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A steering control device is configured to control a steering
device that changes a transmission ratio between an opera-
tion angle of an operation member and a steering angle of a
steerable wheel. The steering control device includes: com-
munication lines for transmitting vehicle speed information;
and calculators communicably connected to each other and
individually connected to the communication lines. Each
calculator calculates the transmission ratio based on the
vehicle speed information received via a corresponding
one of the communication lines and determines whether
the received vehicle speed information is valid. When at
least one of the calculators determines that the vehicle
speed information is not valid, each calculator changes con-
trol for calculating the transmission ratio from a vehicle-
speed responsive control in which the transmission ratio is
calculated based on the vehicle speed information to a spe-
cific control in which the transmission ratio is calculated not
based on the vehicle speed information.
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STEERING CONTROL DEVICE
REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from Japanese
Patent Application No. 2022-072209 filed on Apr. 26,
2022. The entire content of the priority application is incor-
porated herein by reference.

BACKGROUND ART

[0002] The following disclosure relates to a steering con-
trol device.

[0003] A known steering control device is configured to
execute a vehicle-speed responsive control in which a trans-
mission ratio (gear ratio) between an operation angle of a
steering wheel and a steering angle of a steerable wheel is
calculated based on a vehicle speed. In the vehicle-speed
responsive control, the transmission ratio is large in a low-
speed range while the transmission ratio is small in a high-
speed range. For instance, Japanese Patent Application Pub-
lication No. 2020-29194 describes a steering control device
configured to determine the transmission ratio based on the
vehicle-speed responsive control.

SUMMARY

[0004] In a steer-by-wire system in which an operation
member such as the steering wheel and a steering device
are not mechanically coupled to each other, two calculators
(such as microcomputers) are mounted on one ECU in some
cases for ensuring redundancy of the system. The two cal-
culators in such a redundant configuration execute calcula-
tion processing independently of each other. Even in a case
where one of the two calculators fails, a steering control can
be continuously executed by the other of the two calculators.
In the redundant configuration, the results of calculations
respectively performed by the two calculators are compared
between the two calculators. Also in the vehicle-speed
responsive control, the calculated transmission ratios, etc.,
are compared. In a case where information (vehicle speed
information) input to one of the two calculators is deter-
mined to be abnormal in the comparison in the vehicle-
speed responsive control, there may be generated a great
difference between the calculation results of the two calcu-
lators, making is difficult to determine the transmission
ratio.

[0005] Accordingly, an aspect of the present disclosure is
directed to a steering control device capable of continuing a
steering control with high stability even when vehicle speed
information input to any one of calculators in a redundant
configuration is abnormal.

[0006] In one aspect of the present disclosure, a steering
control device is configured to control a steering device that
is configured to change a transmission ratio between an
operation angle of an operation member and a steering
angle of a steerable wheel by an operation of a steering
motor. The steering control device includes: a plurality of
communication lines configured to transmit vehicle speed
information that is information on a vehicle speed; and a
plurality of calculators communicably connected to each
other. The calculators are individually connected to the
respective communication lines. Each of the calculators is
configured to calculate the transmission ratio based on the
vehicle speed information received via a corresponding one
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of the communication lines. Each of the calculators is con-
figured to determine whether the received vehicle speed
information is valid. When at least one of the calculators
determines that the vehicle speed information is not valid,
each of the calculators changes a calculation control for cal-
culating the transmission ratio from a vehicle-speed respon-
sive control in which the transmission ratio is calculated
based on the vehicle speed information to a specific control
in which the transmission ratio is calculated not based on the
vehicle speed information.

[0007] In a case where one of a plurality of communica-
tion lines suffers from a failure such as a break, there is a
possibility that the vehicle speed information transmitted via
the failed communication line is not valid. According to the
present disclosure, if the vehicle speed information that is
not valid is transmitted by part of the communication lines
and at least one calculator detects the abnormality, the cal-
culation control (the calculation method) of the transmission
ratio is switched from the vehicle-speed responsive control
to the specific control in all the calculators. This configura-
tion enables the transmission ratio to be calculated in each of
the calculators without depending on the vehicle speed
information, thus preventing the calculation control of the
transmission ratio from becoming unstable and complicated.
For instance, the response of the calculation processing is
prevented from being lowered. That is, even when the vehi-
cle speed information is abnormal, the transmission ratio is
calculated without utilizing the vehicle speed information,
thus enabling the steering control to be continued without
confusion in control. According to the present disclosure,
the steering control can be continued with high stability
even when the vehicle speed information input to any one
of the calculators in the redundant configuration is
abnormal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The objects, features, advantages, and technical
and industrial significance of the present disclosure will be
better understood by reading the following detailed descrip-
tion of an embodiment, when considered in connection with
the accompanying drawings, in which:

[0009] FIG. 1 is a view illustrating a configuration of a of
steering system including a steering control device accord-
ing to one embodiment of the present disclosure;

[0010] FIG. 2 is a view illustrating a configuration of the
steering control device according to the embodiment;
[0011] FIG. 3 is a view illustrating a relationship between
a vehicle speed and a transmission ratio in a vehicle-speed
responsive control in the embodiment;

[0012] FIG. 4 is a view illustrating a relationship between
an operation angle and the transmission ratio in an opera-
tion-angle responsive control in the embodiment;

[0013] FIG. S is a flowchart representing one example of
control processing in the embodiment;

[0014] FIG. 6 is a view illustrating a configuration of the
steering control device according to a modification; and
[0015] FIG. 7 is a view illustrating a configuration of the
steering control device according to another modification.

