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(54)  Starter-generator and method for controlling the same

(57)  Astarter-generator (SG) is provided that is able
to efficiently start an engine without causing an increase
in the size of a device. The starter-generator (SG) is con-
figured to, at a time of engine start, act as a starter motor
that causes a crankshaft of an engine to rotate from a
predetermined rotation start position with an approach
run given thereto, and after the engine start, act as a
generator. The starter-generator (SG) includes a control-
ler (70) for controlling a driver (60) in such a manner that,

60 DRIVER

at a time of engine start, an application voltage applied
to a winding is gradually raised such that the application
voltage becomes a predetermined voltage that is higher
than a terminal voltage of a battery (B) at a time point
when the number of rotations of the engine reaches a
predetermined first number of rotations, and the applica-
tion voltage thus raised is maintained at least until the
engine is started.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a starter-gen-
erator, particularly a starter-generator that serves as both
an engine starter and a generator of various types of
vehicles including motorcycles, and also relates to a
method for controlling the starter-generator.

BACKGROUND ART

[0002] Conventionally known is a starter-generator
that is mounted to a crankshaft of an engine of a motor-
cycle or the like and that serves as both a starter and a
generator. At a time of engine start, the starter-generator
functions as a starter motor that rotates the crankshaft
to start the engine. After the engine start, the starter-
generator is rotated by the crankshaft, to function as a
generator.

[0003] A starter-generator, which is directly mounted
to a crankshaft of an engine without interposition of a
speed reduction mechanism, is required to generate a
high torque at a time of engine start. At a time of engine
start, particularly, it is necessary that the engine exerts
a high torque as a first override torque which means a
torque for overriding the top dead center for the first time,
and therefore a high torque exceeding this override
torque is necessary for starting the engine. For this pur-
pose, raising a drive voltage at a time of engine start to
increase a starting torque of a starter motor is proposed
in, for example, JP 2000-316299 A.

[0004] To be specific, it is proposed that a capacitor
configured to be charged at a time of engine rotation is
provided and the capacitor is connected in series with a
battery at a time of engine start. Connecting the capacitor
in series with the battery at a time of engine start raises
a drive voltage of a starter-generator because a voltage
charged in the capacitor is added to a voltage of the bat-
tery. The proposition states that this can provide a high
torque exceeding the override torque necessary for start-
ing the engine.

SUMMARY OF THE INVENTION

[0005] An object of the present invention is to provide
an engine starter-generator, particularly a starter-gener-
ator mounted to a crankshaft of an engine of a motorcy-
cle, that enables efficient generation of a starting torque
required at a time of engine start without causing an in-
crease in the size of a stator, and also to provide a method
for controlling the engine starter-generator.

[0006] This object is achieved by an engine starter-
generator according to claim 1, and by a method accord-
ing to claim 15

[0007] The presentinvention is based on the following
findings of the inventors. Raising the drive voltage at a
time of engine start as proposed above cannot always
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provide an expected high starting torque. Raising the
drive voltage causes a large current to flow through a
winding of a stator, but causes a magnetic saturation in
a magnetic circuit of the stator. As a result, a torque that
is proportionate to the drive voltage raised at a time of
engine start cannot be obtained. In other words, the start
energy inputted for starting the engine is not effectively
used because of the magnetic saturation in the stator.
[0008] A conceivable way to obtain a high starting
torque that is proportionate to the raised drive voltage is
enlarging the cross-sectional area of the stator so as to
avoid occurrence of a magnetic saturation in the mag-
netic circuit. However, enlarging the cross-sectional area
of the stator leads not only to an increase in the size of
the device but also to an increase in an iron loss caused
at a time of high-speed rotation of the engine.

[0009] Thus, in conventional approaches described in
the technical background above, there remains a de-
mand fordevelopment of an engine starter-generator that
enables efficient generation of a starting torque without
causing an increase in the size of a stator.

[0010] The above object and other objects and advan-
tageous effects of the presentinvention willbecome more
apparent from the preferred embodiment described later.
[0011] In the following, a starter-generator according
to the present invention will be described.

[0012] The starter-generator, at a time of engine start,
acts as a starter motor that causes a crankshaft of an
engine to rotate from a predetermined rotation start po-
sition with an approach run given thereto, and after the
engine start, acts as agenerator. In other words, the start-
er-generator according to the present invention, which
causes the crankshaft of the engine to rotate from the
predetermined rotation start position with an approach
run given thereto at a time of engine start, has a so-called
swing-back function. The swing-back function enables
cranking to start at a position in a low-load region in a
normal rotation direction of the engine. Therefore, even
when a starting torque of the starter motor is relatively
low, a high-load region near the compression top dead
center can be overcome easily.

