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Description

TECHNICAL FIELD

[0001] The present teaching relates to a technique for
controlling a tilt angle of a leaning vehicle in a left direction
of a body frame or in a right direction of the body frame.

BACKGROUND ART

[0002] US 2013/068550 A1 discloses all of the features
of the preamble of claim 1.
[0003] A known vehicle performs cornering by tilting a
body frame in a left direction or in a right direction. For
example, a vehicle disclosed in WO2011/005945 (Patent
Document 1 listed below) includes a body frame support-
ing an engine and a shock tower rotatably attached to
the body frame. A left front wheel and a right front wheel
are disposed at the left and the right of a rotation axis of
the shock tower. A suspension of the left front wheel and
a suspension of the right front wheel are connected to
an end of the shock tower. The vehicle also includes an
actuator for adjusting a rotation of the shock tower with
respect to the body frame. When the vehicle speed de-
creases below a threshold with the body frame tilted, the
actuator generates a torque on the shock tower so that
the body frame stands in an upright position. Accordingly,
the frame may be easily maintained in the upright position
in low-speed traveling.
[0004] EP 2 345 576 A1 teaches a vehicle that includes
a vehicle body and a vehicle support assembly. The ve-
hicle body has a longitudinal axis and is configured for
supporting a rider thereon. The support assembly in-
cludes first and second tilting wheels disposed respec-
tively at different lateral positions with respect to the lon-
gitudinal axis. A tilt-mechanism enables the vehicle body
to tilt through a first tilt range with respect to a surface on
which the tilting wheels are disposed, and a tilt-limiter
restricts the tilting of the vehicle body to less than the first
tilt range and releasable allows the tilting through the first
tilt range. The vehicle further comprises a sensor and a
motorized tilt adjusting mechanism associated with the
sensor to automatically reposition the tilt-mechanism to
adjust the inclination of the vehicle body to a predeter-
mined inclination.

CITATION LIST

PATENT DOCUMENT

[0005] Patent Document 1: WO2011/005945

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0006] A tilt angle in the left direction of a vehicle or in
the right direction of the vehicle, that is, a roll angle, while

the vehicle is traveling at low speed toward stop is sus-
ceptible to the influence of an unevenness and a tilt of a
road surface, a barycenter shift by a rider, and a steering,
and so forth.
[0007] It is therefore an object of the present teaching
to provide a leaning vehicle that may easily control a tilt
angle of a vehicle in a left direction or in a right direction.