DETAILED DESCRIPTION

[0016] Referring to the drawings, there will be hereinafter
described in detail a steering control device 11 according to
one embodiment of the present disclosure. It is to be under-
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stood that the present disclosure is not limited to the details
of the following embodiment but may be embodied with
various changes and modifications based on the knowledge
of those skilled in the art.

[0017] As illustrated in FIG. 1, the steering control device
11 controls a steering device 10 configured to change a
transmission ratio between an operation angle of a steering
wheel 21 functioning as an operation member and a steering
angle of front wheels 9F, each of which is a steerable wheel,
by an operation of a steering motor 35. The steering device
10 and the steering control device 11 that controls the steer-
ing device 10 constitute a steering system 1. The steering
system 1 is of a steer-by-wire type.

Steering Device

[0018] The steering device 10 includes an operation
device 2 and a steering device 3, which are mechanically
independent of each other. The steering device 3 steers a
pair of front wheels 9F, each of which is a steerable wheel.
Hereinafter, the front wheels 9F and rear wheels 9R will be
each referred to as a wheel 9 where appropriate. In the pre-
sent embodiment, the rear wheels 9R are drive wheels. Each
of the wheels 9 is provided with a wheel speed sensor 8 for
detecting a wheel speed. Each wheel speed sensor 8 corre-
sponds to a sensor for detecting information on a vehicle
speed.

[0019] The operation device 2 includes: the steering wheel
21 (as one example of an operation member) operable by a
driver; a steering shaft 22 to one end of which is attached the
steering wheel 21; a steering column 23 rotatably holding
the steering shaft 22 and supported by an instrument panel
reinforcement (not illustrated); a reaction force applying
mechanism 24; and an operation angle sensor 25.

[0020] The reaction force applying mechanism 24 is con-
figured to apply, to the steering wheel 21 via the steering
shaft 22, a reaction force against a steering operation by
utilizing, as a force generation source, a reaction force
motor 26 supported by the steering column 23. The reaction
force motor 26 is an electric motor. The reaction force
against the steering operation will be hereinafter referred
to as “operation reaction force” where appropriate. The
reaction force applying mechanism 24 has an ordinary con-
figuration including a speed reducer, etc. The reaction force
motor 26 is provided with a rotational angle sensor 26a. The
operation angle sensor 25 is configured to detect an opera-
tion angle of the steering wheel 21 as a steering operation
amount.

[0021] In the steering system 1, a torsion bar 27 is incor-
porated in the steering shaft 22, as in typical power steering
systems. The operation device 2 includes an operation tor-
que sensor 28 for detecting an operation torque based on a
torsional amount of the torsion bar 27. The operation torque
corresponds to an operation force applied to the steering
wheel 21 by the driver.

[0022] The wheels 9 are supported by a body of the vehi-
cle via respective steering knuckles 39 such that the wheels
9 are turnable or steerable. Each steering knuckle 39 is a
constituent element of a corresponding one of suspension
devices. The steering device 3 rotates the steering knuckles
39 to thereby steer the front wheels 9F together. The steering
device 3 includes a steering actuator 30 as a main constitu-
ent element.
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[0023] The steering actuator 30 includes a steering rod 31,
a housing 32, a rod moving mechanism 33, and a steering
motor 35. The steering rod 31, which is also referred to as a
rack bar, has opposite ends coupled to the right and left
steering knuckles 39 via respective link rods 34. The hous-
ing 32 is fixedly held by the vehicle body and supports the
steering rod 31 movably in the right-left direction.

[0024] The rod moving mechanism 33 is configured to
move the steering rod 31 in the right-left direction utilizing
the steering motor 35 as a drive source. The steering motor
35 is an electric motor. The rod moving mechanism 33 is
constituted principally by a ball screw mechanism including
a ball groove formed on the steering rod 31 and a nut that is
in engagement with the ball groove via bearing balls and
that is rotated by the steering motor 35. The rod moving
mechanism 33 has an ordinary configuration, a detailed
description of which is dispensed with.

[0025] The steering motor 35 is provided with a rotational
angle sensor 35a and a current sensor 35b for detecting a
current supplied to the steering motor 35. The steering
device 3 includes a steering angle sensor 36 for detecting
an amount of the movement of the steering rod 31 in the
right-left direction from its neutral position to thereby detect
a steering angle, i.e., a steering amount, of the front wheels
9F. Thus, the steering device 3 is mechanically independent
of the operation force of the steering wheel 21 and constitu-
tes a steering device of a steer-by-wire type for steering the
front wheels 9F based on the force of the steering motor 35.

Steering Control Device

[0026] As illustrated in FIG. 2, the steering control device
11 includes a first communication line 41, a second commu-
nication line 42, and a steering ECU 5 configured to control
the steering device 3 based on a steering request. Each of the
first communication line 41 and the second communication
line 42 (hereinafter referred to as “communication line 417
and “communication line 42” where appropriate) is a wire
(communication bus) for transmitting vehicle speed infor-
mation relating to the vehicle speed. Specifically, each of
the communication lines 41, 42 is a communication line
connecting the steering ECU 5 and an ECU 7. The ECU 7
is an electronic control unit including, for instance, at least
one processor and at least one memory.

