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Title: VEHICLE STEERING SYSTEM

(57) Abstract: To prevent a driver from feeling uncomfortable when the driver touches a
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steering member in a state where a driving source is stopped, a vehicle steering system (1) is
provided in a vehicle (2) that travels by a driving force generated by a driving source (51). The
vehicle steering system (1) includes; a steering member (10) configured to accept a steering
operation; and a reaction force actuator (13) configured to apply a reaction force to the steering
member (10) in response to the steering operation. In a state where the driving source (51) is
stopped, the reaction force actuator (13) is configured to apply the reaction force to the steering
member (10) based on a stopped time position that is a position of the steering member (10)
at a time when the driving source (51) is stopped.
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Description

Title of Invention: VEHICLE STEERING SYSTEM
Technical Field

The present invention relates to a vehicle steering system.

Background Art

A known steer-by-wire vehicle steering system includes a steering member such as a
steering wheel operated by a driver and a turning mechanism mechanically separated
from the steering member and configured to change a turning angle of wheels. For
example, there is a steer-by-wire steering system that executes control to make a
turning angle of wheels coincide with an actual rotational position of a steering wheel
in a state where an engine is stopped (see Japanese Unexamined Patent Application
Publication No. JP 2006-321434A).

However, if the above control is executed in the state where the engine is stopped,
the steering wheel may be rotated in a direction unintended by the driver, or a reaction
force in the direction unintended by the driver may be applied to the steering wheel. If
such situations are created, the driver may feel uncomfortable in a case where the
driver touches the steering wheel when getting on and out of the vehicle.

In view of such a problem of the prior art, a primary object of the present invention is
to provide a steering control system that can prevent a driver from feeling uncom-
fortable when the driver touches a steering member in a state where a driving source is

stopped.
Summary of Invention

To achieve such an object, one embodiment of the present invention provides a
vehicle steering system (1) provided in a vehicle (2) that travels by a driving force
generated by a driving source (51), including; a steering member (10) configured to
accept a steering operation; and a reaction force actuator (13) configured to apply a
reaction force to the steering member in response to the steering operation, wherein in
a state where the driving source is stopped, the reaction force actuator is configured to
apply the reaction force to the steering member based on a stopped time position that is
a position of the steering member at a time when the driving source is stopped.

According to this arrangement, it is possible to prevent the steering member from
being moved in a direction unintended by the driver and to prevent a reaction force in
the direction unintended by the driver from being applied to the steering member, in
the state where the driving source is stopped. Therefore, it is possible to prevent the
driver from feeling uncomfortable in a case where the driver touches the steering

member when getting on and out of the vehicle.
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Preferably, in the state where the driving source is stopped, the reaction force
actuator is configured to change the reaction force applied to the steering member
based on displacement of the steering member with respect to the stopped time
position.

According to this arrangement, in the state where the driving source is stopped, an
appropriate reaction force according to the displacement of the steering member with
respect to the stopped time position can be applied to the steering member. Therefore,
it is possible to more effectively prevent the driver from feeling uncomfortable in the
case where the driver touches the steering member when getting on and out of the
vehicle.

Preferably, in the state where the driving source is stopped, the reaction force
actuator is configured to stop applying the reaction force to the steering member after
applying the reaction force to the steering member for a prescribed period.

According to this arrangement, the operation time of the reaction force actuator can
be reduced in the state where the driving source is stopped, so that power consumption
of the vehicle steering system can be suppressed.

Preferably, a maximum value of the reaction force that the reaction force actuator
applies to the steering member in the state where the driving source is stopped is
smaller than a maximum value of the reaction force that the reaction force actuator
applies to the steering member in a state where the driving source is operating.

According to this arrangement, electric power necessary for the operation of the
reaction force actuator can be reduced in the state where the driving source is stopped,
so that the power consumption of the vehicle steering system can be suppressed.

Preferably, when the driving source starts to operate, the reaction force actuator is
configured to apply the reaction force to the steering member based on a prescribed
neutral position of the steering member in a last operation period of the driving source.