SOLUTION TO PROBLEM AND ADVANTAGEOUS EF-
FECTS OF INVENTION

[0008] A leaning vehicle having a first configuration of
the present teaching includes a body frame, and a right
wheel and a left wheel arranged in a left-right direction
of the body frame. The body frame tilts rightward when
turning rightward in a left-right direction of the leaning
vehicle, and tilts leftward when turning leftward. The lean-
ing vehicle includes a linkage mechanism. The linkage
mechanism includes an arm rotatably supported on the
body frame. The arm supports the right wheel and the
left wheel. Relative positions of the right wheel and the
left wheel relative to the body frame in a top-bottom di-
rection of the leaning vehicle are changed by rotating the
arm with respect to the body frame. Accordingly, the body
frame tilts in a left direction of the leaning vehicle or in a
right direction of the leaning vehicle. The leaning vehicle
includes a buffer device that buffers motion of the right
wheel and the left wheel with respect to the body frame.
The leaning vehicle includes a left-right tilt angle control
mechanism, a buffer control mechanism, and a control
section for controlling these mechanisms. The left-right
tilt angle control mechanism includes an actuator for ad-
justing a rotation of the arm with respect to the body
frame. The left-right tilt angle control mechanism controls
a tilt angle of the body frame in the left direction of the
leaning vehicle or in the right direction of the leaning ve-
hicle. The buffer control mechanism including an actuator
for suppressing extension and contraction of the buffer
device may suppress motion of the buffer device and
cancel suppression of the motion. The mechanism for
controlling the left-right tilt angle and the buffer control
mechanism can operate independently of each other.
The control section performs control of causing the buffer
control mechanism to suppress motion of the buffer de-
vice in a period in which the vehicle speed of the leaning
vehicle is in at least in a part of a low-speed traveling
range of an entire vehicle speed range of the leaning
vehicle except for a stopped state, and in at least a period
in which the left-right tilt angle control mechanism con-
trols the tilt angle, and the entire vehicle speed range is
divided into the low-speed traveling range and a high-
speed traveling range (first configuration).
[0009] With the first configuration, the tilt angle in the
left direction of the leaning vehicle or in the right direction
of the leaning vehicle may be easily controlled during
low-speed traveling.
[0010] In the first configuration, the control section may
continue control of suppressing the motion of the buffer
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device by the buffer control mechanism until the leaning
vehicle stops (second configuration). With this second
configuration, the tilt angle in the left direction of the lean-
ing vehicle or in the right direction of the leaning vehicle
may be easily controlled during low-speed traveling.
[0011] In the second configuration, the control section
may also continue the control of suppressing the motion
of the buffer device by the buffer control mechanism while
the leaning vehicle is stopped (third configuration). With
this third configuration, control of the tilt angle in the left
direction of the leaning vehicle or in the right direction of
the leaning vehicle may be easily performed while the
leaning vehicle is stopped.
[0012] In the third configuration, the control section
may cancel suppression of the motion of the buffer device
by the buffer control mechanism after the leaning vehicle
starts traveling (fourth configuration). With this fourth
configuration, when the leaning vehicle starts traveling,
motion of the buffer device is suppressed, and once hav-
ing started traveling, suppression of the motion of the
buffer device is canceled. Accordingly, at the start of
traveling of the leaning vehicle, the tilt angle in the left
direction of the leaning vehicle or in the right direction of
the leaning vehicle may be easily performed.
[0013] In any one of the first through fourth configura-
tions, the control section may cancel suppression of the
motion of the buffer device by the buffer control mecha-
nism based on information on at least one of a rider’s
intention of causing the leaning vehicle to travel or a rid-
er’s intention of canceling suppression of the motion of
the buffer device (fifth configuration). With the fifth con-
figuration, when a rider performs an operation with an
intention of causing the leaning vehicle to travel or an
intention of canceling suppression of the motion of the
buffer device, suppression of the motion of the buffer
device may be canceled.
[0014] In any one of the first through fifth configura-
tions, the control section may continue control of the tilt
angle by the left-right tilt angle control mechanism until
the leaning vehicle stops (sixth configuration). With this
sixth configuration, the tilt angle of the body frame in the
left direction or in the right direction may be controlled
from low-speed traveling to stop.
[0015] In the sixth configuration, the control section
may also continue the control of the tilt angle by the left-
right tilt angle control mechanism while the leaning vehi-
cle is stopped (seventh configuration). With this seventh
configuration, the tilt angle of the body frame in the left
direction or in the right direction may also be controlled
while the leaning vehicle is stopped.
[0016] In the seventh configuration, the control section
may cancel the control of the tilt angle by the left-right tilt
angle control mechanism after the leaning vehicle starts
traveling (eighth configuration). With this eighth configu-
ration, when the leaning vehicle starts traveling, the tilt
angle of the body frame in the left direction or in the right
direction is controlled, and after the leaning vehicle has
started traveling, the control of the tilt angle is canceled.