[0027] The ECU 7 corresponds to a vehicle-speed calcu-
lator configured to calculate a vehicle speed based on the
detection values of the wheel speed sensors 8. For instance,
the ECU 7 is a brake ECU for controlling a braking force.
The ECU 7 regularly calculates the vehicle speed based on
the wheel speeds. The detection value of each of the wheel
speed sensors 8 provided for the respective wheels 9 is input
to the ECU 7 via sensor communication lines 81, 82.
[0028] In the present embodiment, each wheel speed sen-
sor 8 is connected to a microcomputer 71 (corresponding to
a first vehicle-speed calculator) of the ECU 7 via the sensor
communication line 81 and to a microcomputer 72 (corre-
sponding to a second vehicle-speed calculator) of the ECU 7
via the sensor communication line 82. Each of the micro-
computers 71, 72 of the ECU 7 calculates the vehicle
speed based on the detection values of the plurality of
wheel speed sensors 8. Like the steering ECU 5, the ECU
7 has a redundant configuration that includes a plurality of
microcomputers (calculators) 71, 72 capable of performing
calculation processing independently of each other. The
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microcomputers 71, 72 calculate the vehicle speed indepen-
dently of each other and control the braking force.

[0029] The microcomputer 71 is connected to a first
microcomputer 51 of the steering ECU § via the first com-
munication line 41. The microcomputer 71 transmits first
vehicle-speed information that is a calculation result to the
first microcomputer 51 via the first communication line 41.
The microcomputer 72 is connected to a second microcom-
puter 53 of the steering ECU § via the second communica-
tion line 42. The microcomputer 72 transmits second vehi-
cle-speed information that is a calculation result to the
second microcomputer 53 via the second communication
line 42.

[0030] In some cases, the first vehicle-speed information
and the second vehicle-speed information are mutually dif-
ferent values and transmitted at mutually different timings
due to execution of the calculation processing of the vehicle
speed by individual microcomputers, the communication
status, or the influence resulting from a difference in the
condition of the communication lines such as a difference
in length. In a configuration in which only one microcom-
puter for calculating the vehicle speed is disposed in the
ECU 7 and the same vehicle speed information is output
simultaneously from the one the microcomputer to both
the communication lines 41, 42, the vehicle speed informa-
tion received by the microcomputer 51 and the vehicle speed
information received by the microcomputer 53 may be
mutually different values depending upon the condition of
the communication lines 41, 42 such as the presence or
absence of a break.

[0031] The steering ECU 5 is an electronic control unit
including a plurality of processors and a plurality of mem-
ories. The steering ECU § is communicably connected to
each ECU, each sensor, etc., via communication lines (not
illustrated). A CAN (car area network or controllable area
network) is used for communication in the vehicle. The
vehicle in the present embodiment is equipped with an auto-
mated driving ECU 90 configured to execute a control relat-
ing to automated driving. The vehicle is further equipped
with various sensors such as the wheel speed sensors 8 and
an acceleration sensor.

[0032] The steering ECU 5 executes a steering control for
steering the front wheels 9F based on a steering request,
namely, based on the operation angle of the steering wheel
21 in manual driving or based on a command from the auto-
mated driving ECU 90 in automated driving. The steering
ECU 5 obtains the operation angle of the steering wheel 21
based on a rotational angle of the reaction force motor 26
detected by the rotational angle sensor 26a. Based on the
operation angle, the steering ECU 5 determines a target
front-wheel steering angle, which is a target of the steering
angle of the front wheels 9F.

[0033] Based on the target front-wheel steering angle, the
steering ECU 5§ determines a target rotational angle, which
is a target of a rotational angle of the steering motor 35. The
steering ECU § detects an actual rotational angle of the
steering motor 35 via the rotational angle sensor 354 and
determines a rotational angle deviation, which is a deviation
of the actual rotational angle with respect to the target rota-
tional angle. Here, a torque generated by the steering motor
35 is referred to as a steering torque. The steering ECU §
determines the steering torque to be generated, according to
a feedback control law based on the rotational angle devia-
tion. Each of the first microcomputer 51 and the second
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microcomputer 53 of the steering ECU § performs the cal-
culation described above.

[0034] Here, a current supplied to the steering motor 35 is
referred to as a steering current. The steering torque and the
steering current are substantially proportional to each other.
According to the relationship, the steering ECU § deter-
mines the steering current to be supplied to the steering
motor 35 based on the steering torque determined as
described above and supplies the steering current to the
steering motor 35. The configuration of the steering ECU 5
relating to the supply of the steering current will be later
described.

[0035] The steering system 1 further includes a reaction
force ECU 6 configured to execute a reaction force control
for giving, to the driver, an operation feeling with respect to
the steering operation. The reaction force ECU 6 determines
the operation reaction force based on two components, i.e., a
steering-load-dependent component FS and an operation-
force-dependent reduction component FA. The steering-
load-dependent component FS is a component relating to a
steering force (the steering torque of the steering motor 35)
necessary for steering the front wheels 9F. The steering-
load-dependent component FS is determined based on the
steering current being supplied to the steering motor 35.
Though not described in detail, it is recognized that the
steering load of the front wheels 9F increases with an
increase in the current value of the steering current, and
the steering-load-dependent component FS is determined
to be a greater value.

[0036] The operation-force-dependent reduction compo-
nent FA may be considered as a component for giving, to
the driver, an operation feeling in what is called power steer-
ing system. In the power steering system, an assist torque
corresponding to the operation torque is applied to the steer-
ing shaft 22. The reaction force ECU 6 detects the operation
torque via the operation torque sensor 28. Based on the
operation reaction force, the reaction force ECU 6 deter-
mines a reaction force current, which is a current to be sup-
plied to the reaction force motor 26. The reaction force ECU
6 supplies the determined reaction force current to the reac-
tion force motor 26.

