eine Kurbelwel-
portion of the silencer (25); le (15) umfasst, wobei jeder des zumindest ei-
a magnet type motor (M) including a rotor (30) nen Zylinders (12) mit einer unabhangigen
and a stator (40), the rotor (30) being connected Drosselklappe (27) und einer Verbrennungs-
to the crankshaft (15) such that power transmis- kammer (28) versehen ist, die in dem Zylinder
sion between the rotor (30) and the crankshaft 30 (12) angeordnet ist, wobei der unabhéangige
(15) is allowed, the stator (40) being arranged Drosselmotor (EG) dazu konfiguriert ist, Leis-
opposed to the rotor (30), the rotor (30) or the tung Uber die Kurbelwelle (15) auszugeben;
stator (40) including a permanent magnet, the einen Abgaskanal (29) mit einer Auslassé6ffnung
magnet type motor (M) being configured to ro- (29a), durch die ein Abgas, das durch die Ver-
tate the crankshaft (15) at least when startinga 35 brennungskammer (28) ausgelassen wird, indie
combustion action of the independent throttle Atmosphare ausgelassen wird, wobei der Ab-
engine (EG); gaskanal (29) dazu konfiguriert ist, das Abgas
an electricity storage device (4) configured to von der Verbrennungskammer (28) zu der Aus-
supply electricity to the magnet type motor (M); lassoffnung strébmen zu lassen;
and 40 einen Schalldadmpfer (25), der in Verarbeitungs-
a driven member (3b) configured to be driven richtung nach dem Abgaskanal (29) angeordnet
by power outputted from the independent throt- ist;
tle engine (EG) and/or the magnet type motor einen Katalysator (23), der in dem Abgaskanal
(M), to make the straddled vehicle equipped with (29) angeordnet ist und sich in Verarbeitungs-
the independent throttle engine (EG) move for- 45 richtung vorgelagert zu einem in Verarbeitungs-
ward; characterized in that richtung vorgelagerten Endabschnitt des
the straddled vehicle equipped with the inde- Schalldampfers (25) befindet;
pendent throttle engine (EG) further comprises einen Motor vom Magnet-Typ (M), der einen Ro-
a control section (60) configured to control the tor (30) und einen Stator (40) umfasst, wobei
magnet type motor (M) and the independent 50 der Rotor (30) mit der Kurbelwelle (15) so ver-
throttle engine (EG) such that, when cold-start- bunden ist, dass eine Leistungsibertragung
ing the independent throttle engine (EG) in a zwischen dem Rotor (30) und der Kurbelwelle
state where the combustion action of the inde- (15) moglich ist, wobei der Stator (40) gegenii-
pendent throttle engine (EG) is stopped and the ber von dem Rotor (30) angeordnet ist, wobei
55

driven member (3b) is not driven, firstly, (A) the
magnet type motor (M) uses electricity in the
electricity storage device (4) to cause forward
rotation of the crankshaft (15) with the combus-

23

der Rotor (30) oder der Stator (40) einen Per-
manentmagneten umfasst, wobei der Motor
vom Magnet-Typ (M) dazu konfiguriert ist, die
Kurbelwelle (15) zumindest dann in eine Dreh-
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bewegung zu versetzen, wenn ein Verbren-
nungsvorgang des unabhangigen Drosselmo-
tors eingeleitet wird;

eine Elektrizitdtsspeichervorrichtung (4), die da-

46

disposée a l'intérieur du cylindre (12), le moteur
a papillon indépendant (EG) étant configuré
pour sortir de I'énergie électrique a travers le
vilebrequin (15);