[0013] The starter-generator includes a stator, a rotor,
adriver, and a controller. The stator includes a winding.
The rotor is mounted to the crankshaft, and arranged so
as to be rotatable relative to the stator. The driver is con-
nected to a battery that serves as a driving power source,
and configured to control voltage application to the wind-
ing. The controller controls the driver.

[0014] At atime of engine start, the controller controls
the driverin the following manner. The controller controls
the driver in such a manner that an application voltage
applied to the winding is gradually raised such that the
application voltage becomes a predetermined voltage
that is higher than a terminal voltage of the battery at a
time point when the number of rotations of the engine
reaches a predetermined first number of rotations. The
controller also controls the driver in such a manner that
the raised application voltage is maintained at least until
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the engine is started. Gradually, not at once, raising the
application voltage applied to the winding at a time of
engine start enables avoidance of an energy loss which
may otherwise be caused by a magnetic saturation in the
stator. As aresult, only the energy that substantially con-
tributes to an increase in the starting torque can be sup-
plied effectively.

[0015] In a preferable example, the first number of ro-
tations of the engine may be 400 rpm. In a preferable
example, the second number of rotations may be 1200
rpm.

[0016] Desirably, the controller controls the driver in
such a manner that the application voltage is raised in
accordance with the number of rotations of the engine
until a time point when the number of rotations of the
engine reaches the first number of rotations. Such a con-
trol enables only the energy that substantially contributes
to an increase in the starting torque to be efficiently sup-
plied while avoiding occurrence of a magnetic saturation
in a magnetic circuit of the stator.

[0017] Preferably, the controller controls the driver in
such amannerthattheraised application voltage is main-
tained while the number of rotations of the engine is be-
tween the first number of rotations and a second number
of rotations that is greater than the first number of rota-
tions. Accordingly, a torque necessary for starting the
engine is maintained, so that the engine can be reliably
started.

[0018] Preferably, the controller controls the driver in
such a manner that, at a time of engine start, the crank-
shaft is once rotated in a reverse direction and then ro-
tated in a normal direction from the predetermined rota-
tion start position. Once rotating the crankshaft in the
reverse direction and then rotating the crankshaft in the
normal direction from the predetermined rotation start
position eliminates the need of a high starting torque in
starting the engine.

[0019] Astherotor, arotor of so-called outer rotor type,
which is arranged so as to surround an outer circumfer-
ence of the stator, is suitably adopted. In such a case,
the rotor functions as a flywheel, too.

[0020] It may be acceptable that the starter-generator
furtherincludes a sensor that detects the angle of rotation
of the crankshaft, and the controller controls the driver
based on an output signal supplied from the sensor.
[0021] As the driver, one including a chopper circuit
connected to the battery and an inverter circuit connected
to chopper circuit is suitably adopted. In such a case, the
chopper circuit functions as both a voltage-raising chop-
per and a voltage-lowering chopper.

[0022] Preferably, the controller controls the driver in
such a manner that, while the starter-generator is acting
as a generator, the chopper circuit lowers a voltage ap-
plied to the battery during a high-speed rotation region
in which the number of rotations of the engine exceeds
athird number of rotations that is greater than the second
number of rotations. This can suppress an excessive
charging current being supplied to the battery.
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[0023] It may be acceptable that the controller controls
the driver in such a manner that, while the starter-gen-
erator is acting as a generator, the chopper circuit lowers
avoltage applied to the battery from and after a time point
when a charging current supplied to the battery exceeds
a predetermined value. This can suppress a charging
current being supplied to the battery.

[0024] Another aspect of the present invention pro-
vides a vehicle such as a motorcycle, including the start-
er-generator with any of the above-mentioned features.
[0025] Stillanother aspect of the presentinvention pro-
vides a method for controlling a starter-generator config-
ured to act as a starter motor at a time of engine start
and act as a generator after the engine start. The method
include: gradually raising an application voltage applied
to a winding wound on a stator such that the application
voltage becomes higher than a terminal voltage of a bat-
tery serving as a driving power source at a time point
when the number of rotations of the engine reaches a
predetermined first number of rotations; and maintaining
the raised application voltage at least until the engine is
started.

[0026] Preferably, the first number of rotations of the
engine is set to 400 rpm, and the second number of ro-
tations of the engine is set to 1200 rpm.

[0027] Itmaybe acceptable thatthe application voltage
is raised in accordance with the number of rotations of
the engine until a time point when the number of rotations
of the engine reaches the first number of rotations. De-
sirably, the raised application voltage is maintained while
the number of rotations of the engine is between the first
number of rotations and a second number of rotations
that is greater than the first number of rotations.