Detailed Configuration of Steering ECU

[0037] The steering ECU 5 includes a board 50, the first
microcomputer 51, a first drive circuit 52, the second micro-
computer 53, and a second drive circuit 54. The first micro-
computer 51 functions as a first calculator, and the second
microcomputer 53 functions as a second calculator. The first
microcomputer 51 is a microcomputer including, for
instance, at least one processor and at least one memory.
The first microcomputer 51 is disposed on the board 50
and determines a current value of a first steering current to
be supplied to the steering motor 35 via the first drive circuit
52. The first microcomputer 51 controls the first drive circuit
52 according to PWM control such that the first steering
current is supplied to the steering motor 35.

[0038] The first drive circuit 52 is a motor drive circuit for
driving the steering motor 35 and includes a plurality of
switching elements corresponding to the three phases of
the steering motor 35. The first drive circuit 52 is disposed
on the board 50 and communicably connected to the first
microcomputer 51. The first drive circuit 52 supplies an
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electric power of a battery (not illustrated) to the steering
motor 35 based on the control of the first microcomputer 51.
[0039] Like the first microcomputer 51, the second micro-
computer 53 is a microcomputer disposed on the board 50
and including, for instance, at least one processor and at
least one memory. The second microcomputer 53 deter-
mines a current value of a second steering current to be sup-
plied to the steering motor 35 via the second drive circuit 54.
The second microcomputer 53 controls the second drive cir-
cuit 54 according to PWM control such that the second
steering current is supplied to the steering motor 35. The
first microcomputer 51 and the second microcomputer 53
are communicably connected to each other.

[0040] The second drive circuit 54 is a motor drive circuit
for driving the steering motor 35 and includes a plurality of
switching elements corresponding to the three phases of the
steering motor 35. The second drive circuit 54 is disposed
on the board 50 and communicably connected to the second
microcomputer 53. The second drive circuit 54 supplies the
electric power of the battery (not illustrated) to the steering
motor 35 based on the control of the second microcomputer
53.

[0041] The steering motor 35 is a double-winding electric
motor including a winding wire 351 connected to the first
drive circuit 52 and a winding wire 352 connected to the
second drive circuit 54. That is, the steering motor 35 is
configured to output the steering torque corresponding to a
sum of the first steering current supplied from the first drive
circuit 52 and the second steering current supplied from the
second drive circuit 54. The sum of the first steering current
and the second steering current may be referred to as a total
steering current. The steering current supplied from the bat-
tery via the steering ECU 5 is a sum of the first steering
current and the second steering current.

[0042] As described above, the first drive circuit 52 and
the second drive circuit 54 (hereinafter simply referred to
as “drive circuits 52, 54” where appropriate) individually
correspond to the respective microcomputers 51, 53 and
supply the respective steering currents to the steering
motor 35 under control of the corresponding microcompu-
ters 51, 53. The microcomputers 51, 53 are communicably
connected to each other, individually connected to the cor-
responding communication lines 41, 42, and respectively
calculate the transmission ratio based on the vehicle speed
information received via the corresponding communication
lines 41, 42. The communication lines 41, 42 transmit vehi-
cle speed information, which is information on the vehicle
speed, independently of each other. In the present embodi-
ment, the first communication line 41 connects the first
microcomputer 51 and the microcomputer 71, and the sec-
ond communication line 42 connects the second microcom-
puter 53 and the microcomputer 72.

Calculation Control of Transmission Ratio

[0043] The first microcomputer 51 is connected to the first
communication line 41 and obtains the first vehicle-speed
information via the first communication line 41. The second
microcomputer 53 is connected to the second communica-
tion line 42 and obtains the second vehicle-speed informa-
tion via the second communication line 42. The first com-
munication line 41 and the second communication line 42
are independent of each other.
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[0044] In calculating the steering current, each of the first
microcomputer 51 and the second microcomputer 53 calcu-
lates a transmission ratio (gear ratio) between the operation
angle of the steering wheel 21 and the steering angle of the
front wheels 9F. The transmission ratio is calculated based
on the input vehicle speed information. As illustrated in
FIG. 3, the relationship between the vehicle speed and the
transmission ratio is set in advance and stored in the micro-
computers 51, 53 as a first map. The first map is used in a
vehicle-speed responsive control. According to the first
map, the transmission ratio is determined if the vehicle
speed is determined. The vehicle-speed responsive control
is a calculation control in which the transmission ratio is
calculated based on the vehicle speed information. In the
vehicle-speed responsive control, the higher the vehicle
speed, the smaller the transmission ratio.

