
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
30

3 
09

7
A

1
*EP004303097A1*

(11) EP 4 303 097 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
10.01.2024 Bulletin 2024/02

(21) Application number: 23183014.2

(22) Date of filing: 03.07.2023

(51) International Patent Classification (IPC):
B62D 5/00 (2006.01) B62D 5/04 (2006.01)

B62D 15/02 (2006.01)

(52) Cooperative Patent Classification (CPC): 
B62D 5/006; B62D 5/0481; B62D 15/0245 

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL 
NO PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA
Designated Validation States: 
KH MA MD TN

(30) Priority: 08.07.2022 JP 2022110596

(71) Applicant: JTEKT Corporation
Kariya-shi, Aichi-ken 448-8652 (JP)

(72) Inventors:  
• MONOBE, Kaishi

Kariya-shi, Aichi-ken, 448-8652 (JP)
• FUJITA, Yuji

Kariya-shi, Aichi-ken, 448-8652 (JP)
• HASEGAWA, Kazuma

Kariya-shi, Aichi-ken, 448-8652 (JP)
• KAJISAWA, Yuuta

Kariya-shi, Aichi-ken, 448-8652 (JP)
• NAGASHIMA, Yugo

Kariya-shi, Aichi-ken, 448-8652 (JP)
• KOUDAI, Takashi

Kariya-shi, Aichi-ken, 448-8652 (JP)

• ABE, Kenichi
Kariya-shi, Aichi-ken, 448-8652 (JP)

• YAMASHITA, Masaharu
Toyota-shi, Aichi-ken, 471-8571 (JP)

• SATOU, Atsushi
Toyota-shi, Aichi-ken, 471-8571 (JP)

• YAMASHITA, Yosuke
Toyota-shi, Aichi-ken, 471-8571 (JP)

• IIDA, Kazuaki
Toyota-shi, Aichi-ken, 471-8571 (JP)

• TAKAYAMA, Shintaro
Toyota-shi, Aichi-ken, 471-8571 (JP)

• HAYASHI, Toyohiro
Kariya-city, Aichi-pref, 448-8661 (JP)

• TOMIZAWA, Hiroki
Kariya-city, Aichi-pref, 448-8661 (JP)

• NAKAJIMA, Nobuyori
Kariya-city, Aichi-pref, 448-8661 (JP)

• TANABE, Hayaki
Kariya-city, Aichi-pref, 448-8661 (JP)

• IWANA, Takeshi
Kariya-city, Aichi-pref, 448-8661 (JP)

(74) Representative: Winter, Brandl - Partnerschaft 
mbB
Alois-Steinecker-Straße 22
85354 Freising (DE)

(54) STEERING CONTROL DEVICE

(57) A steering control device includes a first reaction
force control circuit and a second reaction force control
circuit. Each of the first reaction force control circuit and
the second reaction force control circuit are configured
to control a reaction force motor (21), to execute, at a
starting time, a preparation process including a process
that requires the steering wheel (11) to automatically ro-
tate through the reaction force motor (21), and to store,
at a time of execution completion of the preparation proc-

ess, information indicating whether the preparation proc-
ess has been normally completed. In a case where the
first reaction force control circuit has been reset, when
the information indicates that the preparation process
has been normally completed, the first reaction force con-
trol circuit that has been reset is configured to not execute
the preparation process at a time of restarting after com-
pletion of the reset.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a steering con-
trol device.

2. Description of Related Art

[0002] There is a so-called steer-by-wire type steering
device in which dynamic power transmission between a
steering wheel and turning wheels is isolated. For exam-
ple, a steer-by-wire system in Japanese Unexamined
Patent Application Publication No. 2021-70431 includes
a reaction force actuator and a turning actuator. The re-
action force actuator generates steering reaction force
that is given to a steering shaft. The turning actuator gen-
erates turning force by which the turning wheels are
turned.
[0003] Each of the reaction force actuator and the turn-
ing actuator includes two control calculation units that
are redundantly provided and two motor drive units that
are redundantly provided. The control calculation units
of each system cause the motor drive units of the system
to generate torque, in cooperation with each other. The
control calculation unit performs calculations relevant to
motor drive control. The motor drive unit generates
torque based on a drive signal that is generated by the
control calculation unit corresponding to the motor drive
unit.
[0004] In the steer-by-wire type steering device, the
steering wheel is not constrained by a turning mecha-
nism. Therefore, when some kind of external force is ap-
plied to the steering wheel while an electric power source
of the vehicle is in the off-state, the steering wheel can
rotate. At this time, the turning wheels do not operate,
and therefore the position relation between the steering
wheel and the turning wheels becomes different from the
original position relation depending on a predetermined
steer angle ratio.
[0005] Hence, for example, a control device in Japa-
nese Unexamined Patent Application Publication No.
2007-153109 determines whether the position relation
between the steering position of the steering wheel and
the turning position of the turning wheels is the original
position relation, when the electric power source of the
vehicle is in the on-state. When the position relation be-
tween the steering position and the turning position is
different from the original position relation, the control
device changes at least one of the steering position and
the turning position such that the position relation be-
tween the steering position and the turning position be-
comes the original position relation.

SUMMARY OF THE INVENTION

[0006] It is conceivable to add the function to correct
the position relation between the steering position and
the turning position in JP 2007-153109 A to the steer-by-
wire system in JP 2021-70431 A. However, in this case,
there is concern as follows. That is, in some cases, the
control calculation unit instantaneously stops the opera-
tion due to the failure of the electric power source or the
reset of a microcomputer, and thereafter returns to a nor-
mal operating state. Therefore, there is fear that the cor-
rection process for the position relation between the
steering position and the turning position is executed
whenever the control calculation unit returns to the nor-
mal operating state. Accordingly, there is concern that a
driver has a strangeness feeling about an unintended
behavior of the steering wheel or the turning wheels due
to the execution of the correction process.
[0007] A steering control device according to an aspect
of the present invention includes a first reaction force
control circuit and a second reaction force control circuit.
Each of the first reaction force control circuit and the sec-
ond reaction force control circuit are configured to control
a reaction force motor configured to generate steering
reaction force that is given to a steering wheel isolated
from dynamic power transmission for a turning wheel of
a vehicle. Each of the first reaction force control circuit
and the second reaction force control circuit are config-
ured to execute, at a time of starting, a preparation proc-
ess including a process that requires the steering wheel
to automatically rotate through the reaction force motor.
Each of the first reaction force control circuit and the sec-
ond reaction force control circuit are configured to store,
at a time of completion of the execution of the preparation
process, information indicating whether the preparation
process has been normally completed. In a case where
the first reaction force control circuit has been reset, when
the information indicates that the preparation process
has been normally completed, the first reaction force con-
trol circuit that has been reset is configured to not execute
the preparation process at a time of restarting after com-
pletion of the reset.
[0008] With the steering control device according to
the aspect of the present invention, when there remains
the information indicating that the preparation process
has been normally completed, the reaction force control
circuit that has been reset does not newly execute the
preparation process, at the time of the restarting after the
completion of the reset. Therefore, it is possible to re-
strain an unintended behavior of the steering wheel or
the turning wheel.
[0009] In the steering control device according to the
aspect of the present invention, at the time of restarting
after the completion of the reset, when the information
indicates that the preparation process has been normally
completed, the first reaction force control circuit that has
been reset may be configured to not execute the prepa-
ration process, and to transition to a control state of the
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second reaction force control circuit that has not been
reset.
[0010] With the steering control device according to
the aspect of the present invention, after the completion
of the reset of the reaction force control circuit that has
been reset, the two reaction force control circuits can
control the reaction force motor in cooperation again. In
the steering control device according to the aspect of the
present invention, at the time of restarting after the com-
pletion of the reset, when the information does not indi-
cate that the preparation process has been normally
completed, the first reaction force control circuit that has
been reset may be configured to not execute the prepa-
ration process, and to stop operation.
[0011] With the steering control device according to
the aspect of the present invention, after the completion
of the reset of the reaction force control circuit that has
been reset, the reaction force control circuit that has been
reset does not newly execute the preparation process.
Therefore, it is possible to restrain an unintended behav-
ior of the steering wheel or the turning wheel due to the
execution of the preparation process.
[0012] The steering control device according to the as-
pect of the present invention may further include two turn-
ing control circuits. Each of the two turning control circuits
may be configured to control a turning motor configured
to generate turning force by which the turning wheel is
turned. In this case, one of the two turning control circuits
and one of the first reaction force control circuit and the
second reaction force control circuit may constitute a sin-
gle system. At the time of restarting of the first reaction
force control circuit that has been reset, when the infor-
mation does not indicate that the preparation process
has been normally completed, the second reaction force
control circuit that has not been reset may be configured
to execute a process for stopping the operation of the
first reaction force control circuit that has been reset and
operation of the turning control circuit of a system includ-
ing the first reaction force control circuit that has been
reset.
[0013] With the steering control device according to
the aspect of the present invention, after the stop of the
operations of the reaction force control circuit and turning
control circuit of the system in which the reset has oc-
curred, the controls of the reaction force motor and the
turning motor can be continued by the reaction force con-
trol circuit and turning control circuit of the system in
which the reset has not occurred.
[0014] In the steering control device according to the
aspect of the present invention, the preparation process
may include a middle point learning process and a steer
angle synchronization process. The middle point learning
process may be a process of learning a steering neutral
position of the steering wheel by automatically rotating
the steering wheel through drive of the reaction force
motor. The steer angle synchronization process may be
a process of correcting a rotation position of the steering
wheel such that the rotation position of the steering wheel