[0028] Desirably, at a time of engine start, a crankshaft
of the engine is once rotated in a reverse direction and
then rotated in a normal direction from a predetermined
rotation start position.

[0029] It may be acceptable that:

the battery is connected to a chopper circuit,
while the starter-generator is acting as a generator
after the engine start, the chopper circuit is caused
to lower a voltage applied to the battery when the
number of rotations of the engine exceeds a third
number of rotations.
[0030] It may be acceptable that:
a chopper circuit is connected to the battery,
while the starter-generator is acting as a generator
after the engine start, the chopper circuit is caused
to lower a voltage applied to the battery when a
charging current supplied to the battery exceeds a
predetermined value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]
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FIG. 1 is a cross-sectional view showing an outline
configuration of a starter-generator according to an
embodiment of the present invention and an engine
having the starter-generator mounted thereto.

FIG. 2 is a diagram showing an electrical configura-
tion of the starter-generator.

FIG. 3 is a graph showing a control of a voltage ap-
plied to windings of a starter-generatorin an example
in which an application voltage applied to windings
of a starter-generator was controlled based on the
present invention, a comparative example in which
an application voltage was raised at once, and a ref-
erence example in which an application voltage was
not raised.

FIG. 4 is a graph showing a variation in the current
that flowed through the windings of the starter-gen-
erator in the example, the comparative example, and
the reference example.

FIG. 5 is a graph showing a variation in the power in
the example, the comparative example, and the ref-
erence example.

FIG. 6 is a graph showing a variation in the torque
of the starter-generator in the example, the compar-
ative example, and the reference example.

FIG. 7 is a graph showing a variation in the amount
of work inputted in the example, the comparative ex-
ample, and the reference example.

FIG. 8 is an explanatory diagram showing an exam-
ple of a vehicle that includes the starter-generator.

EMBODIMENTS FOR CARRYING OUT THE INVEN-
TION

[0032] Hereinafter, the present invention will be de-
scribed based on a preferred embodiment with reference
to the drawings.

[0033] FIG. 1is an outline cross-sectional view show-
ing a starter-generator SG according to an embodiment
of the present invention and an engine E including the
starter-generator SG.

[0034] Firstly, with reference to FIG. 1, a description
will be given to outline configurations of the starter-gen-
erator SG of this embodiment and the engine E to which
the starter-generator SG is mounted.

[0035] As shown in FIG. 1, the starter-generator SG
according to this embodiment is mounted to the engine
E of, for example, a motorcycle. More specifically, the
starter-generator SG is coupled to a crankshaft 5 of the
engine E, and at a time of engine start, functions as a
starter motor that rotates the crankshaft 5 to start the
engine E. After the engine start, the starter-generator SG
is rotated by the crankshaft 5, to function as a generator.
Applications of the present invention are not limited to a
starter-generator of a motorcycle engine. The present
invention is applicable to starter-generators of various
types of vehicles.

[0036] The engine E of this embodiment includes a
crank case 1, a cylinder 2, a piston 3, a connecting rod
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4, and a crankshaft 5. The cylinder 2 is provided in the
crank case 1. The piston 3 is slidably arranged in the
cylinder 2. An upper end portion of the connecting rod 4
is coupled to the piston 3. The crankshaft 5 is rotatably
arranged in the crank case 1. A lower end portion of the
connecting rod 4 is coupled to the crankshaft 5.

[0037] A right end portion of the crankshaft 5 extends
and protrudes out of the crank case 1. The starter-gen-
erator SG is mounted to the right end portion of the crank-
shaft 5. The starter-generator SG is configured to, at a
time of engine start, function as a starter motor that ro-
tates the crankshaft 5 to start the engine E, and after the
engine start, be rotated by the crankshaft 5 to function
as a generator. A description thereof will be given later.
[0038] Although the engine E illustrated in this embod-
iment has the structure shown in FIG. 1; in the present
invention, a specific configuration of an engine main body
is not limited to the one illustrated in the embodiment.
[0039] As shown in FIG. 1, the starter-generator SG
includes a rotor 20 and a stator 30.

[0040] The rotor 20 includes a rotor main body 21 hav-
ing a cylindrical shape with a bottom, and a field perma-
nent magnet 22 fixed to the rotor main body 21. The rotor
main body 21 is fixed to one end portion of the crankshaft
5, and configured to be freely rotatable integrally with the
crankshaft 5. The rotor 20, which is directly coupled to
the crankshaft 5 and rotatable together with the crank-
shaft 5, also functions as a flywheel of the engine E.
[0041] The stator 30 includes a plurality of teeth 31 that
integrally extend radially outward. The teeth 31 serve as
salient poles. An armature winding 32 is wound around
each tooth 31.