[0045] In the vehicle-speed responsive control, each of the
microcomputers 51, 53 calculates the transmission ratio
based on the vehicle speed information input thereto. The
information on the calculation result by the microcomputer
51 and the information on the calculation result by the
microcomputer 53 are communicated between the micro-
computers 51, 53. When a difference between a first trans-
mission ratio calculated by the first microcomputer 51 and a
second transmission ratio calculated by the second micro-
computer 53 (hereinafter referred to as a “transmission-
ratio calculation difference” where appropriate) is less than
apredetermined calculation difference threshold, each of the
microcomputers 51, 53 sets the first transmission ratio as the
transmission ratio common to both the microcomputers 51,
53. Each microcomputer 51, 53 uses the common transmis-
sion ratio, 1.e., the first transmission ratio. A communication
system connected to the first microcomputer 51 will be
referred to as a first communication system, and a commu-
nication system connected to the second microcomputer 53
will be referred to as a second communication system.
[0046] Each microcomputer 51, 53 determines whether
the received vehicle speed information is valid. When at
least one of the microcomputers 51, 53 determines that the
vehicle speed information is not valid, each microcomputer
51, 53 switches the calculation control of the transmission
ratio from the vehicle-speed responsive control in which the
transmission ratio is calculated based on the vehicle speed
information to a specific control in which the transmission
ratio is calculated not based on the vehicle speed informa-
tion. As illustrated in FIG. 4, the specific control in the pre-
sent embodiment is an operation-angle responsive control in
which the transmission ratio is calculated based on the
operation angle. Each microcomputer 51, 53 stores, in
advance, a second map that represents a relationship
between the operation angle and the transmission ratio.
The second map is a map used in the operation-angle
responsive control. According to the second map, the trans-
mission ratio is determined if the operation angle is deter-
mined. In the operation-angle responsive control, the greater
the operation angle, the greater the transmission ratio.
[0047] When a difference between the vehicle speed infor-
mation received by the first microcomputer 51 and the vehi-
cle speed information received by the second microcompu-
ter 53 (hereinafter referred to as a “vehicle-speed-
information difference” where appropriate) is not less than
a predetermined vehicle-speed-difference threshold, each
microcomputer 51, 53 determines that one of the vehicle
speed information received by the first microcomputer 51
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and the vehicle speed information received by the second
microcomputer 53 is abnormal, namely, not valid. In a
case where one of the communication lines 41, 42 suffers
from a failure such as a break or in a case where one of the
microcomputers 71, 72 of the ECU 7 fails, the vehicle speed
information transmitted in a failed one of the two systems
may probably be an abnormal value. In this instance, one of
the vehicle speed information received by the first micro-
computer 51 and the vehicle speed information received
by the second microcomputer 53 is an abnormal value
while the other vehicle speed information is a correct
value. This causes a great vehicle-speed-information differ-
ence. Thus, when the vehicle-speed-information difference
is not less than the vehicle-speed-difference threshold, each
microcomputer 51, 53 determines that one of the vehicle
speed information received by the first microcomputer 51
and the vehicle speed information received by the second
microcomputer 53 is abnormal. The two sets of the vehicle
speed information, for which the vehicle-speed-information
difference 1s calculated, are calculation values obtained
based on, for instance, the detection values detected by the
wheel speed sensors 8 at the same timing. For instance, the
two sets of the vehicle speed information to be compared are
calculated based on the same basis (the same detection
value).

[0048] One example of settings for information transmis-
sion and reception is as follows. The first microcomputer 51
transmits the vehicle speed information to the second micro-
computer 53 upon reception of the vehicle speed informa-
tion from the first communication line 41. The second
microcomputer 53 transmits the vehicle speed information
to the first microcomputer 51 upon reception of the vehicle
speed information from the second communication line 42.
One of the microcomputers 51, 53 that has determined
whether the vehicle speed information is valid or invalid
transmits the result of determination to the other of the
microcomputers 51, 53 upon completion of the determina-
tion. The timing of determination by the microcomputer 51
and the timing of determination by the microcomputer 53
can be the same depending on the transmission and recep-
tion timing of the vehicle speed information by each micro-
computer 51, 53.

[0049] In a case where each microcomputer 51, 53 is cap-
able of recognizing a failure of a corresponding one of the
microcomputers 71, 72 in the ECU 7 or a failure of a corre-
sponding one of the communication lines 41, 42 (such as a
break or congestion) based on the output signal of the ECU
7 that calculates the vehicle speed, each microcomputer 51,
53 may determine whether the vehicle speed information is
valid or invalid based on the output signal of the ECU 7. In a
case where each microcomputer 51, 53 is configured to reg-
ularly receive the signal from the ECU 7 (e.g., from a corre-
sponding one of the microcomputers 71, 72), the microcom-
puter 51, 53 can recognize an abnormality in the
corresponding microcomputer or in the corresponding com-
munication line based on the fact that the signal fails to be
received by the microcomputer 51, 53.

[0050] When at least one of the microcomputers 51, 53
determines, according to any of the determination methods
described above, that one of the two sets of the vehicle speed
information is not valid, the microcomputers 51, 53 share
the determination result, and the calculation control (the cal-
culation method) of the transmission ratio in both the micro-
computers 51, 53 is changed from the vehicle-speed respon-
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sive control to the operation-angle responsive control. After
the calculation control is changed to the operation-angle
responsive control, each microcomputer 51, 53 calculates
(determines) the transmission ratio based on the detection
value of the operation angle sensor 25 and the second map.
Similarly, the calculation control of the transmission ratio in
both the microcomputers 51, 53 is changed from the vehi-
cle-speed responsive control to the operation-angle respon-
sive control also when the microcomputer 51 and the micro-
computer 53 simultaneously determine that one of the two
sets of the vehicle speed information is not valid. Thus,
when at least one of the microcomputers 51, 53 determines
that the vehicle speed information is not valid, the calcula-
tion control of the transmission ratio in both the microcom-
puters 51, 53 is set to the operation-angle responsive
control.