zu konfiguriert ist, dem Motor vom Magnet-Typ % un passage d’échappement (29) présentant un
(M) Elektrizitat zuzufiihren; und orifice d’évacuation (29a) a travers lequel un gaz
ein angetriebenes Bauglied (3b), das dazu kon- d’échappement évacué de la chambre de com-
figuriert ist, durch die Leistung, die durch den bustion (28) est évacué a I'atmospheére, le pas-
unabhangigen Drosselmotor (EG)und/oder den sage d’échappement (29) étant configuré pour
Motor vom Magnet-Typ (M) abgegeben wird, 70 laisser passer le gaz d’échappement a travers
angetrieben zu werden, um das Gratschfahr- ce dernier de la chambre de combustion (28) a
zeug, das mit dem unabhangigen Drosselmotor I'orifice d’évacuation;
(EG) ausgestattetist, vorwarts zu bewegen; da- un silencieux (25) disposé en aval du passage
durch gekennzeichnet, dass d’échappement (29);
das Gratschfahrzeug, das mit dem unabhangi- 75 un catalyseur (23) disposé dans le passage
gen Drosselmotor (EG) ausgestattet ist, ferner d’échappement (29)et situé enamontd’une par-
ein Steuerteil (60) umfasst, das dazu konfigu- tie d’extrémité amont du silencieux (25);
riertist, den Motor vom Magnet-Typ (M) und den un moteur de type a aimant (M) comportant un
unabhangigen Drosselmotor (EG) so zu steu- rotor (30) et un stator (40), le rotor (30) étant
ern, dass bei einem Kaltstart des unabhangigen 20 connecté au vilebrequin (15) de sorte que soit
Drosselmotors (EG) in einem Zustand, in dem permise la transmission d’énergie électrique en-
der Verbrennungsvorgang des unabhangigen tre le rotor (30) et le vilebrequin (15), le stator
Drosselmotors (EG) gestoppt ist und das ange- (40) étant disposé opposeé au rotor (30), le rotor
triebene Bauglied (3b) nicht angetrieben wird, (30) ou le stator (40) comportant un aimant per-
erstens (A) der Motor vom Magnet-Typ (M) Elek- 25 manent, le moteur de type a aimant (M) étant
trizitatin der Elektrizitadtsspeichervorrichtung (4) configuré pour faire tourner le vilebrequin (15)
verwendet, um eine Vorwartsdrehung der Kur- au moins au moment de commencer une action
belwelle (15) zu bewirken, wobei der Verbren- de combustion du moteur a papillon indépen-
nungsvorgang des unabhangigen Drosselmo- dant (EG);
tors (EG) gestoppt wird, bis eine Drehzahl der 30 un dispositif d’accumulation d’électricité (4) con-
Kurbelwelle (15) eine Leerlaufdrehzahl des un- figuré pour alimenter de I'électricité vers le mo-
abhangigen Drosselmotors (EG) Uubersteigt, teur de type a aimant (M); et
und dann (B) in einem Zustand, in dem die Dreh- un élément entrainé (3b) configuré pour étre en-
zahl der Kurbelwelle (15) die Leerlaufdrehzahl trainé par I'énergie électrique sortie par le mo-
des unabhangigen Drosselmotors (EG) tber- 35 teur a papillon indépendant (EG) et/ou le moteur
steigt, der unabhangige Drosselmotor (EG) da- de type a aimant (M), pour faire avancer le vé-
zu konfiguriertist, durch die eine oder durch jede hicule du type a selle équipé du moteur a pa-
Drosselklappe (27) Luft sowie Treibstoff zu dem pillon indépendant (EG);
einen oder zu jedem Zylinder (12) zuzufiihren, caractérisé par le fait que
und den Verbrennungsvorgang so einleitet, 40 le véhicule de type a selle équipé du moteur a
dass (A) und (B) die Durchfiihrung einer ange- papillon indépendant (EG) comprend par
messenen Spulung vor einem Verbrennungs- ailleurs un segment de commande (60) configu-
vorgang und eine Unterdriickung einer Stérung ré pour commander le moteur de type a aimant
eines Luftstroms in der Verbrennungskammer (M) et le moteur a papillon indépendant (EG) de
45

ermdglichen.

sorte que, au moment du démarrage a froid du
moteur a papillonindépendant (EG) dans un état
ou I'action de combustion du moteur a papillon

Revendications indépendant (EG) est arrétée et que I'élément
entrainé (3b) n’est pas entrainé, tout d’abord,
(A) le moteur de type a aimant (M) utilise I'élec-
tricité dans le dispositif d’accumulation d’électri-

cité (4) pour provoquer la rotation en avant du

1. Véhicule du type a selle équipé d’'un moteur a pa- 50
pillon indépendant (EG), le véhicule du type a selle
comprenant:

un moteur a papillon indépendant (EG) compor-
tant au moins un cylindre (12) et un vilebrequin
(15), chacun des au moins un cylindre (12) étant
pourvu d’'une soupape d’étranglement indépen-
dante (27) et d’'une chambre de combustion (28)

55

24

vilebrequin (15) avec I'action de combustion du
moteur a papillonindépendant (EG) arrétée, jus-
qu’a ce qu’une vitesse de rotation du vilebrequin
(15) excéde une vitesse de rotation au ralenti
du moteur a papillon indépendant (EG), et en-
suite (B), dans un état ou la vitesse de rotation
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du vilebrequin (15) excede la vitesse de rotation
au ralenti du moteur a papillon indépendant
(EG), le moteur a papillon indépendant (EG) est
configuré pour alimenter de I'air a travers la ou
chaque soupape d'étranglement (27) ainsi
qu’un carburant vers le ou chaque cylindre (12)
et commence I'action de combustion, de sorte
que (A) et (B) permettent d’effectuer un balaya-
ge adéquat avant une action de combustion ini-
tiale et de supprimer une perturbation d’une cir-
culation d’air dans la chambre de combustion.