[0042] A battery B serving as a driving power source
is connected to the starter-generator SG via a driver 60.
Transfer of electric power between the battery B and the
starter-generator SG is made through a controller 70
which will be described later.

[0043] A specific configuration of the driver 60 will be
described with reference to FIG. 2. The driver 60 of the
starter-generator SG includes a chopper circuit 40 that
is connected to the battery B and an inverter circuit 50
thatis connected to the output side of the chopper circuit
40. The inverter circuit 50, which serves as a drive circuit
for driving the starter-generator SG, is a bridge circuit
including six switching elements, namely, FETs 51U,
51V, and 51W, and FETs 52U, 52V, and 52W, in a three-
phase bridge connection. Each of diodes 53U, 53V, 53W,
54U, 54V, and 54W is connected across the drain and
source of each of the FETs of the FET bridge circuit. At
a time of a power generation operation, a three-phase
AC is full-wave rectified so that a DC voltage is outputted.
The switching elements are not limited to FETs. For ex-
ample, MOS transistors may be adoptable as appropri-
ate.

[0044] Input terminals 50a and 50b of the inverter cir-
cuit 50 are connected to DC buses 10 and 11, respec-
tively. Outputterminals 55U, 55V, and 55W of the inverter
circuit 50 are connected to terminals of windings 32U,



7 EP 2 824 314 A2 8

32V, and 32W of the stator 30 of the starter-generator
SG, respectively. The other terminals of the windings
32U, 32V, and 32W are commonly connected.

[0045] The DC bus 11 connected to one input terminal
50b of the inverter circuit 50 is connected to a negative
terminal of the battery B. A capacitor 12 is connected
across the input terminals 50a and 50b of the inverter
circuit 50, that is, across the DC buses 10 and 11.
[0046] The chopper circuit 40 includes two FETs 41
and 42 serving as switching elements. The FETs 41 and
42, which are connected in series with each other, are
arranged across the input terminals 50a and 50b of the
inverter circuit 50, that is, across the DC buses 10 and
11. Each of diodes 43 and 44 is connected across the
drain and source of each ofthe FETs 41 and 42. A positive
terminal of the battery B is connected via a coil 45 to the
terminal of connection between the FETs 41 and 42, that
is, to a neutral point of the chopper circuit 40.

[0047] A voltage detector 13 is connected in parallel
with the capacitor 12. This enables detection of a voltage
(that is, an application voltage applied to the windings
32U, 32V, and 32W) of the input-side terminals of the
inverter circuit 50. A position detector 14, which is pro-
vided in the starter-generator SG, detects the rotational
position of the rotor 20.

[0048] Output terminals of the voltage detector 13 and
the position detector 14 are connected to the controller
70. The controller 70 controls the driver 60 that includes
the chopper circuit 40 and the inverter circuit 50. More
specifically, the controller 70 controls the driver 60 in the
following manner. An application voltage applied to the
windings 32U, 32V, and 32W is gradually raised such
that the application voltage raised from a terminal voltage
(for example, 12V) of the battery becomes a predeter-
mined voltage (for example, 24V) that is higher than the
terminal voltage at a time point when the number of ro-
tations of the engine E reaches a predetermined first
number of rotations. The application voltage thus raised
is maintained at least until the engine E is started.
[0049] Firstly, operations of the driver 60 and the con-
troller 70 in a case where the starter-generator SG acts
as a starter will be described. When the chopper circuit
40 is in a non-operation state, the voltage of the battery
B is applied to the capacitor 12 via the coil 45 and the
diode 43. In this embodiment, the battery B of 12V is
adopted, and therefore the capacitor 12 is charged to
12V. The controller 70 controls a gate signal that is sup-
plied to the FET 42 included in the chopper circuit 40, to
turn on/off the FET 42.

[0050] Turningonthe FET 42 makes a closed-loop cir-
cuit including the coil 45 and the FET 42. Thus, a current
flows from the battery B to the coil 45. Then, turning off
the FET 42 causes energy accumulated in the coil 45 to
be discharged through the diode 43. As a result, a raised
voltage is applied to the capacitor 12. The rate of voltage
rise is optionally controlled by the controller 70. In this
embodiment, the driver 60 is controlled such that a ter-
minal voltage of the capacitor 12 gradually rises in ac-
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cordance with the number of rotations of the rotor 20. A
description thereof will be given later.

