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(54) CONTROLLER FOR SWITCHED RELUCTANCE MOTOR

(57) A controller for a switched reluctance motor is
provided. The switched reluctance motor includes a rotor,
a stator, and a coil wound on the stator. The switched
reluctance motor is mounted on a vehicle as a drive
source for propelling the vehicle. The controller includes
an electronic control unit. The electronic control unit is
configured to execute first control for exciting the coil at
a first current value in a first exciting range. The electronic

control unit is configured to, when the electronic control
unit determines that the vehicle is not able to start moving
even when the electronic control unit executes the first
control, execute second control for exciting the coil at a
second current value larger than the first current value
in a second exciting range narrower than the first exciting
range.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a controller for a
switched reluctance motor that is mounted on a vehicle.

2. Description of Related Art

[0002] There is known a switched reluctance motor.
The switched reluctance motor includes a stator, a rotor,
and three-phase coils. Each of the stator and the rotor
includes a plurality of salient poles. The salient poles of
the stator and the salient poles of the rotor face each
other. The three-phase coils are wound around the sali-
ent poles of the stator. The switched reluctance motor
causes the rotor to rotate by magnetic attraction gener-
ated between the salient poles of the stator and the sa-
lient poles of the rotor.
[0003] For example, Japanese Unexamined Patent
Application Publication No. 2016-134937 (JP
2016-134937 A) describes a technique related to such a
switched reluctance motor. With the technique is to, when
a vehicle with a switched reluctance motor is not able to
start moving, the startability of the vehicle is improved by
passing a current larger than that of regular control to
three-phase coils.

SUMMARY OF THE INVENTION

[0004] However, if a current that is passed through the
coils is increased in order to improve the startability of
the vehicle as described in JP 2016-134937 A, the
amount of heat generated by the coils can possibly in-
crease. As a result, for example, it is required to increase
the size of a cooling device in order to reduce heat gen-
eration.
[0005] The invention is made in view of the above sit-
uation, and provides a controller for a switched reluc-
tance motor, which is able to improve the startability of
a vehicle while reducing heat generation of the coils.
[0006] An aspect of the invention provides a controller
for a switched reluctance motor. The switched reluctance
motor includes a rotor, a stator, and a coil wound on the
stator. The switched reluctance motor is mounted on a
vehicle as a drive source for propelling the vehicle. The
controller includes an electronic control unit. The elec-
tronic control unit is configured to execute first control for
exciting the coil at a first current value in a first exciting
range. The electronic control unit is configured to execute
second control for exciting the coil at a second current
value larger than the first current value in a second ex-
citing range narrower than the first exciting range, when
the electronic control unit determines that the vehicle is
not able to start moving even when the electronic control
unit executes the first control. Each of the first and second

