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The présent invention provides a vehicle in which 
accélération performance can be improved while 
engine rotation is stabilized. The vehicle is provided 
with a power generator having an inductance 
adjustment part and an engine that has an engine 
output adjustment part, a motor, a current adjustment 
device for adjusting current outputted from the power 
generator to the motor, a drive member, and a control 
device. When the control device receives a request to 
increase current, the control device causes the 
inductance adjustment part to adjust the power 
generator to a state in which the magnetic résistance 
of a magnetic circuit passing through a stator core is 
relatively high and the inductance is low as viewed 
from a winding, causes the engine output adjustment 
part to adjust the rotational power ofthe engine to be 
higher than when the request to increase the current 
was received, and causes the current adjustment 
device to adjust the output current of the power 
generator so as to increase the engine speed and 
increase the output current ofthe powergenerator.
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YAMAHA HATSUDOKI KABUSHIKI KAISHA 

DESCRIPTION

Title of Invention
VEHICLE

Technical Field
[0001] The présent invention relates to a vehicle.

Background Art
[0002] For  example, Patent  Literature 1  (PTL1) shows a vehicle. The vehicle 
shown in Patent  Literature 1  is a hybrid vehicle. This vehicle includes an 
engine, an accelerator pedal, a first rotary electric machine, a second rotary 
electric machine, and a drive wheel. The first rotary electric machine is 
coupled to an output shaft of the engine. The first rotary electric machine 
functions mainly as a generator. The second rotary electric machine is 
electrically connected to the first rotary electric machine via an inverter. The 
second rotary electric machine functions mainly as a motor. By a current 
flowing in the first rotary electric machine and the second rotary electric 
machine, power running is performed. The second rotary electric machine is 
coupled to the drive wheel of the vehicle. The second rotary electric machine 
generates a vehicle driving force.
[0003] In the vehicle as shown in Patent  Literature 1, a dépréssion of the 
accelerator pedal depressed by a driver represents a request for accélération of 
the vehicle. The vehicle as shown in Patent  Literature 1  is, if provided with 
an electronic-controlled throttle device, able to optionally adjust the amount of 
air taken in by the engine. The vehicle is, therefore, controlled in the 
following manner, for example. A target output of the second rotary electric 
machine (motor) is determined based on the vehicle speed and the amount of 
dépréssion of the accelerator pedal depressed by the driver. A target electric 
power to be generated by the first rotary electric machine (generator) is 
determined in accordance with the target output of the second rotary electric 
machine. A target output of the engine is determined in accordance with the 
target electric power to be generated. The amount of air taken in and the 
amount of fuel injected by the engine are controlled so as to achieve the target 
output. In this control, the first rotary electric machine is controlled in its 
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generating electric power and the second rotary electric machine is controlled 
in its output. In a case where the vehicle as shown in Patent  Literature 1  is 
configured with its accelerator pedal mechanically coupled with its engine 
throttle, the electric power generated by the first rotary electric machine and 
the output of the second rotary electric machine are controlled in accordance 
with an actual output of the engine. In Patent  Literature 1, as described 
above, electric power (output) of the rotary electric machine is controlled so as 
to allow applications to various types of vehicles with different characteristics.

Citation List
Patent  Literature
[0004]
PTL1: Japanese Patent  Application LaidOpen No. 2002-345109

Summary  of Invention
Technical Problem
[0005] In the vehicle as shown in Patent  Literature 1, for example, to increase 
a current to be supplied to the second rotary electric machine serving as the 
motor, a control is performed so as to increase the amount of air taken in and 
the amount of fuel injected by the engine. As the amount of air taken in and 
the amount of fuel injected by the engine increase, rotational power of the 
engine increases. The rotational power of the engine is converted into electric 
power by the generator. The electric power generated by the generator is 
supplied to the motor via the inverter. As the electric power supplied to the 
motor increases, rotational power of the drive wheel increases.
[0006] An increase of the rotation speed of the engine is not exclusively in 
accordance with the rotational power of the engine. The rotation speed of the 
engine changes in accordance with a différence between the engine torque for 
driving the generator and the load torque of the generator. For  example, 
when the engine torque is higher than the load torque of the generator, the 
rotation speed of the engine increases. To the contrary, when the engine 
torque is lower than the load torque of the generator, the rotation speed of the 
engine decreases.

The load torque of the generator dépends on a current outputted from 
the generator. For  example, in a case of requiring accélération of the vehicle,
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an increase of the current outputted from the generator is requested. 
Increasing the current outputted from the generator in response thereto causes 
an increase of the load torque of the generator. This tends to suppress an 
increase of the rotation speed of the engine. As a resuit, a prolonged time is 
required to increase the current supplied from the generator to the motor. 
That is, accélération performance of the vehicle decreases.

It is conceivable to control the current outputted from the generator by 
using the inverter. In controlling the current, the current changes depending 
on a request and the state of output. The current flows in a circuit including 
the generator. While the current is changed over time under control, an 
excessive change of the current relative to a control target is likely to occur 
because of response characteristics of the circuit. As the current excessively 
changes and increases, the load torque of the generator increases. If a 
sufficient engine torque is not ensured relative to the increased load torque of 
the generator, a prolonged time is required to increase the rotation speed of the 
engine. As a resuit, a prolonged time is required to increase the electric power 
supplied from the generator to the motor. That is, the accélération 
performance deteriorates. Moreover, the excessive increase of the load torque 
of the generator may impair the stability of engine rotation.

A vehicle capable of improving accélération performance with 
stabilization of engine rotation has been demanded.
[0007] An object of the présent invention is to provide a vehicle capable of 
improving accélération performance with stabilized rotation of the engine.

Solution  to Prohlem
[0008] To solve the problème described above, the présent invention adopts the 
following configurations.
[0009] (1) A vehicle comprising:

an engine that outputs rotational power, the engine including an
engine output adjustment unit that adjusts the rotational power!

a generator connected to the engine and configured to output electric
power according to rotational power transmitted from the engine, the
generator including a rotor, a stator, and an inductance adjustment unit, the
rotor including a permanent magnet, the rotor rotated by the rotational power
transmitted from the engine, the stator arranged opposite to the rotor, the
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stator including a winding and a stator core with the winding wound thereon, 
the inductance adjustment unit configured to change an inductance of the 
winding by changing a magnetic résistance of a magnetic circuit for the 
winding, which passes through the stator core!

a motor that is supplied with a current from the generator without 
interposition of a battery;

a current adjustment device arranged between the generator and the 
motor, the current adjustment device configured to adjust the current 
outputted from the generator to the motor;

a driving member that drives the vehicle, the driving member driven by 
the motor without receiving rotational power from the engine; and

a control device that receives a request concerning the current to be 
supplied to the motor, and controls the engine output adjustment unit, the 
inductance adjustment unit, and the current adjustment device in accordance 
with the received request,

the control device configured to direct the inductance adjustment unit 
to adjust the generator between a state in which the magnetic résistance ofthe 
magnetic circuit for the winding, which passes through the stator core, is 
relatively high so that the inductance of the winding is low and a state in 
which the magnetic résistance of the magnetic circuit for the winding, which 
passes through the stator core, is relatively low so that the inductance of the 
winding is high,

the control device configured to, upon receiving a request for increasing 
the current to be supplied to the motor, direct the inductance adjustment unit 
to adjust the generator into the state in which the magnetic résistance of the 
magnetic circuit for the winding, which passes through the stator core, is 
relatively high so that the inductance is low, direct the engine output 
adjustment unit to adjust the rotational power of the engine so as to increase 
the rotational power of the engine to a level higher than when the request for 
increasing the current was received, and direct the current adjustment device 
to adjust an output current of the generator so as to increase the rotation speed 
of the engine and increase the output current of the generator.
[0010] In the vehicle of (1), the control device receives the request concerning 
the current that is to be supplied to the motor. The vehicle is driven by the 
driving member. The driving member is driven by the motor without
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receiving rotational power from the engine. The motor receives a current 
supply from the generator without interposition of a battery. In the vehicle of 
(1), therefore, a request for increasing the current reflects a request for 
accelerating the vehicle.

The engine output adjustment unit adjusts the rotational power of the 
engine. An output torque of the engine is adjusted accordingly. The rotation 
speed of the engine dépends on the output torque of the engine and a load 
torque of the generator. The current adjustment device adjusts the current 
flowing from the generator to the motor. Since the current outputted from the 
generator is adjusted, the load torque of the generator is adjusted. As a resuit, 
the rotation speed of the engine is adjusted. Tb be spécifie, upon receiving a 
request for increasing the current, the control device directs the engine output 
adjustment unit to adjust the rotational power of the engine so as to increase 
the rotational power of the engine to a level higher than when the request for 
increasing the current was received. The control device also directs the 
current adjustment device to adjust the current outputted from the generator 
so as to increase the rotation speed of the engine and increase the current 
outputted from the generator.

In the vehicle of (1), the control device directs the inductance 
adjustment unit to adjust the generator into the state in which the magnetic 
résistance of the magnetic circuit for the winding, which passes through the 
stator core, is relatively high so that the inductance is low. In this state, the 
control device directs the current adjustment device to adjust the current 
outputted from the generator. Since the inductance of the winding is low, the 
current is changed with a high responsiveness when the current adjustment 
device adjusts the current flowing from the generator to the motor. This can 
suppress occurrence of an excessive change of the current which otherwise 
might be caused by transient characteristics attributable to the inductance 
while the current is changing due to the adjustment made by the current 
adjustment device. Thus, an excessive increase of the torque of the generator 
can be suppressed. This enables the rotation speed of the engine to be 
increased in a short time with stabilized rotation of the engine. That is, the 
current to be outputted from the generator to the motor can be increased in a 
short time. Accordingly, the vehicle of (1) is able to improve accélération 
performance with stabilized rotation of the engine.
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[0011] (2) A vehicle of (1), wherein

after the request for increasing the current is received and while the 
rotation speed of the engine is higher than the rotation speed of the engine 
obtained when the request for increasing the current was received, the control 
device directs the inductance adjustment unit to adjust the generator into the 
state in which the magnetic résistance of the magnetic circuit for the winding, 
which passes through the stator core, is relatively low so that the inductance is 
high.
[0012] In general, torque characteristics of an engine peak at a certain 
rotation speed. As the rotation speed increases from a low level, the output 
torque of the engine increases toward the peak torque. That is, the higher the 
rotation speed of the engine is, the higher the output torque of the engine is.

In the configuration of (2), while the rotation speed of the engine is 
higher than the rotation speed of the engine obtained when the request for 
increasing the current was received, the state is adjusted into the state in 
which the magnetic résistance of the magnetic circuit for the winding, which 
passes through the stator core, is relatively low so that the inductance is high. 
Since the rotation speed of the engine is higher than the rotation speed 
obtained when the request for increasing the current was received, the output 
torque of the engine is also high. In this state, a variation of the rotation 
speed of the engine can be suppressed even if the load torque of the generator 
largely varies due to the high inductance. Accordingly, the current supplied 
from the generator to the motor can be increased by the high rotation speed, 
with stabilized rotation of the engine.
[0013] (3) The vehicle of (1) or (2), wherein

the current adjustment device includes a switching element, and 
adjusts a current flowing from the generator to the motor by on/off operation of 
the switching element.
[0014] The current flowing from the generator to the motor is adjusted by
on/off operation of the switching element. The current flowing in the winding
has transient characteristics, which are attributable to the inductance of the
winding, with respect to on/off operation of the switching element, too. If the
change of the current is largely delayed by the transient characteristics, the
efficiency of the electric power supplied from the generator to the motor
decreases. In the vehicle of (3), upon réception of the request for increasing
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the current, the generator is adjusted into the state in which the magnetic 
résistance of the magnetic circuit for the winding, which passes through the 
stator core, is relatively high so that the inductance is low. Since the 
inductance is low, the transient characteristics, which are attributable to the 
inductance of the winding, are reduced. Accordingly, the current can be 
supplied from the generator to the motor with a high efficiency in response to 
the request for increasing the current.
[0015] (4) The vehicle of any one of (1) to (3), wherein

the magnetic circuit for the winding, which passes through the stator 
core, includes at least one non-magnetic gap, and

the inductance adjustment unit changes the inductance of the winding 
by changing a magnetic résistance of a non-magnetic gap being among the at 
least one non-magnetic gap, the non-magnetic gap existing between the 
winding and the rotor.
[0016] In the configuration of (4), the inductance adjustment unit changes the 
inductance of the winding by changing the magnetic résistance of the 
non-magnetic gap existing between the winding and the rotor. The 
permanent magnet moving along with rotation of the rotor causes an 
alternating magnetic field to occur between the winding and the rotor. For  
example, reducing the magnetic résistance of the non-magnetic gap existing 
between the winding and the rotor leads to a réduction of an alternating 
magnetic field loss. This enables the current to be supplied from the 
generator to the motor.
[0017] (5) The vehicle of any one of (1) to (4), wherein

the magnetic circuit for the winding, which passes through the stator 
core, includes at least one non-magnetic gap, and

the inductance adjustment unit changes the inductance of the winding 
by changing a magnetic résistance of a non-magnetic gap being among the at 
least one non-magnetic gap, the non-magnetic gap whose magnetic résistance 
being highest when the inductance of the winding is set to the highest settable 
value.
[0018] The configuration of (5) changes the magnetic résistance of the

non-magnetic gap whose magnetic résistance is highest when the inductance of
the winding is set to the highest settable value. This makes it easy to
increase the amount of change of the inductance of the winding.
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[0019] (6) The vehicle of any one of (1) to (5), wherein
the inductance adjustment unit changes the inductance of the winding 

such that the change rate of a magnetic flux linked with the winding is lower 
than the change rate of the inductance of the winding, the change implemented 

5 by changing the magnetic résistance of the magnetic circuit for the winding, 
which passes through the stator core.
[0020] In the configuration of (6), the inductance adjustment unit changes the 

inductance of the winding such that the change rate of the magnetic flux linked 
with the winding is lower than the change rate of the inductance of the 

10 winding. The magnetic flux linked with the winding has a direct influence on
a voltage generated. The configuration of (6) is able to change the inductance 
of the winding while suppressing a change of the voltage. The configuration 
of (6) is able to increase the rotation speed of the engine in a short time with 
stabilized rotation of the engine.