According to this arrangement, when the driving source starts operating, the reaction
force applied to the steering member can be shifted from the reaction force based on
the stopped time position to the reaction force based on the neutral position. Therefore,
it is possible to prevent the driver from feeling uncomfortable when the driver
performs a steering operation on the steering member in a state where the driving
source is operating.

Preferably, in the state where the driving source is stopped, the reaction force
actuator is configured to apply the reaction force to the steering member such that the
steering member is restored to the stopped time position.

According to this arrangement, the steering member can be restored to the stopped
time position even if the driver touches the steering member to displace the steering

member from the stopped time position in a state where the driving source is stopped.
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Therefore, it is possible to more effectively prevent the driver from feeling uncom-

fortable.
Preferably, in a state where the driving source is operating, the reaction force actuator

is configured to apply the reaction force to the steering member based on a prescribed
neutral position of the steering member, and in a case where the driving source starts
operating during restoration of the steering member to the stopped time position, the
reaction force actuator is configured to apply the reaction force to the steering member
based on the neutral position after the restoration of the steering member to the stopped
time position is completed.

According to this arrangement, it is possible to apply the reaction force to the
steering member based on the neutral position after the steering member is moved to a
position where a turning angle of wheels matches a steering angle of the steering
member. Thereby, it is possible to suppress a phase difference between the turning
angle of the wheels and the steering angle of the steering member.

Preferably, in a case where the steering member accepts the steering operation during
the restoration of the steering member to the stopped time position, the reaction force
actuator is configured to stop the restoration of the steering member to the stopped
time position and to shift the reaction force applied to the steering member from the
reaction force based on the stopped time position to the reaction force based on the
neutral position.

According to this arrangement, it is possible to shorten a period to complete the shift
of the reaction force, compared with a case where the reaction force is shifted after the
steering member is restored to the stopped time position.

Preferably, the steering member is rotatably provided on a vehicle body, and the
reaction force actuator is configured to apply reaction torque to the steering member.

According to this arrangement, in the vehicle steering system provided with the
rotatable steering member, it is possible to prevent the driver from feeling uncom-
fortable when the driver touches the steering member in the state where the driving
source is stopped.

Preferably, the vehicle steering system further includes a turning mechanism (11)
mechanically separated from the steering member and configured to change a turning
angle of wheels (3).

According to this arrangement, in the steer-by-wire vehicle steering system, it is
possible to prevent the driver from feeling uncomfortable when the driver touches the

steering member in the state where the driving source is stopped.
Brief Description of Drawings

[fig.1]Figure 1 is a configuration diagram of a vehicle steering system according to an
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embodiment of the present invention.

[fig.2A]Figure 2A is a graph showing a first control map.

[fig.2B]Figure 2B is a graph showing a second control map.

[fig.3]Figure 3 is a flow chart showing applying control of reaction torque.
[fig.4A]Figure 4A is a schematic diagram showing a first reaction torque applied in a
state where the driving source is operating.

[fig.4B]Figure 4B is a schematic diagram showing a second reaction torque applied in
a state where the driving source is stopped.

Description of Embodiments

An embodiment of a vehicle steering system 1 according to the present invention is
described in the following. As shown in Figure 1, the vehicle steering system 1
consists of a steer-by-wire (SBW) steering system. A vehicle 2 provided with the
vehicle steering system 1 is a four-wheeled vehicle including a pair of front wheels 3
and a pair of rear wheels (not shown in the drawings). Each front wheel 3 is supported
by a vehicle body 8 (only an outline of a lower part thereof is shown in Figure 1) viaa
knuckle 7 so that a turning angle a can be changed, and thus serves as a wheel to be
turned. The turning angle o is defined as an angle of each front wheel 3 with respect to
a fore and aft direction in a plan view. The vehicle steering system 1 changes the
turning angle o of each front wheel 3.