[0051] The controller 70 controls a gate signal that is
suppliedtothe FETs 51U, 51V, 51W, 52U, 52V, and 52W
of the inverter circuit 50 based on a position detection
signal supplied from the position detector 14. As a result,
the FETs 51U, 51V, 51W, 52U, 52V, and 52W are se-
quentially turned on/off. This causes a current to flow
through the windings 32U, 32V, and 32W of the stator of
the starter-generator SG, so that the rotor 20 is rotated.
[0052] Upon start of the starter-generator SG, the
crankshaft 5 of the engine E rotates, to start the engine
E. Inthe manner thus far described, the starter-generator
SG functions as a starter of the engine E.

[0053] Next, operations of the driver 60 and the con-
troller 70 in a case where the starter-generator SG acts
as a generator will be described.

[0054] After the engine E is started, the controller 70
stops supplying the gate signal to the gate of each of the
FETs 51U, 51V, 51W, 52U, 52V, and 52W of the inverter
circuit 50, to bring all the FETs into a turn-off state. In
other words, the inverter circuit 50 is brought into a non-
operation state. While the engine E is in operation, the
starter-generator SG is rotated by the crankshaft 5.
Therefore, a voltage is induced in the windings 32U, 32V,
and 32W of the stator 30. The AC voltage thus induced
in the windings 32U, 32V, and 32W is full-wave rectified
by the diodes 53U, 53V, 53W, 54U, 54V, and 54W of the
inverter circuit 50, to be converted into a DC voltage. The
DC voltage is applied to the capacitor 12.

[0055] The voltage applied to the capacitor 12 is ap-
plied to the battery B through the chopper circuit 40, so
that the battery B is charged. Here, in a case where the
number of rotations of the engine E is large, a greater
AC voltage is induced, which may overcharge the battery
B. To prevent such overcharging of the battery B, the
controller 70 controls on/off of the FET 41 of the chopper
circuit 40, to make the chopper circuit 40 operate as a
voltage-lowering chopper. That is, the controller 70 con-
trols on/off of the FET 41 of the chopper circuit 40, to
lower the voltage that is applied to the battery B.

[0056] Thus, at a time of engine start, the controller 70
makes the chopper circuit 40 operate as a voltage-raising
chopper, to raise the voltage that is applied to the wind-
ings 32U, 32V, and 32W of the stator 30. After the engine
start, the controller 70 makes the chopper circuit 40 op-
erate as a voltage-lowering chopper, to suppress current
charging to the battery B.

[0057] In this embodiment, a specific control that the
controller 70 makes on the driver 60 is as follows. At a
time of engine start, an application voltage applied to the
windings 32U, 32V, and 32W is gradually raised such
thatthe application voltage raised from a terminal voltage
(in this embodiment, 12V) of the battery B becomes a
predetermined voltage (in this embodiment, 24V) that is
higher than the terminal voltage at a time point when the
number of rotations of the engine E reaches the prede-
termined first number of rotations. Then, the application
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voltage thus raised is maintained at least until the engine
E is started.

[0058] Thereason why the application voltage applied
to the windings 32U, 32V, and 32W of the stator 30 is
raised gradually, not at once, such that the application
voltage raised from the terminal voltage (in this embod-
iment, 12V) of the battery B becomes the predetermined
voltage (in this embodiment, 24V) that is higher than the
terminal voltage is as follows. As indicated by the alter-
nate long and shortdash line in FIG. 3, raising the voltage
from 12V to 24V at once when the engine E is started
causes a current flowing through the windings 32U, 32V,
and 32Wtoincrease atonce, as indicated by the alternate
long and short dash line in FIG. 4. The power also in-
creases rapidly as indicated by the alternate long and
short dash line in FIG. 5. However, a starting torque (mo-
tor torque) does notincrease in proportion to the increase
in the current, because a magnetic saturation occurs in
a magnetic circuit of the stator 30. That is, the inputted
energy is partially consumed in the form of heat gener-
ation.

[0059] To increase the starting torque in proportion to
the increase in the current, it is necessary that the stator
30 has a sulfficiently large cross-sectional area so as to
prevent occurrence of a magnetic saturation in the mag-
netic circuit of the stator 30. However, enlarging the
cross-sectional area of the stator 30 leads not only to an
increase in the size of the device but also to an increase
in an iron loss caused at a time of high-speed rotation.
To solve such problems, in the embodiment of the
presentinvention, atatime of engine start, the application
voltage applied to the windings 32U, 32V, and 32W of
the stator 30 is raised gradually, not at once, such that
the application voltage raised from the terminal voltage
(in this embodiment, 12V) of the battery B becomes the
predetermined voltage (in this embodiment, 24V) that is
higher than the terminal voltage.