15 [0021] (7) The vehicle of any one of (1) to (6), wherein
the inductance adjustment unit changes the inductance of the winding 

by changing the magnetic résistance of the magnetic circuit for the winding, 
which passes through the stator core, the change of the magnetic résistance 
implemented by moving the position of at least a portion of the stator core 

20 relative to the winding in accordance with a control performed by the control 
device.
[0022] In the configuration of (7), the inductance adjustment unit changes the 
magnetic résistance of the magnetic circuit for the winding, which passes 
through the stator core, the change implemented by moving the position of at 

25 least a portion of the stator core relative to the winding. The inductance of 
the winding can be changed easily. This enables the current to be changed 
with an increased responsiveness when the current adjustment device adjusts 
the current flowing from the generator to the motor.
[0023] (8) The vehicle of (7), wherein

30 the inductance adjustment unit changes the inductance of the winding
by changing the magnetic résistance of the magnetic circuit for the winding, 
which passes through the stator core, the change of the magnetic résistance 
implemented by moving the position of the stator core relative to the winding 
while maintaining the position of the stator core relative to the rotor in 

35 accordance with a control performed by the control device.
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[0024] The configuration of (8) moves the position of the stator core relative to 

the winding while maintaining the position of the stator core relative to the 
rotor. This can suppress a change of the magnetic flux that flows from the 
permanent magnet of the rotor to the stator core. That is, a change of the 
magnetic flux generated by the permanent magnet and linked with the 
winding is suppressed. As a resuit, a change of the voltage is suppressed 
which otherwise might be caused by movement of the position of the stator core 
relative to the winding. The configuration of (8) is able to suppress a 
variation of the output voltage in a case of lowering the inductance. 
Accordingly, while the responsiveness of the current change is increased by the 
lowering of the inductance, a réduction of the output voltage of the generator 
can be suppressed.
[0025] (9) The vehicle of any one of (1) to (7), wherein

the inductance adjustment unit changes the inductance of the winding 
by changing the magnetic résistance of the magnetic circuit for the winding, 
which passes through the stator core, the change of the magnetic résistance 
implemented by moving the winding.
[0026] The configuration of (9) moves the position of the winding relative to 
the stator core while maintaining the position of the stator core relative to the 
rotor. This can suppress a change of the magnetic flux that flows from the 
permanent magnet of the rotor to the stator core. That is, a change of the 
magnetic flux generated by the permanent magnet and linked with the 
winding is suppressed. As a resuit, a change of the voltage is suppressed 
which otherwise might be caused by movement of the position of the stator core 
relative to the winding. The configuration of (9) is able to suppress a 
variation of the output voltage in a case of lowering the inductance. 
Accordingly, while the responsiveness of the current change is increased by the 
lowering of the inductance, a réduction of the output voltage of the generator 
can be suppressed.
[0027] (10) The vehicle of any one oft 1) to (7), wherein

the stator core includes a plurality of first stator core parts and a
second stator core part, each of the plurality of first stator core parts having a
facing portion that is opposite to the rotor with a non-magnetic gap
therebetween, the second stator core part not having the facing portion, and

the inductance adjustment unit changes the magnetic résistance of the
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magnetic circuit for the winding, which passes through the stator core, the 
change implemented by moving one of the plurality of first stator core parts 
and the second stator core part relative to the other.
[0028] In the configuration of (10), the inductance adjustment unit moves one 
of the plurality of first stator core parts and the second stator core part 
included in the stator core relative to the other. Such a configuration provides 
a larger change of the magnetic résistance of the magnetic circuit for the 
winding, which passes through the stator core, as compared with a 
configuration in which, for example, one of the stator core and a member 
different from the stator core is moved relative to the other. Accordingly, the 
inductance can be adjusted over a wider range.
[0029] (11) The vehicle of (10), wherein

the inductance adjustment unit changes the magnetic résistance of the 
magnetic circuit for the winding, which passes through the stator core, the 
change implemented by moving one of the plurality of first stator core parts 
and the second stator core part relative to the other so as to shift from a first 
state to a second state,

the first state being a state in which the length of a non-magnetic gap 
between each of the plurality of first stator core parts and the second stator 
core part is shorter than the length of a non-magnetic gap between adjacent 
ones of the plurality of first stator core parts,

the second state being a state in which the length of the non-magnetic 
gap between each of the plurality of first stator core parts and the second stator 
core part is longer than the length of the non-magnetic gap between adjacent 
ones of the plurality of first stator core parts.
[0030] In the configuration of (11), in the first state, the length of the 
non-magnetic gap between each of the plurality of first stator core parts and 
the second stator core part is shorter than the length of the non-magnetic gap 
between adjacent ones of the plurality of first stator core parts. In the second 
state, the length of the non-magnetic gap between each of the plurality of first 
stator core parts and the second stator core part is longer than the length of the 
non-magnetic gap between adjacent ones of the plurality of first stator core 
parts.

In the first state, therefore, a portion of the magnetic flux generated by 
the current in the winding, which portion flows through the non-magnetic gap
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between the adjacent first stator core parts, mostly flows through the 
non-magnetic gap between the first stator core part and the second stator core 
part. That is, the magnetic flux generated by the current in the winding 
mostly flows through both the first stator core parts and the second stator core 
part. In the second state, the magnetic résistance of the magnetic circuit 
passing through the first stator core part is higher. A greater change of the 
magnetic résistance of the magnetic circuit for the winding, which passes 
through the stator core, is obtained. Accordingly, the inductance can be 
adjusted over a wider range.

Advantageous Effects of Invention
[0031] A vehicle of the présent invention is able to improve accélération 
performance with stabilized rotation of an engine.

Brie f Description  of Drawings
[0032] [Fig. 1]  A block diagram showing an outline configuration of a vehicle 
according to a first embodiment of the présent invention.

[Fig. 2] A system configuration diagram showing a more detailed 
configuration of the vehicle shown in Fig. 1.

[Fig. 3] A diagram showing an exemplary waveform of a voltage in a 
phase control.

[Fig. 4] (A) is a schematic diagram showing a high-inductance state, for 
explanation of adjustment made by an inductance adjustment unit included in 
a generator shown in Fig. 2; and (B) is a schematic diagram showing a 
low-inductance state.

[Fig. 5] (A) is a circuit diagram schematically showing an équivalent 
circuit of a winding included in the generator shown in Fig. 4! and (B) is a 
graph showing exemplary response characteristics which are attributable to an 
inductor.

[Fig. 6]  A flowchart of an operation of the vehicle.
[Fig. 7]  A flowchart of a current control shown in Fig. 6.
[Fig. 8] Graphe  each showing an example of state transition of each

part of the vehicle.
[Fig. 9] (A) is a schematic diagram showing a high-inductance state, for

explanation of adjustment made by an inductance adjustment unit included in
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a generator of a drive system according to a second embodiment; (B) is a 
schematic diagram showing a low-inductance state.

[Fig. 10]  A schematic diagram showing a generator of a drive system 
according to a third embodiment.

[Fig. 11]  (A) is a schematic diagram showing a first state of a stator 
shown in Fig. 10!  and (B) is a schematic diagram showing a second state of the 
stator shown in Fig. 10.

Description  of Embodiments
[0033] Studies  conducted by the présent inventor about a vehicle are described, 
the vehicle including a generator that is connected to an engine and a motor 
that receives a current supply from the generator.
[0034] As rotational power of the engine increases, the current supplied to the 
motor increases. As a resuit, the vehicle accelerates. The présent inventor 
focused on a response of the current supplied to the motor in a case of 
increasing the rotational power of the engine. The présent inventor 
particularly focused on a process in which the current supplied to the motor 
increases over time when the rotational power of the engine is increased.
[0035] The rotational power of the engine is converted into electric power by 
the generator. The electric power generated by the generator is supplied to 
the motor via a current adjustment device. The current adjustment device 
adjusts a current outputted from the generator. Thus, the current adjustment 
device adjusts the load torque of the generator. The current adjustment 
device has a function for, by adjusting a current outputted from the generator, 
dividing the rotational power of the engine into electric power of the generator 
and power for increasing the rotation speed of the engine.

For  example, an attempt to indefinitely increase the current outputted 
from the generator by the current adjustment device in accordance with a 
request for increasing the current results in suppressing an increase of the 
rotation speed of the engine. It rather prolongs a required period for 
increasing the current to be supplied to the motor. On  the other hand, an 
attempt to excessively limit the current outputted from the generator results in 
limiting the current to be supplied to the motor. That is, a required period 
for increasing the current to be supplied to the motor is prolonged.

1b  increase the current to be supplied to the motor, the current
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adjustment device under control of a control device adjusts the current 
outputted from the generator so as to increase the output current of the 
generator while increasing the rotation speed of the engine. As a resuit, a 
required period for increasing the current to be supplied to the motor is 
shortened. Therefore, accélération performance improves.
[0036] In controlling the output current of the generator, for example, the 
control device obtains a target value of the output current based on the 
rotation speed of the engine and the output current of the generator. The 
control device controls the current adjustment device such that the output 
current attains the target value.
[0037] The current, which is controlled by the current adjustment device, 
flows in an electrical circuit including a winding of the generator. The current 
of the electrical circuit has transient characteristics which are attributable to 
the inductance of the winding.

If a response of the current during the control is delayed due to the 
inductance of the winding, an overshoot of the current is likely to occur. That 
is, a situation in which the current is beyond the target value is likely to occur. 
If the current increases beyond the target value during the control for 
increasing the current, the load torque of the generator excessively increases. 
When  the increased load torque of the generator approaches the engine torque 
or exceeds the engine torque, the increase of the rotation speed of the engine is 
hindered.

In particular, a request for increasing the current is normally received 
when the rotation speed of the engine is relatively low. As the rotation speed 
of the engine is relatively low, the output torque of the engine is relatively low, 
too. Therefore, an excessive variation of the load torque of the generator has a 
great influence on the rotation speed of the engine. That is, the stability of 
engine rotation is impaired. In addition, a prolonged time is required to 
increase the rotation speed of the engine. As a resuit, a prolonged time is 
required to increase the current to be supplied to the motor. That is, the 
accélération performance of the vehicle is impaired.
[0038] To handle a situation in which the current is beyond the target value
due to a delayed response of the current, for example, it is conceivable to
preliminarily limit the current outputted from the generator. Here, limiting
the current outputted from the generator is limiting the current to be supplied
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to the motor. This impairs the accélération performance of the vehicle. 
[0039] The présent inventor focused on the inductance of the winding.

It has been conventionally considered that reducing the inductance of a 
winding leads to reducing a linkage flux, which makes it difficult to ensure a 
sufficient current of the generator.

The présent inventor focused on a magnetic circuit. A magnetic circuit 
that influences the inductance is a magnetic circuit for a winding. The 
magnetic circuit for a winding is different from a magnetic circuit that extends 
from a magnet of a rotor and passes through a winding. The studies 
conducted by the présent inventor were based on clear distinction between the 
magnetic circuit for a winding and the magnetic circuit that extends from a 
magnet of a rotor and passes through a winding. The présent inventor 
consequently discovered that a large change of the inductance can be 
implemented by changing the magnetic résistance of the magnetic circuit for a 
winding.

The présent inventor found out that an excessive variation of the 
current can be suppressed by reducing the inductance of the winding.
[0040] In the présent invention, upon réception of a request for increasing the 
current, the magnetic résistance of a magnetic circuit for a winding, which 
passes through a stator core, is increased. Accordingly, the inductance of the 
winding is reduced from the value obtained at a time point when the request 
for increasing is received. The reduced inductance of the winding allows a 
quick response of the current during the control. As a resuit, occurrence of a 
situation is suppressed in which the current varies beyond the target value. 
Thus, occurrence of a situation is suppressed in which the load torque of the 
generator approaches the engine torque or the load torque exceeds the engine 
torque during the control for increasing the output current of the generator. 
The engine rotation is stabilized. Moreover, a time required to increase the 
rotation speed of the engine is shortened.
[0041] In the following, the présent invention is described based on preferred
embodiments and with reference to the drawings.
[0042] Fig. 1  is a block diagram showing an outline configuration of a vehicle
according to a first embodiment of the présent invention.

A vehicle V  shown in Fig. 1  is a fourwheel automobile. The vehicle V
includes a drive system P  and a vehicle body D. The vehicle body D  of the



18285

5

10

15

20

25

30

35

15

vehicle V  includes four wheels Wa, Wb, Wc, Wd, and a request indication unit 
A. Therefore, the vehicle V  includes the wheels Wa, Wb, Wc, Wd. The 
vehicle V  includes the request indication unit A.

The drive system P  is a drive source of the vehicle V. The drive system 
P  includes a generator 10, an engine 14, a control device 15, a converter 16,  an 
inverter 17,  and a motor 18. Therefore, the vehicle V  includes the generator 
10, the engine 14, the control device 15, the converter 16,  the inverter 17,  and 
the motor 18. The converter 16  and the inverter 17  are included in a current 
adjustment device CC which is described later.
[0043] The drive system P  is connected to drive wheels Wc, Wd among the 
wheels Wa  to Wd. The drive wheels Wc, Wd  are connected to the drive system 
P  via a transmission mechanism G. The drive eystem P  drives the drive 
wheels Wc, Wd  in rotation so that the vehicle V  travels.

The drive wheels Wc, Wd  represent one example of the driving member. 
The drive system P  outputs mechanical power to the drive wheels Wc, Wd. 
[0044] The request indication unit A outputs a current request. The current 
request is a request for a current to be supplied to the motor 18. The request 
indication unit A outputs a signal representing the current request.

The request indication unit A has an accelerator operator. More  
specifically, the request indication unit A is operated by a driver of the vehicle V. 
The request indication unit A outputs a request for accélération of the vehicle V  
based on an operation and the status of traveling of the vehicle V. The request 
for accélération of the vehicle V  corresponds to a torque for driving the drive 
wheels Wc, Wd. The request for accélération of the vehicle V  also serves as an 
output request requesting an output of the vehicle V. The output of the 
vehicle V  corresponds to an output of the motor 18. The request for 
accélération of the vehicle V  corresponds to a request for an output torque of 
the motor 18. The output torque of the motor 18  corresponds to a current 
supplied to the motor 18. The request indication unit A outputs, as a torque 
request for a torque to be outputted to the motor 18, the current request for the 
current to be supplied to the motor 18.

The request indication unit A is connected to the control device 15.
The request indication unit A outputs a signal representing the current request
to the control device 15. The current request includes a request for increasing
the current and a request for reducing the current. The request for increasing
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the current corresponds to a request for increasing the output torque of the 
motor 18. The request for reducing the current corresponds to a request for 
reducing the output torque of the motor 18.
[0045] The control device 15 is constituted of a microcontroller, for example. 
The control device 15 includes a central processing unit CPU  working as a 
computer, and a storage device MEM. The central processing unit CPU  
performs computational processing based on a control program. The storage 
device MEM  stores data concerning programs and computation.
[0046] Fig. 2 is a system configuration diagram showing a more detailed 
configuration of the vehicle shown in Fig. 1.
[0047] The vehicle V  includes a fuel tank 10A, an air cleaner 10B, and a 

muflier 10D.  The vehicle V  also includes a rotation angle sensor 191  and a 
current sensor 192.
[0048] The engine 14  is an internai combustion engine. The engine 14  causes 
fuel combustion. Thus, the engine 14  outputs mechanical power. The engine 
14 includes an output shaft C. The output shaft C is, for example, a 
crankshaft. Fig. 2 schematically shows the connection relationship between 
the engine 14  and the output shaft C. The engine 14  includes a cylinder 142, 
a piston 143, a connecting rod 145, and a crank case 146. The cylinder 142 
and the piston 143 define a combustion chamber. The piston 143 and the 
crankshaft serving as the output shaft C are connected via the connecting rod 
145.

The engine 14  is supplied with air via the air cleaner 10B. The engine 
14  is supplied with a fuel from the fuel tank 10A. The engine 14 causes the 
fuel supplied from the fuel tank 10A  to combust in the combustion chamber, so 
that the piston 143  moves to-and-fro. The crankshaft serving as the output 
shaft C converts the to-and-fro movement into rotational power. The engine 
14 outputs mechanical power through the output shaft C. An exhaust gas 
generated by the combustion in the engine 14  is discharged via the muffler 10D.  
The rotation speed of the output shaft C represents the rotation speed of the 
engine 14.
[0049] As for power transmission from the engine 14  to the drive wheels Wc,
Wd, the engine 14 is not connected to the drive wheels Wc, Wd by any
mechanical component. The drive wheels Wc, Wd  are driven by the motor 18,
without receiving rotational power from the engine 14. . The drive wheels Wc,
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Wd  are driven by the motor 18, to drive the vehicle V. Ail of the rotational 
power outputted from the engine 14  is once converted into power other than 
mechanical power in the drive system P. The rotational power generated by 
the engine 14 is converted exclusively into electric power. More  specifïcally, 
ail of the mechanical power generated by the engine 14 except a loss is 
converted into electric power by the generator 10. The electric power 
resulting from the conversion in the generator 10  is converted into mechanical 
power by the motor 18.

The drive system P  does not directly drive an external mechanism 
arranged outside the drive system P  by using the rotational power of the 
engine 14. Tb be spécifie, the engine 14 does not directly drive the drive 
wheels Wc, Wd by the rotational power. Therefore, the control of the 
rotational power of the engine 14  is less influenced by constraints inhérent in 
operation characteristics of the external mechanism. This provides a high 
degree of freedom in terms of controlling the rotational power of the engine 14. 
[0050] The engine 14 includes an engine output adjustment unit 141. The 
engine output adjustment unit 141  adjusts the rotational power of the engine 
14. The engine output adjustment unit 141  includes a throttle valve 
adjustment mechanism 141a  and a fuel injection device 141b. The throttle 
valve adjustment mechanism 141a  adjusts the amount of air taken in by the 
engine 14. The fuel injection device 141b  supplies a fuel to the engine 14. 
The engine output adjustment unit 141  controls the amount of air taken in and 
the amount of fuel injected by the engine 14. In this manner, the engine 
output adjustment unit 141  adjusts the rotational power to be outputted from 
the engine 14. For  example, the engine output adjustment unit 141  increases 
the amount of air taken in and the amount of fuel injected by the engine 14. 
This causes an increase of the rotational power of the engine 14. As the 
rotational power of the engine 14  increases, the rotation speed of the engine 14 
which means the rotation speed of the output shaft C increases.

The rotation angle sensor 191  detects the rotation angle of the output
shaft C. That is, the rotation angle sensor 191  detects the rotation angle of a
rotor 11  of the generator 10. The rotation speed of the output shaft C is
detected based on the détection of the rotation angle of the output shaft C.
[0051] As for power transmission from the engine 14  to the generator 10, the
generator 10  is mechanically connected to the engine 14. The generator 10  is
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connected to the output shaft C of the engine 14. In this embodiment, the 
generator 10  is directly connected to the output shaft C. The generator 10  
receives rotational power from the engine 14, and supplies a current to the 
motor 18. The generator 10  is, for example, attached to the crank case 146  of 
the engine 14. Altematively, for example, the generator 10  may be arranged 
in a position distant from the crank case 146.