exciting ranges may be a range of a rotation angle of the
rotor from start of excitation of the coil to stop of the ex-
citation.
[0007] With the thus configured controller, when the
vehicle does not start moving even when the electronic
control unit executes the first control, the coil is excited
at a current value larger than that of the first control in an
exciting range narrower than that of the first control. Thus,
in comparison with the case where the coil is excited at
a current value larger than that of the first control in the
same exciting range as that of the first control, it is pos-
sible to reduce heat generation of the coil. Therefore, it
is possible to reduce heat generation of the coil and also
improve the startability of the vehicle.
[0008] In the controller, the electronic control unit may
be configured to execute the second control over a phase
coil having an inductance of a positive gradient, and ex-
ecute the first control over a phase coil having an induct-
ance of a negative gradient. In the case of the inductance
of the positive gradient, the inductance may increase as
a rotation angle of the rotor increases. In the case of the
inductance of the negative gradient, the inductance may
decrease as the rotation angle of the rotor increases.
[0009] With the thus configured controller, it is possible
to efficiently increase torque by executing the second
control over only a phase coil having an inductance of a
positive gradient.
[0010] In the controller, the electronic control unit may
be configured to execute the second control over a plu-
rality of phase coils having the inductance of the positive
gradient, when the electronic control unit determines that
there is the plurality of phase coils having an inductance
of the positive gradient and determines that the vehicle
is not able to start moving even when the electronic con-
trol unit executes the second control over one of the plu-
rality of phase coils having the inductance of the positive
gradient. The electronic control unit may be configured
to execute the first control over a phase coil having the
inductance of the negative gradient in the coil, when the
electronic control unit determines that there is a plurality
of phase coils having the inductance of the positive gra-
dient and determines that the vehicle is not able to start
moving even when the electronic control unit executes
the second control over one of the plurality of phase coils
having the inductance of the positive gradient.
[0011] With the thus configured controller, it is possible
to further reliably cause the vehicle to start moving by
executing the second control over the plurality of phase
coils having the inductance of the positive gradient.
[0012] In the controller, the electronic control unit may
be configured to execute the second control over one of
a plurality of phase coils having the inductance of the
positive gradient and the largest gradient in the coil, when
the electronic control unit determines that there is the
plurality of phase coils having the inductance of the pos-
itive gradient and determines that the vehicle is able to
start moving when the electronic control unit executes
the second control over one of the plurality of phase coils
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having the inductance of the positive gradient. The elec-
tronic control unit may be configured to execute the first
control over a plurality of phase coils in the coil, when
the electronic control unit determines that there is the
plurality of phase coils having an inductance of the pos-
itive gradient and determines that the vehicle is able to
start moving when the electronic control unit executes
the second control over one of the plurality of phase coils
having the inductance of the positive gradient.
[0013] With the thus configured controller, it is possible
to further efficiently increase torque by executing the sec-
ond control over one of the plurality of phase coil having
the inductance of the positive gradient and the largest
gradient.
[0014] In the controller, the electronic control unit may
be configured to execute the second control only when
a temperature of a phase coil or a plurality of the phase
coils having the inductance of the positive gradient is
lower than or equal to a predetermined threshold.
[0015] In the controller, a total amount of current in the
first exciting range of the first control may be equal to a
total amount of current in the second exciting range of
the second control.
[0016] With the thus configured controller, it is possible
to increase torque while keeping the amount of heat gen-
eration of the coil at the same level as that of the first
control even when the second control is executed instead
of the first control.
[0017] As described above, with the controller accord-
ing to the aspect of the invention, when the vehicle does
not start moving even when the first control for exciting
the coil at a predetermined current value in a predeter-
mined exciting range is executed, the second control for
exciting the coil at a current value larger than that of the
first control in an exciting range narrower than that of the
first control is executed. Thus, it is possible to improve
the startability of the vehicle while reducing heat gener-
ation of the coil.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a block diagram that schematically shows
the configuration of a system including a controller
for a switched reluctance motor according to an em-
bodiment of the invention;
FIG. 2 is a diagram that schematically shows the
structure of a switched reluctance motor in the sys-
tem including the controller for a switched reluctance
motor according to the embodiment of the invention;
FIG. 3 is a diagram that schematically shows the
configuration of an inverter in the system including
the controller for a switched reluctance motor ac-

cording to the embodiment of the invention;
FIG. 4 shows graphs respectively showing an ap-
plied voltage waveform and a current waveform in
the controller for a switched reluctance motor ac-
cording to the embodiment of the invention;
FIG. 5 is a graph that shows the relation between an
exciting range and a target current value in first con-
trol and the relation between an exciting range and
a target current value in second control in the con-
troller for a switched reluctance motor according to
the embodiment of the invention;
FIG. 6 is a flowchart that shows a drive control meth-
od that is executed by the controller for a switched
reluctance motor according to the embodiment of
the invention;
FIG. 7 is a graph that shows the relation between a
rotation angle of a rotor and an inductance of each
coil in the controller for a switched reluctance motor
according to the embodiment of the invention;
FIG. 8 is a graph that shows the relation between a
rotation angle of the rotor and an inductance of each
coil in the controller for a switched reluctance motor
according to the embodiment of the invention; and
FIG. 9 is a skeletal diagram that shows a vehicle to
which the controller for a switched reluctance motor
according to the embodiment of the invention is ap-
plied.