The vehicle steering system 1 includes a steering member 10 rotatably provided on
the vehicle body 8, a turning mechanism 11 that turns the front wheels 3, a turning
actuator 12 that drives the turning mechanism 11, a reaction force actuator 13 that
applies a reaction torque T to the steering member 10, and a control unit 15 that
controls the reaction force actuator 13 and the turning actuator 12. The vehicle steering
system 1 may be provided with redundancy for an enhanced reliability. For instance,
the vehicle steering system 1 may be provided with a plurality of turning actuators 12,
a plurality of reaction force actuators 13, and/or a plurality of control units 15.

The steering member 10 accepts a steering operation by a driver. The steering
member 10 includes a steering shaft 18 that is rotatably supported by the vehicle body
8, and a steering wheel 19 provided at an end of the steering shaft 18. The steering
shaft 18 is rotatably supported by a steering column (not shown in the drawings)
provided on the vehicle body &, and the rear end thereof protrudes rearward from the
steering column. The steering wheel 19 is connected to the rear end of the steering
shaft 18 so as to rotate integrally with the steering shaft 18.

The reaction force actuator 13 consists of an electric motor, and is connected to the
steering shaft 18 via a gear mechanism. When the reaction force actuator 13 is driven,

a driving force thereof is transmitted to the steering shaft 18 as a rotational force. The
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reaction force actuator 13 applies torque to the steering member 10 by rotating. The
torque that the reaction force actuator 13 applies to the steering member 10 in response
to the steering operation is defined as reaction torque T.

The vehicle steering system 1 further includes a steering angle sensor 21 that detects
a rotational angle of the steering shaft 18 around the central axial line thereof as a
steering angle 3. The steering angle sensor 21 may consist of a per se known rotary
encoder. Further, the vehicle steering system 1 includes a torque sensor 22 that detects
torque applied to the steering shaft 18 as steering torque. The torque sensor 22 detects
the steering torque applied to a part of the steering shaft 18 located between the
steering wheel 19 and the reaction force actuator 13. The steering torque is determined
by operation torque applied to the steering wheel 19 by a driver and the reaction torque
T applied to the steering shaft 18 by the reaction force actuator 13. The torque sensor
22 may consist of a per se known torque sensor such as a magnetostrictive torque
sensor and a strain gauge. Also, the torque sensor 22 may estimate the steering torque
based on the electric current flowing to the reaction force actuator 13.

The vehicle steering system 1 further includes a first rotational angle sensor 23 that
detects a rotational angle of the reaction force actuator 13. The first rotational angle
sensor 23 may consist of a per se known resolver or rotary encoder.

The turning mechanism 11 includes a rack shaft 26 extending laterally. The rack
shaft 26 is supported by the vehicle body 8 so as to be movable in a lateral direction.
The left and right ends of the rack shaft 26 are connected to the knuckles 7 via tie rods
30, and the knuckles 7 support the left and right front wheels 3, respectively. As the
rack shaft 26 moves in the lateral direction, the turning angle a of each front wheel 3
changes. The turning mechanism 11 is mechanically separated from the steering
member 10.

The turning actuator 12 consists of an electric motor. The turning actuator 12 moves
the rack shaft 26 in the lateral direction based on a signal from the control unit 15 so as
to change the turning angle a of the left and right front wheels 3.

The vehicle steering system 1 further includes a second rotational angle sensor 31
that detects a rotational angle of the turning actuator 12. The second rotational angle
sensor 31 may consist of a per se known resolver or rotary encoder. In addition, the
vehicle steering system 1 includes a turning angle sensor 32 that detects the turning
angle a of the front wheels 3. In the present embodiment, the turning angle sensor 32
consists of a rack stroke sensor that detects a rack position or a position of the rack
shaft 26 in the lateral direction, and detects the turning angle a of the front wheels 3
based on the rack position.

The vehicle steering system 1 further includes a detection device 36 that detects the

driver's input operation. The detection device 36 may include the torque sensor 22 and/
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or the steering angle sensor 21 that detects the driver's steering operation. The
detection device 36 may include a switch 37 that is operated by the driver. The switch
37 may consist of a mechanical switch provided on the vehicle body 8 or a function
button displayed on a touch panel display.