The generator 10  includes the rotor 11,  a stator 12, and an inductance 
adjustment unit 131.

The generator 10  is a three-phase brushless generator. The rotor 11  
and the stator 12  constitute a three-phase brushless generator.
[0052] The rotor 11  includes permanent magnets. Tb be more spécifie, the 
rotor 11  includes a plurality of magnetic pôle parts 111  and a back yoke part 
112. The magnetic pôle part 111  is made of a permanent magnet. The back 
yoke part 112  is made of, for example, a ferromagnetic material. The 
magnetic pôle parts 111  are arranged between the back yoke part 112  and the 
stator 12. The magnetic pôle parts 111  are attached to the back yoke part 112.  
The plurality of magnetic pôle parts 111  are arranged so as to align in a 
circumferential direction Z  about the rotation axis of the rotor 11,  that is, so as 
to align in the direction of rotation of the rotor 11. The plurality of magnetic 
pôle parts 111  are arranged such that N-poles and S-poles alternate with 
respect to the circumferential direction Z. The generator 10  is a three-phase 
brushless generator of permanent magnet type. A winding for supplying a 
current is not provided on the rotor 11.

The rotor 11  is connected to the output shaft C of the engine 14. The 
rotor 11  is rotated by rotational power transmitted from the engine 14.

The rotation angle sensor 191  detects the rotation angle of the output 
shaft C. That is, the rotation angle sensor 191  detects the rotation angle of 
the rotor 11  of the generator 10.
[0053] The stator 12  is arranged opposite to the rotor 11. The stator 12
includes a plurality of windings 121  and a stator core 122. The stator core 122
is made of, for example, a ferromagnetic material. The stator core 122  forms a
magnetic circuit ofthe stator 12. The plurality ofwindings 121  are wound on
the stator core 122. The stator core 122  includes a core main body 122a  (see
Fig. 4) and a plurality of teeth 122b. The core main body 122a  functions as a
yoke. The plurality of teeth 122b  extend from the core main body 122a  toward
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the rotor 11. The teeth 122b  extending toward the rotor 11  hâve their distal 
end surfaces opposed to the magnetic pôle parts 111  of the rotor 11  with an air 
gap therebetween. The teeth 122b  of the stator core 122  and the magnetic 
pôle parts 111  of the rotor 11  are directly opposite to each other. The plurality 

5 of teeth 122b, which are arranged at intervals with respect to the 
circumferential direction Z, align in the circumferential direction Z. Each of 
the plurality of windings 121  is wound on each of the plurality of teeth 122b.
Each winding 121  is wound so as to pass through a slot between the plurality 
of teeth 122b. Each winding 121  corresponds to any of the three phases, 

10 namely, U-phase, V-phase, and W-phase. The windings 121  corresponding to
U-phase, V-phase, and W-phase are arranged in order in the circumferential 
direction Z.
[0054] The rotor 11  is connected to the output shaft C of the engine 14. The 
rotor 11  is rotated along with rotation of the output shaft C. The rotor 11  has 

15 the magnetic pôle parts 111  rotating in a state where the magnetic pôle parts
111  are opposite to the teeth 122b  of the stator core 122. As the rotor 11  
rotâtes, magnetic fluxes linked with the windings 121  change. As a resuit, an 
induced voltage is generated in the windings 121. This is how the generator
10  performs power génération. The generator 10  supplies a generated current

20 to the motor 18. The current outputted from the generator 10  is supplied to 
the motor 18. In more detail, the current outputted from the generator 10  is 
supplied to the motor 18  via the current adjustment device CC. As the 
current outputted from the generator 10  increases, a current supplied from the 
converter 16  to the inverter 17  increases, so that a current supplied to the

25 motor 18  increases. A voltage outputted from the generator 10  is supplied to 
the motor 18  via the converter 16  and the inverter 17.
[0055] In this embodiment, the rotor 11  and the stator 12  hâve an axial gap 
structure. The rotor 11  and the stator 12  are opposite to each other with 
respect to the direction (axial direction) X  of the rotation axis of the rotor 11.

30 The plurality of teeth 122b  included in the stator 12  protrude in the axial 
direction X  from the core main body 122a. In this embodiment, the axial 
direction X  is a direction in which the rotor 11  and the stator 12  are opposite to 
each other. A magnetic circuit for the winding 121  is, for example, a close-loop 
circuit. The magnetic circuit for the winding 121  is a circuit that passes

35 through an internai path of the winding 121, then goes out from one end
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portion (the end portion close to the rotor) of the internai path of the winding 
121, then enters one end portion (the end portion close to the rotor) of an 
internai path of an adjacent winding 121,  then passes through the internai 
path of the adjacent winding 121,  then goes out from the other end portion (the 
end portion remote from the rotor) of the internai path of the adjacent winding 
121,  and then enters the other end portion (the end portion remote from the 
rotor) of the internai path of the winding 121. The internai path of the 
winding 121  is a path provided within the winding 121  so as to extend in the 
direction in which the rotor 11  and the stator 12  are opposite to each other. 
The magnetic circuit for the winding 121  partially has a non-magnetic gap 
such as an air gap. The magnetic circuit for the winding is, for example, made 
up of the stator core 122  and a non-magnetic gap.
[0056] The inductance adjustment unit 131  changes an inductance L of the 
winding 121. The inductance adjustment unit 131  changes the magnetic 
résistance of the magnetic circuit for the winding 121,  which passes through 
the stator core 122. Thus, the inductance adjustment unit 131  changes the 
inductance of the winding 121. The inductance adjustment unit 131  is an 
inductance adjustment mechanism. The inductance adjustment unit 131  is 
also able to adjust the current to be supplied from the generator 10  to the 
motor 18.

Details  of the adjustment of the inductance made by the inductance 
adjustment unit 131  are described later.
[0057] The current adjustment device CC is arranged between the generator 
10  and the motor 18. The current adjustment device CC is arranged in an 
electric power supply path between the generator 10  and the motor 18. The 
current adjustment device CC is connected to the generator 10. The current 
adjustment device CC  is connected to the motor 18.

The current adjustment device CC adjusts the current outputted from 
the generator 10  to the motor 18.

The current adjustment device CC includes the converter 16  and the
inverter 17. The converter 16  is connected to the generator 10. The inverter
17  is connected to the converter 16  and the motor 18. Electric power
outputted from the generator 10  is supplied through the current adjustment
device CC to the motor 18. In other words, electric power outputted from the
generator 10  is supplied through the converter 16  and the inverter 17  to the



18285

5

10

15

20

25

30

35

21

motor 18.
The current sensor 192  detects the current to be supplied from the 

generator 10  to the motor 18.
The converter 16  rectifies the current outputted from the generator 10. 

The converter 16  converts a three-phase AC outputted from the generator 10  
into a DC. The converter 16  outputs the DC. The converter 16  has an 
inverter circuit, for example. The converter 16  has a three-phase bridge 
inverter circuit, for example. The three-phase bridge inverter circuit includes 
switching éléments Sa corresponding to the respective three phases.

The operation of the converter 16  is controlled by the control device 15. 
For  example, the converter 16  changes the timing for turning on/off the 
switching éléments Sa relative to a predetermined phase angle in the 
three-phase AC. In this manner, the converter 16  can adjust the current to be 
supplied to the motor 18. This is how the converter 16  adjusts the electric 
power to be supplied to the motor 18. The control of the converter 16  made by 
the control device 15 is described later.
[0058] The inverter 17  supplies a current for driving the motor 18  to the motor 
18. The inverter 17  is supplied with the DC  from the converter 16. The 
inverter 17  converts the DC  outputted from the converter 16  into a three-phase 
current with phases shifted by 120  degrees. The phases of the three-phase 
current correspond to the three phases of the three-phase brushless motor, 
respectively. The inverter 17  has a three-phase bridge inverter circuit, for 
example. The three-phase bridge inverter circuit includes switching éléments 
Sb each corresponding to each of the three phases. The switching éléments Sb 
are controlled based on a signal supplied from a position sensor (not shown) 
that detects the rotation position ofthe rotor 181.

The inverter 17  adjusts on/off operations of the switching éléments Sb, 
to control the voltage to be supplied to the motor 18. For  example, the 
inverter 17 turns on the switching éléments Sb based on a 
pulse-width-modulated signal. The control device 15 adjusts the duty cycle of 
ON/OFF.  Thus, the voltage to be supplied to the motor 18  is controlled to an 
arbitrary value by the control device 15. This is how the inverter 17  adjusts 
the electric power to be supplied to the motor 18.
[0059] The motor 18  in this embodiment is a three-phase brushless motor. 
The current adjustment device CC includes the inverter 17. For  example, a
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DC  motor is adoptable as the motor 18. In a case where a DC  motor is 
adopted as the motor 18, the inverter 17  is not provided. In this case, the 
current adjustment device CC includes the converter 16  alone.
[0060] The motor 18  is operated by the electric power that is supplied from the 
generator 10. The motor 18  drives the drive wheels Wc, Wd in rotation. 
Thus, the motor 18  makes the vehicle V  travel. As for power transmission, 
the motor 18  is not mechanically connected to the generator 10. The motor 18  
receives a current supply from the generator 10  without interposition of a 
battery.

The motor 18  is, for example, a three-phase brushless motor. The 
motor 18  includes a rotor 181  and a stator 182. The rotor 181  and the stator 
182  of the motor 18  of this embodiment hâve the same structure as that of the 
rotor 11  and the stator 12  of the generator 10.

The rotor 181  of the motor 18  is connected to the drive wheels Wc, Wd 
via the transmission mechanism G.
[0061] In this embodiment, the generator 10  is electrically connected to the 
motor 18. It is therefore not necessary to arrange a mechanical power 
transmission between the generator 10  and the motor 18. This provides a 
high degree of freedom in terms of arrangement of the generator 10  and the 
motor 18. For  example, it is possible that the generator 10  is provided in the 
engine 14  while the motor 18  is arranged near the drive wheels Wc, Wd  serving 
as the driving member.
[0062] The rotor and the stator of the motor 18  may be configured differently 
from those of the generator 10. For  example, the number of magnetic pôles or 
the number of teeth of the motor 18  may be different from those of the 
generator 10. For  example, an induction motor or a stepper motor may be 
adopted as the motor 18. For  example, a DC  motor with brushes may be 
adopted as the motor 18.
[0063] The motor 18  is mechanically connected to the drive wheels Wc, Wd
such that rotational power is transmitted to the drive wheels Wc, Wd. The
motor 18  is mechanically connected to the drive wheels Wc, Wd via the
transmission mechanism G. More  specifically, the rotor 181  of the motor 18  is
connected to the transmission mechanism G.
[0064] The control device 15 controls the engine output adjustment unit 141,
the inductance adjustment unit 131,  and the current adjustment device CC.
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The control device 15 controls the engine output adjustment unit 141, the 
inductance adjustment unit 131,  and the current adjustment device CC, in 
accordance with a current request. The current request is outputted from the 
request indication unit A in accordance with the amount of operation of the 
request indication unit A.

The control device 15 controls the current to be supplied to the motor 
18, by controlling the engine output adjustment unit 141, the inductance 
adjustment unit 131, and the current adjustment device CC. Since the 
current supplied to the motor 18  is controlled, the output torque of the motor 
18  is controlled. That is, the control device 15 controls the output torque of 
the motor 18. Since  the output torque of the motor 18  is controlled, the output 
torque of the drive wheels Wc, Wd  serving as the driving member is controlled. 
That is, the control device 15 controls the output torque ofthe drive wheels Wc, 
Wd.
[00651 The control device 15 is connected to the engine output adjustment unit 

141  of the engine 14  and the inductance adjustment unit 131  of the generator 
10. The control device 15 is also connected to the current adjustment device 
CC. The control device 15 is connected to the converter 16  and the inverter 17.  
The control device 15 is connected to the rotation angle sensor 191  and the 
current sensor 192. The control device 15 obtains information about the 
rotation speed of the engine 14, which means information about the rotation 
speed of the output shaft C of the engine 14, based on a signal supplied from 
the rotation angle sensor 191. The control device 15 obtains information 
about the rotation position of the rotor 181  based on a signal supplied from the 
rotation angle sensor 191. The control device 15 obtains information about 
the current supplied from the generator 10  to the motor 18  based on a signal 
supplied from the current sensor 192,
[0066] The control device 15 includes a current request receiving unit 151, an 
engine control unit 152, an inductance control unit 153, and a current control 
unit 154.

The current request receiving unit 151, the engine control unit 152, the
inductance control unit 153, and the current control unit 154 are implemented
by the central processing unit CPU  of the control device 15 executing programs.
An operation of each of the current request receiving unit 151, the engine
control unit 152, the inductance control unit 153, and the current control unit
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154, which is described later, can be considered as an operation of the control 
device 15.
[0067] The engine control unit 152 controls the engine output adjustment unit 
141. The engine control unit 152 directs the engine output adjustment unit 
141  to adjust the rotational power of the engine 14.
[0068] The current control unit 154 controls the current adjustment device CC. 
The current control unit 154 directs the current adjustment device CC to 
adjust the current outputted from the generator 10  to the motor 18. In this 
embodiment, the current control unit 154 controls both the converter 16  and 
the inverter 17.

The current control unit 154 performs a phase control on the converter
16.  The phase control is a control for advancing or retarding a conduction 
timing of the switching éléments Sa of the converter 16. In the phase control, 
each of the plurality of switching éléments Sa is tumed on/off with a cycle 
equal to the cycle of the induced voltage of the winding 121.
[0069] Fig. 3 is a diagram showing an exemplary waveform of a voltage in the 
phase control.

In Fig. 3, Vu  represents the induced voltage of the stator winding W  
corresponding to U-phase  among the stator windings W  of the generator 10  
corresponding to the plurality of phases.

Vsup  represents a control signal of the switching element Sa connected 
to the stator winding W corresponding to U-phase  among the plurality of 
switching éléments Sa included in the converter 16. More  specifically, Vsup  
represents a control signal of two switching éléments Sa connected to the 
stator winding W  corresponding to U-phase. H  level of Vsup  represents ON  
state of the switching element Sa. L level represents OFF  state. The 
induced voltages and the control signais of U-phase, V-phase, and W-phase  are 
shifted by 120  degrees relative to one another.