10

15

20

25

30

35

40

45

50

55

25

48



EP 3 640 464 B1

(a) 1 FIG. 1

(c)
EXEMPLARY CONTROL
IN COLD-STARTING

A
CRANKSHAFT
ROTATION
SPEED

(A)

oottt e I e 1 O i D 5 0 4 jDUNG ROTAT{ON SPEED

TIME

(A) MOTORING BY MAGNET TYPE MOTOR M
WITHOUT COMBUSTION ACTION OF
INDEPENDENT THROTTLE ENGINE EG

(B) START COMBUSTION ACTION OF
INDEPENDENT THROTTLE ENGINE EG

26



EP 3 640 464 B1

FIG. 2

D.
...........
-
.........
Lo
‘ S ® oy
''''' g, 4 H [ 3 2,
k ) Py
E A
i CA. J.
= m o B & P P "
[} », P
Pk S & .
§4 &, o
e HIRVAY, ‘
o e i
......... EEhead 1 8
- - T gy
p B T M-:ﬁ*ﬁ_",w

11
37

P f{/ . =2
% e .
S 40
yayd . =
s g Y, —
I v
. & =% |ariwi]
v
1 & P
ff& ,‘if‘! rava.
415
IECR LIRS LR
i
2
T
i

_.'P--—.Dﬁ!ﬁﬁ*ﬂ’.”-

. I
M 50 15

27



EP 3 640 464 B1

(o)

JT0A0 NOILLSNEWOO

(STHOULS V)
JIOAD NOLLSNENOD

HL is

NOILISOd 19NV MNVdO <

/\.

€ OlId

Ay

v
(W-N)3INOHOL GFHN0FY

28



EP 3 640 464 B1

6l
LS

30IA3Q
NOILDAMNI 130

Gl

Ef

D3y _,

06

0¢

e

ON1d MAVdS

JOSNES
N1V H3dINIL

/

{

Q=

¥ Old

F0IA3A TOHINOO

29



EP 3 640 464 B1

FIG. 5

M

202
220a o 231 203 [ **"B“g
- l§ ] 222(223)
X S T =
o \\f ﬂ .*" - 220c
=\ | | | | 214

206 o il | F =\l m:lll?l‘

214 I —— ' —
Vor /s AN /s -
RRNNIANY ‘

1 S
/ S5 209 207 205/ 2%536
225(225a) (207a) 225
- (225a)

30



EP 3 640 464 B1

FIG. 6

\/M

ANGLE ADVANCE

ANGLE RETARD

)

202(220a

203d 209 ., 203
C

DIRECTION B e ey, DIRECTION A
1

31



EP 3 640 464 B1

FIG. 7

\ 215

220c
222
224
X} 223
223 |
224X
~ ]
206

208 221

32



EP 3 640 464 B1

FIG. 8

ANGLE RETARD ANGLE ADVANCE
DIRECTION B e oo, DIRECTION A

222 L1

223

L1

\
231 225(225a)

33



EP 3 640 464 B1

FIG. 9

ANGLE RETARD ANGLE ADVANCE
DIRECTION B g ey, DIRECTION A

222 ,U

\
231 225(225a)

34



EP 3 640 464 B1

FIG. 10

35



EP 3 640 464 B1

FIG. 11

36



FIG. 12

EP 3 640 464 B1

5 2 -
s gl
[aet g
o || & ||&2
Qf(f) ¢ 4
o Jlez || & ||ER
wWw™=E2 || £ |
klﬁ. ‘LL' j
~ " ve—— <
© <
o)
%
é
Q Y
=
4 N
A m'o'lfl.\ & @ ©
o 3 o °
OO, N G E
B o ¢
PR/ D N 1 IO |
o kg_,_wml o ° )
© T v
‘ S
a2 % — 7N
e 5
= SZ |
S |2
S8z 20|z
- 9 i 120
S 5 Z2 |3
o1 6o R |em
> <O |&2
e Tj“‘mz =
= Yoy b
s ) |
[ o T
o~ N
o O s
€O x

37

61



EP 3 640 464 B1

FIG. 13

> 142

174

38



EP 3 640 464 B1

- FIG. 14

MG
75 144 5
174 173
176 ) / 181
) Lt
éﬁ!w183
' 182
, 191
188
1841?9 189
ELECTRCITY | .4
STORAGE | S 192
DEVICE 93 =
194 195 150

60
CONTROL
DEVICE

39



EP 3 640 464 B1

FIG. 15

84

{b)

84

1

{c)

40



EP 3 640 464 B1

FIG. 16

1481 198b 146 148i+1

144

181i-1 | il il 183

184i-1

Eencenaiie]
i ‘ ‘ 18
ke < |
il i it W i
ﬁ,m ’ - TIRWRIRT -y
Y hotn s s Al v el p
BEmonid N o
e

1% tem e o g g
u“'«-. R hunwa bR AN

‘hau»m«wwutvs H
Rt h i ol 0 B m- "'J H
u e

e L T T merme ok £ R B

) m;z.:“m‘g'gﬂg Zam / 144
f’?ﬁ*“”‘ux“’“ “_m_m::‘s\ / /
T it

18161 181

41



EP 3 640 464 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  JP 2007187004 A [0005] «  US 2004128981 A [0005]
« EP 1855105 A [0005]

42



	bibliography
	description
	claims
	drawings
	cited references