DETAILED DESCRIPTION OF EMBODIMENTS

[0019] An embodiment of a controller for a switched
reluctance motor according to the invention will be de-
scribed with reference to the accompanying drawings.
The invention is not limited to the following embodiment.
Components in the following embodiment also include
components easily replaceable by persons skilled in the
art, and substantially identical components.
[0020] As shown in FIG. 1, a system of the present
embodiment includes a switched reluctance motor (here-
inafter, referred to as SR motor) 1, an inverter 2, a step-
up unit 3, a battery 4, and an electronic control unit 100.
A controller for the SR motor 1 according to the present
embodiment includes at least the inverter 2 and the elec-
tronic control unit 100.
[0021] The SR motor 1 is mounted on a vehicle as a
drive source for propelling the vehicle. As shown in FIG.
1, the SR motor 1 is electrically connected to the battery
4 via the inverter 2 and the step-up unit 3. The SR motor
1 and the inverter 2 are electrically connected to each
other via coils 12 (see FIG. 2). The SR motor 1 functions
as not only an electric motor but also a generator.
[0022] The SR motor 1 is an electric motor that does
not use a permanent magnet in a rotor 20. The SR motor
1 is driven as exciting currents (hereinafter, referred to
as currents) respectively pass through the three-phase
coils 12 wound on a stator 10. As shown in FIG. 2, the
SR motor 1 includes the salient pole stator 10 and the
salient pole rotor 20. FIG. 2 shows the structure of the
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SR motor 1 including the 18-pole stator 10 and the 12-
pole rotor 20 as an example.
[0023] The SR motor 1 includes a U phase, a V phase,
and a W phase. The U phase includes pairs of stator
teeth 11 and a coil 12a. The V phase includes pairs of
stator teeth 11 and a coil 12b. The W phase includes
pairs of stator teeth 11 and a coil 12c.
[0024] As shown in FIG. 2, the stator 10 includes the
plurality of stator teeth 11 at the inner periphery of its
annular structure. The stator teeth 11 serve as salient
poles. The coils 12 connected to the inverter 2 are wound
around the stator teeth 11.
[0025] The rotor 20 is disposed radially inward of the
stator 10. The rotor 20 includes a plurality of rotor teeth
21 at the outer periphery of its annular structure. The
rotor teeth 21 serve as salient poles. The rotor 20 is con-
figured to rotate integrally with a rotor shaft (not shown).
[0026] As shown in FIG. 3, the inverter 2 is formed of
an electrical circuit (inverter circuit). The inverter circuit
includes a plurality of switching elements so as to be able
to respectively pass three-phase alternating currents to
the coils 12. As shown in FIG. 3, in the inverter 2, three
asymmetric half-bridge circuits are connected in parallel
with one another. The inverter 2 is configured to be able
to excite each of the three-phase coils 12a, 12b, 12c re-
spectively included in the half-bridge circuits independ-
ently of one another, and be able to control each of cur-
rents respectively passing through the three-phase coils
12a, 12b, 12c independently of one another. That is, the
SR motor 1 is able to be driven with a single phase, and
has such a characteristic that the SR motor 1 is difficult
to generate heat, for example, even when the SR motor
1 continues outputting high torque.
[0027] Other than the SR motor 1, a permanent magnet
synchronous motor (hereinafter, referred to as PM motor)
is known as a motor that is mounted on a vehicle. An
inverter of the PM motor is formed of full-bridge circuits.
The inverter of the PM motor is not able to independently
excite each of three-phase coils, and is not able to inde-
pendently control each of currents respectively passing
through the three-phase coils. That is, the PM motor is
not able to be driven with a single phase, and is easy to
generate heat, for example, when the PM motor contin-
ues outputting high torque.
[0028] The inverter circuit that constitutes the inverter
2 includes a plurality of transistors, a plurality of diodes,
and a single capacitor Co. The pair of transistors and the
plurality of diodes are provided phase by phase. The in-
verter 2 changes a current value passing through the coil
12 by simultaneously turning on or off the pair of transis-
tors in each phase.
[0029] The inverter 2 includes transistors Tra1, Tra2
and diodes Da1, Da2, Da3, Da4 around the U-phase coil
12a. The inverter 2 includes transistors Trb1, Trb2 and
diodes Db1, Db2, Db3, Db4 around the V-phase coil 12b.
The inverter 2 includes transistors Trc1, Trc2 and diodes
Dc1, Dc2, Dc3, Dc4 around the W-phase coil 12c.
[0030] Since the inverter 2, different from the inverter