In the phase control, the current control unit 154 controls on/off of the
switching element Sa connected to the stator winding W  corresponding to
U-phase, in accordance with the signal Vsup  whose cycle is equal to the cycle of
the induced voltage of the winding 121. The duty cycle of ON/OFF  of the
plurality of switching éléments Sa is fixed. The current control unit 154
generates the signal Vsup  whose cycle is equal to the cycle of the induced
voltage of the winding 121  based on an output signal of the rotation angle
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sensor 191,  for example.
The current control unit 154 controls the current flowing from the 

stator winding W  to the motor 18  by advancing or retarding the conduction 
timing of the switching element Sa in the phase control. For  example, the 
current control unit 154 reduces the current outputted from the generator 10  
by advancing the on/off phase of the corresponding switching element Sa 
relative to the induced voltage Vu. The current control unit 154 increases the 
current outputted from the generator 10  by retarding the on/off phase of the 
corresponding switching element Sa relative to the induced voltage Vu.
[0070] In this manner, the current control unit 154 controls the phase of on/off 
operation of each of the plurality of switching éléments Sa relative to the phase 
of the induced voltage of the winding 121. As the phase of on/off operation is 
advanced or retarded, the current to be outputted from the converter 16  is 
increased or reduced. Thus, adjustment of the current to be outputted from 
the converter 16  is implemented by the current control unit 154 controlling the 
converter 16. In other words, adjustment of the current outputted from the 
generator 10  to the motor 18  is implemented by the current control unit 154 
controlling the converter 16.
[0071] It may be possible that the current control unit 154 performs a control 
different from the phase control described above. For  example, the current 
control unit 154 may perform a vector control instead of the phase control. 
The vector control is a control method in which the current of the generator 10  
is divided into a d-axis component and a q-axis component, the d*axis 
component corresponding to the magnetic flux direction of the magnetic pôle, 
the q-axis component being at right angles to the magnetic flux direction in the 
electrical angle. In the vector control, the switching element Sa is operated 
based on a pulse-width-modulated (PWM)  signal with a cycle shorter than the 
cycle of the induced voltage of the winding 121. In the vector control, the 
plurality of windings 121  are rendered conducting such that a sinusoïdal 
current flows in each phase thereof. As the duty cycle of the signal is 
controlled, the current to be outputted from the converter 16  is increased or 
reduced.
[0072] The current control unit 154 directs the inverter 17  to adjust the 
current to be outputted to the motor 18. The current control unit 154 
performs on/off operation of the plurality of switching éléments Sa at timings
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corresponding to 120-degree conduction. The current control unit 154 
performs a pulse-width-modulated (PWM)  control on the plurality of switching 
éléments Sa. For  example, the current control unit 154 turns on the 
switching element Sa based on a pulse-width-modulated signal. The current 
control unit 154 controls the duty cycle ofthe turn-on signal, thus adjusting the 
current to be outputted to the motor 18. The current control unit 154 controls 
the duty cycle, thus adjusting the current inputted from the converter 16  to the 
inverter 17. That is, adjustment of the current outputted from the generator 
10  to the motor 18  is implemented by the current control unit 154 controlling 
the converter 16. Preferably, the current control unit 154 performs the puise 
width modulation by using a puise having a higher frequency than the upper 
limit of an audible frequency. The audible frequency is a frequency from 20Hz 
to 20kHz.
[0073] It may be possible that the current control unit 154 performs a control 

different from the 120 ’degree conduction control. The current control unit 
154 may perform a vector control, for example.
[0074] As described above, the current control unit 154 controls the current 
adjustment device CC, to control the current outputted from the generator 10  
to the motor 18. The load torque of the generator 10  dépends on the current 
outputted from the generator 10. Therefore, the current control unit 154 
controls the current adjustment device CC, to control the load torque of the 
generator 10.
[0075] The inductance control unit 153 controls the inductance adjustment 
unit 131. The inductance control unit 153 directs the inductance adjustment 
unit 131  to adjust the inductance of the winding 121. The inductance control 
unit 153 directs the inductance adjustment unit 131  to change the magnetic 
résistance of the magnetic circuit for the winding 121,  which passes through 
the stator core 122. The inductance control unit 153 changes the inductance 
ofthe winding 121  in this manner.
[0076] Either the converter 16  or the inverter 17  can be used to control the
current outputted from the generator 10. It is therefore acceptable that the
current control unit 154 controls one of the converter 16  and the inverter 17  in
order to control the current outputted from the generator 10. For  example,
the current control unit 154 performs the phase control on the converter 16
while performing the 120*degree conduction control on the inverter 17. In
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this case, the current control unit 154 makes the adjustment by advancing or 
retarding the phase of the converter 16,  without performing the PWM  control 
on the inverter 17. Only  the converter 16  is used to control the current 
outputted from the generator 10.

5 Instead, the current control unit 154 may perform the PWM  control on
the inverter 17,  without making the adjustment by advancing or retarding the 
phase of the converter 16. Only  the inverter 17  is used to control the current 
outputted from the generator 10.
[0077] [Inductance Adjustment Unit]

10 Fig. 4(A) and Fig. 4(B) are schematic diagrams for explanation of
adjustment made by the inductance adjustment unit 131  provided in the 
generator 10  shown in Fig. 2. Fig. 4(A) shows a high-inductance state of the 
generator 10. Fig. 4(B) shows a low-inductance state of the generator 10.
[0078] Fig. 4(A) illustrâtes a part of the rotor 11  and a part of the stator 12  

15 provided in the generator 10. The generator 10  of this embodiment includes 
an SPM  (Surface Permanent  Magnet) generator. The rotor 11  and the stator 
12  are opposite to each other. More  specifically, the magnetic pôle parts 111  of 
the rotor 11  and the teeth 122b  of the stator core 122  of the stator 12  are 
opposite to each other with the air gap therebetween. The magnetic pôle 

20 parts 111  are exposed to the stator 12.
[0079] The inductance adjustment unit 131  changes the magnetic résistance 
of a magnetic circuit F2  for the winding 121,  which passes through the stator 
core 122. In this manner, the inductance adjustment unit 131  changes the 
inductance ofthe winding 121,  to adjust the current to be supplied to the motor 

25 18. In more detail, the inductance adjustment unit 131  moves the position of
the stator core 122  relative to the winding 121. This is how the inductance 
adjustment unit 131  changes the magnetic résistance of the magnetic circuit 
F2  for the winding 121,  which passes through the stator core 122.

The windings 121  are secured to a casing (not shown) of the generator 
30 10. The stator core 122  is supported on the casing such that the stator core

122  is freely movable in the axial direction X  relative to the windings 121.  
The windings 121  are not secured to the teeth 122b. A gap is ensured between 
each winding 121  having a cylindrical shape and each tooth 122b. The gap is 
to such an extent that the tooth 122b  is freely movable relative to the winding 

35 121.



18285

5

10

15

20

25

30

35

28

[0080] The inductance adjustment unit 131  moves the stator core 122  such 

that the teeth 122b  are moved into and out of the cylindrically wound windings 
121. In this embodiment, the inductance adjustment unit 131  moves the 
stator core 122  in the axial direction X. The control device 15 opérâtes the 
inductance adjustment unit 131  in accordance with the current request.

In Fig. 4(A), for the purpose of describing the movement of the stator 
core 122  in an easyto-understand manner, the inductance adjustment unit 131  
is schematically illustrated in the form of a rack-and-pinion mechanism and a 
motor. Here, mechanisms other than the illustrated one are adoptable as the 
inductance adjustment unit 131  that moves the stator core 122. For  example, 
a mechanism including a cylindrical member that is arranged concentric with 
a stator core in threaded engagement with the stator core is adoptable. Such 
a mechanism is able to move the stator core in the axial direction X  by, for 
example, rotating the cylindrical member relative to the stator core.

The inductance adjustment unit 131  moves the position of the stator 
core 122  relative to the winding 121  while maintaining the position of the 
stator core 122  relative to the rotor 11. In Fig. 4(A), the broken lines Q  
express that the rotor 11  moves in conjunction with the stator core 122  in the 
axial direction X. A structure for maintaining the relative position between 
the rotor 11  and the stator core 122  is implemented by, for example, a bearing 
part 113  rotatably supporting the rotor 11. The position of the bearing part 
113  is fixed relative to the stator core 122.
[0081] Fig. 4(A) and Fig. 4(B) illustrate primary magnetic fluxes Fl  generated 
by the magnetic pôle parts lll. The line of each magnetic flux Fl  represents a 
primary magnetic circuit through which the magnetic flux Fl  generated by the 
magnetic pôle part lll flows. The magnetic circuit through which the 
magnetic flux Fl  flows is referred to as a magnetic circuit Fl.

The primary magnetic flux Fl  generated by the magnetic pôle part lll 
flows through the magnetic pôle part lll, the air gap between the magnetic 
pôle part lll and the tooth 122b, the tooth 122b, the core main body 122a, and 
the back yoke part 112. In other words, the magnetic circuit Fl  is made up of 
the magnetic pôle part lll, the air gap between the magnetic pôle part lll and 
the tooth 122b, the tooth 122b, the core main body 122a, and the back yoke 
part 112.

Here, Fig. 4(A) and Fig. 4(B) show three teeth 122b  among the plurality 
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of teeth 122b  arranged in the circumferential direction. For  providing plain 
illustration of the magnetic circuits Fl, Fig. 4(A) and Fig. 4(B) show a state in 
which the magnetic pôle part lll is opposite to the middle tooth 122b  among 
the three teeth 122b.
[0082] As the rotor 11  rotâtes, the amount of magnetic flux generated by the 

magnetic pôle part lll and linked with the winding 121  changes. The change 
of the amount of magnetic flux linked with the winding 121  causes an induced 
voltage to occur in the winding 121. That is, power is generated.

The induced voltage caused in the winding 121  dépends on the amount 
of magnetic flux linked with the winding 121. The higher the magnetic 
résistance of the magnetic circuit Fl  is, the smaller the amount of magnetic 
flux linked with the winding 121  is. The magnetic résistance of the magnetic 
circuit Fl  dépends mainly on the magnetic résistance of the air gap between 
the tooth 122b  and the magnetic pôle part lll. The magnetic résistance of the 
air gap between the tooth 122b  and the magnetic pôle part lll dépends on an 
air gap length LI of the air gap between the tooth 122b  and the magnetic pôle 
part lll.

Accordingly, the induced voltage caused in the winding 121  dépends on 
the air gap length LI of the air gap between the tooth 122b  and the magnetic 
pôle part lll.
[0083] Fig. 4(A) and Fig. 4(B) illustrate a primary magnetic flux F2  generated 
by a current flowing in the winding 121. At a time of power génération, a 
current caused by the induced voltage flows in the winding 121. The 
magnetic flux F2  is generated by the current flowing in the winding 121  at the 
time of power génération. The line of each magnetic flux F2  represents a 
primary magnetic circuit through which the magnetic flux F2  generated by the 
current in the winding 121  flows. The magnetic circuit through which the 
magnetic flux F2  flows is referred to as a magnetic circuit F2. The magnetic 
circuit F2  is the magnetic circuit for the winding 121. The magnetic circuit F2  
for the winding 121  is made up of a path passing through the inside of the 
winding 121  and providing the minimum magnetic résistance of the entire 
magnetic circuit F2.

The magnetic circuit F2  passes through the stator core 122. The 
magnetic circuit F2  passes through adjacent teeth 122b. In the drawing, 
three teeth 122b among the plurality of teeth 122b arranged in the
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circumferential direction are shown. The magnetic circuit F2  for the winding 
121  wound on the middle tooth 122b  among the three teeth 122b  is illustrated 
as a typical example. A magnetic circuit F2  for a certain winding 121  passes 
through a tooth 122b  having the certain winding 121  wound thereon and two 
teeth 122b  adjacent to the certain tooth 122b.

The primary magnetic flux F2  generated by the current in the winding 
121  flows through the teeth 122b, the core main body 122a, and the air gap 
between the two adjacent teeth 122b. In other words, the magnetic circuit F2  
is made up of the teeth 122b, the core main body 122a, and the air gap between 
the two adjacent teeth 122b. The magnetic circuit F2  passing through the 
stator core 122  includes one air gap. A portion of the magnetic circuit F2  
including the air gap is indicated by the bold line. The bold-line portion of the 
magnetic circuit F2  including the air gap is simply referred to as an air gap 
F2a. The air gap F2a  existe between the winding 121  and the rotor 11. The 
air gap F2a  included in the magnetic circuit F2  existe between the winding 121  
and the rotor 11  and between the adjacent teeth 122b. The air gap F2a  ie a 
non*magnetic gap. A portion of the magnetic circuit F2  corresponding to the 
air gap F2a  is provided so as to connect respective portions of the two adjacent 
teeth 122b  opposite to the rotor 11.

The magnetic circuit F2  for the winding 121  includes the air gap F2a  
between the two adjacent teeth 122b. The magnetic circuit F2 does 
substantially not include the back yoke part 112  of the rotor 11. Most  of the 
magnetic flux F2  generated by the current in the winding 121  flows through 
the air gap between the two adjacent teeth 122b  without going to the back yoke 
part 112  ofthe rotor 11,  for the following reasons.
[0084] For  the magnetic flux F2  generated by the current in the winding 121,  
the magnetic pôle part 111  is considered simply as a magnetic flux path. In 
this embodiment, the magnetic pôle part 111  is made of a permanent magnet 
whose magnetic permeability is as low as air. The magnetic pôle part 111  can 
therefore be considered as équivalent to air for the magnetic circuit F2. Since 
the magnetic pôle part 111  is équivalent to air, the substantial air gap length of 
the air gap between the stator 12  and the rotor 11  is equal to a distance Lll 
from the tooth 122b  to the back yoke part 112. The distance Lll from the 
tooth 122b  to the back yoke part 112  includes the thickness of the magnetic 
pôle part lll with respect to the axial direction X. Thus, the distance Lll is
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longer than the distance L1 from the tooth 122b  to the magnetic pôle part lll.
In this embodiment, moreover, the amount of the magnetic flux F2  

generated by the current in the winding 121  is smaller than the amount of 
magnetic flux generated by the permanent magnet of the magnetic pôle part
lll. Most  of the magnetic flux F2  generated by the current in the winding 
121  is less likely to reach the back yoke part 112  across the air gap length Lll. 
Little of the magnetic flux F2  generated by the current in the winding 121  
flows through the back yoke part 112.

Thus, most of the magnetic flux F2  generated by the current in the 
winding 121  flows through the air gap F2a  between the teeth 122b  rather than 
through the back yoke part 112  of the rotor 11. In the state shown in Fig. 4(A), 
the inductance of the winding 121  is set to the highest settable value. In the 
state shown in Fig. 4(A), the air gap F2a  included in the magnetic circuit F2  
has the highest magnetic résistance among portions of the magnetic circuit F2. 
The air gap F2a  has a higher magnetic résistance than that of a remaining 
portion F2b  of the magnetic circuit F2  other than the air gap F2a.
[0085] The inductance of the winding 121  dépends on the magnetic résistance 
of the magnetic circuit F2  for the winding 121. The inductance of the winding 
121  is in reverse proportion to the magnetic résistance of the magnetic circuit 
F2  for the winding 121.

Here, the magnetic résistance of the magnetic circuit F2  for the 
winding 121  is the magnetic résistance of the magnetic circuit F2  through 
which the magnetic flux F2  generated by the current in the winding 121  flows. 
The magnetic résistance of the magnetic circuit F2  for the winding 121,  which 
passes through the stator core 122, includes the magnetic résistance of the air 
gap between the two adjacent teeth 122b. In a strict sense, the magnetic flux 
F2  generated by the current in the winding 121  flows through both the stator 
12  and the rotor 11. As described above, however, most of the magnetic flux 
generated by the current in the winding 121  flows through the air gap between 
the two adjacent teeth 122b  without going to the back yoke part 112  of the rotor
11.  Therefore, the magnetic résistance to the winding 121  dépends more 
strongly on the magnetic résistance of the magnetic circuit F2  passing through 
the stator 12  than on the magnetic résistance of the magnetic circuit Fl  
passing through the rotor 11. That is, the inductance of the winding 121  
dépends more strongly on the magnetic résistance of the magnetic circuit F2, 
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which passes through the stator core 122  when viewed from the winding 121  
side, than on the magnetic résistance of the magnetic circuit Fl, which passes 
through the rotor 11  when viewed from the winding 121  side. Accordingly, the 
inductance of the winding 121  substantially dépends on the magnetic 
résistance of the magnetic circuit F2, which passes through the stator core 122  
when viewed from the winding 121  side.
[0086] The inductance adjustment unit 131  moves the position of the stator 
core 122  relative to the winding 121. In this manner, the inductance 
adjustment unit 131  changes the magnetic résistance of the magnetic circuit 
F2  for the winding 121,  which passes through the stator core 122. This is how 
the inductance adjustment unit 131  changes the inductance of the winding 121.  
For  example, in a case of the inductance adjustment unit 131  moving the stator 
core 122  in a direction indicated by the arrow XI, the teeth 122b  of the stator 
core 122  are moved out of the cylindrically wound windings 121.

Fig. 4(B) shows a state having a lower inductance than that of the state 
shown in Fig. 4(A).

Since the teeth 122b  of the stator core 122  are moved out of the 
windings 121,  the volume of the stator core 122  existing within the windings 
121  is reduced. As a resuit, the magnetic flux within the winding 121  spreads. 
From  the viewpoint of the magnetic circuit F2  for the winding 121,  the length 
of the air gap F2a  constituting the magnetic circuit F2  increases. This 
increases the magnetic résistance of the air gap F2a  existing between the 
winding 121  and the rotor 11. That is, the magnetic résistance of the air gap 
F2a, whose magnetic résistance is highest, increases. As a resuit, the 
magnetic résistance of the magnetic circuit F2  for the winding 121,  which 
passes through the stator core 122, increases. Consequently, the inductance 
of the winding 121  decreases.
[0087] Fig. 4(B) shows a state after the inductance adjustment unit 131  moves 
the stator core 122  in the direction of the arrow XI. The movement of the 
stator core 122  in the direction of the arrow XI results in an increase of the 
magnetic résistance of the magnetic circuit F2  for the winding 121,  which 
passes through the stator core 122. Consequently, the inductance of the 
winding 121  decreases.