becomes a rotation position corresponding to a turning
position of the turning wheel.
[0015] In the case where the middle point learning
process and the steer angle synchronization process are
included in the preparation process, there is fear that the
steering wheel automatically rotates at the time of starting
of the reaction force control circuit. The steering control
device according to the aspect of the present invention
may be applied in the case where the middle point learn-
ing process and the steer angle synchronization process
are included in the preparation process.
[0016] With the steering control device in the present
invention, it is possible to restrain an unintended behavior
of the steering wheel or the turning wheel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] 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 signs denote like ele-
ments, and wherein:

FIG. 1 is a configuration diagram of a steer-by-wire
type steering device that is equipped with an embod-
iment of a steering control device;
FIG. 2 is a block diagram showing a reaction force
control device and a turning control device in the
embodiment;
FIG. 3 is a time chart showing a starting sequence
for the reaction force control device and a vehicle
control device in the embodiment;
FIG. 4A is a configuration diagram showing an ex-
emplary situation where a reset occurs in the reac-
tion force control device and the turning control de-
vice in the embodiment;
FIG. 4B is a configuration diagram showing an ex-
emplary situation where a reset occurs in the reac-
tion force control device and the turning control de-
vice in the embodiment;
FIG. 5A is a time chart showing an exemplary state
transition of a second reaction force control circuit in
the embodiment;
FIG. 5B is a time chart showing an exemplary state
transition of the second reaction force control circuit
in the embodiment;
FIG. 6A is a time chart showing another exemplary
state transition of the second reaction force control
circuit in the embodiment; and
FIG. 6B is a time chart showing another exemplary
state transition of the second reaction force control
circuit in the embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0018] An embodiment in which the steering control
device is embodied as a steer-by-wire type steering de-
vice will be described below.
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[0019] As shown in FIG. 1, a steering device 10 of a
vehicle includes a steering shaft 12 coupled to a steering
wheel 11. Further, the steering device 10 includes a turn-
ing shaft 13 that extends along a vehicle width direction
(a right-left direction in FIG. 1). Turning wheels 15 are
coupled to both ends of the turning shaft 13 through tie
rods 14, respectively. The turning shaft 13 linearly
moves, so that a turning angle θw of the turning wheels
15 is changed. The steering shaft 12 and the turning shaft
13 constitute a steering mechanism of a vehicle. In FIG.
1, only the turning wheel 15 on one side is illustrated.
[0020] The steering device 10 includes a reaction force
motor 21 and a speed reduction mechanism 22. The re-
action force motor 21 is a generation source of steering
reaction force. The steering reaction force is force that
acts in the opposite direction of the direction of driver’s
operation of the steering wheel 11. A rotation shaft of the
reaction force motor 21 is coupled to the steering shaft
12 through the speed reduction mechanism 22. The
torque of the reaction force motor 21 is given to the steer-
ing shaft 12 as the steering reaction force. Since the
steering reaction force is given to the steering wheel 11,
it is possible to give a moderate hand response feeling
to the driver.
[0021] For example, the reaction force motor 21 is a
three-phase brushless motor. The reaction force motor
21 includes a wound wire group N11 of a first system and
a wound wire group N12 of a second system. The wound
wire group N11 of the first system and the wound wire
group N12 of the second system are wound around a
common stator (not illustrated). The wound wire group
N11 of the first system and the wound wire group N12 of
the second system are the same in electric property.
[0022] The steering device 10 includes a turning motor
31 and a speed reduction mechanism 32. The turning
motor 31 is a generation source of turning force. The
turning force is dynamic force by which the turning wheels
15 are turned. A rotation shaft of the turning motor 31 is
coupled to a pinion shaft 33 through the speed reduction
mechanism 32. A pinion tooth 33a of the pinion shaft 33
engages with a rack tooth 13a of the turning shaft 13.
The torque of the turning motor 31 is given to the turning
shaft 13 through the pinion shaft 33 as the turning force.
The turning shaft 13 moves along the vehicle width di-
rection, depending on the rotation of the turning motor 31.
[0023] For example, the turning motor 31 is a three-
phase brushless motor. The turning motor 31 includes a
wound wire group N21 of the first system and a wound
wire group N22 of the second system. The wound wire
group N21 of the first system and the wound wire group
N22 of the second system are wound around a common
stator (not illustrated). The wound wire group N21 of the
first system and the wound wire group N22 of the second
system are the same in electric property.
[0024] The steering device 10 includes a reaction force
control device 40. The reaction force control device 40
controls the drive of the reaction force motor 21 that is a
control object. The reaction force control device 40 exe-