of a general PM motor, further includes two added diodes
in each phase (the diodes Da3, Da4, Db3, Db4, Dc3,
Dc4), the inverter 2 is able to pass direct current. Fur-
thermore, since the inverter 2 has no neutral point unlike
the inverter of a general PM motor, the inverter 2 is able
to control each phase under an independent exciting con-
dition.
[0031] The step-up unit 3 is provided between the in-
verter 2 and the battery 4. The step-up unit 3 steps up
voltage that is applied to the SR motor 1. The step-up
unit 3 is, for example, a step-up converter. The step-up
unit 3 is controlled by the electronic control unit 100.
[0032] The electronic control unit (ECU) 100 controls
the drive of the SR motor 1. The electronic control unit
100 includes a CPU, a storage unit, and a computing
unit. The storage unit stores data, such as various pro-
grams. The computing unit carries out various computa-
tions for controlling the drive of the SR motor 1. As a
result of computations in the computing unit, command
signals for controlling the inverter 2 are output from the
electronic control unit 100 to the inverter 2. In this way,
the electronic control unit 100 controls voltage and cur-
rent that are applied to the SR motor 1 by controlling the
inverter 2.
[0033] The electronic control unit 100 is connected to
a rotation speed sensor 51, an accelerator operation
amount sensor 52, a vehicle speed sensor 53, and a
temperature sensor 54. The rotation speed sensor 51 is
specifically formed of a resolver. The rotation speed sen-
sor 51 detects a rotation speed of the rotor 20 of the SR
motor 1, and outputs the detected signal (resolver signal)
to the electronic control unit 100. The accelerator oper-
ation amount sensor 52 detects a depression amount of
an accelerator pedal by a driver, and outputs the detected
signal to the electronic control unit 100. The vehicle
speed sensor 53 detects a running speed of the vehicle,
and outputs the detected signal to the electronic control
unit 100. The temperature sensor 54 detects a temper-
ature of the coils 12, and outputs the detected signal to
the electronic control unit 100.
[0034] The electronic control unit 100 identifies a rel-
ative positional relation between the stator teeth 11 and
the rotor teeth 21 in a rotational direction based on the
detected signal that is input from the rotation speed sen-
sor 51, and executes control for repeatedly switching the
coil 12 to be energized in units of phase based on the
positional relation. In this control, the electronic control
unit 100 excites the stator teeth 11 by passing current
through one-phase coil 12, and generates magnetic at-
traction between the stator teeth 11 and the rotor teeth
21 located near the stator teeth 11, thus causing the rotor
20 to rotate.
[0035] As shown in FIG. 4, the electronic control unit
100 starts passing current to the coil 12 to be excited
when the rotation angle of any one of the rotor teeth 21
enters an exciting range, that is, when the rotation angle
becomes an on angle (excitation start angle). The elec-
tronic control unit 100 sets zero for current passing
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through the coil 12 to be excited when the rotation angle
of the any one of the rotor teeth 21 exits from the exciting
range, that is, when the rotation angle becomes an off
angle (excitation stop angle). As shown in FIG. 4, the
exciting range does not mean a range (A1 + A2 + A3) in
which current is passing through the coil 12, and the ex-
citing range means a rotation angular range of the rotor
20 from the on angle to the off angle, that is, a range (A1
+ A2) from the start of excitation of any one of the coils
12 to the stop of the excitation.
[0036] When the rotation angle of the any one of the
rotor teeth 21 falls within the range A1, the electronic
control unit 100 executes a positive voltage mode in
which a positive voltage is applied to the coil 12 wound
around the stator teeth 11 to be excited, and controls
current such that the current increases to a target current
value.
[0037] When the rotation angle of the any one of the
rotor teeth 21 falls within the range A2, the electronic
control unit 100 alternately executes the positive voltage
mode and a recirculation mode over the coil 12 wound
around the stator teeth 11 to be excited, and controls
current such that the current becomes a magnitude near
the target current value. The recirculation mode means
a control mode in which no voltage is applied to the coil
12 and current is recirculated within the inverter 2 via the
coil 12.
[0038] When the rotation angle of the any one of the
rotor teeth 21 falls within the range A3, the electronic
control unit 100 executes a negative voltage mode in
which negative voltage is applied to the coil 12 wound
around the stator teeth 11 to be excited, and controls
current such that the current becomes zero.
[0039] The electronic control unit 100 executes first
control and second control as current control of the SR
motor 1. The first control is current control that is executed
during normal running. The first control means control
for exciting the three-phase coils 12 (specifically, the
phase coil 12 to be excited among the three-phase coils
12) at a predetermined target current value in a prede-
termined exciting range as shown in FIG. 5. In the first
control, in order to satisfy a driving force that is required
during normal running, the three-phase coils 12 are ex-
cited at a target current value that the SR motor 1 should
output. FIG. 5 visually shows the relation between an
exciting range of the coil 12 and a target current value,
and does not show a current waveform (see FIG. 4 for
the current waveform).
[0040] The second control is current control that is ex-
ecuted when the vehicle is not able to start moving even
when the first control is executed. The second control
means control for exciting the three-phase coils 12 (spe-
cifically, the phase coil 12 to be excited among the three-
phase coils 12) at a current value larger than the current
value of the first control in an exciting range narrower
than the exciting range of the first control, as shown in
FIG. 5. As will be described later, the electronic control
unit 100 executes the second control only when the tem-