The control unit 15 is an electronic control device including a CPU, memory, a
storage device storing a program, and the like. The control unit 15 is connected to the
steering angle sensor 21, the torque sensor 22, the first rotational angle sensor 23, the
second rotational angle sensor 31, and the turning angle sensor 32. Based on the
signals from these sensors, the control unit 15 acquires signals corresponding to the
steering angle [3, the steering torque, the rotational angle of the reaction force actuator
13, the rotational angle of the turning actuator 12, and the turning angle a. In addition,
the control unit 15 may be connected to a vehicle speed sensor, a yaw rate sensor, and
a fore and aft acceleration sensor (not shown in the drawings) to acquire a vehicle
speed, a yaw rate, a fore and aft acceleration, and the like.

The control unit 15 is connected to the reaction force actuator 13 and the turning
actuator 12 to control the reaction force actuator 13 and the turning actuator 12. The
control unit 15 controls the turning actuator 12 so as to realize the turning angle o cor-
responding to at least one of the steering angle [3 and the steering torque, and controls
the reaction force actuator 13 according to the turning angle a.

With reference to Figure 1, the vehicle steering system 1 further includes a driving
source 51 and a driving switch 52. The driving source 51 is a device that generates a
driving force for driving the vehicle 2. The driving source 51 includes, for example, at
least one of an internal combustion engine and an electric motor. The driving switch 52
is a switch that accepts a driving operation and a stop operation of the driving source
51. The driving switch 52 may consist of a mechanical switch provided on the vehicle
body 8 or a function button displayed on a touch panel display.

The control unit 15 is connected to the driving source 51 and the driving switch 52,
and controls the driving source 51 in response to a signal from the driving switch 52.
For example, when the driver performs the driving operation of the driving source 51
on the driving switch 52 in a state where the driving source 51 is stopped, the driving
switch 52 accepts the driving operation of the driving source 51. Accordingly, the
driving switch 52 sends a driving signal to the control unit 15. The control unit 15
makes the driving source 51 operate in response to the driving signal from the driving
switch 52. Thereby, the driving source 51 generates the driving force, and the vehicle 2
can travel by the driving force. Hereinafter, the driving force generated by the driving
source 51 is simply referred to as "the driving force".

On the other hand, when the driver performs the stop operation of the driving source

51 on the driving switch 52 in a state where the driving source 51 is operating, the
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driving switch 52 accepts the stop operation of the driving source 51. Accordingly, the
driving switch 52 sends a stop signal to the control unit 15. The control unit 15 stops
the driving source 51 in response to the stop signal from the driving switch 52.

The control unit 15 stores a first control map (see Figure 2A) and a second control
map (see Figure 2B) as control maps of the reaction torque T (an example of a reaction
force). The control unit 15 controls the reaction torque T based on the first control map
in the state where the driving source 51 is operating. The control unit 15 controls the
reaction torque T based on the second control map in the state where the driving source
51 is stopped.

Horizontal axes of the first and second control maps indicate the steering angle 3 (an
example of a position of the steering member 10). Hereinafter, the steering angle 3 of O
degree is referred to as a neutral steering angle pn. The steering angle {3 larger than the
neutral steering angle (3n is the steering angle {3 in a right turning direction, and the
steering angle 3 smaller than the neutral steering angle n is the steering angle 3 in a
left turning direction. Vertical axes of the first and second control maps indicate the
reaction torque T. The reaction torque T larger than zero is the reaction torque T with
respect to the right turning direction, and the reaction torque T smaller than zero is the
reaction torque T with respect to the left turning direction. The dotted arrows shown in
the first and second control maps indicate directions in which the steering angle 3 and
the reaction torque T change.