cutes a reaction force control to cause the reaction force
motor 21 to generate the steering reaction force depend-
ing on a steering torque Th. The reaction force control
device 40 calculates a target steering reaction force
based on the steering torque Th that is detected through
a torque sensor 23. The torque sensor 23 is provided on
the steering shaft 12. The reaction force control device
40 controls the electricity supply to the reaction force mo-
tor 21 such that the actual steering reaction force to be
given to the steering shaft 12 coincides with the target
steering reaction force. The reaction force control device
40 controls the electricity supply to the wound wire groups
of the two systems in the reaction force motor 21 inde-
pendently for each system.
[0025] The reaction force control device 40 includes a
first system circuit 41 and a second system circuit 42.
The first system circuit 41 controls the electricity supply
to the wound wire group N11 of the first system in the
reaction force motor 21, depending on the steering torque
Th that is detected through the torque sensor 23. The
second system circuit 42 controls the electricity supply
to the wound wire group N12 of the second system in the
reaction force motor 21, depending on the steering torque
Th that is detected through the torque sensor 23.
[0026] The reaction force control device 40 and a ve-
hicle control device 60 that is equipped in the vehicle are
connected to each other through an in-vehicle network
61. For example, the in-vehicle network 61 is a controller
area network (CAN). The reaction force control device
40 and the vehicle control device 60 that is equipped in
the vehicle exchange information with each other through
the in-vehicle network 61. The vehicle control device 60
controls the traveling of the vehicle. Specifically, the ve-
hicle control device 60 controls a powertrain of the vehi-
cle, for example. The powertrain includes a traveling
drive source and dynamic power transmission mecha-
nism of the vehicle. The traveling drive source includes
an engine or a motor, for example. The dynamic power
transmission mechanism is a mechanism for transmitting
the dynamic power generated by the traveling drive
source to drive wheels. The reaction force control device
40 controls the drive of the reaction force motor 21 based
on the information exchanged with the vehicle control
device 60.
[0027] The steering device 10 includes a turning con-
trol device 50. The turning control device 50 controls the
drive of the turning motor 31 that is a control object. The
turning control device 50 executes a turning control de-
pending on a steering state. The turning control is a con-
trol to cause the turning motor 31 to generate the turning
force by which the turning wheels 15 are turned. The
turning control device 50 takes in a steering angle θs that
is detected through a steer angle sensor 24 and a stroke
Xw of the turning shaft 13 that is detected through a stroke
sensor 34. The steering angle θs is a state variable that
indicates a rotational operation amount of the steering
wheel 11. The stroke Xw is a displacement amount from
a neutral position of the turning shaft 13, and is a state
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variable that reflects the turning angle θw. The steer an-
gle sensor 24 is provided between the torque sensor 23
on the steering shaft 12 and the speed reduction mech-
anism 22. The stroke sensor 34 is provided near the turn-
ing shaft 13.
[0028] The turning control device 50 calculates a target
turning angle of the turning wheels 15, based on the
steering angle θs that is detected through the steer angle
sensor 24. For example, the target turning angle can be
obtained by multiplying the detected steering angle θs
by a steer angle ratio. The steer angle ratio is the ratio
of the turning angle θw to the steering angle θs. The steer
angle ratio is a value that is previously set depending on
the product specification and the like. The turning control
device 50 calculates the turning angle θw based on the
stroke Xw of the turning shaft 13. The stroke Xw is de-
tected through the stroke sensor 34. The turning control
device 50 controls the electricity supply to the turning
motor 31 such that the turning angle θw to be calculated
based on the stroke Xw coincides with the target turning
angle. The turning control device 50 controls the elec-
tricity supply to the wound wire groups of the two systems
in the turning motor 31 independently for each system.
[0029] The turning control device 50 includes a first
system circuit 51 and a second system circuit 52. The
first system circuit 51 controls the electricity supply to the
wound wire group N21 of the first system in the turning
motor 31, based on the steering angle θs that is detected
through the steer angle sensor 24 and the stroke Xw of
the turning shaft 13 that is detected through the stroke
sensor 34. The second system circuit 52 controls the
electricity supply to the wound wire group N22 of the sec-
ond system in the turning motor 31, based on the steering
angle θs that is detected through the steer angle sensor
24 and the stroke Xw of the turning shaft 13 that is de-
tected through the stroke sensor 34.
[0030] A so-called mechatronically integrated reaction
force actuator may be configured by integrally providing
the reaction force control device 40 and the reaction force
motor 21. Further, a so-called mechatronically integrated
turning actuator may be configured by integrally providing
the turning control device 50 and the turning motor 31.
The reaction force control device 40 and the turning con-
trol device 50 constitute a steering control device.

Reaction Force Control Device

[0031] Next, the configuration of the reaction force con-
trol device will be described in detail. As shown in FIG.
2, the reaction force control device 40 includes a first
system circuit 41 and a second system circuit 42. The
first system circuit 41 includes a first reaction force control
circuit 41A and a motor drive circuit 41B. The second
system circuit 42 includes a second reaction force control
circuit 42A and a motor drive circuit 42B.
[0032] The first reaction force control circuit 41A is con-
stituted by a processing circuit including (1) one or more
processors that operate in accordance with computer

programs (software), (2) one or more dedicated hard-
ware circuits that execute at least some processes of
various processes, such as application specific integrat-
ed circuits (ASIC), or (3) combinations of processors and
dedicated hardware circuits. The processor includes a
central processing unit (CPU). Further, the processor in-
cludes a random-access memory (RAM), and a memory
such as a read-only memory (ROM). The memory stores
program codes or commands configured such that the
CPU executes processes. The memory, that is, the non-
transitory computer-readable medium includes all usable
media that can be accessed by general-purpose or ded-
icated computers.
[0033] The first reaction force control circuit 41A cal-
culates the target steering reaction force to be generated
by the reaction force motor 21, based on the steering
torque Th that is detected through the torque sensor 23.
Further, the first reaction force control circuit 41A calcu-
lates a first current command value for the wound wire
group N11 of the first system, depending on the value of
the calculated target steering reaction force. The first cur-
rent command value is set to half (50%) of a current
amount (100%) that is needed for causing the reaction
force motor 21 to generate the target steering reaction
force. The first reaction force control circuit 41A executes
a current feedback control such that the actual value of
the electric current to be supplied to the wound wire group
N11 of the first system follows the first current command
value, and thereby generates a drive signal (PWM signal)
for the motor drive circuit 41B.
[0034] The motor drive circuit 41B is a PWM inverter
in which switching elements, for example, two field effect
transistors (FET) connected in series, are adopted as a
leg that is a basic unit and in which three legs respectively
corresponding to three phases (U, V and W) are con-
nected in parallel. The motor drive circuit 41B switches
the switching elements for the respective phases, based
on the drive signal that is generated by the first reaction
force control circuit 41A, and thereby converts direct-cur-
rent power supplied from a battery, into three-phase al-
ternating-current power. The three-phase alternating-
current power generated by the motor drive circuit 41B
is supplied to the wound wire group N11 of the first system
in the reaction force motor 21, through electricity supply
paths for the respective phases that are constituted by a
bus bar, a cable or the like. Thereby, the wound wire
group N11 of the first system generates torque depend-
ing on the first current command value.
[0035] The second reaction force control circuit 42A
basically has the same configuration as the first reaction
force control circuit 41A. The second reaction force con-
trol circuit 42A calculates the target steering reaction
force to be generated by the reaction force motor 21,
based on the steering torque Th that is detected through
the torque sensor 23. Further, the second reaction force
control circuit 42A calculates a second current command
value for the wound wire group N12 of the second system,
depending on the value of the calculated target steering
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reaction force. The second current command value is set
to half (50%) of a current amount that is needed for caus-
ing the reaction force motor 21 to generate the target
steering reaction force. The second reaction force control
circuit 42A executes a current feedback control such that
the actual value of the electric current to be supplied to
the wound wire group N12 of the second system follows
the second current command value, and thereby gener-
ates a drive signal for the motor drive circuit 42B.
[0036] The motor drive circuit 42B basically has the
same configuration as the motor drive circuit 41B. The
motor drive circuit 42B converts direct-current power sup-
plied from the battery into three-phase alternating-cur-
rent power, based on the drive signal that is generated
by the second reaction force control circuit 42A. The
three-phase alternating-current power generated by the
motor drive circuit 42B is supplied to the wound wire
group N12 of the second system in the reaction force
motor 21, through electricity supply paths for the respec-
tive phases that are constituted by a bus bar, a cable or
the like. Thereby, the wound wire group N12 of the sec-
ond system generates torque depending on the second
current command value. The reaction force motor 21
generates the total torque resulting from adding the
torque generated by the wound wire group N11 of the
first system and the torque generated by the wound wire
group N12 of the second system.
[0037] Depending on the product specification, the first
system circuit 41 and second system circuit 42 of the
reaction force control device 40 may have a leader-fol-
lower relation. In this case, for example, the first system
circuit 41 may function as a leader, and the second sys-
tem circuit 42 may functions as a follower. Further, de-
pending on the product specification, the first system cir-
cuit 41 and the second system circuit 42 may have a fifty-
fifty relation.