perature of the phase coil 12 having an inductance of a
positive gradient is lower than or equal to a predeter-
mined threshold (see step S5 of FIG. 6 (described later)).
In the present embodiment, when the second control is
executed instead of the first control under a predeter-
mined condition, it is possible to reduce heat generation
of the coils 12 and also improve the startability of the
vehicle. The second control is executable not only when
the vehicle is not able to start moving with full accelerator
pedal depression but also when the vehicle is not able
to start moving with constant accelerator pedal depres-
sion.
[0041] In the present embodiment, the exciting range
during the first control is defined as first exciting range,
and the target current value during the first control is de-
fined as first current value. The exciting range during the
second control is defined as second exciting range, and
the target current value during the second control is de-
fined as second current value. In the present embodi-
ment, a total amount of current in the first exciting range
during the first control is equal to a total amount of current
in the second exciting range during the second control.
Thus, even when the second control is executed instead
of the first control, it is possible to increase torque while
keeping the amount of heat generation of the coil 12 at
the same level as the first control.
[0042] The target current value of each of the first con-
trol and the second control is described in an exciting
condition map (not shown) together with, for example,
the on angle (excitation start angle) and the off angle
(excitation stop angle) in the corresponding exciting
range. During drive control over the SR motor 1 (de-
scribed later), the electronic control unit 100 derives a
required driving force based on an accelerator operation
amount detected by the accelerator operation amount
sensor 52, and loads the exciting condition map appro-
priate for the required driving force. Thus, the electronic
control unit 100 determines a target current value for a
corresponding one of the first control and the second
control.
[0043] As will be described later, the electronic control
unit 100 is executing the first control over the three-phase
coils 12. When the electronic control unit 100 determines
that the vehicle is not able to start moving even when the
electronic control unit 100 executes the first control, the
electronic control unit 100 executes the second control
over the phase coil 12 having an inductance of a positive
gradient, and executes the first control over the phase
coil 12 having an inductance of a negative gradient (see
step S3, step S4, step S7, step S9, and step S10 of FIG.
6 (described later)). In this way, the controller for the SR
motor 1 is able to efficiently increase torque by executing
the second control over only the phase coil 12 having an
inductance of a positive gradient.
[0044] When the electronic control unit 100 determines
that there is a plurality (for example, two) of the phase
coils 12 having an inductance of a positive gradient and
determines that the vehicle is not able to start moving
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even when the electronic control unit 100 executes the
second control over one of the phase coils 12 having an
inductance of a positive gradient, the electronic control
unit 100 executes the second control over the plurality
of phase coils 12 having an inductance of a positive gra-
dient, and executes the first control over the remaining
phase coil 12 (for example, one phase coil) having an
inductance of a negative gradient (see step S6, step S8,
and step S9 of FIG. 6 (described later)). In this way, the
controller for the SR motor 1 is able to further reliably
cause the vehicle to start moving by executing the second
control over the plurality of phase coils 12 having an in-
ductance of a positive gradient.
[0045] When the electronic control unit 100 determines
that there is a plurality (for example, two) of the phase
coils 12 having an inductance of a positive gradient, and
determines that the vehicle is able to start moving by
executing the second control over one of the phase coils
12 having an inductance of a positive gradient, the elec-
tronic control unit 100 executes the second control over
one of the phase coils 12 having an inductance of a pos-
itive gradient and the largest gradient, and executes the
first control over the remaining phase coils 12 (for exam-
ple, two phase coils) (see step S6, step S8, and step S10
of FIG. 6 (described later)). In this way, the controller for
the SR motor 1 is able to further efficiently increase torque
by executing the second control over one of the phase
coils 12 having an inductance of a positive gradient and
the largest gradient.
[0046] Hereinafter, a drive control method with the con-
troller for the SR motor 1 according to the present em-
bodiment will be described with reference to FIG. 6 to
FIG. 9. During normal running of the vehicle, that is, at
the start of FIG. 6, the electronic control unit 100 is exe-
cuting the first control.
[0047] Initially, the electronic control unit 100 loads var-
ious pieces of information that are used in drive control
over the SR motor 1, as shown in FIG. 6 (step S1). The
various pieces of information specifically mean the rota-
tion speed and rotation angle (phase) of the rotor 20
based on a detected signal of the rotation speed sensor
51. Although not shown in FIG. 6, the electronic control
unit 100 derives a required driving force based on an
accelerator operation amount detected by the accelera-
tor operation amount sensor 52, and loads the exciting
condition map in step S1.
[0048] Subsequently, the electronic control unit 100
loads the temperature of the three-phase coils 12 based
on a detected signal of the temperature sensor 54 (step
S2). Subsequently, the electronic control unit 100 deter-
mines whether the vehicle is moving in a traveling direc-
tion based on a detected signal of the vehicle speed sen-
sor 53 (step S3). The state where the vehicle is not mov-
ing in the traveling direction includes a state where the
vehicle is stopped on, for example, a hill road, or the like,
and a state where the vehicle is moving in a direction
opposite to the traveling direction (a state where the ve-
hicle is sliding down).