Accordingly, at the start of traveling of the leaning vehicle,
the tilt angle of the body frame in the left direction or in
the right direction may be controlled.
[0017] In the first through eighth configurations, the
control of the tilt angle by the left-right tilt angle control
mechanism may be canceled based on information on
at least one of a rider’s intention of causing the leaning
vehicle to travel or a rider’s intention of canceling control
of the tilt angle by the left-right tilt angle control mecha-
nism (ninth configuration). With this ninth configuration,
when the rider has the intention of causing the leaning
vehicle to travel or the intention of canceling control of
the tilt angle by the left-right tilt angle control mechanism,
the control of the tilt angle of the body frame in the left
direction or in the right direction may be canceled.
[0018] In the fifth or ninth configuration, the control sec-
tion may acquire the information on the rider’s intention
of causing the leaning vehicle to travel by detecting at
least one of an increase in a throttle opening degree, a
decrease in a manipulated variable of a brake or cancel-
lation of a brake operation, an increase in a vehicle
speed, or an increase in an acceleration in a front direc-
tion of the vehicle or in a rear direction of the vehicle
(tenth configuration). With the tenth configuration, infor-
mation on the rider’s intention of causing the leaning ve-
hicle to travel may be obtained.
[0019] In any one of the first through tenth configura-
tions, the actuator of the left-right tilt angle control mech-
anism may apply a force against rotation of the arm with
respect to the body frame (eleventh configuration). This
eleventh configuration may be achieved by forming the
actuator by using, for example, a motor or a hydraulic
damper.
[0020] In any one of the first through eleventh config-
urations, the actuator of the left-right tilt angle control
mechanism may apply a force for rotating the arm with
respect to the body frame (twelfth configuration). This
twelfth configuration may be achieved by forming the ac-
tuator by using, for example, a motor or a hydraulic cyl-
inder.
[0021] In any one of the first through twelfth configu-
rations, the actuator of the left-right tilt angle control
mechanism is provided independently of the buffer con-
trol mechanism (thirteenth configuration).
[0022] A control method by the control section in any
one of the first through thirteenth configurations is includ-
ed in embodiments of the present teaching. A program
of causing a computer to perform control of the control
section and a non-transitory recording medium on which
the program is recorded are also included in embodi-
ments of the present teaching.
[0023] In the following description, suspensions are an
example of the buffer device. A suspension control mech-
anism is an example of the buffer control mechanism. A
roll angle is the same as the tilt angle of the body frame
in the left direction of the leaning vehicle or in a right
direction of the leaning vehicle. A roll angle control mech-
anism is the same as the left-right tilt angle control mech-
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anism.
[0024] A vehicle according to an embodiment of the
present teaching includes: a body frame; a right wheel
and a left wheel that are arranged in a left-right direction
of the body frame; a linkage mechanism including an arm
disposed between the body frame and each of the right
wheel and the left wheel and rotatably supported on the
body frame, the linkage mechanism being configured to
change relative positions of the right wheel and the left
wheel relative to the body frame in a top-bottom direction
of the leaning vehicle and tilt the body frame in the vertical
direction by rotating the arm with respect to the body
frame; a suspension disposed between the body frame
and each of the right wheel and the left wheel and con-
figured to extend and contract to thereby absorb motion
of the right wheel and the left wheel with respect to the
body frame; a roll angle control mechanism configured
to control a roll angle of the body frame by adjusting a
rotation of the arm with respect to the body frame; a sus-
pension control mechanism configured to suppress ex-
tension and contraction of the suspension; and a control
section configured control the roll angle control mecha-
nism and the suspension control mechanism based on
information indicating a state of the vehicle. The control
section determines whether to cause the roll angle con-
trol mechanism to perform roll angle control during
traveling toward stop based on a predetermined condi-
tion, and performs control of causing the suspension con-
trol mechanism to suppress extension and contraction
of the suspension in at least a part of a period in which
the roll angle control during traveling toward the stop is
performed.
[0025] In the above configuration, the control section
determines whether roll angle control during traveling to-
ward stop is necessary or not based on a predetermined
condition (first condition). The roll angle control mecha-
nism adjusts rotation of the arm based on determination
of the control section. Consequently, the roll angle of the
body frame is controlled to a roll suitable for traveling
toward stop. The control section causes the roll angle
control mechanism to suppress extension and contrac-
tion of the suspension in at least a period in which roll
angle control during traveling toward stop is performed.
Accordingly, in the course of transferring rotation of the
arm adjusted by the roll angle control mechanism to the
body frame, generation of a transfer delay of a force by
the suspension may be suppressed. Thus, in traveling
toward stop, motion of the roll angle of the body frame
controlled by adjusting an arm rotation by the roll angle
control mechanism may be easily controlled.
[0026] The control section may also continue suppres-
sion of extension and contraction of the suspension by
the suspension control mechanism after the vehicle
stops, and cancel the suppression of extension and con-
traction of the suspension by the suspension control
mechanism after the vehicle starts traveling. Accordingly,
suppression of extension and contraction of the suspen-
sion during traveling continues after the stop, and is then