Turning Control Device

[0038] Next, the configuration of the turning control de-
vice 50 will be described in detail. As shown in FIG. 2,
the turning control device 50 includes a first system circuit
51 and a second system circuit 52. The first system circuit
51 includes a first turning control circuit 51A and a motor
drive circuit 51B. The second system circuit 52 includes
a second turning control circuit 52A and a motor drive
circuit 52B.
[0039] The first turning control circuit 51A basically the
same configuration as the first reaction force control cir-
cuit 41A. The first turning control circuit 51A calculates
the target turning angle of the turning wheels 15, based
on the steering angle θs that is detected through the steer
angle sensor 24. The turning control device 50 calculates
the turning angle θw based on the stroke Xw of the turning
shaft 13 that is detected through the stroke sensor 34.
The first turning control circuit 51A calculates a target
turning force to be generated by the turning motor 31, by
executing an angle feedback control such that the turning

angle θw to be calculated based on the stroke Xw follows
the target turning angle, and calculates a third current
command value for the wound wire group N21 of the first
system in the turning motor 31, depending on the value
of the calculated target turning force. The third current
command value is set to half (50%) of a current amount
that is needed for causing the turning motor 31 to gen-
erate the target turning force. The first turning control
circuit 51A executes a current feedback control such that
the actual value of the electric current to be supplied to
the wound wire group N21 of the first system follows the
third current command value, and thereby generates a
drive signal for the motor drive circuit 51B.
[0040] The motor drive circuit 51B basically has the
same configuration as the motor drive circuit 41B. The
motor drive circuit 51B converts direct-current power sup-
plied from the battery into three-phase alternating-cur-
rent power, based on the drive signal generated by the
first turning control circuit 51A. The three-phase alternat-
ing-current power generated by the motor drive circuit
42B is supplied to the wound wire group N21 of the first
system in the turning motor 31, through electricity supply
paths for the respective phases that are constituted by a
bus bar, a cable or the like. Thereby, the wound wire
group N21 of the first system generates torque depend-
ing on the third current command value.
[0041] The second turning control circuit 52A basically
has the same configuration as the first reaction force con-
trol circuit 41A. The second turning control circuit 52A
calculates the target turning angle of the turning wheels
15, based on the steering angle θs that is detected
through the steer angle sensor 24. The turning control
device 50 calculates the turning angle θw based on the
stroke Xw of the turning shaft 13 that is detected through
the stroke sensor 34. The second turning control circuit
52A calculates the target turning force to be generated
by the turning motor 31, by executing an angle feedback
control such that the turning angle θw to be calculated
based on the stroke Xw follows the target turning angle,
and calculates a fourth current command value for the
wound wire group N22 of the second system in the turning
motor 31, depending on the value of the calculated target
turning force. The fourth current command value is set
to half (50%) of a current amount that is needed for caus-
ing the turning motor 31 to generate the target turning
force. The second turning control circuit 52A executes a
current feedback control such that the actual value of the
electric current to be supplied to the wound wire group
N22 of the second system follows the fourth current com-
mand value, and thereby generates a drive signal for the
motor drive circuit 52B.
[0042] The motor drive circuit 52B basically has the
same configuration as the motor drive circuit 41B. The
motor drive circuit 52B converts direct-current power sup-
plied from the battery into three-phase alternating-cur-
rent power, based on the drive signal generated by the
second turning control circuit 52A. The three-phase al-
ternating-current power generated by the motor drive cir-
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cuit 52B is supplied to the wound wire group N22 of the
second system in the turning motor 31, through electricity
supply paths for the respective phases that are consti-
tuted by a bus bar, a cable or the like. Thereby, the wound
wire group N22 of the second system generates torque
depending on the fourth current command value. The
turning motor 31 generates the total torque resulting from
adding the torque generated by the wound wire group
N21 of the first system and the torque generated by the
wound wire group N22 of the second system.
[0043] Depending on the product specification, the first
system circuit 51 and second system circuit 52 of the
turning control device 50 may have a leader-follower re-
lation. In this case, for example, the first system circuit
51 may function as a leader, and the second system cir-
cuit 52 may function as a follower. Further, depending
on the product specification, the first system circuit 51
and the second system circuit 52 may have a fifty-fifty
relation.

Communication Path

[0044] Next, communication paths within the reaction
force control device 40 and the turning control device 50
and communication paths between the reaction force
control device 40 and the turning control device 50 will
be described.
[0045] As shown in FIG. 2, the first reaction force con-
trol circuit 41A and the second reaction force control cir-
cuit 42A exchange information with each other through
a communication line L1. The information includes ab-
normality information about the first reaction force control
circuit 41A, the second reaction force control circuit 42A,
or the motor drive circuits 41B, 42B. Further, the infor-
mation includes the values of flags that indicate various
states. The first reaction force control circuit 41A and the
second reaction force control circuit 42A control the drive
of the reaction force motor 21 in cooperation, based on
the information exchanged with each other.
[0046] The first turning control circuit 51A and the sec-
ond turning control circuit 52A exchange information with
each other through a communication line L2. The infor-
mation includes abnormality information about the first
turning control circuit 51A, the second turning control cir-
cuit 52A, or the motor drive circuits 51B, 52B. Further,
the information includes the values of flags that indicate
various states. The first turning control circuit 51A and
the second turning control circuit 52A control the drive of
the turning motor 31 in cooperation, based on the infor-
mation exchanged with each other.
[0047] The first reaction force control circuit 41A and
the first turning control circuit 51A exchange information
with each other through a communication line L3. The
information includes abnormality information about the
first reaction force control circuit 41A, the first turning
control circuit 51A, and the motor drive circuits 41B, 51B.
Further, the information includes the values of flags that
indicate various states. The first reaction force control

circuit 41A and the first turning control circuit 51A operate
in coordination, based on the information exchanged with
each other.
[0048] The second reaction force control circuit 42A
and the second turning control circuit 52A exchange in-
formation with each other through a communication line
L4. The information includes abnormality information
about the second reaction force control circuit 42A, the
second turning control circuit 52A, or the motor drive cir-
cuits 42B, 52B. Further, the information includes the val-
ues of flags that indicate various states. The second re-
action force control circuit 42A and the second turning
control circuit 52A operate in coordination, based on the
information exchanged with each other.

Drive Mode of Motor

[0049] Next, the drive mode of the reaction force motor
21 and the turning motor 31 will be described. The drive
mode includes a cooperative drive mode, an independent
drive mode, and a single-system drive mode.
[0050] The cooperative drive mode is a drive mode at
an ordinary time during which the first system circuits 41,
51 and the second system circuits 42, 52 normally oper-
ate. The first system circuit 41 and the second system
circuit 42 share information such as command values
and limiting values, with each other, and cause both of
the wound wire group N11 of the first system and the
wound wire group N12 of the second system in the re-
action force motor 21 to generate an equivalent torque.
The first system circuit 51 and the second system circuit
52 share information such as command values and lim-
iting values, with each other, and cause both of the wound
wire group N21 of the first system and the wound wire
group N22 of the second system in the turning motor 31
to generate an equivalent torque.
[0051] In the case where the first system circuit 41 and
second system circuit 42 of the reaction force control
device 40 have a leader-follower relation, when the co-
operative drive mode is selected as the drive mode, the
follower controls the drive of the reaction force motor 21,
using a command value that is calculated by the leader.
Further, in the case where the first system circuit 51 and
second system circuit 52 of the turning control device 50
have a leader-follower relation, when the cooperative
drive mode is selected as the drive mode, the follower
controls the drive of the turning motor 31, using a com-
mand value that is calculated by the leader.
[0052] The independent drive mode is a drive mode in
the case where the operation of one of the four control
circuits (41A, 42A, 51A, 52A) has been instantaneously
stopped but the decision of abnormality has not been
made and where there is a possibility of the return to the
normal operation. In the independent drive mode, for ex-
ample, when there is a possibility that the one control
circuit in which the operation has been stopped returns
to the normal operation, each of the other three control
circuits does not use the information obtained through
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the communication between the systems, and causes
the wound wire group corresponding to the control circuit
to generate torque, based on the calculation result of the
control circuit.
[0053] In the case where the first system circuit 41 and
second system circuit 42 of the reaction force control
device 40 have a leader-follower relation, when the in-
dependent drive mode is selected as the drive mode, the
leader-follower relation between the first system circuit
41 and the second system circuit 42 is dissolved once.
Further, in the case where the first system circuit 51 and
second system circuit 52 of the turning control device 50
have a leader-follower relation, when the independent
drive mode is selected as the drive mode, the leader-
follower relation between the first system circuit 51 and
the second system circuit 52 is dissolved once.
[0054] The single-system drive mode is a drive mode
in the case where the decision of the abnormality of one
of the four control circuits (41A, 42A, 51A, 52A) has been
made and where there is no possibility of the return to
the normal operation. For example, when the decision of
the abnormality of the first system circuits 41, 51 has
been made, only the second system circuits 42, 52 cause
the reaction force motor 21 and the turning motor 31 to
generate torque. When the decision of the abnormality
of the second system circuits 42, 52 has been made, only
the first system circuits 41, 51 cause the reaction force
motor 21 and the turning motor 31 to generate torque.
[0055] In the case where the first system circuit 41 and
second system circuit 42 of the reaction force control
device 40 have a leader-follower relation, when the sin-
gle-system drive mode is selected as the drive mode, the
leader-follower relation between the first system circuit
41 and the second system circuit 42 is dissolved once.
Further, in the case where the first system circuit 51 and
second system circuit 52 of the turning control device 50
have a leader-follower relation, when the single-system
drive mode is selected as the drive mode, the leader-
follower relation between the first system circuit 51 and
the second system circuit 52 is dissolved once.
[0056] At the ordinary time during which the abnormal-
ity has not occurred, the control circuits (41A, 42A, 51A,
52A) controls the drives of the motors (21, 31) in the
cooperative drive mode. When an abnormality determi-
nation condition is satisfied in a state where the cooper-
ative drive mode is selected as the drive mode, the control
circuits switch the drive mode from the cooperative drive
mode to the independent drive mode. Further, when a
return determination condition is satisfied before the de-
cision of the abnormality in a state where the independent
drive mode is selected as the drive mode, the control
circuits return the drive mode from the independent drive
mode to the cooperative drive mode. Further, when an
abnormality decision condition is satisfied in a state
where the independent drive mode is selected as the
drive mode, the control circuits switch the drive mode
from the independent drive mode to the single-system
drive mode.