[0049] When it is determined in step S3 that the vehicle
is not moving in the traveling direction (No in step S3),
the electronic control unit 100 determines whether the
accelerator operation amount detected by the accelera-
tor operation amount sensor 52 is higher than or equal
to a preset threshold (first threshold) (step S4).
[0050] When it is determined in step S4 that the accel-
erator operation amount is higher than or equal to the
preset threshold (first threshold) (Yes in step S4), the
electronic control unit 100 determines whether the tem-
perature of each phase coil 12 having an inductance of
a positive gradient is lower than or equal to a preset
threshold (second threshold) (step S5). In the present
embodiment, the case where the vehicle is not moving
in the traveling direction (No in step S3) and the accel-
erator operation amount is higher than or equal to the
first threshold (Yes in step S4) corresponds to the case
where the vehicle is not able to start moving.
[0051] When it is determined in step S5 that the tem-
perature of each phase coil 12 having an inductance of
a positive gradient is lower than or equal to the preset
threshold (second threshold) (Yes in step S5), the elec-
tronic control unit 100 determines whether the number
of the phase coils 12 having an inductance of a positive
gradient is only one (step S6).
[0052] When it is determined in step S6 that the number
of the phase coils 12 having an inductance of a positive
gradient is only one (Yes in step S6), the electronic con-
trol unit 100 executes the second control over the phase
coil 12 having an inductance of a positive gradient, and
continues the first control over the two phase coils 12
having an inductance of a negative gradient (step S7),
after which the electronic control unit 100 ends the proc-
ess. In step S7, specifically, the electronic control unit
100 executes the second control over the one phase coil
having an inductance of a positive gradient and executes
the first control over the two phase coils having an in-
ductance of a negative gradient until the vehicle moves
in the traveling direction, and switches into the first control
over all the phase coils after the vehicle moves in the
traveling direction, after which the electronic control unit
100 ends the process.
[0053] Phase-independent current control shown in
step S6 and step S7 is executable because the SR motor
1 is able to be driven with a single phase, and is not
executable over, for example, a PM motor that is not able
to be driven with a single phase.
[0054] In the above-described step S6, the electronic
control unit 100, for example, executes the second con-
trol over the V-phase coil 12 having an inductance of a
positive gradient, and continues the first control over the
U-phase and W-phase coils 12 having an inductance of
a negative gradient, as shown in FIG. 7. As shown in
FIG. 7, the gradient means the slope of an inductance to
the rotation angle θ of the rotor 20.
[0055] When it is determined in step S6 that the number
of the phase coils 12 having an inductance of a positive
gradient is not only one (No in step S6), the electronic

9 10 



EP 3 490 137 A1

7

5

10

15

20

25

30

35

40

45

50

55

control unit 100 determines whether the vehicle is able
to start moving by executing the second control over one
of the phase coils 12 having an inductance of a positive
gradient (step S8).
[0056] When it is determined in step S8 that the vehicle
is not able to start moving by executing the second control
over one of the phase coils 12 having an inductance of
a positive gradient (No in step S8), the electronic control
unit 100 executes the second control over the two phase
coils 12 having an inductance of a positive gradient, and
continues the first control over one phase coil 12 having
an inductance of a negative gradient (step S9), after
which the electronic control unit 100 ends the process.
In step S9, specifically, the electronic control unit 100
executes the second control over the two phase coils
having an inductance of a positive gradient and executes
the first control over the one phase coil having an induct-
ance of a negative gradient until the vehicle moves in the
traveling direction, and switches into the first control over
all the phase coils after the vehicle moves in the traveling
direction, after which the electronic control unit 100 ends
the process.
[0057] In the above-described step S8 and step S9,
the electronic control unit 100, for example, executes the
second control over the V-phase and U-phase coils 12
having an inductance of a positive gradient, and contin-
ues the first control over the W-phase coil 12 having an
inductance of a negative gradient, as shown in FIG. 8.
[0058] When it is determined in step S8 that the vehicle
is able to start moving by executing the second control
over one of the phase coils 12 having an inductance of
a positive gradient (Yes in step S8), the electronic control
unit 100 executes the second control over the one of the
phase coils 12 having an inductance of a positive gradient
and the largest gradient, continues the first control over
the remaining phase coils 12 (for example, two phase
coils 12) (step S10), after which the electronic control
unit 100 ends the process. In step S10, specifically, the
electronic control unit 100 executes the second control
over the one of the phase coils having an inductance of
a positive gradient and the largest gradient and executes
the first control over the remaining two phase coils until
the vehicle moves in the traveling direction, and switches
into the first control over all the phase coils after the ve-
hicle moves in the traveling direction, after which the elec-
tronic control unit 100 ends the process.
[0059] In the above-described step S8 and step S10,
the electronic control unit 100, for example, executes the
second control over the V-phase coil 12 having an in-
ductance of a positive gradient and the largest gradient,
and continues the first control over the U-phase coil 12
having an inductance of a positive gradient and the not-
largest gradient and the W-phase coil 12 having an in-
ductance of a negative gradient, as shown in FIG. 8. As
shown in FIG. 8, when there is a plurality of the phase
coils 12 having an inductance of a positive gradient, the
SR motor 1 generates larger torque when the phase coil
12 having an inductance of a larger gradient (V-phase