[0060] Inthe presentinvention, the phrase "raise grad-
ually" is not meant to be limited to raising the application
voltage at a constant rate. The phrase should be con-
strued toinclude, forexample, raising the application volt-
age in a stepwise manner. In the present invention, rais-
ing the voltage at the beginning of engine start may not
be indispensable. In other words, it may be acceptable
that, at a time of engine start, the terminal voltage (for
example, 12V) of the battery B is applied without any
change added thereto, so that the engine E is started,
and then the application voltage applied to the windings
32U, 32V, and 32W is gradually raised to become the
predetermined voltage (for example, 24V) by the time
the number of rotations of the engine E reaches the pre-
determined first number of rotations. Alternatively, it may
be acceptable that, at a time of engine start, a voltage
slightly higher than the terminal voltage of the battery B
is applied to the winding, and then the application voltage
is gradually raised. In conclusion, the point of the present
invention is to exclude raising the voltage to a predeter-
mined voltage (in this embodiment, 24V) at once when
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the engine is started.

[0061] As described above, in the present invention,
only a relatively low starting torque corresponding to, for
example, the terminal voltage (for example, 12V) of the
battery B is generated at a moment of starting the engine
E. In the present invention, therefore, at a time of engine
start, the starter-generator SG acts as a starter motor
that causes the crankshaft 5 of the engine E to rotate
from a predetermined rotation start position with an ap-
proach run given thereto, in order to start the engine E
with overcoming of a first override torque which is a high
torque. That is, a so-called swing-back function is used
to overcome the high first override torque. Referring to
FIG. 3, the application voltage applied to the winding has
anegative value, forthe purpose of once causing reverse
rotation of the crankshaft 5 to exert the swing-back func-
tion.

[0062] Inthis embodiment, the position detector 14 de-
tects the position of the rotor 20, and the controller 70
controls the driver 60. Thereby, the crankshaft 5 of the
engine E is once set at the predetermined rotation start
position. Then, from the position, the engine E is started
with an approach run given thereto.

[0063] At the beginning of starting the engine E, the
chopper circuit 40 is not operated, and the terminal volt-
age 12V of the battery B is applied to the inverter circuit
50 without any change, to start the starter-generator SG.
Then, from and immediately after the beginning of engine
start, the chopper circuit 40 is operated as a voltage-
raising chopper, so that the application voltage applied
to the input terminals 50a and 50b of the inverter circuit
50 is raised in accordance with the number of engine
rotations. In this embodiment, the controller 70 controls
the driver 60 (chopper circuit 40) in such a manner that
the application voltage applied to the input terminals 50a
and 50b of the inverter circuit 50 is raised to 24V, which
is twice the terminal voltage 12V of the battery B, at a
time point when the number of rotations of the engine E
reaches the predetermined first number of rotations, and
then, the application voltage thus raised is maintained
until the number of rotations of the engine E reaches a
predetermined second number of rotations.

[0064] In an illustrative example, the first number of
rotations of the engine E is 400 rpm. The second number
of rotations may be the one obtained after the beginning
of starting the engine E. In an illustrative example, the
second number of rotations is 1200 rpm. That is, in this
embodiment, at a time of engine start, the application
voltage is raised from 12V at a constantrate in proportion
to the number of engine rotations such that the applica-
tion voltage is 24V at a time point when the number of
rotations of the engine E reaches 400 rpm. The state
where the application voltage has been raised is main-
tained until a time point when the number of engine ro-
tations reaches 1200 rpm. The engine E is started when
the number of rotations of the engine E has a value be-
tween the first number of rotations 400 rpm and the sec-
ond number of rotations 1200 rpm.
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[0065] A torque actually generated as a result of the
control in which the application voltage is gradually raised
such that it becomes a predetermined voltage (24V) at
the time point when the number of rotations of the engine
E reaches 400 rpm is almost the same as a torque gen-
erated in a case where the application voltage is raised
to 24V at once. More specifically, the amount of inputted
work was larger in a comparative example in which the
application voltage was raised atonce thanin an example
in which the application voltage was gradually raised as
shown in FIG. 7, but nevertheless a maximum torque
generated was almost the same as shown in FIG. 6. This
reveals that gradually raising the application voltage en-
sures that the inputted energy can be used as the energy
for torque generation without any waste. In a case of
starting the engine E at 12V without raising the applica-
tion voltage, as compared with a case of raising the ap-
plication voltage, a torque was lowered from and imme-
diately after the start.

[0066] Next, a case where the starter-generator SG
acts as a generator (power generating apparatus) will be
described.