canceled after traveling starts again. Thus, during
traveling toward stop and during stop, generation of a
force transfer delay by the suspension may be sup-
pressed, In addition, after the start of traveling, suppres-
sion of the suspension is canceled so that control for
absorbing a shock from the ground may be performed.
[0027] The control section may also continue roll angle
control by the roll angle control mechanism after the ve-
hicle stops, and cancel the roll angle control by the roll
angle control mechanism after the vehicle starts
traveling. Accordingly, the roll angle control during
traveling toward stop continues after the stop, and is then
canceled after traveling starts again. Thus, the roll angle
controlled toward stop continues after the stop. After
traveling starts, the control of the roll angle is canceled
so that the roll angle control mechanism does not inhibit
the rider’s control of the roll angle.
[0028] If the vehicle state satisfies the second condi-
tion, the control section may cancel roll angle control dur-
ing traveling toward stop. If the vehicle state satisfies the
third condition, the control section may start suppression
of extension and contraction of the suspension. In addi-
tion, if the vehicle state satisfies the fourth condition, the
control section may cancel suppression of extension and
contraction of the suspension. Here, the first through
fourth conditions may be different from one another. Ac-
cordingly, start and cancel of roll angle control toward
stop and start and cancel of suppression of extension
and contraction of the suspension may be determined
independently without constraints from each other. Con-
sequently, each of the roll angle control toward stop and
suppression of extension and contraction of the suspen-
sion may be performed at any time or timing.
[0029] A combination of parameters indicating the ve-
hicle state used for determining whether roll angle control
during traveling toward the stop by the roll angle control
mechanism is necessary or not may be different from a
combination of parameters indicating the vehicle state
used for determining whether suppression of extension
and contraction of the suspension by the suspension con-
trol mechanism is necessary or not. Accordingly, it may
he easily determined whether suppression of extension
and contraction of the suspension is necessary or not
without a constraint of determination on whether roll an-
gle control toward stop is necessary or not, and vice ver-
sa. Consequently, each of the roll angle control toward
stop and suppression of extension and contraction of the
suspension may be performed at any time or timing.
[0030] A threshold of a first parameter used in deter-
mining whether roll angle control during traveling toward
the stop by the roll angle control mechanism is necessary
or not may be different from a threshold of the first pa-
rameter used in determining whether suppression of ex-
tension and contraction of the suspension by the sus-
pension control mechanism is necessary or not. Accord-
ingly, whether the roll angle control is necessary or not
and whether suppression of extension and contraction
of the suspension is necessary or not may be determined
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based on different conditions. Consequently, each of the
roll angle control toward stop and suppression of exten-
sion and contraction of the suspension may be performed
at any time or timing.
[0031] The parameter used in determining whether the
roll angle control during traveling toward the stop by the
roll angle control mechanism is necessary or not may
include a vehicle speed, a throttle opening degree, and
a roll angle. The parameter used in determining whether
the suppression of extension and contraction of the sus-
pension by the suspension control mechanism is neces-
sary or not may include a vehicle speed.
[0032] The roll angle control mechanism may include
an actuator for adjusting a rotation of the arm with respect
to the body frame. The actuator is disposed independ-
ently of the suspension control mechanism. Accordingly,
the mechanism for controlling the roll angle and the sus-
pension control mechanism operate independently of
each other. Consequently, each of the roll angle control
toward stop and suppression of extension and contrac-
tion of the suspension may be performed at any time or
timing.
[0033] A method for controlling a vehicle is also an em-
bodiment of the present teaching. The vehicle in this con-
trol method includes: a body frame; a right wheel and a
left wheel that are arranged in a left-right direction of the
body frame; a linkage mechanism including an arm dis-
posed between the body frame and each of the right
wheel and the left wheel and rotatably supported on the
body frame, the linkage mechanism being configured to
change relative positions of the right wheel and the left
wheel relative to the body frame in a top-bottom direction
of the leaning vehicle and tilt the body frame in the vertical
direction by rotating the arm with respect to the body
frame; and a suspension disposed between the body
frame and each of the right wheel and the left wheel and
configured to extend and contract to thereby absorb mo-
tion of the right wheel and the left wheel with respect to
the body frame. The control method includes: a roll angle
control step of controlling a roll angle of the body frame
by adjusting a rotation of the arm with respect to the body
frame; a suspension control step of suppressing exten-
sion and contraction of the suspension; and a control
step of controlling execution of the roll angle control step
and the suspension control step based on information
indicating a state of the vehicle. The control step includes
the step of determining whether to perform roll angle con-
trol during traveling toward stop in the roll angle control
step or not based on a predetermined condition, and per-
forming the suspension control step in at least a part of
a period in which the roll angle control during traveling
toward stop is performed.