[0057] Examples of the abnormality include a commu-
nication abnormality between the systems, a communi-
cation abnormality in an identical system, a deviation in
command values between the systems, and a temporary
abnormality for which recovery is possible, such as a
decrease in a current limiting value.

Starting Sequence

[0058] Next, starting sequences for the reaction force
control device 40 and the vehicle control device 60 will
be described. Each starting sequence is a series of proc-
esses that is executed when an electric power source of
the vehicle is turned on. During a period when the electric
power source of the vehicle is in the off-state, the reaction
force control device 40 and the vehicle control device 60
are maintained in a state where the operations are
stopped. Turning on or off the electric power source of
the vehicle means turning on or off a starting switch pro-
vided at a driver’s seat, for example. The starting switch
is operated when the traveling drive source of the vehicle
is started up or stopped, and is an ignition switch or a
power switch, for example.
[0059] First, the starting sequence for the vehicle con-
trol device 60 will be described.
[0060] As shown in a time chart in FIG. 3, when the
electric power source of the vehicle is turned on (time
T1), the vehicle control device 60 starts the execution of
a predetermined starting preparation. The starting prep-
aration includes an initial check of the vehicle control de-
vice 60 and processes that are needed for starting up
the powertrain of the vehicle. After the starting prepara-
tion is completed, the vehicle control device 60 starts up
the powertrain (mainly the traveling drive source). When
the execution of the start-up process of the powertrain is
completed, the vehicle control device 60 turns on a prep-
aration completion signal S 1 (time T2). The vehicle con-
trol device 60 turns on the preparation completion signal
S1 regardless of the state of the reaction force control
device 40.
[0061] The preparation completion signal S1 is infor-
mation indicating whether the vehicle can travel because
of the completion of traveling preparation of the vehicle,
including the completion of the execution of the start-up
process of the powertrain. When the preparation com-
pletion signal S 1 is in the on-state, the preparation com-
pletion signal S 1 indicates that the vehicle is in a state
where the vehicle can travel. When the preparation com-
pletion signal S1 is in the off-state, the preparation com-
pletion signal S1 indicates that the vehicle is not in the
state where the vehicle can travel. The preparation com-
pletion signal S1 is transmitted to the reaction force con-
trol device 40 as an electric signal.
[0062] Next, the starting sequence for the reaction
force control device 40 will be described. The starting
sequence is executed by each of the first reaction force
control circuit 41A and the second reaction force control
circuit 42A. As shown in the time chart in FIG. 3, when
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the electric power source of the vehicle is turned on (time
T1), the reaction force control device 40 starts, serially
executes an initial check, a middle point learning process,
and a steer angle synchronization process, and then tran-
sitions to an assist start waiting state. The initial check,
the middle point learning process, and the steer angle
synchronization process are included in a series of prep-
aration processes that is needed for starting the execu-
tion of the reaction force control to cause the reaction
force motor 21 to generate the steering reaction force.
[0063] The initial check is an initial inspection that is
executed when the electric power source of the vehicle
is turned on, and for example, includes the check of hard-
ware, the initialization of a central processing unit (CPU),
and the initialization of variables, flags, or the like.
[0064] The middle point learning process is a process
for learning a steering neutral position of the steering
wheel 11. The steering device 10 includes a stopper
mechanism that restricts the rotation of the steering
wheel 11 for providing a limit of the steering angle of the
steering wheel 11. For example, the stopper mechanism
restricts the steering range of the steering wheel 11 to
less than 360°. The reaction force control device 40 op-
erates the steering wheel 11 to a first operation end and
thereafter reversely operates the steering wheel 11 to a
second operation end, through the control of the reaction
force motor 21. Thereafter, the reaction force control de-
vice 40 calculates the middle point of the steering angle,
based on rotation angles of the reaction force motor 21
at the start time and end time of the reverse operation of
the steering wheel 11. The middle point of the steering
angle corresponds to a motor middle point that is the
rotation position of the reaction force motor 21 when the
steering wheel 11 is at the steering neutral position. The
reaction force control device 40 stores the middle point
of the steering angle or the motor middle point in the
memory, as the steering neutral position of the steering
wheel 11.
[0065] In the case where the information relevant to
the steering neutral position stored in the memory has
been lost, the reaction force control device 40 learns the
steering neutral position of the steering wheel 11. Exam-
ples of this case include a case where the electric power
source of the vehicle is turned on for the first time after
a battery is newly attached to the vehicle. This is because
the information relevant to the steering neutral position
stored in the memory of the reaction force control device
40 is lost due to the stop of the supply of electric power
to the reaction force control device 40 when the battery
is detached from the vehicle in the replacement work for
the battery.
[0066] Depending on the product specification and the
like, the reaction force control device 40 may execute the
middle point learning process whenever the electric pow-
er source is turned on, or may execute the middle point
learning process when the reliability of the information
relevant to the steering neutral position stored in the
memory is low.