coil 12) is excited than when the phase coil 12 having an
inductance of a smaller gradient (U-phase coil 12) is ex-
cited.
[0060] When it is determined in the above-described
step S3 that the vehicle is moving in the traveling direction
(Yes in step S3), or when it is determined in the above-
described step S4 that the accelerator operation amount
is lower than the preset threshold (first threshold) (No in
step S4), or when it is determined in the above-described
step S5 that the temperature of each phase coil 12 having
an inductance of a positive gradient exceeds the preset
threshold (second threshold) (No in step S5), the elec-
tronic control unit 100 continues the first control over all
the phase coils 12 (step S11), after which the electronic
control unit 100 ends the process.
[0061] As described above, when the vehicle does not
start moving even when the first control for exciting the
coils 12 at a predetermined current value in a predeter-
mined exciting range is executed, the controller for the
SR motor 1 according to the present embodiment exe-
cutes the second control for exciting one or two of the
coils 12 at a current value larger than that of the first
control in an exciting range narrower than that of the first
control. Thus, the controller is able to reduce heat gen-
eration of the coils 12 as compared to the case where
one or two of the coils 12 are excited at a current value
larger than that of the first control in the same exciting
range as that of the first control. Therefore, with the con-
troller for the SR motor 1, it is possible to improve the
startability of the vehicle while reducing heat generation
of the coils 12. That is, it is possible to reduce the amount
of heat generation of the coils 12 and also improve the
startability of the vehicle. With the controller for the SR
motor 1, for example, it is not required to increase the
size of a cooling device in order to reduce heat genera-
tion.
[0062] Hereinafter, a vehicle to which the controller for
the SR motor 1 according to the present embodiment is
applied will be described with reference to FIG. 9. The
vehicle 200 shown in FIG. 9 includes an engine (abbre-
viated as E/G in FIG. 9) 201, wheels 202, a transmission
(abbreviated as T/M in FIG. 9) 203, a differential gear
204, drive shafts 205, and the SR motors (abbreviated
as SRMs in FIG. 1 and FIG. 9) 1 that serve as power
sources for propelling the vehicle 200. The vehicle 200
is a four-wheel-drive vehicle. The engine 201 drives the
right and left front wheels 202FR, 202FL. The SR motors
1 are rear motors, and drive the right and left rear wheels
202RR, 202RL.
[0063] The SR motors 1 are so-called in-wheel motors,
and are respectively provided one by one in the right and
left rear wheels 202RR, 202RL. In a rear drive unit of the
vehicle 200, the left rear SR motor 1RL is connected to
the left rear wheel 202RL, and the right rear SR motor
1RR is connected to the right rear wheel 202RR. The
right and left rear wheels 202RR, 202RL are rotatable
independently of each other.
[0064] The left rear wheel 202RL is driven by torque
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(motor torque) output from the left rear SR motor 1RL.
The right rear wheel 202RR is driven by torque (motor
torque) output from the right rear SR motor 1RR.
[0065] The left rear SR motor 1RL and the right rear
SR motor 1RR are connected to the battery 4 via the
inverter 2. The left rear SR motor 1RL functions as an
electric motor with electric power that is supplied from
the battery 4, and also functions as a generator that con-
verts torque (external force), which is transmitted from
the rear wheel 202RL, to electric power. The right rear
SR motor 1RR functions as an electric motor with electric
power that is supplied from the battery 4, and also func-
tions as a generator that converts torque (external force),
which is transmitted from the rear wheel 202RR, to elec-
tric power. The inverter 2 includes an electrical circuit for
the left rear SR motor 1RL and an electrical circuit for the
right rear SR motor 1RR.
[0066] The electronic control unit 100 controls the left
rear SR motor 1RL, the right rear SR motor 1RR, and
the engine 201. For example, the electronic control unit
100 includes an SR motor electronic control unit (SR mo-
tor ECU) and an engine electronic control unit (engine
ECU). In this case, the engine ECU executes engine
torque control through intake air control, fuel injection
control, ignition control, and the like. The engine torque
control is control for adjusting the output torque of the
engine 201 to a target torque value. The SR motor ECU
executes motor control over the left rear SR motor 1RL
and the right rear SR motor 1RR based on a resolver
signal that is input from the rotation speed sensor 51.
The rotation speed sensor 51 includes a left rear rotation
speed sensor 51RL and a right rear rotation speed sensor
51RR. The left rear rotation speed sensor 51RL detects
the rotation speed of the left rear SR motor 1RL. The
right rear rotation speed sensor 51RR detects the rotation
speed of the right rear SR motor 1RR.
[0067] The controller for a switched reluctance motor
according to the invention is specifically described by way
of the embodiment of the invention; however, the inven-
tion is not limited to the above-described configuration.
The invention should be interpreted widely based on the
statements of the appended claims. Of course, the in-
vention encompasses various modifications, changes,
and the like, based on these statements.
[0068] For example, in the controller for the SR motor
1 according to the present embodiment, a step-down unit
(step-down converter) that steps down voltage that is ap-
plied to the SR motor 1 may be provided instead of the
step-up unit 3 (see FIG. 1).
[0069] An application example of the controller for the
SR motor 1 according to the embodiment is not limited
to the one shown in FIG. 9 (hereinafter, referred to as
application example 1). For example, in an application
example of the controller for the SR motor 1, different
from the application example 1, the SR motor 1 may be
provided in each of the wheels 202 (application example
2). Alternatively, different from the application example
1, a rear-wheel-drive vehicle in which no front drive unit