The inductance adjustment unit 131  changes the magnetic résistance 
of the air gap F2a  whose magnetic résistance is highest. Thus, the inductance
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adjustment unit 131  changes the magnetic résistance of the magnetic circuit 
F2  passing through the adjacent teeth 122b. This can cause a larger change 
of the inductance of the winding 121  as compared with, for example, changing 
the magnetic résistance of a portion other than the air gap F2a.
[0088] Furthermore, the inductance adjustment unit 131  changes the 

inductance of the winding 121  such that the change rate of the inductance of 
the winding 121  is higher than the change rate of the magnetic flux linked with 
the winding 121. The inductance adjustment unit 131  of the generator 10  
according to this embodiment moves the position of the stator core 122  relative 
to the windings 121  while maintaining the position of the stator core 122  
relative to the rotor 11.

As the inductance adjustment unit 131  moves the stator core 122  in the 
direction of the arrow XI, the rotor 11  is accordingly moved in the direction of 
the arrow XI. Therefore, the position of the stator core 122  relative to the 
rotor 11  is maintained. This can suppress a change of the air gap length L1 
between the teeth 122b  and the magnetic pôle parts 111,  which otherwise 
might be caused by movement of the stator core 122. Accordingly, a change of 
the magnetic flux Fl  flowing from the magnetic pôle part 111  to the stator core 
122  is suppressed. That is, a change of the magnetic flux Fl  linked with the 
winding 121  is suppressed.
[0089] Under  control of the inductance control unit 153, the inductance 
adjustment unit 131  switches the state of the generator 10  between the 
high-inductance state shown in Fig. 4(A) and the lowinductance state shown 
in Fig. 4(B). The low-inductance state is a state in which the magnetic 
résistance ofthe magnetic circuit F2  for the winding 121,  which passes through 
the stator core 122, is relatively high so that the inductance of the winding 121  
is low. The high-inductance state is a state in which the magnetic résistance 
of the magnetic circuit F2  for the winding 121,  which passes through the stator 
core 122, is relatively low so that the inductance ofthe winding 121  is high.

The lowinductance state corresponds to a certain range of inductance
values. The high-inductance state corresponds to a certain range of
inductance values. The inductance corresponding to the lowinductance state
is lower than the inductance corresponding to the high-inductance state. The
inductance range corresponding to the low-inductance state does not overlap
the inductance range corresponding to the high-inductance state.
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The inductance corresponding to the low-inductance state and the 
inductance corresponding to the high-inductance state are separated from each 
other by, for example, a boundary value. The boundary value is, for example, 
the médian between the maximum and minimum inductance values obtainable 
under control of the inductance control unit 153.
[0090] The inductance adjustment unit 131  changes the inductance of the 
winding 121  such that the change rate of the inductance of the winding 121  is 
higher than the change rate of the magnetic flux linked with the winding 121.  
The inductance adjustment unit 131  of the generator 10  according to this 
embodiment moves the position of the stator core 122  relative to the windings
121  while maintaining the position of the stator core 122  relative to the rotor
11.

As the inductance adjustment unit 131  moves the stator core 122  in the 
direction of the arrow XI, the rotor 11  is accordingly moved in the direction of 
the arrow XI. Therefore, the position of the stator core 122  relative to the 
rotor 11  is maintained. This can suppress a change of the air gap length L1 
between the teeth 122b  and the magnetic pôle parts 111,  which otherwise 
might be caused by movement of the stator core 122. Accordingly, a change of 
the magnetic flux Fl  flowing from the magnetic pôle part 111  to the stator core
122  is suppressed. That is, a change of the magnetic flux Fl  linked with the 
winding 121  is suppressed.
[0091] Fig. 5(A) is a circuit diagram schematically illustrating the winding 
121  ofthe generator 10  shown in Fig. 4(A) and Fig. 4(B).

In Fig. 5(A), a circuit corresponding to one phase is illustrated in a 
simplified manner, for easy understanding of the function of the winding 121.

As shown in Fig. 5(A), the winding 121  in an electrical sense includes 
an AC voltage source 121A, an inductor 121B,  and a résistance 121C. The 
winding 121  is connected to the current adjustment device CC. The current 
adjustment device CC is under control of the current control unit 154. The 
converter 16  of the current adjustment device CC rectifies the AC generated in 
the winding 121. The inverter 17  of the current adjustment device CC 
generates, from the rectified DC, a three-phase pulsed current adapted to 
rotation of the motor. A current I flowing from the converter 16  to the inverter 
17  is illustrated as the current supplied from the generator 10  to the motor 18. 
The current I is a DC  current.
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Here, the current supplied from the generator 10  to the motor 18  can be 
obtained also by détection of the current supplied from the plurality of 
windings 121  of the generator 10  to the converter 16. The current supplied 
from the generator 10  to the motor 18  can be obtained also by détection of the 
current flowing from the inverter 17  to the windings of the motor 18.
[0092] The current adjustment device CC, under control of the current control 

unit 154, adjusts the current I supplied from the generator 10  to the motor 18. 
The current I is controlled by one or both of the converter 16  and the inverter
17.  The current control unit 154 controls the current I supplied from the 
generator 10  to the motor 18, based on a control amount. The control amount 
includes the rotation speed of the engine 14 and the current I. The rotation 
speed of the engine 14 is obtained based on a détection resuit made by the 
rotation angle sensor 191. The current I is obtained based on a détection 
resuit made by the current sensor 192. The current control unit 154 controls 
the current adjustment device CC in accordance with the control amount. 
Thus, the current control unit 154 controls the current I supplied from the 
generator 10  to the motor 18.
[0093] Upon  réception of a request for increasing the current, the current 
control unit 154 adjusts the current outputted from the generator 10  such that 
a shortened time is required to increase the current outputted from the 
generator 10. The current control unit 154 adjusts the current outputted from 
the generator 10  so as to minimize the time required to increase the current 
outputted from the generator 10. The current control unit 154 performs a 
feedback control based on the amount of change of the rotation speed of the 
engine 14  and the amount of change of the output current of the generator 10. 
To be spécifie, the current control unit 154 adjusts the current outputted from 
the generator 10  so as to increase the rotation speed of the engine 14 and 
increase the output current of the generator 10  (current increase mode).

For  example, the current control unit 154 repeatedly stores a current
value that is based on a détection resuit made by the current sensor 192, and
compares the previously stored values, to obtain the amount of change of the
output current of the generator 10. The current control unit 154 repeatedly
stores a rotation speed value that is based on a détection resuit made by the
rotation angle sensor 191,  and compares the previously stored values, to obtain
the amount of change of the rotation speed. If the rotation speed is increasing,
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the current control unit 154 increases the target current to be outputted from 
the generator 10. The current control unit 154 contrôle the amount of 
increase of the target current to be outputted from the generator 10, in 
accordance with the amount of increase of the rotation speed of the engine 14. 
For  example, the larger the amount of increase of the rotation speed of the 
engine 14 is, the greater the degree to which the current control unit 154 
increases the target current to be outputted from the generator 10  is. If the 
amount of increase of the rotation speed of the engine 14  is small, the current 
control unit 154 reduces the amount of increase of the target current. The 
current control unit 154 directs the current adjustment device CC to adjust 
and set the current I to the target current. The current control unit 154 
contrôle the current outputted from the generator 10  by performing the 
feedback control based on the amount of change of the rotation speed of the 
engine 14. The current I varies according to the feedback control.
[0094] The current I flows in an electrical circuit including the winding 121  of 
the generator 10. The electrical circuit through which the current I flows 
includes the inductor 121B. When  the current adjustment device CC  changes 
the current I, the current I changes in accordance with response characteristics 
which are attributable to the inductor 121B.
[0095] Fig. 5(B) is a graph showing exemplary response characteristics which 
are attributable to the inductor.

In the graph of Fig. 5(B), the horizontal axis represents time. The 
vertical axis represents the current. The graph schematically shows an 
example of how the current changes over time when the circuit including the 
inductor is closed by the control. The solid line represents the change when 
the inductance is high. The broken line represents the change when the 
inductance is low.

As shown in the graph, it takes time for the current to reach a control 
target in response to the control of the current that flows in the circuit 
including the inductor. Thus, a response of the current to the control is 
delayed.

If a response of the current that flows in the circuit including the
winding 121, which is shown in Fig. 5(A), is delayed due to transient
characteristics, an overshoot of the current is likely to occur during the control.
That is, a situation in which the current transiently exceeds the target value is
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likely to occur. For  example, as the current increases beyond the target value, 
the load torque of the generator 10  increases accordingly. When  the increased 
load torque of the generator approaches the engine torque or exceeds the 
engine torque, the increase of the rotation speed of the engine is hindered. In 
addition, the excessive load torque of the generator 10  makes the rotation of 
the generator 10  unstable.
[0096] In this respect, a faster response of the current is obtained when the 

inductance is low, as represented by the solid line in the graph of Fig. 5(B). 
The responsiveness of the current is high. This can suppress an overshoot of 
the current during the control.
[0097] The inductance adjustment unit 131  moves the position of the stator 

core 122  relative to the winding 121. In this manner, the inductance 
adjustment unit 131  changes the magnetic résistance of the magnetic circuit 
F2  for the winding 121,  which passes through the stator core 122. This is how 
the inductance adjustment unit 131  changes the inductance L of the winding 
121.

In this embodiment, the responsiveness of the current to the current 
control is adjustable. Accordingly, an overshoot of the current during the 
current control can be suppressed.
[0098] The inductance adjustment unit 131  changes the inductance of the 
winding 121  by changing the magnetic résistance of the air gap F2a  existing 
between the winding 121  and the rotor 11. The magnetic pôle parts lll 
moving along with rotation of the rotor 11  cause an alternating magnetic field 
to occur between the windings 121  and the rotor 11. For  example, reducing 
the magnetic résistance of the air gap F2a  existing between the winding 121  
and the rotor 11  leads to a réduction of an alternating magnetic field loss. Tb 
be exact, a core loss in the magnetic circuit F2  passing through the air gap F2a  
is reduced. The réduction of the loss lowers the load torque.
[0099] In this embodiment, a movement of the position of the stator core 122
relative to the winding 121  causes a change of the magnetic résistance of the
magnetic circuit F2  for the winding 121,  which passes through the stator core
122. The inductance L of the winding 121  is changed accordingly. This
embodiment can gradually change the inductance L because the change of the
inductance L is implemented by a change of the magnetic résistance of the
magnetic circuit F2  for the winding 121,  which passes through the stator core
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122.

Instead of changing the magnetic résistance of the magnetic circuit for 
the winding which passes through the stator core, changing the substantial 
number of turns of the winding is also conceivable as a method for changing 
the inductance. For  example, it is conceivable that a terminal provided at an 
end of the winding and a terminal provided in the middle of the winding are 
selectively switched for use as a current output terminal. It is also 
conceivable that a terminal provided in the middle of the winding is 
short-circuited to another terminal. This changes the substantial number of 
turns which affect the current. As a resuit, the inductance is changed.

Here, in a case of changing the substantial number of turns of the 
winding, such a change of the substantial number of turns is caused 
significantly and instantaneously. Therefore, an excessive voltage occurs in 
the winding. In addition, an excessive current is likely to flow in a short time. 
In a case of changing the substantial number of turns, it is required that a 
switching element for switching the current is provided. Furthermore, the 
switching element needs to hâve a high breakdown voltage in order to 
withstand the excessive voltage. The winding needs to be made of a thick 
wire in order to deal with a change of the excessive current. For  these reasons, 
changing the substantial number of turns of the winding is less efficient. In 
addition, it involves a size increase of the generator.

In this embodiment, the magnetic résistance of the magnetic circuit F2  
passing through the stator core 122  is changed, so that the inductance L of the 
winding 121  is changed. Thus, the inductance L of the winding 121  can be 
changed gradually. This can suppress a rapid increase of the voltage 
occurring in the winding 121. It is therefore possible that a component having 
a low breakdown voltage is connected to the generator 10. This provides a 
high efficiency. This also éliminâtes the need to provide the switching 
element for switching the current. This also allows use of a relatively thin 
wire for the winding. A size increase of the generator 10  is suppressed. 
[0100] Fig. 6  is a flowchart of an operation of the vehicle V.

The operation of the vehicle V  is controlled by the control device 15
performing a control process. The control device 15 repeats the control
process shown in Fig. 6. The control is described also with reference to Fig. 2.
[0101] The current request receiving unit 151  of the control device 15 receives
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a current request (S 10). Td be exact, the current request receiving unit 151  
receives a signal representing the current request from the request indication 
unit A. The current request receiving unit 151  obtains the current request 
based on the amount of operation of the request indication unit A. More  
specifically, the current request receiving unit 151  obtains the current request 
based on the amount of operation of the request indication unit A and the state 
of traveling of the vehicle V.
[0102] Then, the control device 15 performs the current control (S20). The 

control device 15 controls the current outputted from the generator 10  to the 
motor 18, based on the current request received by the current request 
receiving unit 151. In more detail, the engine control unit 152, the inductance 
control unit 153, and the current control unit 154 control the current.
[0103] Fig. 7  is a flowchart of the current control shown in Fig. 6.

The control device 15 détermines whether a request for increasing the 
current is received by the current request receiving unit 151  (S21). The 
current request receiving unit 151  identifies a request for increasing the 
current by, for example, comparing the current request with the previous 
current request. If no request for increasing the current is received (S21  · No), 
the control device 15 performs processing of step S24.
[01041 If a request for increasing the current is received by the current request 
receiving unit 151  (S21: Yes), the control device 15 reduces the inductance 
(S22). If a request for increasing the current, which corresponds to a request 
for increasing the torque, is received (S21: Yes), the control device 15 reduces 
the inductance (S22). The inductance control unit 153 directs the inductance 
adjustment unit 131  to reduce the inductance. The inductance control unit 
153 directs the inductance adjustment unit 131  to increase the magnetic 
résistance of the magnetic circuit F2  for the winding 121,  which passes through 
the stator core 122. In this manner, the inductance control unit 153 directs 
the inductance adjustment unit 131  to reduce the inductance of the winding 
121  to a level lower than before the request for increasing the current is 
received.
[0105] Then, the control device 15 sets the control mode of the control device
15 to a current increase mode (S23). The current increase mode is a mode for
increasing the current to be supplied to the motor 18.
101061  Then, the control device 15 détermines whether the control mode of the
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control device 15 is the current increase mode (S24).
[0107] If the control mode is the current increase mode (S24: Yes), the control 

device 15 performs an engine power increase control and a current increase 
control (S25). In more detail, the engine control unit 152 directs the engine 

output adjustment unit to increase the rotational power of the engine 14. As 
a resuit, the rotational power of the engine 14 is increased to a level higher 
than that of when the request for increasing the current was received.

Moreover, the current control unit 154 directs the current adjustment 
device CC  to adjust the current outputted from the generator 10. The current 
control unit 154 performs the adjustment of the current outputted from the 
generator 10  such that a shortened time is required to increase the current 
outputted from the generator 10. The rate of increase of the current 
outputted from the generator 10  is, as mentioned above, influenced by the rate 
of increase of the rotation speed of the engine 14. To be spécifie, the current 
control unit 154 directs the current adjustment device CC  to adjust the current 
outputted from the generator 10  so as to increase the rotation speed of the 
engine 14  and increase the output current of the generator 10.

The current control unit 154 controls the current by using the converter 
16,  for example. The current control unit 154 performs the phase control on 
the converter 16,  for controlling the current outputted from the generator 10. 
The current control unit 154 performs the 120-degree  conduction control on the 
inverter 17  without any PWM  control.
[0108] In the above-described processing of steps S21  to S25, upon réception of 
the request for increasing the current, the engine control unit 152, the 
inductance control unit 153, and the current control unit 154 included in the 
control device 15 perform the following control. The inductance control unit 
153 brings the generator 10  into the lowinductance state. That is, the 
inductance control unit 153 brings the generator 10  into a state in which the 
magnetic résistance of the magnetic circuit for the winding, which passes 
through the stator core, is relatively high so that the inductance of the winding 
is low. Under  this state, the engine control unit 152 directs the engine output 
adjustment unit 141  to increase the rotational power of the engine 14  to a level 
higher than when the request for increasing the current was received. In 
addition, the current control unit 154 adjusts the current outputted from the 
generator 10  so as to increase the rotation speed of the engine 14  and increase
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the output current of the generator 10.
10109]  Then, the control device 15 détermines whether the rotation speed of 
the engine has increased (S26). The control device 15 détermines whether the 
rotation speed of the engine is at least higher than the rotation speed of the 
engine obtained when the request for increasing the current was received.