[0067] The steer angle synchronization process is a
process for correcting the rotation position of the steering
wheel 11. When the rotation position of the steering wheel
11 is a position that is different from a rotation position
corresponding to the turning position of the turning
wheels 15, the reaction force control device 40 drives the
reaction force motor 21 such that the rotation position of
the steering wheel 11 becomes the rotation position cor-
responding to the turning position of the turning wheels
15.
[0068] For example, when the electric power source
of the vehicle is turned off, the reaction force control de-
vice 40 stores the steering angle θs detected immediately
before the electric power source of the vehicle is turned
off, as a reference steering angle. The reference steering
angle is a reference for determining whether the steering
wheel 11 has rotated in a period during which the electric
power source of the vehicle is in the off-state. When the
steering angle θs immediately after the electric power
source of the vehicle is turned on does not coincide with
the reference steering angle, the reaction force control
device 40 calculates the difference between the steering
angle θs immediately after the electric power source of
the vehicle is turned on and the reference steering angle,
and controls the electricity supply to the reaction force
motor 21 such that the difference is eliminated.
[0069] The reaction force control device 40 may cal-
culate the difference between the value of the steering
angle θs immediately after the electric power source of
the vehicle is turned on and a value resulting from mul-
tiplying the turning angle θw immediately after the electric
power source of the vehicle is turned on by the reciprocal
of the steering angle ratio, and may control the electricity
supply to the reaction force motor 21 such that the dif-
ference is eliminated.
[0070] The assist start waiting state is a state of waiting
for the confirmation of the completion of the execution of
the start-up process of the powertrain by the vehicle con-
trol device 60 after the completion of the execution of the
preparation process. The reaction force control device
40 determines whether to transition from the assist start
waiting state to an ordinary control state, depending on
the start-up state of the powertrain of the vehicle. When
the preparation completion signal S1 has not been turned
on by the vehicle control device 60, the reaction force
control device 40 determines that the execution of the
start-up process of the powertrain of the vehicle has not
been completed, and maintains the assist start waiting
state. When the preparation completion signal S1 has
been turned on by the vehicle control device 60, the re-
action force control device 40 determines that the exe-
cution of the start-up process of the powertrain of the
vehicle has been completed (time T3), and transitions
from the assist start waiting state to the ordinary control
state. The ordinary control state is a state of executing
the reaction force control to cause the reaction force mo-
tor 21 to generate the steering reaction force. In the or-
dinary control state, the reaction force control device 40
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controls the drive of the reaction force motor 21 depend-
ing on the steering state of the steering wheel 11.
[0071] In the time chart in FIG. 3, as an example, the
vehicle control device 60 turns on the preparation com-
pletion signal S1 during the execution of the middle point
learning process. In the case where the electric power
source of the vehicle has been turned on, when the ex-
ecution of the starting sequence has been completed,
the first reaction force control circuit 41A stores informa-
tion indicating whether the starting sequence has been
normally completed, in the memory. For example, the
first reaction force control circuit 41A sets the value of a
flag depending on whether the starting sequence has
been normally completed. When the starting sequence
has been normally completed, the first reaction force con-
trol circuit 41A sets the value of the flag to one. When
the starting sequence has not been normally completed,
the first reaction force control circuit 41A sets the value
of the flag to zero. The flag is information indicating
whether the starting sequence has been normally com-
pleted. Similarly to the first reaction force control circuit
41A, the second reaction force control circuit 42A stores
information indicating whether the starting sequence has
been normally completed, in the memory, when the ex-
ecution of the starting sequence has been completed.
The first reaction force control circuit 41A and the second
reaction force control circuit 42A can mutually confirm
the values of the flags, by communication.
[0072] Each of the first turning control circuit 51A and
the second turning control circuit 52A also executes a
predetermined starting sequence, when the electric pow-
er source of the vehicle is turned on.

Supplemental Description about Control Circuit

[0073] Next, the configuration of each control circuit
(41A, 42A, 51A, 52A) will be supplementally described.
[0074] For the electric power source voltage of each
control circuit, an operation guarantee range is set. The
operation guarantee range is a voltage range in which
the operation is guaranteed in the specification. Each
control circuit starts the operation and executes the start-
ing sequence shown in the above time chart in FIG. 3,
when the electric power source voltage changes from a
value outside the operation guarantee range to a value
within the operation guarantee range.
[0075] Each control circuit has a reset function. When
a predetermined reset factor occurs, the control circuit is
reset. The reset is a process for initializing the internal
state of the control circuit. Examples of the reset factor
include the decrease in the electric power source voltage
of the control circuit. When the electric power source volt-
age temporarily decreases and the value of the electric
power source voltage falls outside the operation guaran-
tee range, the control circuit is reset. When the reset is
completed, the control circuit restarts, and executes the
starting sequence shown in the above time chart in FIG.
3 again.

[0076] However, the reset of the control circuit causes
the following concern.
[0077] It is possible that the second reaction force con-
trol circuit 42A of the second system circuit 42, for exam-
ple, is reset in the ordinary control state where the control
circuits (41A, 42A, 51A, 52A) execute the controls of the
reaction force motor 21 and the turning motor 31, as
shown in FIG. 4A.
[0078] After the reset is completed, the second reac-
tion force control circuit 42A restarts. At the time of the
restarting, the second reaction force control circuit 42A
executes the starting sequence shown in the above time
chart in FIG. 3. The starting sequence includes the middle
point learning process and the steer angle synchroniza-
tion process. During the execution of these processes,
there is fear that the steering wheel 11 automatically ro-
tates for learning the steering neutral position of the steer-
ing wheel 11 or for correcting the rotation position of the
steering wheel 11.
[0079] At this time, the first reaction force control circuit
41A of the first system circuit 41 that has not been reset
continues the control of the reaction force motor 21 in an
ordinary way. That is, the first reaction force control circuit
41A controls the drive of the reaction force motor 21,
depending on the steering torque Th. On the other hand,
the second reaction force control circuit 42A that restarts
controls the drive of the reaction force motor 21 for learn-
ing the steering neutral position or for correcting the ro-
tation position of the steering wheel 11. Therefore, there
is fear that the control by the first reaction force control
circuit 41A and the control by the second reaction force
control circuit 42A interfere with each other. Further,
there is fear that the steering wheel 11 automatically ro-
tates unintentionally.
[0080] The first turning control circuit 51A and the sec-
ond turning control circuit 52A that have not been reset
continue the control of the turning motor 31 in an ordinary
way. That is, the second turning control circuit 52A con-
trols the turning angle θw of the turning wheels 15, based
on the steering angle θs that is detected through the steer
angle sensor 24. Therefore, there is fear that the turning
wheels 15 automatically turn due to the automatic rota-
tion of the steering wheel 11. This turning is a turning that
is not intended by the driver.
[0081] This phenomenon can occur also in the case
where only the first reaction force control circuit 41A of
the first system circuit 41 is reset. Further, this phenom-
enon can occur also in the case where both the second
reaction force control circuit 42A of the second system
circuit 42 and the second turning control circuit 52A of
the second system circuit 52 are reset, as shown in FIG.
4B. Further, this phenomenon can occur also in the case
where both the first reaction force control circuit 41A of
the first system circuit 41 and the first turning control cir-
cuit 51A of the first system circuit 51 are reset.
[0082] Hence, the control circuits (41A, 42A, 51A, 52A)
execute processes for coping with the reset.
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Process in Reaction Force Control Circuit

[0083] Next, a process that copes with the reset and
that is executed by the first reaction force control circuit
41A and the second reaction force control circuit 42A will
be described. The process for coping with the reset has
two processing patterns.

First Processing Pattern

[0084] First, a first processing pattern will be described.
[0085] A case where only the second reaction force
control circuit 42A is reset when the control circuits are
executing the ordinary control as shown in FIG. 5A will
be described as an example. The other three control cir-
cuits (41A, 51A, 52A) continue the execution of the ordi-
nary control.
[0086] As shown by an arrow A1 in FIG. 5A, after the
reset is completed, the second reaction force control cir-
cuit 42A restarts. The second reaction force control circuit
42A that restarts starts the execution of the initial check.
When the second reaction force control circuit 42A re-
starts, the first reaction force control circuit 41A that has
not been reset confirms the state of the second reaction
force control circuit 42A. The first reaction force control
circuit 41A can recognize the state of the second reaction
force control circuit 42A, by communication.
[0087] When the value of the flag stored in the memory
of the second reaction force control circuit 42A is one,
the first reaction force control circuit 41A determines that
the second reaction force control circuit 42A does not
need to continue the execution of the starting sequence.
This is because the starting sequence has been normally
completed when the value of the flag is one. The normal
completion of the starting sequence includes the normal
completion of the middle point learning process and the
steer angle synchronization process. Therefore, when
the value of the flag is one, the steering neutral position
of the steering wheel 11 that is stored in the memory is
valid, and can be used for the control of the reaction force
motor 21. The second reaction force control circuit 42A
can recognize the determination result of the first reaction
force control circuit 41A, by communication.
[0088] At the time of the restarting due to the reset, the
second reaction force control circuit 42A itself may con-
firm the value of the flag stored in the memory of the
second reaction force control circuit 42A. As shown by
an arrow A2 in FIG. 5A, when it is determined that the
second reaction force control circuit 42A does not need
to continue the execution of the starting sequence, the
second reaction force control circuit 42A does not exe-
cute the middle point learning process and the steer angle
synchronization process, and transitions to the same
control state as the first reaction force control circuit 41A.
[0089] The second reaction force control circuit 42A
can recognize the control state of the first reaction force
control circuit 41A, by communication. In this case, the
control state of the first reaction force control circuit 41A