is provided may be applied (application example 3).
[0070] In an application example of the controller for
the SR motor 1, different from the application examples
1 to 3, a power source for propelling the vehicle 200 is
only the SR motors 1 that serve as in-wheel motors (ap-
plication example 4). Different from the application ex-
ample 4, the SR motors 1 may be other than in-wheel
motors (application example 5).
[0071] In an application example of the controller for
the SR motor 1, different from the application example
5, the structure of the application example 1 may be
mounted as a front drive unit (application example 6).
Different from the application example 3, the rear drive
unit may be not provided or, different from the application
example 4, arrangement of the front and rear drive units
may be opposite (application example 7).

Claims

1. A controller for a switched reluctance motor (1), the
switched reluctance motor (1) including a rotor (20),
a stator (10), and a coil (12) wound on the stator (10),
the switched reluctance motor (1) being mounted on
a vehicle as a drive source for propelling the vehicle,
the controller comprising an electronic control unit
(100), the electronic control unit (100) being config-
ured to:

execute first control for exciting the coil (12) at
a first current value in a first exciting range; and
execute second control for exciting the coil (12)
at a second current value larger than the first
current value in a second exciting range narrow-
er than the first exciting range, when the elec-
tronic control unit (100) determines that the ve-
hicle is not able to start moving even when the
electronic control unit (100) executes the first
control.

2. The controller according to claim 1, wherein each of
the first and second exciting ranges is a range of a
rotation angle of the rotor (20) from start of excitation
of the coil (12) to stop of the excitation.

3. The controller according to claim 1 or 2, wherein the
electronic control unit (100) is configured to:

execute the second control over a phase coil or
a plurality of the phase coils (12a, 12b, 12c) hav-
ing an inductance of a positive gradient; and
execute the first control over a phase coil or a
plurality of the phase coils (12a, 12b, 12c) having
an inductance of a negative gradient.

4. The controller according to claim 3, wherein:

the inductance increases as a rotation angle of
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the rotor (20) increases, in the case of the in-
ductance of the positive gradient; and
the inductance decreases as the rotation angle
of the rotor (20) increases, in the case of the
inductance of the negative gradient.

5. The controller according to claim 3 or 4, wherein the
electronic control unit (100) is configured to:

when the electronic control unit (100) deter-
mines that there is a plurality of phase coils (12a,
12b, 12c) having the inductance of the positive
gradient and determines that the vehicle is not
able to start moving even when the electronic
control unit (100) executes the second control
over one of the plurality of the phase coils (12a,
12b, 12c) having the inductance of the positive
gradient, execute the second control over the
plurality of the phase coils (12a, 12b, 12c) having
the inductance of the positive gradient; and
when the electronic control unit (100) deter-
mines that there is a plurality of phase coils (12a,
12b, 12c) having the inductance of the positive
gradient and determines that the vehicle is not
able to start moving even when the electronic
control unit (100) executes the second control
over one of the plurality of the phase coils (12a,
12b, 12c) having the inductance of the positive
gradient, execute the first control over a phase
coil (12a, 12b, 12c) having the inductance of the
negative gradient in the coil (12).

6. The controller according to claim 3 or 4, wherein the
electronic control unit (100) is configured to:

when the electronic control unit (100) deter-
mines that there is a plurality of phase coils (12a,
12b, 12c) having the inductance of the positive
gradient and determines that the vehicle is able
to start moving when the electronic control unit
(100) executes the second control over one of
the plurality of the phase coils (12a, 12b, 12c)
having the inductance of the positive gradient,
execute the second control over one of the plu-
rality of the phase coils having the inductance
of the positive gradient and the largest gradient;
and
when the electronic control unit (100) deter-
mines that there is a plurality of phase coils (12a,
12b, 12c) having the inductance of the positive
gradient and determines that the vehicle is able
to start moving when the electronic control unit
(100) executes the second control over one of
the plurality of the phase coils (12a, 12b, 12c)
having the inductance of the positive gradient,
execute the first control over a plurality of the
phase coils (12a, 12b, 12c) in the coil (12).

7. The controller according to any one of claims 1 to 6,
wherein the electronic control unit (100) is configured
to execute the second control only when a temper-
ature of a phase coil or a plurality of the phase coils
(12a, 12b, 12c) having an inductance of a positive
gradient is lower than or equal to a predetermined
threshold.

8. The controller according to any one of claims 1 to 7,
wherein a total amount of current in the first exciting
range of the first control is equal to a total amount of
current in the second exciting range of the second
control.
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