In step S26, more specifically, the control device 15 détermines whether 
the rotation speed of the engine is higher than a predetermined value, to 
détermine whether the rotation speed has increased. The predetermined 
value is set to a value higher than the rotation speed of the engine obtained 
when the request for increasing the current was received. Preferably, for 
example, the predetermined value is set to such a value that the rotation speed 
having that value makes the load torque of the generator 10  less influential to 
the stability of rotation of the engine 14. The predetermined value may be a 
fixed value. For example, the predetermined value may be a value 
corresponding to a predetermined percentage of the target value to which the 
rotation speed of the engine should be increased. It may be possible that, for 
example, the control device 15 détermines whether the rotation speed of the 
engine has continuously increased over a predetermined period or longer, to 
détermine whether the rotation speed has increased.
[0110] Upon  determining that the rotation speed of the engine has increased 
(S26: Yes), the control device 15 brings the generator 10 into the 
high-inductance state. The control device 15 increases the inductance (S27). 
To be spécifie, the inductance control unit 153 directs the inductance 
adjustment unit 131  to increase the inductance. The inductance control unit 
153 directs the inductance adjustment unit 131  to reduce the magnetic 
résistance ofthe magnetic circuit F2  for the winding 121,  which passes through 
the stator core 122. In this manner, the inductance control unit 153 directs 
the inductance adjustment unit 131  to increase the inductance of the winding 
121.

In this embodiment, the control device 15 directs the inductance
adjustment unit 131  to reduce the magnetic résistance ofthe magnetic circuit
F2  for the winding 121, which passes through the stator core 122, while
directing the current adjustment device CC to adjust the output current so as
to increase the output current of the generator 10. The inductance control
unit 153 directs the inductance adjustment unit 131  to increase the inductance
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of the winding 121  in this manner.
[0111]  The control device 15 sets the rate of increasing the inductance in the 

step S27  to be lower than the rate of reducing the inductance in the step S22. 
In more details, the inductance control unit 153 gradually increases the 
inductance over time at the step S27.
[0112] If the control mode is not the current increase mode (S24: No), the 

control device 15 détermines whether a request for reducing the current is 
received (S28).

If no request for reducing the current is received (S28: No), the control 
device 15 performs the processing of step S31  which is described later. If a 
request for reducing the current is received (S28: Yes), the control device 15 
cancels the setting of the current increase mode (S29). The control device 15 
subsequently performs the processing of step S31.
[0113] Then, the control device 15 performs an engine power control and a 
current control (S31). The engine control unit 152 directs the engine output 
adjustment unit to adjust the rotational power ofthe engine in accordance with 
the current request. In addition, the current control unit 154 directs the 
current adjustment device to adjust the current outputted from the generator 
in accordance with the current request.

For  example, if a current requested by the current request is lower 
than a predetermined level, the engine control unit 152 reduces the rotational 
power of the engine. In addition, the current control unit 154 adjusts the 
current outputted from the generator 10.
[0114] Fig. 8 depicts graphe each showing an example of state transition of 
each part of the vehicle V.

The horizontal axis of the graph represents time. Each graph shows 
the state of each part in a case of accelerating the vehicle V. Tb be précisé, 
each graph shows an exemplary state in a situation where the vehicle V  that 
has been stopped with the engine 14  rotating is starting up.
[0115] In a period before time tl, the vehicle V  is stopped.

At the time tl, a request for increasing the current is received from the
request indication unit A. The request indication unit A outputs the request
for increasing the current. For  example, the request indication unit A is
operated so that the request for increasing the current is received from the
request indication unit A.



18285

5

10

15

20

25

30

35

43

[0116]  Upon  réception of the request for increasing the current, the 

inductance control unit 153 of the control device 15 directs the inductance 
adjustment unit 131  to bring the generator 10  into the lowinductance state. 
The inductance adjustment unit 131  brings the generator 10  into the state in 
which the magnetic résistance of the magnetic circuit F2  for the winding 121,  
which passes through the stator core 122, is relatively high so that the 
inductance L of the winding 121  is low.

If the generator 10  is in the low-inductance state in the period before 
the time tl, the control device 15 performs a control such that the 
lowinductance state of the generator 10  is maintained after the time tl. 
[0117]  The control device 15 brings the generator 10  into the lowinductance 

state, and additionally directs the engine output adjustment unit to increase 
the rotational power of the engine 14. After the time tl, an output torque Tb 
of the engine 14 increases as the rotational power increases. The output 
torque Tb of the engine gradually increases over time.
[0118] The control device 15 brings the generator 10  into the lowinductance 

state, and additionally directs the current adjustment device CC to adjust the 
output current of the generator 10.

A change of the output current of the generator 10  is similar to a 
change of a load torque Tg of the generator 10  shown in the graph of Fig. 8. 
The change of the load torque Tg of the generator represents the change of the 
output current of the generator 10.

The control device 15 directs the current adjustment device CC to 
adjust the output current of the generator 10  so as to increase a rotation speed 
Ve  of the engine 14  and increase the output current of the generator 10. An 
increase of the rotation speed Ve  of the engine 14  occurs on condition that the 
load torque Tg of the generator 10  is lower than the output torque Te of the 
engine 14. The control device 15, therefore, adjusts the output current of the 
generator 10  such that the load torque Tg of the generator 10  falls below the 
output torque Te of the engine 14. The control device 15 nevertheless 
increases the output current of the generator 10  over time.

As a resuit, after the request for increasing the current is received at
the time tl, the rotation speed Ve  of the engine increases while the output
current of the generator 10  increases. The output current of the generator 10
is, in the graph of Fig. 8, represented by a waveform of the load torque Tg of
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the generator 10.
[0119] The control device 15 sets a control target of the output current of the 

generator 10  based on the change of the rotation speed Ve  of the engine 14  and 
the change of the output current of the generator 10  (see the waveform of the 
load torque Tg). The control device 15 controls the current adjustment device 
CC such that the output current of the generator 10  reaches the set control 
target. In Fig. 8, the broken line indicating the load torque Tg of the 
generator represents an idéal change of the load torque in which the output 
current of the generator 10  increases in accordance with the control target.

While  the output current of the generator 10  is changed by the control, 
an actual output current deviates from the target due to the transient 
characteristics of the circuit. The output current has an overshoot. For  
example, the output current deviates in a vibrating form. Thus, the actual 
load torque Tg of the generator 10  deviates, like vibrating up and down, from 
the idéal load torque represented by the broken line in Fig. 8.

An increase of the rotation speed Ve  of the engine 14  is suppressed if, 
for example, the load torque Tg of the generator 10  approaches the output 
torque Te of the engine 14  or exceeds the output torque Tb of the engine 14  as a 
resuit of the déviation of the output current from the control target. In this 
case, a required time to increase the rotation speed Ve  of the engine 14 is 
prolonged. Consequently, a required time to increase the output current of 
the generator 10  is prolonged. That is, accélération performance of the vehicle 
decreases. In addition, the rotation ofthe engine 14  becomes unstable.
[0120] Here, it is conceivable to, for example, lower the control target of the 
output current of the generator 10  for the purpose of ensuring a larger 
allowance of the output torque Te of the engine 14  relative to the load torque 
Tg of the generator 10. This keeps the output current of the generator 10  to a 
low level. As a resuit, a required time to increase the output current of the 
generator 10  is prolonged. That is, the accélération performance of the vehicle 
is impaired.
[0121] This embodiment brings the generator 10  into the lowinductance state
upon réception of a request for increasing the current. This achieves a fast
response of the current to the current control. As a resuit, déviation of the
output current due to the transient characteristics is suppressed. The load
torque Tg of the generator 10  is likely to increase in accordance with the target
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represented by the broken line. The rotation of the engine 14 is stabilized. 
Moreover, occurrence of a situation is suppressed in which the load torque Tg 
of the generator 10  approaches the output torque Te ofthe engine 14  or exceeds 
the output torque Te of the engine 14. Accordingly, a required time to 
increase the output current of the generator 10  is shortened. This achieves 
improvement of the accélération performance.
[0122] In this embodiment, furthermore, the current flowing from the 
generator to the motor is adjusted by on/off operation of the switching éléments 
Sa, as described with reference to Fig. 3.
[0123] The current flowing in the winding 121  has transient characteristics 

with respect to on/off operation of the switching éléments Sa, too. In other 
words, the current flowing in the winding 121  has a delay with respect to on/off 
operation of the switching éléments Sa. For  example, after the switching 
element Sa is turned on, the current flowing in the switching element Sa 
gradually increases. After the switching element Sa is turned off, the current 
flowing in the switching element Sa gradually decreases. A current 
component that flows in the switching element Sa with a delay causes a loss. 
As a resuit, power efficiency decreases. The loss caused by the delay is larger 
particularly when the PWM  control is performed on the switching element Sa 
than when the PWM  control is not performed thereon. Lowering the 
frequency of on/off operation leads to a réduction of the loss caused by the delay. 
Lowering the frequency, however, leads to an increase of audible noise.
[0124] In this embodiment, upon réception of a request for increasing the 
current, the generator 10  is adjusted into the state having a lower inductance. 
Since the inductance is low, the transient characteristics which are 
attributable to the inductance of the winding 121  are improved. Accordingly, 
a loss caused by a current component that flows in the switching element Sa 
with a delay can be suppressed. This enables the current to be supplied from 
the generator 10  to the motor with a high efficiency in response to the request 
for increasing the current.
[0125] At time t2, the rotation speed Ve  of the engine 14  is higher than the
rotation speed Ve  obtained at the time (tl) when the request for increasing the
current was received. Here, the control device 15 directs the inductance
adjustment unit 131  to bring the generator 10  into the high-inductance state.
The inductance adjustment unit 131  brings the generator 10  into the state in
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which the magnetic résistance of the magnetic circuit F2  for the winding 121,  
which passes through the stator core 122, is relatively low so that the 
inductance of the winding 121  is high.

At the time t2, the rotation speed Ve  of the engine 14  is higher than the 
rotation speed Ve  obtained when the request for increasing the current is 
received. Thus, the output torque Ib of the engine 14 is higher than the 
output torque Tb obtained when the request for increasing the current is 
received. Therefore, a change of the rotation speed of the engine 14 can be 
suppressed even if the load torque of the generator is changed by a high 
inductance Le. Accordingly, the current supplied from the generator 10  to the 
motor 18  can be increased by the high rotation speed with stabilized rotation of 
the engine 14.
[0126] At the time t2, the control device 15 sets the rate of increasing the 
inductance to be lower than the rate at which the inductance is reduced at the 
time tl. The control device 15 sets the rate of reducing the magnetic 
résistance of the magnetic circuit F2  for the winding 121,  which passes through 
the stator core 122, to be lower than the rate at which the magnetic résistance 
is increased at the time tl. The control device 15 gradually reduces over time 
the magnetic résistance of the magnetic circuit F2  for the winding 121,  which 
passes through the stator core 122. In this manner, the control device 15 
gradually increases the inductance.

As the magnetic résistance F2  is reduced, the induced voltage of the 
winding 121  is likely to increase. That is, the current outputted from the 
generator 10  is likely to increase. The load torque of the generator 10  is likely 
to increase. A rapid increase of the induced voltage can be suppressed 
because the magnetic résistance is gradually reduced while the rotation speed 
Ve  is higher than the rotation speed Ve  obtained at the time (tl) when the 
request for increasing the current was received. In addition, a situation in 
which the rotation of the engine 14  becomes unstable can be suppressed. 
[0127] Upon  réception of a request for reducing the current at time t3, the 
control device 15 suppresses the increase of the rotational power of the engine 
14. The increase of the output torque Te of the engine 14 is suppressed 
accordingly. Moreover, the output current of the generator 10  is controlled 
such that the rotation speed Ve  of the engine is maintained. That is, the 
output current of the generator 10  is controlled such that the load torque Tg of
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the generator 10  can be balanced with the output torque Tb of the engine 14.
If a requested current is lower than a predetermined level, the control 

device 15 reduces the rotational power of the engine 14 (t4). The output 
torque Tb of the engine 14 decreases accordingly. As a resuit, the rotation 
speed Ve  of the engine 14  decreases.
[0128] Each graph of Fig. 8 shows an exemplary state of each part in a 

situation where the vehicle V  that has been stopped is starting up. The 
above-described operations are also applicable to a situation where the 
traveling vehicle V  accelerates. If the control device 15 receives a request for 
increasing the current during traveling, the control device 15 reduces the 
inductance.
[0129] [Second Embodiment]

Next, a second embodiment of the présent invention is described. In 
the description of the second embodiment given below, différences from the 
first embodiment illustrated above is mainly described.

Fig. 9(A) and Fig. 9(B) are schematic diagrams for explanation of 
adjustment made by an inductance adjustment unit provided in a generator 20 
according to the second embodiment. Fig. 9(A) shows a state in which the 
inductance of the winding 121  is set to the highest settable value. Fig. 9(B) 
shows a state in which the inductance of the winding 121  is set to a value lower 
than that of Fig. 9(A).
[0130] The positional relationship among windings 221, a stator core 222, and 
a rotor 21  shown in Fig. 9(A) is the same as the positional relationship 
thereamong in the first embodiment having been described with reference to 
Fig. 4(A).

A magnetic circuit F21  is a magnetic circuit through which a magnetic 
flux generated by a magnetic pôle part 211  flows. A magnetic circuit F22  is a 
magnetic circuit for the winding 221. The magnetic circuit F22  for the 
winding 221  is made up of a path passing through the inside of the winding 221  
and providing the minimum magnetic résistance of the entire magnetic circuit 
F22. The magnetic circuit F22  passes through the stator core 222, The 
magnetic circuit F22  passes through two adjacent teeth 222b.

The magnetic circuit F22  passing through the stator core 222 includes 
an air gap F22a. The air gap F22a  exists between the winding 221  and the 
rotor 21. The air gap F22a  included in the magnetic circuit F22  exists 
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between the winding 221  and the rotor 21  and between the two adjacent teeth 
222b. The air gap F22a  is a non-magnetic gap. The air gap F22a  included in 
the magnetic circuit F22  is provided so as to connect respective portions of the 
two adjacent teeth 222b opposite to the rotor 21.

The magnetic circuit F22  for the winding 121,  which does not pass 
through a back yoke part 212  of the rotor 21, includes the air gap F22a  between 
the two adjacent teeth 122b.
[0131] In the state shown in Fig. 9(A), the air gap F22a  included in the 

magnetic circuit F22  has the highest magnetic résistance among portions of 
the magnetic circuit F22. The air gap F22a  has a higher magnetic résistance 
than that of a remaining portion F22b  of the magnetic circuit F22  other than 
the air gap F22a.
[0132] In the generator 20 shown in Fig. 9(A), an inductance adjustment unit 
231  moves the winding 221  in accordance with a requested current. Thus, the 
inductance adjustment unit 231  changes the magnetic résistance of the 
magnetic circuit F22  for the winding 221, which passes through the stator core 
222. Thus, the inductance adjustment unit 231  changes the inductance of the 
winding 221, to adjust the current to be supplied to the motor 18  (see Fig. 1).

The inductance adjustment unit 231  moves the windings 221  without 
moving the stator core 222 of the stator 22.

More  specifically, the stator core 222 is secured to a casing (not shown). 
The rotor 21  is rotatably supported on the casing. The rotor 21  is secured 
with respect to the axial direction X. The windings 221  are supported on the 
casing such that the windings 221  are freely movable in the axial direction X  
relative to the casing.

The inductance adjustment unit 231  moves the windings 221  in such a 
direction that the teeth 222b corne into and out of the cylindrical shapes of the 
windings 221. In this embodiment, the inductance adjustment unit 231  
moves the windings 221  in the axial direction X. The inductance adjustment 
unit 231  moves the windings 221  in a direction indicated by the arrow X2, for 
example. The control device 15 opérâtes the inductance adjustment unit 231  
in accordance with the current request.
[0133] Fig. 9(B) shows a state having a lower inductance than that of the state 
shown in Fig. 9(A). The state shown in Fig. 9(B) is a state after the windings 
221  are moved in the direction of the arrow X2.
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In this embodiment, the inductance adjustment unit 231  moves the 
windings 221  alone. Ail of the plurality of windings 221  wound on the 
plurality of teeth 222b are moved integrally. In this manner, the inductance 
adjustment unit 231  moves the position of the stator core 222 relative to the 
windings 221. Thus, the inductance adjustment unit 231  changes the 
magnetic résistance of the magnetic circuit F22  for the winding 221, which 
passes through the stator core 222.

For  example, when the windings 221  are moved in the direction of the 
arrow X2, that is, toward the rotor 21, the teeth 222b of the stator core 222 are 
pulled out of the windings 221. Pulling  the teeth 222b out of the windings 221  
reduces the volume of the stator core 222 existing within the windings 221. 
As a resuit, the length of the air gap F22a  included in the magnetic circuit F22  
for the winding 221  increases. This increases the magnetic résistance of the 
air gap F22a  between the winding 221  and the rotor 21. That is, the magnetic 
résistance of the air gap F22a, which has the highest magnetic résistance, is 
increased. As a resuit, the magnetic résistance of the magnetic circuit F22  for 
the winding 221  increases. Consequently, the inductance of the winding 221  
decreases.