[0067] After the engine E is started, in order that the
starter-generator SG can operate as a generator, the
controller 70 stops supplying the signal to the gate of
each of the FETs 51U, 51V, 51W, 52U, 52V, and 52W
of the inverter circuit 50, to bring all the FETs into the
turn-off state. In other words, the inverter circuit 50 is
brought into the non-operation state. Upon the start of
the engine E, the rotor 20 of the starter-generator SG is
rotated by the crankshaft 5 of the engine E. The rotation
of the rotor 20 around the stator 30 induces a voltage in
each of the windings 32U, 32V, and 32W, because mag-
netic fluxes of the permanent magnet 22 mounted to the
rotor 20 make interlinkage with each of the windings 32U,
32V, and 32W of the stator 30. The induced voltage is
full-wave rectified by the diodes 53U, 53V, 53W, 54U,
54V, and 54W of the inverter circuit 50, and converted
into a DC voltage. The DC voltage charges the battery B.
[0068] When the number of rotations of the engine E
is large, a higher voltage is induced, which results in an
excessive charging current being supplied to the battery
B. To address this problem, as described above, the con-
troller 70 controls the chopper circuit 40 such that the
chopper circuit 40 operates as a voltage-lowering chop-
per, and thus overcharging of the battery B is prevented.
[0069] In the embodiment of the present invention, at
a time of engine start, the starter-generator SG acts as
a starter motor that causes the crankshaft 5 of the engine
E to rotate from the predetermined rotation start position
with an approach run given thereto, as described above.
This enables the high first override torque of the engine
E to be overcome easily. Therefore, the engine can be
started even with a relatively small starting torque. At a
time of engine start, the controller 70 gradually, not at
once, raises the application voltage applied to the wind-
ings 32U, 32V, and 32W. This avoids occurrence of a
magnetic saturation in the magnetic circuit of the stator
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30, and thus the inputted energy can be efficiently used
as a starting torque. Accordingly, the engine E can be
efficiently started with use of the conventional battery B,
without causing an increase in the size of the device.
[0070] After the engine start, the controller 70 controls
the driver 60 in an appropriate manner, so that overcharg-
ing of the battery B can be prevented.

[0071] Although the above-described embodiment il-
lustrates a case where the application voltage is raised
to the voltage (24V) that is twice the voltage (12V) of the
battery B, this is not limiting. The voltage of the battery
B and the raised voltage can be optionally set as appro-
priate. A specific circuit configuration of the driver 60 is
not limited to the embodiment illustrated herein, and any
other circuit configurations are adoptable.

[0072] Inthe presentinvention, "the raised application
voltage" is not limited to the voltage at a time point when
the number of rotations of the engine reaches the first
number of rotations and can be a voltage that is raised
higher than at least the terminal voltage of the battery.
Preferably, "the raised application voltage" is the same
as or substantially the same as the voltage at a time point
when the number of rotations of the engine reaches the
first number of rotations.

[0073] Inthe embodiment of the present invention, the
raised application voltage is maintained at a fixed value
(24V) at least until the engine is started. However, the
present invention is not limited to the embodiment. For
example, the raised application voltage can be main-
tained at a substantially fixed value. In the present inven-
tion, maintaining the raised application voltage can in-
clude maintaining a state where the application voltage
has been raised higher than the terminal voltage of the
battery at least until the engine is started. In this case,
the raised application voltage can be changed as long
asitis kepthigher than the terminal voltage of the battery.
[0074] It should be understood that the terms and ex-
pressions used herein are for descriptions and have no
intention to be construed in alimited manner, do not elim-
inate any equivalents of features shown and mentioned
herein, and allow various modifications falling within the
claimed scope of the present invention.

[0075] The present invention may be embodied in
many differentforms. The present disclosure is to be con-
sidered as providing examples of the principles of the
invention. A number of illustrative embodiments are de-
scribed herein with the understanding that such exam-
ples are not intended to limit the invention to preferred
embodiments described herein and/or illustrated herein.
[0076] While some illustrative embodiments of the in-
vention have been described herein, the present inven-
tion is not limited to the various preferred embodiments
described herein. The presentinvention includes any and
all embodiments having equivalent elements, modifica-
tions, omissions, combinations (e.g., of aspects across
various embodiments), adaptations and/or alterations as
would be appreciated by those in the art based on the
present disclosure. The limitations in the claims are to
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be interpreted broadly based on the language employed
in the claims and not limited to examples described in
the present specification or during the prosecution of the
application, which examples are to be construed as non-
exclusive. For example, in the present disclosure, the
term "preferably" is non-exclusive and means "prefera-
bly, but not limited to."

INDUSTRIAL APPLICABILITY
[0077] The presentinvention is applicable as a starter-
generator that is mounted to a engine of, for example, a

motorcycle.