In the first control map, a relationship between the steering angle § and the reaction
torque T (hysteresis characteristic of the steering angle 3 and the reaction torque T) is
defined based on the neutral steering angle fn (an example of a neutral position). In the
first control map, the reaction torque T changes from zero as the steering angle 3
changes from the neutral steering angle 3n. In the first control map, the reaction torque
T changes based on displacement of the steering angle 3 with respect to the neutral
steering angle fn. Specifically, in the first control map, an absolute value of the
reaction torque T increases as the displacement of the steering angle 3 with respect to
the neutral steering angle [n increases.

In the second control map, a relationship between the steering angle § and the
reaction torque T (hysteresis characteristic of the steering angle [3 and the reaction
torque T) is defined based on a stopped time steering angle s (an example of a
stopped time position). The stopped time steering angle [3s is the steering angle {3 at a
time when the driving source 51 is stopped. "a time when the driving source 51 is
stopped" may be, for example, a time when the driving switch 52 accepts the stop
operation of the driving source 51, a time when the driving source 51 starts to be
stopped, or a time when the driving source 51 is completely stopped. In the second

control map, the reaction torque T changes from zero as the steering angle 3 changes
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from the stopped time steering angle f3s. In the second control map, the reaction torque
T changes based on displacement of the steering angle 3 with respect to the stopped
time steering angle Ps. Specifically, in the second control map, an absolute value of the
reaction torque T increases as the displacement of the steering angle 3 with respect to
the stopped time steering angle 3s increases. In the second control map, a changing
rate (inclination) of the absolute value of the reaction torque T decreases as the dis-
placement of the steering angle § with respect to the stopped time steering angle s
increases. Therefore, in the second control map, the absolute value of the reaction
torque T is substantially saturated in a region where the displacement of the steering
angle 3 with respect to the stopped time steering angle s becomes maximum.

The maximum value M2 of the absolute value of the reaction torque T in the second
control map is smaller than the maximum value M1 of the absolute value of the
reaction torque T in the first control map. A hysteresis width W2 (width of a hysteresis
in a vertical axis direction) in the second control map is narrower than a hysteresis
width W1 in the first control map.

Next, an example of applying control of the reaction torque T is described with
reference to Figure 3.

The driving source 51 is operating at a start of the applying control of the reaction
torque T. Therefore, the control unit 15 controls the reaction torque T based on the first
control map (see Figure 2A), and the reaction force actuator 13 applies the reaction
torque T based on the neutral steering angle 3n (hereinafter referred to as "the first
reaction torque T1") to the steering member 10 (step ST1). As shown in Figure 4A, the
reaction force actuator 13 changes the first reaction torque T1 applied to the steering
member 10 based on displacement of the steering member 10 with respect to the
neutral steering angle n (the current steering angle [3c - the neutral steering angle [n).
For example, the reaction force actuator 13 increases the first reaction torque T1
applied to the steering member 10 as the displacement of the steering member 10 with
respect to the neutral steering angle [3n increases.

When the driver performs the stop operation of the driving source 51 on the driving
switch 52 in the state where the driving source 51 is operating as described above, the
driving switch 52 accepts the stop operation of the driving source 51. The control unit
15 stops the driving source 51 in response to the stop signal from the driving switch 52
(step ST2).

When the driving source 51 is stopped as described above, the control unit 15
acquires a stopped time turning angle as (the turning angle a at a time when the
driving source 51 is stopped) based on a signal from the turning angle sensor 32, and
stores the stopped time turning angle as. Further, the control unit 15 acquires the

stopped time steering angle s (the steering angle {3 at a time when the driving source
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51 is stopped) based on a signal from the steering angle sensor 21, and stores the
stopped time steering angle s (step ST3).

When the driving source 51 is stopped as described above, the control unit 15 shifts
the control map of the reaction torque T from the first control map (see Figure 2A) to
the second control map (see Figure 2B). Therefore, the reaction force actuator 13
applies the reaction torque T based on the stopped time steering angle 3s (hereinafter
referred to as "the second reaction torque T2") to the steering member 10 (step ST4).
As shown in Figure 4B, the reaction force actuator 13 changes the second reaction
torque T2 applied to the steering member 10 based on displacement of the steering
member 10 with respect to the stopped time steering angle 3s (the current steering
angle 3¢ - the stopped time steering angle 3s). For example, the reaction force actuator
13 increases the second reaction torque T2 applied to the steering member 10 as the
displacement of the steering member 10 with respect to the stopped time steering angle
(s increases. Further, the reaction force actuator 13 applies the second reaction torque
T2 to the steering member 10 such that the steering member 10 is restored to the
stopped time steering angle fs.