The inductance adjustment unit 231  changes the magnetic résistance 
of the air gap F22a  whose magnetic résistance is highest. Thus, the 
inductance adjustment unit 231  changes the magnetic résistance of the 
magnetic circuit F22  passing through the adjacent teeth 222b. This can easily 
cause a larger change of the inductance of the winding 221  as compared with, 
for example, changing the magnetic résistance of the portion F22b  other than 
the air gap F22a.

In this manner, the inductance adjustment unit 231  changes the 
magnetic résistance of the magnetic circuit F22  for the winding 221. Thus, 
the inductance adjustment unit 231  changes the inductance of the winding 
221.

For example, the inductance adjustment unit 231 increases the
magnetic résistance ofthe magnetic circuit F22  passing through the stator core
222 when viewed from the winding 221  side, in accordance with a request for
increasing the current. Thus, the inductance adjustment unit 231  reduces the
inductance of the winding 221.

The inductance adjustment unit 231  changes the inductance of the
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winding 221  by changing the magnetic résistance of the air gap F22a  existing 
between the winding 221  and the rotor 21. This results in a réduction of an 
alternating magnetic field loss. Accordingly, the current to be supplied to the 
motor 18  serving as the electrical load device can be adjusted to an increased 
degree.
[0134] [Third Embodiment]

Next, a third embodiment of the présent invention is described. In the 
description of the third embodiment given below, différences from the first 
embodiment illustrated above are mainly described.

Fig. 10  is a schematic diagram showing a generator 30 of a drive 
system according to the third embodiment.

A stator core 322 provided in the generator 30 shown in Fig. 10  includes 
a plurality of first stator core parts 323 and a second stator core part 324.

Each of the plurality of first stator core parts 323 is provided with a 
facing portion 323a that is opposite to the rotor 31 with an air gap 
therebetween. The plurality of first stator core parts 323 are annularly 
arranged at intervals. That is, the plurality of first stator core parts 323 align 
in the circumferential direction Z. The plurality of first stator core parts 323 
function as primary teeth in the stator 32. In the spécification herein, the 
first stator core parts 323 may also be referred to as first teeth 323. The 
length of the facing portion 323a of the first stator core part 323 with respect to 
the circumferential direction Z  is longer than the length of any portion of the 
first stator core part 323 other than the facing portion 323a with respect to the 
circumferential direction Z. A winding 321  is wound on each of the first stator 
core parts 323.
[0135] The second stator core part 324 is arranged at a position opposite to the 
rotor 31  across the first stator core parts 323. The first stator core parts 323 
are arranged between the second stator core part 324 and the rotor 31. The 
second stator core part 324 is not provided with the facing portion 323a that is 
opposite to the rotor 31. The second stator core part 324 includes a stator 
yoke portion 324a having an annular shape and a plurality of second teeth 
324b. The second teeth 324b protrude from the stator yoke portion 324a 
toward the first stator core part 323. The number of the second teeth 324b is 
equal to the number of the first stator core parts 323. The stator yoke portion 
324a and the second teeth 324b may be configured such that substantially ail
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of the magnetic fluxes flowing through the second teeth 324b flow through the 
stator yoke portion 324a. That is, the second teeth 324b may be formed 
intégral with the stator yoke portion 324a. Altematively, the second teeth 
324b may be formed separate from the stator yoke portion 324a such that they 
are attachable to the stator yoke portion 324a. The second teeth 324b are 
arranged so as to align in the circumferential direction Z. The plurality of 
second teeth 324b are annularly arranged at intervals equal to the intervals of 
the first stator core parts 323.
[0136] A inductance adjustment unit 331 of the generator 30 of this 

embodiment moves the position of a part of the stator core 322 relative to the 
winding 321. The inductance adjustment unit 331  moves one of the plurality 
of first stator core parts 323 and the second stator core part 324 relative to the 
other. Thus, the inductance adjustment unit 331  changes the magnetic 
résistance for the winding 321. This is how the inductance adjustment unit 
331  adjusts the inductance.

The inductance adjustment unit 331  is controlled by the control device
15. In more detail, the first stator core parts 323 are secured to a casing (not 
shown). The second stator core part 324 is supported so as to be rotatable in 
the circumferential direction Z. The inductance adjustment unit 331  rotâtes 
the second stator core part 324 in the circumferential direction Z  about the 
rotation axis of the rotor 31. In this manner, the inductance adjustment unit 
331  moves the second stator core part 324 from a first state (see Fig. 11(A)) to a 
second state (see Fig. 11(B)).
[0137] Fig. 11(A) is a schematic diagram showing the first state of the stator 
32 shown in Fig. 10. Fig. 11(B) is a schematic diagram showing the second 
state of the stator 32 shown in Fig. 10.

The first state shown in Fig. 11(A) is the high-inductance state.
In the state shown in Fig. 11(A), the inductance of the winding 321  is 

set to the highest settable value. In the state shown in Fig. 11(B), the 
inductance of the winding 321  is set to a value lower than that of Fig. 11(A).

In the first state shown in Fig. 11(A), each of the plurality of second
teeth 324b is positioned with respect to the circumferential direction Z  so as to
confiront each of the plurality of first stator core parts 323. In the first state,
an air gap length L32 between each of the plurality of first stator core parts
323 and the second stator core part 324 is shorter than an air gap length L33
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between adjacent ones of the plurality of first stator core parts 323. Tb be 
exact, the air gap length L33 is the length of an air gap formed between 
respective portions of the first stator core parts 323, each of the portions 
arranged between the winding 321  and the rotor 31  with respect to a direction 

5 in which the rotor 31  and the stator 32 are opposite to each other.
The second state shown in Fig. 11(B) is the lowinductance state.
In the second state shown in Fig. 11(B), each of the plurality of second 

teeth 324b is positioned between adjacent ones of the first stator core parts 323 
with respect to the circumferential direction Z. In the second state, an air gap 

10 length L34 between each of the plurality of first stator core parts 323 and the 
second stator core part 324 is longer than the air gap length L33 between 
adjacent ones of the plurality of first stator core parts 323.
[0138] Adjustment made by the inductance adjustment unit 331 of the 
generator 30 according to the third embodiment is described.

15 Fig. 11(A) and Fig. 11(B) illustrate a magnetic circuit F31  through
which a magnetic flux generated by a magnetic pôle part 311  flows, and a 
magnetic circuit F32  for the winding 321. The magnetic circuit F32  for the 
winding 321  is made up ofa path passing through the inside ofthe winding 321  
and providing the minimum magnetic résistance of the entire magnetic circuit 

20 F32. The magnetic circuit F32  passes through the stator core 322. The
magnetic circuit F32  passes through adjacent first stator core parts 323 (first 
teeth 323).

The magnetic circuit F32  includes three air gaps. A portion of the 
magnetic circuit F32  corresponding to an air gap between the two adjacent first 

25 stator core parts 323 (first teeth 323) is referred to as an air gap F32a.
Portions  of the magnetic circuit F32  corresponding to air gaps each between 
each of the two adjacent first stator core parts 323 (first teeth 323) and the 
second stator core part 324 are referred to as air gaps F32c. The air gap F32a  
between the two adjacent first stator core parts 323 (first teeth 323) exists 

30 between the winding 321  and the rotor 31. The air gap F32a  included in the 
magnetic circuit F32  exists between the winding 321  and the rotor 31  and 
between the two adjacent first stator core parts 323 (first teeth 323). The air 
gap F32a  is provided so as to connect mutually opposite end surfaces of the 
respective two adjacent first stator core parts 323 (first teeth 323).

35 [0139] In the first state shown in Fig. 11(A), the air gap length L32 between 
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each of the plurality of first stator core parts 323 (first teeth 323) and the 
second stator core part 324 is shorter than the air gap length L33 between 
adjacent ones of the plurality of first stator core parts 323 (first teeth 323). 
The air gap length L33 is the largest air gap length in the magnetic circuit F32.

5 In the first state, therefore, the air gap F32a  between the adjacent first stator 
core parts 323 has the highest magnetic résistance among portions of the 
magnetic circuit F32  for the winding 321. The magnetic résistance of the air 
gap F32a  is higher than the magnetic résistance of any of remaining portions 
F32b, F32c, and F32d  of the magnetic circuit F32  other than the air gap F32a.

10 The magnetic résistance of the air gap F32a  is higher than the magnetic 
résistance of the air gap F32c  between the first stator core part 323 and the 
second stator core part 324.

The magnetic flux F32  generated by the current in the winding 321  
flows through the adjacent first stator core parts 323 and the second stator core 

15 part 324, as shown in Fig. 11(A). The magnetic résistance of the magnetic 
circuit F32  for the winding 321, which passes through the stator core 322, 
dépends on the air gap length L33 between the adjacent first stator core parts
323.

The magnetic flux F31  generated by the magnetic pôle part 311  flows 
20 through the two adjacent first stator core parts 323. The magnetic flux F31  

flows through one magnetic pôle part 311,  a gap between the magnetic pôle 
part 311  and the first stator core part 323, the first stator core part 323, the 
second stator core part 324, an adjacent first stator core part 323, a gap 
between the first stator core part 323 and the magnetic pôle part 311,  an 

25 adjacent magnetic pôle part 311,  and the back yoke part 312. In the first state 
shown in Fig. 11(A), the magnetic flux F31  of the magnetic pôle part 311  flows 
in the two adjacent first stator core parts 323 and the second stator core part
324.
[0140] In the second state shown in Fig. 11(B), the air gap length L34 between 

30 each of the plurality of first stator core parts 323 and the second stator core 
part 324 is longer than the air gap length L33 between adjacent ones of the 
plurality of first stator core parts 323. Therefore, the magnetic résistance of 
the magnetic circuit F32  for the winding 321, which passes through the stator 
core 322, is strongly influenced by the air gap length L34 between the first 

35 stator core part 323 and the second stator core part 324. As a resuit, in the 
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second state, the magnetic résistance of the magnetic circuit F32  for the 
winding 321, which passes through the stator core 322, is higher than the 
magnetic résistance in the first state.

The magnetic flux F31  generated by the magnetic pôle part 311  flows 
through one magnetic pôle part 311,  the gap between the magnetic pôle part 
311  and the first stator core part 323, and the first stator core part 323. The 
magnetic flux F31  flows from the first stator core part 323 directly to the 
adjacent first stator core part 323. The magnetic flux F31  generated by the 
magnetic pôle part 311  flows through a gap between the two adjacent first 
stator core parts 323. In the second state, the path of the magnetic flux F31  
generated by the magnetic pôle part 311  is switched in the above-described 
manner. In the second state, even if the path of the magnetic flux F31  is not 
switched, at least a portion of the magnetic flux F31  generated by the magnetic 
pôle part 311  is increased, the portion flowing through the gap between the two 
adjacent first stator core parts 323. The increase of the portion of the 
magnetic flux F31  flowing through the gap between the two adjacent first 
stator core parts 323 leads to a substantial increase of the magnetic résistance 
of the air gap F32a. This is magnetically équivalent to an increase of the air 
gap length L33 between the two adjacent first stator core parts 323. Thus, 
the magnetic résistance of the magnetic circuit F32  including the air gap F32a  
is further increased. The change rate of the inductance of the winding 321  is 
higher than the change rate of the magnetic flux that is generated by the 
magnetic pôle part 311  and linked with the winding 321.
[0141] As described above, the inductance of the winding 321  is liable to be in 
reverse proportion to the magnetic résistance for the winding 321. Therefore, 
the inductance of the winding 321  in the second state is lower than the 
inductance of the winding 321  in the first state.

The inductance adjustment unit 331  moves one of the plurality of first 
stator core parts 323 and the second stator core part 324 relative to the other 
so as to shift from the first state (see Fig. 11(A)) to the second state (see Fig. 
11(B)). In this manner, the inductance adjustment unit 331  changes the 
magnetic résistance for the winding 321. Thus, the inductance adjustment 
unit 331  changes the inductance ofthe winding 321.

The inductance adjustment unit 331  changes the magnetic résistance 
of the air gap F32a. The inductance adjustment unit 331  changes the 
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magnetic résistance of the air gap F32a  without changing the air gap length 
L33 between the first stator core parts 323 serving as the adjacent teeth. 
Thus, the inductance adjustment unit 331  changes the magnetic résistance of 
the magnetic circuit F32  passing through the first stator core parts 323 serving 
as the adjacent teeth. In the first state, the air gap F32a  has the highest 
magnetic résistance among portions of the magnetic circuit F32. This can 
provide a larger change ofthe inductance ofthe winding 321  than, for example, 
changing the magnetic résistance of portions other than the air gap F32a.

The inductance adjustment unit 331  changes the inductance of the 
winding 321  by changing the magnetic résistance of the air gap F32a  existing 
between the winding 321  and the rotor 31. This results in a réduction of an 
alternating magnetic field loss. Accordingly, the current to be supplied to the 
motor 18  serving as the electrical load device can be adjusted to an increased 
degree.
[0142] Referring to Fig. 10  again, a supply voltage adjustment unit 344 of the 
generator 30 is described.

The generator 30 includes the supply voltage adjustment unit 344 in 
addition to the inductance adjustment unit 331. The supply voltage 
adjustment unit 344 is under control of the control device 15.

The supply voltage adjustment unit 344 changes a linkage flux flowing 
from the magnetic pôle part 311  of the rotor 31  and linked with the winding 
321. In this manner, the supply voltage adjustment unit 344 changes the 
induced voltage E of the winding 321. This is how the supply voltage 
adjustment unit 344 adjusts the voltage to be supplied to the motor 18. Td  be 
spécifie, the supply voltage adjustment unit 344 moves the rotor 31  in the axial 
direction X. Thus, the supply voltage adjustment unit 344 changes an air gap 
length L31 between the rotor 31  and the stator 32. Such a movement of the 
rotor 31  in the axial direction X  is implemented by, for example, the supply 
voltage adjustment unit 344 configured to move a bearing part 313  in the axial 
direction X, the bearing part 313  supporting the rotor 31  in a rotatable manner. 
The change of the air gap length L31 between the rotor 31  and the stator 32 
leads to a change of the magnetic résistance between the rotor 31  and the 
stator 32. As a resuit, the amount of the magnetic flux generated by the 
magnetic pôle part 311  and linked with the winding 321  is changed. The 
voltage generated by the generator 30 is changed accordingly.
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[0143] In the third embodiment described above, the generator 30 includes 

both the inductance adjustment unit 331  and the supply voltage adjustment 
unit 344. The supply voltage adjustment unit, however, is not indispensable 
in the drive system of the présent invention.

5 [0144] The first stator core part 323, which is illustrated as an example of the

first stator core part in the third embodiment above, has, in its end portion 
opposite to the rotor, protruding portions protruding in the circumferential 
direction Z  which means the direction in which the first stator core parts are 
arranged side by side. It is however not always necessary that the first stator 

10 core part of the présent invention includes the protruding portions.
[0145] Here, it is acceptable that the converter has a bridge circuit including 
diodes. That is, the converter may be configured as a rectifier. In such a case, 
the converter may include a regulator circuit capable of controlling the output 
current. The regulator circuit adjusts the current rectified by the rectifier, in 

15 accordance with a control performed by the control device. That is, the 
converter may be a rectifier regulator.

Alternatively, the converter may include a rectifier without including a 
regulator circuit. With such a configuration, the converter performs 
rectification alone, and does not control the current.

20 [01461  It is not always necessary that the engine output adjustment unit of
the présent invention uses both the throttle valve adjustment mechanism and 
the fuel injection device, to adjust the rotational power. For  example, the 
engine output adjustment unit may adjust the rotational power by using one of 
the throttle valve adjustment mechanism and the fuel injection device. The 

25 engine output adjustment unit in the présent invention may be, for example, a 
valve arrangement that adjusts the flow rate of a gaseous fuel. The engine in 
the présent invention may use a liquid fuel or a gaseous fuel.
[0147] In the embodiments described above, the vehicle V  having four wheels 
is illustrated as an example. Applications of the présent invention, however, 

30 are not limited thereto, and it may be applicable to a vehicle with three or 
fewer wheels, a vehicle with five or more wheels, and a vehicle with no wheel.