is the ordinary control state. Therefore, the second reac-
tion force control circuit 42A causes the control state of
the second reaction force control circuit 42A to transition
to the ordinary control state. Thereby, the first reaction
force control circuit 41A and the second reaction force
control circuit 42A can control the drive of the reaction
force motor 21 in cooperation again.
[0090] Incidentally, it is also possible that only the sec-
ond reaction force control circuit 42A is reset when the
control circuits are in the assist start waiting state. The
other three control circuits (41A, 51A, 52A) are in the
assist start waiting state. In this case, the second reaction
force control circuit 42A executes the same process as
the process when the reset is performed during the ex-
ecution of the ordinary control.
[0091] As shown by an arrow A3 in FIG. 5B, after the
reset is completed, the second reaction force control cir-
cuit 42A restarts. The second reaction force control circuit
42A that restarts starts the execution of the initial check.
When the second reaction force control circuit 42A re-
starts, the first reaction force control circuit 41A that has
not been reset confirms the state of the second reaction
force control circuit 42A.
[0092] As shown by an arrow A4 in FIG. 5B, when it is
determined that the second reaction force control circuit
42A does not need to continue the execution of the start-
ing sequence, the second reaction force control circuit
42A does not execute the middle point learning process
and the steer angle synchronization process, and tran-
sitions to the same control state as the first reaction force
control circuit 41A.
[0093] In this case, the control state of the first reaction
force control circuit 41Ais the assist start waiting state.
Therefore, the second reaction force control circuit 42A
causes the control state of the second reaction force con-
trol circuit 42A to transition to the assist start waiting state.
When the start-up process of the powertrain by the ve-
hicle control device 60 is completed, the first reaction
force control circuit 41A and the second reaction force
control circuit 42A transition to the ordinary control state.
[0094] In the case where only the first reaction force
control circuit 41A is reset, the first reaction force control
circuit 41A after the reset executes the same process as
the process in the case where only the second reaction
force control circuit 42A is reset.

Second Processing Pattern

[0095] Next, a second processing pattern will be de-
scribed.
[0096] Here again, a case where only the second re-
action force control circuit 42A is reset when the control
circuits are executing the ordinary control as shown in
FIG. 6A will be described as an example. The other three
control circuits (41A, 51A, 52A) continue the execution
of the ordinary control.
[0097] As shown by an arrow A5 in FIG. 6A, after the
reset is completed, the second reaction force control cir-
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cuit 42A restarts. The second reaction force control circuit
42A that restarts starts the execution of the initial check.
When the second reaction force control circuit 42A re-
starts, the first reaction force control circuit 41A that has
not been reset confirms the state of the second reaction
force control circuit 42A.
[0098] When the value of the flag stored in the memory
of the second reaction force control circuit 42A is zero,
the first reaction force control circuit 41A determines that
the second reaction force control circuit 42A needs to
continue the execution of the starting sequence. This is
because the starting sequence has not been normally
completed when the value of the flag is zero. The failure
of the normal completion of the starting sequence in-
cludes the failure of the normal completion of the middle
point learning process and the steer angle synchroniza-
tion process. Therefore, when the value of the flag is
zero, the steering neutral position of the steering wheel
11 that is stored in the memory is invalid, and cannot be
used for the control of the reaction force motor 21.
[0099] When the value of the flag stored in the memory
of the second reaction force control circuit 42A is zero,
the first reaction force control circuit 41A executes a pre-
determined process as a fail-safe. That is, the first reac-
tion force control circuit 41A executes a process for stop-
ping the operations of the second system circuits 42, 52.
This process is executed for preventing the interference
between the control by the second reaction force control
circuit 42A that continues the execution of the starting
sequence and the control by the first reaction force con-
trol circuit 41A that continues the ordinary control. In ad-
dition, this process is executed for avoiding the steering
wheel 11 from automatically rotating due to the continu-
ation of the execution of the starting sequence by the
second reaction force control circuit 42A.
[0100] When the value of the flag stored in the memory
of the second reaction force control circuit 42Ais zero,
the first reaction force control circuit 41A turns on a stop
request signal S2, for example. Turning on the stop re-
quest signal S2 means requesting the second reaction
force control circuit 42A to stop the operation. The stop
request signal S2 may be a flag.
[0101] As shown by an arrow A6 in FIG. 6A, when the
stop request signal S2 is in the on-state, the second re-
action force control circuit 42A does not continue the ex-
ecution of the starting sequence, and executes a stop
control for stopping the operation of the second reaction
force control circuit 42A. The stop of the operation of the
second reaction force control circuit 42A includes the
stop of the electricity supply to the wound wire group N12
of the second system in the reaction force motor 21.
When a predetermined period elapses from the start of
the execution of the stop control, the second reaction
force control circuit 42A shuts off the electricity supply to
the second reaction force control circuit 42A, by turning
off an electric power source relay of the second reaction
force control circuit 42A. Thereby, the second reaction
force control circuit 42A stops the operation. Accordingly,

the mutual interference between the control by the first
reaction force control circuit 41A and the control by the
second reaction force control circuit 42A is avoided. Fur-
ther, since the second reaction force control circuit 42A
does not continue the execution of the starting sequence,
the steering wheel 11 does not automatically rotate.
[0102] The second turning control circuit 52A recog-
nizes that the stop request signal S2 has been turned
on, by the communication with the second reaction force
control circuit 42A. When the stop request signal S2 is
in the on-state, the second turning control circuit 52A
executes a stop control for stopping the operation of the
second turning control circuit 52A. The stop of the oper-
ation of the second turning control circuit 52A includes
the stop of the electricity supply to the wound wire group
N22 of the second system in the turning motor 31. When
a predetermined period elapses from the start of the ex-
ecution of the stop control, the second turning control
circuit 52A shuts off the electricity supply to the second
turning control circuit 52A, by turning off an electric power
source relay of the second turning control circuit 52A.
Thereby, the second turning control circuit 52A stops the
operation.
[0103] After the stop of the operations of the second
reaction force control circuit 42A and the second turning
control circuit 52A, the controls of the reaction force motor
21 and the turning motor 31 are continued by only the
first system circuits 41, 51. That is, the drive mode of the
reaction force motor 21 and the turning motor 31 transi-
tions to the single-system drive mode in the first system.
The first system is a system in which the reset has not
occurred.
[0104] Incidentally, it is also possible that only the sec-
ond reaction force control circuit 42A is reset when the
control circuits are in the assist start waiting state. The
other three control circuits (41A, 51A, 52A) are in the
assist start waiting state. In this case, the second reaction
force control circuit 42A executes the same process as
the process when the reset is performed during the ex-
ecution of the ordinary control.
[0105] As shown by an arrow A7 in FIG. 6B, after the
reset is completed, the second reaction force control cir-
cuit 42A restarts. The second reaction force control circuit
42A that restarts starts the execution of the initial check.
When the second reaction force control circuit 42A re-
starts, the first reaction force control circuit 41A that has
not been reset confirms the state of the second reaction
force control circuit 42A.
[0106] When the value of the flag stored in the memory
of the second reaction force control circuit 42A is zero,
the first reaction force control circuit 41A determines that
the second reaction force control circuit 42A needs to
continue the execution of the starting sequence, and
turns on the stop request signal S2.
[0107] As shown by an arrow A8 in FIG. 6B, when the
stop request signal S2 is in the on-state, the second re-
action force control circuit 42A does not continue the ex-
ecution of the starting sequence, and executes the stop
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control for stopping the operation of the second reaction
force control circuit 42A.
[0108] The second turning control circuit 52A recog-
nizes that the stop request signal S2 has been turned
on, by the communication with the second reaction force
control circuit 42A. When the stop request signal S2 is
in the on-state, the second turning control circuit 52A
executes the stop control for stopping the operation of
the second turning control circuit 52A.
[0109] After the stop of the operations of the second
reaction force control circuit 42A and the second turning
control circuit 52A, the controls of the reaction force motor
21 and the turning motor 31 are continued by only the
first system circuits 41, 51. That is, the drive mode of the
reaction force motor 21 and the turning motor 31 transi-
tions to the single-system drive mode in the first system.
[0110] In the case where only the first reaction force
control circuit 41A is reset, the first reaction force control
circuit 41A after the reset executes the same process as
the process in the case where only the second reaction
force control circuit 42A is reset.