Incidentally, in step ST2, the driving switch 52 may accept the stop operation of the
driving source 51 when the torque sensor 22 detects the steering operation. In this case,
in step ST4, the reaction force actuator 13 may gradually shift the reaction torque T
applied to the steering member 10 from the first reaction torque T1 to the second
reaction torque T2. Thereby, it is possible to suppress the driver from feeling uncom-
fortable due to a sudden change in the reaction torque T.

Next, the control unit 15 determines whether a prescribed period X has elapsed since
the reaction force actuator 13 starts applying the second reaction torque T2 to the
steering member 10 in step ST4 (step STS).

If determination in step ST5 is No, the control unit 15 repeats the determination in
step STS until the determination in step ST5 becomes Yes. On the other hand, if the
determination in step ST5 is Yes, the control unit 15 stops the reaction force actuator
13. Accordingly, the reaction force actuator 13 stops applying the second reaction
torque T2 to the steering member 10 (step ST6). Incidentally, the reaction force
actuator 13 may resume applying the second reaction torque T2 to the steering member
10 in a case where a boarding sensor 53 (see Figure 1) detects that the driver is about
to get on or has got on the vehicle 2 after an end of step ST6 and before a start of step
ST7. For example, the boarding sensor 53 may be a sensor that detects that a door of
the vehicle 2 is unlocked, or may be a sensor that detects that the door of the vehicle 2
is opened. Also, the reaction force actuator 13 may apply the second reaction torque T2
to the steering member 10 while the boarding sensor 53 detects that the door of the

vehicle 2 is opened before step ST4 is started. Further, the reaction force actuator 13
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may apply a third reaction torque T3, which is different from the second reaction
torque T2, to the steering member 10 in a case where the boarding sensor 53 detects
that the driver is about to get on or has got on the vehicle 2 or that the door of the
vehicle 2 is opened. Preferably, the third reaction torque T3 may be larger than the
second reaction torque T2.

When the driver performs the driving operation of the driving source 51 on the
driving switch 52 in the state where the driving source 51 is stopped as described
above, the driving switch 52 accepts the driving operation of the driving source 51.
The control unit 15 makes the driving source 51 operate again in response to the
driving signal from the driving switch 52 (step ST7).

In the state where the driving source 51 is operating as described above, the control
unit 15 controls the reaction torque T based on the first control map (see Figure 2A).
Therefore, the reaction force actuator 13 applies the first reaction torque T1 (the
reaction torque T based on the neutral steering angle [n) to the steering member 10
(step ST8). The neutral steering angle fn in this step ST8 is the neutral steering angle
Bn in a last operation period of the driving source 51 (for example, the neutral steering
angle fn when the driving source 51 has started operating last time).

As described above, the reaction force actuator 13 applies the first reaction torque T1
(the reaction torque T based on the neutral steering angle 3n) to the steering member
10 in the state where the driving source 51 is operating (see steps ST1 and STS).
Thereby, an appropriate reaction torque T based on the displacement of the steering
member 10 with respect to the neutral steering angle [3n can be applied to the steering
member 10 in the state where the driving source 51 is operating.

On the other hand, the reaction force actuator 13 applies the second reaction torque
T2 (the reaction torque T based on the stopped time steering angle {3s) to the steering
member 10 in the state where the driving source 51 is stopped (see step ST4). Thereby,
an appropriate reaction torque T based on the displacement of the steering member 10
with respect to the stopped time steering angle 3s can be applied to the steering
member 10 in the state where the driving source 51 is stopped. Therefore, it is possible
to prevent the steering member 10 from being moved in a direction unintended by the
driver and to prevent the reaction torque T in a direction unintended by the driver from
being applied to the steering member 10 in the state where the driving source 51 is
stopped. Therefore, it is possible to prevent the driver from feeling uncomfortable in a
case where the driver touches the steering member 10 when getting on and out of the
vehicle 2.