The présent invention is applicable to, for example, a vehicle provided 
with wheels. The présent invention is applicable to, for example, motorcycles, 
motor tricycles, buses, trucks, golf carts, carts, ATVs  (Ali-Terrain Vehicles), 

35 ROVs  (Recreational Off-highway  Vehicles), and track-type vehicles.
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The wheel is not the only example of the driving member. The driving 
member may be, for example, a propeiler, an impeller, a caterpillar, or a track 
belt.

The présent invention is applicable to, for example, industrial vehicles 
typified by forklifts, snow blowers, agricultural vehicles, military vehicles, 
snowmobiles, construction machines, small planing boats (water vehicles), 
marine crafts, outboard engines, inboard engines, airplanes, and helicopters. 
[0148] In the embodiments described above, the rotor and the stator having an 

axial gap structure are illustrated as an example. The présent invention is 
also applicable to a radial gap structure in which a rotor and a stator are 
opposite to each other with an air gap therebetween with respect to a radial 
direction. The axial direction X  (Fig. 4) defined in the axial gap structure of 
these embodiments is one example of the direction in which the rotor and the 
stator of the présent invention are opposite to each other. In the radial gap 
structure, the rotor and the stator are opposite to each other with respect to the 
radial direction.
[0149] In the embodiments described above, the generator including an SPM  
generator is illustrated as an example. Altematively, the generator of the 
présent invention may be an IPM  (Interior Permanent  Magnet) generator.

The air gap illustrated in the embodiments described above is one 
example of the non*magnetic gap. The non-magnetic gap is a gap made of a 
single type of a non-magnetic material or a plurality of types of non-magnetic 
materials. No particular limitation is put on the non-magnetic material. 
Examples of the non-magnetic material include air, aluminum, and resins. It 
is préférable that the non-magnetic gap includes at least an air gap.
[0150] In the embodiments described above, the configuration in which the 
rotor 11  is connected directly to the output shaft C of the engine 14 is 
illustrated as a spécifie example of the configuration in which the rotor 11  is 
connected to the engine 14. Here, the output shaft C of the engine 14  and the 
rotor 11  of the generator 10 may be connected with interposition of a 
transmission mechanism as typified by a belt, a gear, or a drive shaft.
[0151] In the embodiments described above, the accelerator operator is
illustrated as an example of the request indication unit A. Here, the current
request of the présent invention is not limited to the output of the accelerator
operator. The following is some examples of the request indication unit and
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the current request required by the request indication unit:
a signal of requesting accélération issued by an automatic speed control 

device (cruise controD  of the vehicle! or
an output of a switch and volume different from the accelerator 

operator, which is operated by the driver.
[0152] In the embodiments described above, the three-phase brushless motor 

is illustrated as an example of the motor. The motor of the présent invention 
may be a motor having the same structure as that of the generator illustrated 
in the embodiments, including the structure of the inductance adjustment unit. 
For  example, like the generator 30, the motor may be structured so as to 
include the plurality of first stator core parts and the second stator core part 
and configured to move one of the first stator core parts and the second stator 
core part relative to the other.
[0153] The vehicle of the présent invention may be provided with a battery 
that stores electric power generated by the generator. The generator may be 
operated by the electric power stored in the battery, to function as a starter of 
the engine.

In addition, for example, the motor of the vehicle may be operated by 
the electric power stored in the battery. Moreover, for example, both the 
generator and the battery may concurrently supply electric power to the motor, 
for operating the motor. It is nevertheless préférable to supply electric power 
from the generator to the motor, without providing any battery that supplies 
electric power for driving the motor. Such a configuration éliminâtes 
constraints on the engine rotation and the need of any control for protecting 
the battery, which otherwise might be necessary due to constraints on the 
battery voltage.
[0154] In the embodiments described above, the control device 15 constituted 
of a microcontroller is illustrated as an example of the control device. This, 
however, is not limiting the présent invention. The control device may be 
constituted of a wired logic, for example.

Ail or part of the current request receiving unit, the engine control unit,
the inductance control unit, and the current control unit may be provided as
separate devices.
[0155] The change of the inductance of the winding is implemented by
changing the magnetic résistance of the magnetic circuit for the winding,
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which passes through the stator core. The change of the magnetic résistance 
of the magnetic circuit for the winding, which passes through the stator core, 
may be implemented in a plurality of stages or in a single stage, or may be 
implemented continuously. In other words, the output current characteristics 
of the generator may be changed in a plurality of stages or in a single stage, or 
may be changed continuously. In the présent invention, the magnetic 
résistance of the magnetic circuit for the winding, which passes through the 
stator core, may be changed in two stages.
[0156] The control device is configured to détermine an output of the control 
device in accordance with an input to the control device. The control device is 
able to control both the engine output adjustment unit and the inductance 
adjustment unit by the central processing unit executing the program to 
perform the above-described operations. It may be possible that the program 
includes a map used for determining an output of the control device in 
accordance with an input to the control device. In the map, data about the 
input to the control device and data about the output of the control device are 
associated with each other. In such a configuration, the program causes the 
computer to refer to the map when the computer détermines an output of the 
control device in accordance with an input to the control device.
[0157] It may not always be necessary that the control device adjusts the 
generator into the state in which the magnetic résistance of the magnetic 
circuit for the winding, which passes through the stator core, is relatively high 
so that the inductance is low, every time a request for increasing the current is 
received. For  example, in a case of slow accélération in which the current 
gently increases, the state may be maintained in which the magnetic 
résistance of the magnetic circuit for the winding, which passes through the 
stator core, is relatively low.
[0158] In the embodiments described above, the lowinductance state is a 
state in which the inductance of the winding is adjusted by the inductance 
control unit to a value smaller than the boundary value (e.g., the médian) 
between the maximum and minimum inductance values obtainable under 
control of the inductance control unit 153. The high-inductance state is a 
state in which the inductance of the winding is adjusted by the inductance 
control unit to a value greater than the boundary value. The magnetic 
résistance of the magnetic circuit for the winding, which passes through the
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stator core, in the lowinductance state is higher than the magnetic résistance 
ofthe magnetic circuit for the winding, which passes through the stator core, in 
the high-inductance state.

This example, however, is not limiting the lowinductance state and the 
high-inductance state in the présent invention.

For  example, the lowinductance state may be a state in which the 
inductance of the winding is adjusted by the inductance control unit to a value 
smaller than the value of the inductance of the winding obtained at a time 
when a request for increasing the current was received. The high-inductance 
state may be a state in which the inductance of the winding is adjusted by the 
inductance control unit to a value greater than the value of the inductance of 
the winding obtained at the time when the request for increasing the current 
was received. In other words, the boundary value may be the value of the 
inductance of the winding at the time when the request for increasing the 
current was received.
[0159] In the embodiments described above, the control device performs such a 
control that the inductance adjustment unit adjusts the generator into the 
lowinductance state upon réception of a request for increasing the current, 
and then adjusts the generator into the high-inductance state if the rotation 
speed of the engine is higher than the rotation speed of the engine obtained 
when the request for increasing the current was received.

In the présent invention, it may be also acceptable that the inductance 
adjustment unit adjusts the generator into the lowinductance state, and then 
if the rotation speed of the engine is higher than the rotation speed of the 
engine obtained when the request for increasing the current was received, 
adjusts the inductance of the winding of the generator such that the 
inductance value rises from the minimum inductance value of the winding 
obtainable in the lowinductance state. In such a case, the adjustment of the 
inductance of the winding may be performed until the generator reaches the 
high-inductance state. The adjustment of the inductance of the winding may 
be performed when the generator is in the lowinductance state.
[0160] It should be understood that the terms and expressions used in the
embodiments above are for descriptions and hâve no intention to be construed
in a limited manner, do not eliminate any équivalents of features shown and
mentioned herein, and allow various modifications falling within the claimed
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scope of the présent invention. The présent invention may be embodied in 
many different forms. The présent disclosure is to be considered as providing 
examples of the principles of the invention. A number of illustrative 
embodiments are described herein with the understanding that such examples 
are not intended to limit the invention to preferred embodiments described 
herein and/or illustrated herein. The embodiments described herein are not 
limiting. The présent invention includes any and ail embodiments having 
équivalent éléments, modifications, omissions, combinations, adaptations 
and/or alterations as would be appreciated by those in the art based on the 
présent disclosure. The limitations in the claims are to be interpreted broadly 
based on the language employed in the claims and not limited to examples 
described in the présent spécification or during the prosecution of the 
application. The présent invention should be interpreted broadly based on 
the language employed in the claims.

Reference Signs List
[01G11  V

Wc, Wd
10, 20, 30
11,  21, 31
12, 22, 32
14
15
CC
IG
17
18

vehicle 
drive wheel 
generator 
rotor 
stator 
engine 
control device 
current adjustment device 
converter 
inverter
motor

131,  231, 331 inductance adjustment unit
141
323
324
344

engine output adjustment unit 
first stator core part 
second stator core part 
supply voltage adjustment unit
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scope of the présent invention. The présent invention may be embodied in 
many different forms. The présent disclosure is to be considered as providing 
examples of the principles of the invention. A number of illustrative 
embodiments are described herein with the understanding that such examples 
are not intended to limit the invention to preferred embodiments described 
herein and/or illustrated herein. The embodiments described herein are not 
limiting. The présent invention includes any and ail embodiments having 
équivalent éléments, modifications, omissions, combinations, adaptations 
and/or alterations as would be appreciated by those in the art based on the 
présent disclosure. The limitations in the claims are to be interpreted broadly 
based on the language employed in the claims and not limited to examples 
described in the présent spécification or during the prosecution of the 
application. The présent invention should be interpreted broadly based on 
the language employed in the claims.

Reference  Signs  List 
[0161] V vehicle

Wc, Wd drive wheel
10, 20, 30 generator
11,  21, 31 rotor
12, 22, 32 stator
14 engine
15 control device
CC current adjustment device
16 converter
17 inverter
18 motor
131,  231, 331 inductance adjustment unit
141 engine output adjustment unit
323 first stator core part
324 second stator core part
344 supply voltage adjustment unit
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CLAIMS

1. A vehicle comprising:
an engine that outputs rotational power, the engine including an

engine output adjustment unit that adjusts the rotational power!
a generator connected to the engine and configured to output electric 

power according to rotational power transmitted from the engine, the 
generator including a rotor, a stator, and an inductance adjustment unit, the 
rotor including a permanent magnet, the rotor rotated by the rotational power 
transmitted from the engine, the stator arranged opposite to the rotor, the 
stator including a winding and a stator core with the winding wound thereon, 
the inductance adjustment unit configured to change an inductance of the 
winding by changing a magnetic résistance of a magnetic circuit for the 
winding, which passes through the stator core!

a motor that is supplied with a current from the generator without 
interposition of a battery!

a current adjustment device arranged between the generator and the 
motor, the current adjustment device configured to adjust the current 
outputted from the generator to the motor!

a driving member that drives the vehicle, the driving member driven by 
the motor without receiving rotational power from the engine! and

a control device that receives a request concerning the current to be 
supplied to the motor, and controls the engine output adjustment unit, the 
inductance adjustment unit, and the current adjustment device in accordance 
with the received request,

the control device configured to direct the inductance adjustment unit 
to adjust the generator between a state in which the magnetic résistance of the 
magnetic circuit for the winding, which passes through the stator core, is 
relatively high so that the inductance of the winding is low and a state in 
which the magnetic résistance of the magnetic circuit for the winding, which 
passes through the stator core, is relatively low so that the inductance of the 
winding is high,

the control device configured to, upon receiving a request for increasing 
the current to be supplied to the motor, direct the inductance adjustment unit 
to adjust the generator into the state in which the magnetic résistance of the
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magnetic circuit for the winding, which passes through the stator core, is 
relatively high so that the inductance is low, direct the engine output 
adjustment unit to adjust the rotational power of the engine so as to increase 
the rotational power of the engine to a level higher than when the request for 
increasing the current was received, and direct the current adjustment device 
to adjust an output current of the generator so as to increase the rotation speed 
of the engine and increase the output current of the generator.

2. The vehicle according to claim 1, wherein
after the request for increasing the current is received and while the 

rotation speed of the engine is higher than the rotation speed of the engine 
obtained when the request for increasing the current was received, the control 
device directs the inductance adjustment unit to adjust the generator into the 
state in which the magnetic résistance of the magnetic circuit for the winding, 
which passes through the stator core, is relatively low so that the inductance is 
high.

3. The vehicle according to claim 1  or 2, wherein
the current adjustment device includes a switching element, and 

adjusts a current flowing from the generator to the motor by on/off operation of 
the switching element.

4. The vehicle according to any one of claims 1  to 3, wherein
the magnetic circuit for the winding, which passes through the stator 

core, includes at least one non-magnetic gap, and
the inductance adjustment unit changes the inductance of the winding 

by changing a magnetic résistance of a non-magnetic gap being among the at 
least one non-magnetic gap, the non-magnetic gap existing between the 
winding and the rotor.

5. The vehicle according to any one of claims 1  to 4, wherein
the magnetic circuit for the winding, which passes through the stator

core, includes at least one non-magnetic gap, and
the inductance adjustment unit changes the inductance of the winding

by changing a magnetic résistance of a non-magnetic gap being among the at
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least one non-magnetic gap, the non-magnetic gap whose magnetic résistance 
being highest when the inductance of the winding is set to the highest settable 
value.

6. The vehicle according to any one of claims 1  to 5, wherein
the inductance adjustment unit changes the inductance of the winding 

such that the change rate of a magnetic flux Iinked with the winding is lower 
than the change rate of the inductance of the winding, the change implemented 
by changing the magnetic résistance of the magnetic circuit for the winding, 
which passes through the stator core.

7. The vehicle according to any one of claims 1  to 6, wherein
the inductance adjustment unit changes the inductance of the winding 

by changing the magnetic résistance of the magnetic circuit for the winding, 
which passes through the stator core, the change of the magnetic résistance 
implemented by moving the position of at least a portion of the stator core 
relative to the winding in accordance with a control performed by the control 
device.

8. The vehicle according to claim 7, wherein
the inductance adjustment unit changes the inductance of the winding 

by changing the magnetic résistance of the magnetic circuit for the winding, 
which passes through the stator core, the change of the magnetic résistance 
implemented by moving the position of the stator core relative to the winding 
while maintaining the position of the stator core relative to the rotor in 
accordance with a control performed by the control device.

9. The vehicle according to any one of claims 1  to 7, wherein
the inductance adjustment unit changes the inductance of the winding 

by changing the magnetic résistance of the magnetic circuit for the winding, 
which passes through the stator core, the change of the magnetic résistance 
implemented by moving the winding.

10. The vehicle according to any one of claims 1  to 7, wherein
the stator core includes a plurality of first stator core parts and a
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second stator core part, each of the plurality of first stator core parts having a 
facing portion that is opposite to the rotor with a non-magnetic gap 
therebetween, the second stator core part not having the facing portion, and 

the inductance adjustment unit changes the magnetic résistance of the 
5 magnetic circuit for the winding, which passes through the stator core, the 

change implemented by moving one of the plurality of first stator core parts 
and the second stator core part relative to the other.

11. The vehicle according to claim 10, wherein
10  the inductance adjustment unit changes the magnetic résistance of the

magnetic circuit for the winding, which passes through the stator core, the 
change implemented by moving one of the plurality of first stator core parts 
and the second stator core part relative to the other so as to shift from a first 
state to a second state,

15 the first state being a state in which the length of a non-magnetic gap
between each of the plurality of first stator core parts and the second stator 
core part is shorter than the length of a non-magnetic gap between adjacent 
ones of the plurality of first stator core parts,

the second state being a state in which the length of the non-magnetic 
20 gap between each of the plurality of first stator core parts and the second stator

core part is longer than the length of the non-magnetic gap between adjacent 
ones of the plurality of first stator core parts.
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ABSTRACT
The présent invention provides a vehicle capable of improving 

accélération performance with stabilized rotation of an engine. The vehicle 
includes: an engine including an engine output adjustment unit! a generator 

5 including an inductance adjustment unit; a motor; a current adjustment device 
that adjusts a current outputted from the generator to the motor! a driving 
member! and a control device, the control device configured to, upon receiving a 
request for increasing the current, direct the inductance adjustment unit to 
adjust the generator into a state in which the magnetic résistance of a 

10 magnetic circuit for a winding, which passes through a stator core, is relatively 
high so that the inductance is low, direct the engine output adjustment unit to 
adjust the rotational power of the engine so as to increase the rotational power 
of the engine to a level higher than when the request for increasing the current 
was received, and direct the current adjustment device to adjust an output 

15 current of the generator so as to increase the rotation speed of the engine and 
increase the output current of the generator.
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