Effects of Embodiment

[0111] With the embodiment, the following effects can
be obtained.

(1) In the case where one of the two reaction force
control circuits (41A, 42A) has been reset, when
there remains the information indicating that the
starting sequence has been normally completed, the
reaction force control circuit that has been reset does
not continue the execution of the starting sequence,
at the time of the restarting after the completion of
the reset. The starting sequence includes the proc-
ess that requires the steering wheel 11 to automat-
ically rotate. Since the execution of the starting se-
quence is not continued, it is possible to restrain an
unintended behavior of the steering wheel 11 or the
turning wheels 15. When there remains the informa-
tion indicating that the starting sequence has been
normally completed, the state where the value of the
flag has been set to one has been maintained.
(2) At the time of the restarting after the completion
of the reset, when there remains the information in-
dicating that the starting sequence has been normal-
ly completed, the reaction force control circuit that
has been reset does not continue the execution of
the starting sequence, and causes its control state
to transition to the control state of the reaction force
control circuit that has not been reset. Therefore, af-
ter the completion of the reset of the reaction force
control circuit that has been reset, the two reaction
force control circuits can control the reaction force
motor 21 in cooperation again.
(3) At the time of the restarting after the completion
of the reset, when there does not remain the infor-
mation indicating that the starting sequence has

been normally completed, the reaction force control
circuit that has been reset does not execute the start-
ing sequence, and stops its own operation. There-
fore, after the completion of the reset of the reaction
force control circuit that has been reset, the reaction
force control circuit that has been reset does not con-
tinue the execution of the starting sequence. Accord-
ingly, it is possible to restrain an unintended behavior
of the steering wheel 11 or the turning wheels 15 due
to the execution of the starting sequence. When
there does not remain the information indicating that
the starting sequence has been normally completed,
the state where the value of the flag has been set to
zero has been maintained.
(4) At the time of the restarting of the reaction force
control circuit that has been reset, when there does
not remain the information indicating that the starting
sequence has been normally completed, the reac-
tion force control circuit that has not been reset ex-
ecutes the process for stopping the operation of the
reaction force control circuit that has been reset and
the operation of the turning control circuit (51A or
52A) of the system including the reaction force con-
trol circuit that has been reset, from a standpoint of
the fail-safe. Examples of the process include a proc-
ess of switching the stop request signal S2 from the
off-state to the on-state. Therefore, after the stop of
the operations of the reaction force control circuit
and turning control circuit of the system in which the
reset has occurred, the controls of the reaction force
motor 21 and the turning motor 31 can be continued
by the reaction force control circuit and turning con-
trol circuit of the system in which the reset has not
occurred.
(5) The starting sequence includes the middle point
learning process and the steer angle synchroniza-
tion process. Each of the middle point learning proc-
ess and the steer angle synchronization process is
an example of the process that requires the steering
wheel 11 to automatically rotate. In the case where
the middle point learning process and the steer angle
synchronization process are included in the starting
sequence in this way, there is fear that the steering
wheel 11 automatically rotates at the time of the start-
ing of the reaction force control circuit. The embod-
iment may be suitable for the case where the middle
point learning process and the steer angle synchro-
nization process are included in the starting se-
quence.

Other Embodiments

[0112] The embodiment may be carried out while being
modified as follows.
[0113] The content of the starting sequence that is ex-
ecuted by the first reaction force control circuit 41A and
the second reaction force control circuit 42A at the time
of the starting may be modified when appropriate. The
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starting sequence may include a process other than the
middle point learning process and the steer angle syn-
chronization process, as the process that requires the
steering wheel 11 to automatically rotate.
[0114] At the time of the restarting of the reaction force
control circuit (41A or 42A) that has been reset, whether
the execution of the starting sequence needs to be con-
tinued is determined in the period after the start of the
execution of the initial check and before the start of the
execution of the middle point learning process. However,
the following modification may be made. That is, at the
time of the restarting of the reaction force control circuit
that has been reset, whether the starting sequence needs
to be executed may be determined before the start of the
execution of the initial check. Thereby, whether to cause
the control state of the reaction force control circuit that
has been reset to transition to the control state of the
reaction force control circuit that has not been reset and
whether to stop the operation of the reaction force control
circuit that has been reset can be determined at an earlier
timing.

Claims

1. A steering control device characterized by compris-
ing a first reaction force control circuit and a second
reaction force control circuit, each of the first reaction
force control circuit and the second reaction force
control circuit being configured to:

control a reaction force motor (21) configured to
generate steering reaction force that is given to
a steering wheel (11) isolated from dynamic
power transmission for a turning wheel (15) of
a vehicle;
execute, at a time of starting, a preparation proc-
ess including a process that requires the steer-
ing wheel (11) to automatically rotate through
the reaction force motor (21); and
store, at a time of completion of the execution
of the preparation process, information indicat-
ing whether the preparation process has been
normally completed, wherein

in a case where the first reaction force control circuits
has been reset, when the information indicates that
the preparation process has been normally complet-
ed, the first reaction force control circuit that has been
reset is configured to not execute the preparation
process at a time of restarting after completion of the
reset.

2. The steering control device according to claim 1,
wherein at the time of restarting after the completion
of the reset, when the information indicates that the
preparation process has been normally completed,
the first reaction force control circuit that has been

reset is configured to not execute the preparation
process, and to transition to a control state of the
second reaction force control circuit that has not
been reset.

3. The steering control device according to claim 1,
wherein at the time of restarting after the completion
of the reset, when the information does not indicate
that the preparation process has been normally com-
pleted, the first reaction force control circuit that has
been reset is configured to not execute the prepara-
tion process and to stop operation.

4. The steering control device according to claim 3,
characterized by further comprising two turning
control circuits, each of the two turning control cir-
cuits being configured to control a turning motor (31)
configured to generate turning force by which the
turning wheel (15) is turned, wherein:

one of the two turning control circuits and one
of the first reaction force control circuit and the
second reaction force control circuit constitute
a single system, and
at the time of restarting of the first reaction force
control circuit that has been reset, when the in-
formation does not indicate that the preparation
process has been normally completed, the sec-
ond reaction force control circuit that has not
been reset is configured to execute a process
for stopping the operation of the first reaction
force control circuit that has been reset and op-
eration of the turning control circuit of a system
including the first reaction force control circuit
that has been reset.

5. The steering control device according to any one of
claims 1 to 4, characterized in that:

the preparation process includes a middle point
learning process and a steer angle synchroni-
zation process;
the middle point learning process is a process
of learning a steering neutral position of the
steering wheel (11) by automatically rotating the
steering wheel (11) through drive of the reaction
force motor (21); and
the steer angle synchronization process is a
process of correcting a rotation position of the
steering wheel (11) such that the rotation posi-
tion of the steering wheel (11) becomes a rota-
tion position corresponding to a turning position
of the turning wheel (15).

25 26 



EP 4 303 097 A1

15



EP 4 303 097 A1

16



EP 4 303 097 A1

17



EP 4 303 097 A1

18



EP 4 303 097 A1

19



EP 4 303 097 A1

20



EP 4 303 097 A1

21

5

10

15

20

25

30

35

40

45

50

55



EP 4 303 097 A1

22

5

10

15

20

25

30

35

40

45

50

55



EP 4 303 097 A1

23

REFERENCES CITED IN THE DESCRIPTION

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

Patent documents cited in the description

• JP 2021070431 A [0002] [0006] • JP 2007153109 A [0005] [0006]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