DESCRIPTION OF THE REFERENCE SIGNS

[0078]

5 crankshaft
20 rotor

30 stator

32 winding

40 chopper circuit
50 inverter circuit

60 driver

70 controller
B battery

E engine

SG  starter-generator

Claims

1. A starter-generator (SG) configured to, at a time of
engine start, act as a starter motor that causes a
crankshaft (5) of an engine (E) to rotate from a pre-
determined rotation start position with an approach
run given thereto, and after the engine start, act as
a generator, the starter-generator (SG) comprising:

a stator (30) including a winding;

a rotor (20) mounted to the crankshaft (5), the
rotor (20) being arranged so as to be rotatable
relative to the stator (30);

a driver (60) connected to a battery (B) that
serves as adriving power source, the driver (60)
being configured to control voltage application
to the winding; and

a controller (70) configured to control the driver
(60),

wherein the controller (70) is configured to con-
trol the driver (60) in such a manner that, at a
time of engine start, an application voltage ap-
plied to the winding is gradually raised such that
the application voltage becomes a predeter-
mined voltage that is higher than a terminal volt-
age of the battery (B) at a time point when the
number of rotations of the engine (E) reaches a
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predetermined first number of rotations, and the
raised application voltage is maintained at least
until the engine (E) is started.

The starter-generator (SG) according to claim 1,
wherein

the first number of rotations of the engine (E) is 400
rpm.

The starter-generator (SG) according to claim 1 or
2, wherein

the controller (70) is configured to control the driver
(60) in such a manner that the application voltage is
raised in accordance with the number of rotations of
the engine (E) until a time point when the number of
rotations of the engine (E) reaches the first number
of rotations.

The starter-generator (SG) according to any one of
claims 1 to 3, wherein

the controller (70) is configured to control the driver
(60) in such a manner that the raised application volt-
age is maintained while the number of rotations of
the engine (E) is between the first number of rotations
and a second number of rotations that is greater than
the first number of rotations.

The starter-generator (SG) according to claim 4,
wherein
the second number of rotations is 1200 rpm.

The starter-generator (SG) according to any one of
claims 1 to 5, wherein

the controller (70) is configured to control the driver
(60) in such a manner that, at a time of engine start,
the crankshaft (5) is once rotated in a reverse direc-
tion and then rotated in a normal direction from the
predetermined rotation start position.

The starter-generator (SG) according to any one of
claims 1 to 6, wherein

the rotor (20) is arranged so as to surround an outer
circumference of the stator (30).

The starter-generator (SG) according to any one of
claims 1 to 7, further comprising a sensor (14) that
is configured to detect the angle of rotation of the
crankshaft (5), wherein

the controller (70) is configured to control the driver
(60) based on an output signal supplied from the
sensor (14).

The starter-generator (SG) according to any one of
claims 1 to 8, wherein

the driver (60) includes a chopper circuit (40) and an
inverter circuit (50), the chopper circuit (40) being
connected to the battery (B), the inverter circuit (50)
being connected to the chopper circuit (40).
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The starter-generator (SG) according to claim 9,
wherein

the chopper circuit (40) has a voltage voltage-raising
function for outputting a voltage that is higher than
the terminal voltage of the battery (B).

The starter-generator (SG) according to any one of
claims 9 or 10, wherein

the controller (70) is configured to control the driver
(60) in such a manner that, while the starter-gener-
ator (SG) is acting as a generator, the chopper circuit
(40) is configured to lower a voltage applied to the
battery (B) during a high-speed rotation region in
which the number of rotations of the engine (E) ex-
ceeds a third number of rotations that is greater than
the second number of rotations.

The starter-generator (SG) according to any one of
claims 9 to 11, wherein

the controller (70) is configured to control the driver
(60) in such a manner that, while the starter-gener-
ator (SG) is acting as a generator, the chopper circuit
(40) is configured to lower a voltage applied to the
battery (B) from and after a time point when a charg-
ing current supplied to the battery (B) exceeds a pre-
determined value.

A vehicle comprising the starter-generator (SG) ac-
cording to any one of claims 1 to 12.

A motorcycle comprising the starter-generator (SG)
according to any one of claims 1 to 12.

A method for controlling a starter-generator (SG)
configuredto act as a starter motor atatime of engine
start and act as a generator after the engine start,
when making the starter-generator (SG) act as a
starter motor at a time of engine start, the method
comprising:

gradually raising an application voltage applied
to a winding wound on a stator (30) such than
the application voltage becomes higher than a
terminal voltage of a battery (B) serving as a
driving power source at a time point when the
number of rotations of the engine (E) reaches a
predetermined first number of rotations; and
maintaining the raised application voltage at
least until the engine (E) is started.
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