[0051] Referring to FIG. 5, there will be described one
example of the processing executed by each microcomputer
51, 53. Each microcomputer 51, 53 determines whether the
vehicle speed information of its own system is valid (S1).
When the vehicle speed information of the own system is
valid (S1: Yes), the microcomputer 51, 53 determines
whether the vehicle speed information of the other system
is valid (S2). When the vehicle speed information of the
other system is valid (S2: Yes), each microcomputer 51, 53
calculates the transmission ratio according to the vehicle-
speed responsive control (S3). In a case where each micro-
computer 51, 53 determines the validity of the vehicle speed
information based on the vehicle-speed-information differ-
ence, Steps S1 and S2 are simultaneously executed. In this
case, it can be said that each microcomputer 51, 53 deter-
mines, in one step, whether both the vehicle speed informa-
tion of the own system and the vehicle information of the
other system are valid, namely, whether both the vehicle
speed information received by the microcomputer S1 and
the vehicle speed information received by the microcompu-
ter 53 are valid. Each microcomputer 51, 53 continues the
vehicle-speed responsive control as long as it is not deter-
mined that the vehicle speed information is invalid.

[0052] When it is determined, in one of Steps S1 and S2,
that the vehicle speed information is not valid, namely, inva-
lid, (S1: No or S2: No), each microcomputer 51, 53 changes
the calculation control of the transmission ratio to the opera-
tion-angle responsive control and calculates the transmis-
sion ratio according to the operation-angle responsive con-
trol (S4). Thus, when it is determined, in at least one of the
two systems, that the vehicle speed information is invalid,
the calculation control of the transmission ratio is changed
to the operation-angle responsive control in both the micro-
computers 51, 53.

Advantageous Effects of Present Embodiment

[0053] In a case where one of the plurality of communica-
tion lines suffers from a failure such as a break, there is a
possibility that the vehicle speed information transmitted via
the failed communication line is not valid. According to the
present embodiment, if the vehicle speed information that is
not valid is transmitted by one of the communication lines
41, 42 and at least one of the microcomputers 51, 53 detects
the abnormality, the calculation control (the calculation
method) of the transmission ratio is switched from the vehi-
cle-speed responsive control to the specific control in both
the microcomputers 51, 53. This configuration enables the
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transmission ratio to be calculated in each of the microcom-
puters 51, 53 not based on the vehicle speed information,
thus preventing the calculation control of the transmission
ratio from becoming unstable and complicated due to a great
difference in the vehicle speed information between the
microcomputers 51, 53. For instance, the response of the
calculation processing is prevented from being lowered.
That is, even when the vehicle speed information is abnor-
mal, the transmission ratio is calculated without utilizing the
vehicle speed information, thus enabling the steering control
to be continued without confusion in control. According to
the present embodiment, the steering control can be contin-
ued with high stability even when the vehicle speed infor-
mation input to any one of the microcomputers in the redun-
dant configuration is abnormal.

[0054] In the present embodiment, the specific control is
set to the operation-angle responsive control. In the opera-
tion-angle responsive control, the greater the operation
angle, the greater the transmission ratio. In this respect, the
driver increases the operation angle mostly in low-speed tra-
veling. As a consequence, before and after the switching of
the calculation control from the vehicle-speed responsive
control to the operation-angle responsive control, the trans-
mission ratio is readily set so as to be similar to that in the
vehicle-speed responsive control in which the lower the
vehicle speed, the greater the transmission ratio. In high-
speed traveling, the driver tends to operate the steering
wheel 21 such that the operation angle is small. Thus, the
transmission ratio in high-speed traveling is small both in
the vehicle-speed responsive control and the operation-
angle responsive control. Because the specific control is
the operation-angle responsive control, this prevents the dri-
ver from feeling unnatural after the calculation control of the
transmission ratio is changed. It is noted that the specific
control may be a transmission ratio fixing control in which
the transmission ratio is set to a fixed value. This control
also does not use the vehicle speed information in the calcu-
lation of the transmission ratio, thus enabling the steering
control to be continued without confusion in control.

Other Connection Examples of Communication Lines

[0055] The connection configuration of the communica-
tion lines for connecting the ECU 7 and the steering ECU
5 may be other configuration. As illustrated in FIG. 6, the
steering control device 11 may include a first sub commu-
nication line 43 and a second sub communication line 44.
The first sub communication line 43 connects the micro-
computer 71 and the second microcomputer 53. The second
sub communication line 44 connects the microcomputer 72
and the first microcomputer 51.

[0056] In this configuration, each microcomputer 51, 53
can receive the two sets of the vehicle speed information
directly from the ECU 7. Thus, each microcomputer 51, 53
is configured such that one of the microcomputers 51, 53
can calculate the vehicle-speed-information difference with-
out waiting for the other of the microcomputers 51, 53 to
provide the vehicle speed information. Based on a differ-
ence between the vehicle speed information received from
the first communication line 41 and the vehicle speed infor-
mation received from the second sub communication line
44, the first microcomputer S1 determines whether both
the two sets of the vehicle speed information are valid.
Based on the vehicle speed information received from the
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second communication line 42 and the vehicle speed infor-
mation received from the first sub communication line 43,
the second microcomputer 53 determines whether both the
two sets of the vehicle speed information are valid.

[0057] As described above, each microcomputer 51, 53
calculates a difference between the two sets of the vehicle
speed information received from the ECU 7, i.e., the vehi-
cle-speed-information difference, and determines whether
one of the two sets of the vehicle speed information is not
valid or whether both the two sets of the vehicle speed infor-
mation are valid. Also in this configuration, when at least
one of the microcomputers 51, 53 determines that one of
the two sets of the vehicle speed information is not valid,
the calculation control of the transmission ratio in both the
microcomputers 51, 53 is changed to the operation-angle
responsive control.