Further, the reaction force actuator 13 stops applying the second reaction torque T2
to the steering member 10 after applying the second reaction torque T2 to the steering

member 10 for the prescribed period X in the state where the driving source 51 is
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stopped (see step ST6). Thereby, the operation time of the reaction force actuator 13
can be reduced in the state where the driving source is stopped, so that power con-
sumption of the vehicle steering system 1 can be suppressed. In other embodiments,
the reaction force actuator 13 may always apply the second reaction torque T2 to the
steering member 10 in the state where the driving source 51 is stopped.

As described above, the maximum value M2 of the absolute value of the reaction
torque T in the second control map (see Figure 2B) is smaller than the maximum value
M1 of the absolute value of the reaction torque T in the first control map (see Figure
2A). Therefore, the maximum value of the second reaction torque T2 (the reaction
torque T in the state where the driving source 51 is stopped) is smaller than the
maximum value of the first reaction torque T1 (the reaction torque T in the state where
the driving source 51 is operating). Therefore, electric power necessary for the
operation of the reaction force actuator 13 can be reduced in the state where the driving
source 51 is stopped, so that the power consumption of the vehicle steering system 1
can be further suppressed. In other embodiments, the maximum value of the second
reaction torque T2 may be equal to or larger than the maximum value of the first
reaction torque T1.

Further, when the driving source 51 that has been stopped starts operating, the
reaction force actuator 13 applies the first reaction torque T1, which is based on the
neutral steering angle [n in the last operation period of the driving source 51, to the
steering member 10 (see step ST8). Accordingly, when the driving source 51 that has
been stopped starts operating, the reaction torque T applied to the steering member 10
can be shifted from the second reaction torque T2 to the first reaction torque T1.
Therefore, it is possible to prevent the driver from feeling uncomfortable when the
driver performs the steering operation on the steering member 10 in the state where the
driving source 51 is operating.

Further, the reaction force actuator 13 applies the second reaction torque T2 to the
steering member 10 such that the steering member 10 is restored to the stopped time
steering angle f3s in the state where the driving source 51 is stopped (see step ST4). Ac-
cordingly, the steering member 10 can be restored to the stopped time steering angle [3s
even if the driver touches the steering member 10 (for example, the steering wheel 19)
to displace the steering member 10 from the stopped time steering angle f3s in the state
where the driving source is stopped. Therefore, it is possible to more effectively
prevent the driver from feeling uncomfortable.

By the way, the driving source 51 may start operating during the restoration of the
steering member 10 to the stopped time steering angle [3s in the state where the driving
source 51 is stopped. In this case, the reaction force actuator 13 may apply the first

reaction torque T1 to the steering member 10 after the restoration of the steering
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member 10 to the stopped time steering angle 3s is completed. Accordingly, it is
possible to apply the first reaction torque T1 to the steering member 10 after the
steering member 10 is rotated to a position where the turning angle o matches the
steering angle 3. Therebys, it is possible to suppress a phase difference between the
turning angle a and the steering angle f3.

Further, the steering member 10 may accept the steering operation during the
restoration of the steering member 10 to the stopped time steering angle s in the state
where the driving source 51 is stopped. In this case, the reaction force actuator 13 may
stop the restoration of the steering member 10 to the stopped time steering angle s and
shift the reaction torque T applied to the steering member 10 from the second reaction
torque T2 to the first reaction torque T1. Accordingly, it is possible to shorten a period
to complete the shift of the reaction torque T, compared with a case where the reaction
torque T is shifted after the steering member 10 is restored to the stopped time steering
angle 3s. Preferably, the reaction force actuator 13 may gradually shift the reaction
torque T applied to the steering member 10 from the second reaction torque T2 to the
first reaction torque T1 in a case where the steering member 10 accepts the steering
operation during the restoration of the steering member 10 to the stopped time steering
angle s in the state where the driving source 51 is stopped. Therebys, it is possible to
suppress the driver from feeling uncomfortable due to a sudden change in the reaction
torque T.