Modifications

[0058] The present disclosure is not limited to the config-
uration of the embodiment illustrated above. For instance,
the steering ECU 5 may include three or more microcompu-
ters (calculators). Also in this configuration, each of the
plurality of microcomputers is configured to determine
whether the received vehicle speed information is valid
and to change the calculation control of the transmission
ratio from the vehicle-speed responsive control to the speci-
fic control when at least one of the plurality of microcom-
puters determines that the vehicle speed information is not
valid. In a case where a redundant configuration is consti-
tuted by three microcomputers in the steering ECU § as illu-
strated in FIG. 7, for instance, the steering ECU 5 may addi-
tionally include a third microcomputer 55 and a third drive
circuit 56, and the third microcomputer 55 and the ECU 7
may be connected by a third communication line 45. Each
wheel speed sensor 8 and the ECU 7 may be connected by a
sensor communication line 83. The ECU 7 may include
three microcomputers corresponding to the three microcom-
puters of the steering ECU 5.

[0059] The steering control device 11 may include a plur-
ality of ECUs as the plurality of calculators. That is, the
calculator is not limited to the microcomputer but may be
an ECU. Also in this case, the plurality of ECUs is commu-
nicably connected to each other. That is, the redundant con-
figuration may be constituted by the plurality of microcom-
puters or may be constituted by the plurality of ECUs. The
redundant configuration is a configuration in which
mutually different sets of the vehicle speed information hav-
ing mutually different values can be input at different tim-
ings to two or more calculators (such as microcomputers or
ECUs) that are configured to perform the transmission ratio
calculation.

[0060] The vehicle speed information input to each micro-
computer 51, 53 need not necessarily be the information
calculated by the ECU 7 but may be information relating
to the vehicle speed. The ECU 7 is not limited to the brake
ECU but may be other ECU having a function of calculating
the vehicle speed. The ECU 7 may include only one calcu-
lator, namely, only one microcomputer. In a case where the
detection value of the wheel speed sensor 8 (the information
on the vehicle speed) is input to the steering ECU 5 via the
communication lines 41, 42, each microcomputer 51, 53
may calculate the vehicle speed. In this instance, each
microcomputer 51, 53 may compare the detection value of
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the wheel speed sensor 8 input to one of the microcomputers
51, 53 and the detection value of the wheel speed sensor 8
input to the other of the microcomputers 51, 53 and may
determine whether one of the detection values is valid or
invalid based on the result of comparison. Each microcom-
puter 51, 53 may calculate the vehicle speed, may compare
the calculation result (the vehicle speed information)
obtained by one of the microcomputers 51, 53 and the cal-
culation result (the vehicle speed information) obtained by
the other of the microcomputers 51, 53, and may determine
whether one of the calculation results is valid or invalid
based on the result of comparison. Thus, each microcompu-
ter 51, 53 may obtain the vehicle speed information not via
the ECU 7. The steering device 3 may be configured to steer
the rear wheels 9R. The steering device 10 is not limited to
the steer-by-wire type but may be any type in which the
transmission ratio is variable.

Forms

[0061] The present disclosure includes the following
forms.

[0062] (1) A steering control device configured to control
a steering device that is configured to change a transmission
ratio between an operation angle of an operation member
and a steering angle of a steerable wheel by an operation
of a steering motor, the steering control device including: a
plurality of communication lines configured to transmit
vehicle speed information that is information on a vehicle
speed; and a plurality of calculators communicably con-
nected to each other, the calculators being individually con-
nected to the respective communication lines, each of the
calculators being configured to calculate the transmission
ratio based on the vehicle speed information received via a
corresponding one of the communication lines, wherein
each of the calculators is configured to determine whether
the received vehicle speed information is valid, wherein,
when at least one of the calculators determines that the vehi-
cle speed information is not valid, each of the calculators
changes a calculation control for calculating the transmis-
sion ratio from a vehicle-speed responsive control in
which the transmission ratio is calculated based on the vehi-
cle speed information to a specific control in which the
transmission ratio is calculated not based on the vehicle
speed information.

[0063] (2) The steering control device according to the
form (1), wherein the specific control is an operation-angle
responsive control in which the transmission ratio is calcu-
lated based on the operation angle.

[0064] (3) The steering control device according to the
form (1) or (2), further including: a wheel speed sensor con-
figured to detect a wheel speed; and a vehicle-speed calcu-
lator configured to calculate the vehicle speed based on a
detection value of the wheel speed sensor, wherein the com-
munication lines are connected to the wvehicle-speed
calculator.

[0065] (4) The steering control device according to any
one of the forms (1)-(3), wherein each of the calculators is
configured to determine whether the vehicle speed informa-
tion is valid based on a difference between two sets of the
vehicle speed information that are respectively transmitted
via two of the communication lines including the commu-
nication line connected to itself.
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[0066] (5) The steering control device according to any
one of the forms (1)-(4), further including a plurality of
drive circuits that individually correspond to the respective
calculators, each of the drive circuits being controlled by a
corresponding one of the calculators to supply a steering
current to the steering motor.

[0067] (6) The steering control device according to the
form (5), wherein the communication lines include a first
communication line and a second communication line,
wherein the calculators include a first calculator connected
to the first communication line and a second calculator con-
nected to the second communication line, and wherein the
drive circuits include a first drive circuit connected to the
first calculator and a second drive circuit connected to the
second calculator.

[0068] (7) The steering control device according to the
form (6), wherein, when a difference between the vehicle
speed information transmitted via the first communication
line and the vehicle speed information transmitted via the
second communication line is not less than a predetermined
threshold, each of the first calculator and the second calcu-
lator determines that one of the vehicle speed information
transmitted via the first communication line and the vehicle
speed information transmitted via the second communica-
tion line is not valid.

[0069] (8) The steering control device according to the
form (6) or (7), further including: a wheel speed sensor con-
figured to detect a wheel speed; a first vehicle-speed calcu-
lator configured to calculate the vehicle speed based on a
detection value of the wheel speed sensor; and a second
vehicle-speed calculator configured to calculate the vehicle
speed based on the detection value of the wheel speed sen-
sor, wherein the first communication line connects the first
vehicle-speed calculator and the first calculator, and wherein
the second communication line connects the second vehicle-
speed calculator and the second calculator.

[0070] (9) The steering control device according to the
form (8), wherein, when a difference between the vehicle
speed information calculated by the first vehicle-speed cal-
culator and the vehicle speed information calculated by the
second vehicle-speed calculator is not less than a predeter-
mined threshold, each of the first calculator and the second
calculator determines that one of the vehicle speed informa-
tion calculated by the first vehicle-speed calculator and the
vehicle speed information calculated by the second vehicle-
speed calculator is not valid.

[0071] (10) The steering control device according to the
form (8) or (9), further including: a first sub communication
line connecting the first vehicle-speed calculator and the
second calculator; and a second sub communication line
connecting the second vehicle-speed calculator and the
first calculator.

What is claimed is:

1. A steering control device configured to control a steering
device that is configured to change a transmission ratio
between an operation angle of an operation member and a
steering angle of a steerable wheel by an operation of a steer-
ing motor, the steering control device comprising:

a plurality of communication lines configured to transmit
vehicle speed information that is information on a vehi-
cle speed; and

a plurality of calculators communicably connected to each
other, the calculators being individually connected to the
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respective communication lines, each of the calculators
being configured to calculate the transmission ratio
based on the vehicle speed information received via a
corresponding one of the communication lines,

wherein each of the calculators is configured to determine

whether the received vehicle speed information is valid,
and

wherein, when at least one of the calculators determines

that the vehicle speed information is not valid, each of
the calculators changes a calculation control for calculat-
ing the transmission ratio from a vehicle-speed respon-
sive control in which the transmission ratio is calculated
based on the vehicle speed information to a specific con-
trol in which the transmission ratio is calculated not
based on the vehicle speed information.

2. The steering control device according to claim 1, wherein
the specific control is an operation-angle responsive control in
which the transmission ratio is calculated based on the opera-
tion angle.

3. The steering control device according to claim 1, further
comprising:

a wheel speed sensor configured to detect a wheel speed,;

and

avehicle-speed calculator configured to calculate the vehi-

cle speed based on a detection value of the wheel speed
Sensof,

wherein the communication lines are connected to the vehi-

cle-speed calculator.

4. The steering control device according to claim 1, wherein
each of the calculators is configured to determine whether the
vehicle speed information is valid based on a difference
between two sets of the vehicle speed information that are
respectively transmitted via two of the communication lines
including the communication line connected to itself.

5. The steering control device according to claim 1, further
comprising a plurality of drive circuits that individually cor-
respond to therespective calculators, each of the drive circuits
being controlled by a corresponding one of the calculators to
supply a steering current to the steering motor.

6. The steering control device according to claim §,

wherein the communication lines include a first communi-

cation line and a second communication line,

wherein the calculators include a first calculator connected

to the first communication line and a second calculator
connected to the second communication line, and
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wherein the drive circuits include a first drive circuit con-
nected to the first calculator and a second drive circuit
connected to the second calculator.

7. The steering control device according to claim 6,
wherein, when a difference between the vehicle speed infor-
mation transmitted via the first communication line and the
vehicle speed information transmitted via the second commu-
nication line is not less than a predetermined threshold, each
ofthe first calculator and the second calculator determines that
one of the vehicle speed information transmitted via the first
communication line and the vehicle speed information trans-
mitted via the second communication line is not valid.

8. The steering control device according to claim 6, further
comprising:
awheel speed sensor configured to detect a wheel speed;

a first vehicle-speed calculator configured to calculate the
vehicle speed based on a detection value of the wheel
speed sensor; and

a second vehicle-speed calculator configured to calculate
the vehicle speed based on the detection value of the
wheel speed sensor,

wherein the first communication line connects the first
vehicle-speed calculator and the first calculator, and

wherein the second communication line connects the sec-
ond vehicle-speed calculator and the second calculator.

9. The steering control device according to claim 8§,
wherein, when a difference between the vehicle speed infor-
mation calculated by the first vehicle-speed calculator and the
vehicle speed information calculated by the second vehicle-
speed calculator is not less than a predetermined threshold,
each of the first calculator and the second calculator deter-
mines that one of the vehicle speed information calculated
by the first vehicle-speed calculator and the vehicle speed
information calculated by the second vehicle-speed calcula-
tor is not valid.

10. The steering control device according to claim 9, further
comprising:
afirst sub communication line connecting the first vehicle-
speed calculator and the second calculator; and

a second sub communication line connecting the second
vehicle-speed calculator and the first calculator.
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