In the present embodiment, the steering member 10 is rotatably provided. On the
other hand, in other embodiments, the steering member 10 may be provided so as to be
linearly movable in the fore and aft direction or the lateral direction. In this case, the
reaction force that the reaction force actuator 13 applies to the steering member 10 may
be a linear reaction force instead of the reaction torque T.

In the present embodiment, the turning mechanism 11 is always mechanically
separated from the steering member 10. On the other hand, in other embodiments, a
state where the turning mechanism 11 is mechanically separated from the steering
member 10 and a state where the turning mechanism 11 is mechanically connected to
the steering member 10 may be switched by a clutch.

Concrete embodiments of the present invention have been described in the foregoing,
but the present invention should not be limited by the foregoing embodiments and
various modifications and alterations are possible within the scope of the present
invention.

List of the Numerals
1: vehicle steering system
2: vehicle

3. front wheels (an example of wheels)
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10: steering member
11: turning mechanism
13: reaction force actuator

51: driving source
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Claims

A vehicle steering system provided in a vehicle that travels by a driving
force generated by a driving source, comprising;

a steering member configured to accept a steering operation; and

a reaction force actuator configured to apply a reaction force to the
steering member in response to the steering operation, wherein

in a state where the driving source is stopped, the reaction force
actuator is configured to apply the reaction force to the steering
member based on a stopped time position that is a position of the
steering member at a time when the driving source is stopped.

The vehicle steering system according to claim 1, wherein

in the state where the driving source is stopped, the reaction force
actuator is configured to change the reaction force applied to the
steering member based on displacement of the steering member with
respect to the stopped time position.

The vehicle steering system according to claim 1 or 2, wherein

in the state where the driving source is stopped, the reaction force
actuator is configured to stop applying the reaction force to the steering
member after applying the reaction force to the steering member for a
prescribed period.

The vehicle steering system according to any one of claims 1 to 3,
wherein

a maximum value of the reaction force that the reaction force actuator
applies to the steering member in the state where the driving source is
stopped is smaller than a maximum value of the reaction force that the
reaction force actuator applies to the steering member in a state where
the driving source is operating.

The vehicle steering system according to any one of claims 1 to 4,
wherein

when the driving source starts to operate, the reaction force actuator is
configured to apply the reaction force to the steering member based on
a prescribed neutral position of the steering member in a last operation
period of the driving source.

The vehicle steering system according to any one of claims 1 to 5,
wherein

in the state where the driving source is stopped, the reaction force

actuator is configured to apply the reaction force to the steering
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member such that the steering member is restored to the stopped time
position.

The vehicle steering system according to claim 6, wherein

in a state where the driving source is operating, the reaction force
actuator is configured to apply the reaction force to the steering
member based on a prescribed neutral position of the steering member,
and

in a case where the driving source starts operating during restoration of
the steering member to the stopped time position, the reaction force
actuator is configured to apply the reaction force to the steering
member based on the neutral position after the restoration of the
steering member to the stopped time position is completed.

The vehicle steering system according to claim 7, wherein

in a case where the steering member accepts the steering operation
during the restoration of the steering member to the stopped time
position, the reaction force actuator is configured to stop the restoration
of the steering member to the stopped time position and to shift the
reaction force applied to the steering member from the reaction force
based on the stopped time position to the reaction force based on the
neutral position.

The vehicle steering system according to any one of claims 1 to §,
wherein

the steering member is rotatably provided on a vehicle body, and

the reaction force actuator is configured to apply reaction torque to the
steering member.

The vehicle steering system according to any one of claims 1 to 9,
further comprising a turning mechanism mechanically separated from
the steering member and configured to change a turning angle of

wheels.
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[Fig. 2A]
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[Fig. 3]
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[Fig. 4A]
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