BRIEF DESCRIPTION OF DRAWINGS

[0034]

[FIG. 1] FIG. 1 is a left side view of an overall vehicle

according to an embodiment when viewed from the
left.
[FIG. 2] FIG. 2 is a front view of a part of the vehicle
illustrated in FIG. 1 when viewed from the front.
[FIG. 3] FIG. 3 is a left side view of a part of the
vehicle illustrated in FIG. 1 when viewed from the left.
[FIG. 4] FIG. 4 is a plan view of a part of the vehicle
illustrated in FIG. 1 when viewed from above.
[FIG. 5] FIG. 5 is a plan view of a part of the vehicle
illustrated in FIG. 1 in rightward steering when
viewed from above.
[FIG. 6] FIG. 6 is a front view of a part of the vehicle
illustrated in FIG. 1 tilting leftward when viewed from
the front.
[FIG. 7] FIG. 7 is a block diagram illustrating an ex-
ample configuration of a control system of the vehicle
according to the embodiment.
[FIG. 8] FIG. 8 is a timing chart demonstrating an
example of control of a roll angle and suspensions
by the control section illustrated in FIG. 7.
[FIG. 9] FIG. 9 is a flowchart depicting an example
process in which a determination section determines
start of roll angle control and suppression of exten-
sion and contraction of the suspensions.
[FIG. 10] FIG. 10 is a flowchart depicting an example
process in which the control section updates a target
value of the roll angle.
[FIG. 11] FIG. 11 is a flowchart depicting an example
process in which the determination section deter-
mines cancellation of the roll angle control and the
suppression of extension and contraction of the sus-
pensions.
[FIG. 12] FIG. 12 is a view illustrating a variation of
a linkage mechanism.
[FIG. 13] FIG. 13 is a view illustrating another vari-
ation of the linkage mechanism.
[FIG. 14] FIG. 14 is a view illustrating still another
variation of the linkage mechanism.

DESCRIPTION OF EMBODIMENT

[0035] The inventors of the present teaching evaluated
the control of a tilt (roll angle) of a vehicle at low speed
by using an actuator. Specifically, the inventors studied
such roll angle control performed when an actuator is
operated to have a body frame in an upright position in
a case where the body frame tilts and the vehicle speed
is below a threshold.
[0036] For example, when the vehicle speed is re-
duced with the body frame tilted leftward, the actuator
exerts a force for causing the body frame to approach
the upright position. Here, if the road surface on which
the vehicle is traveling has an unevenness or a tilt in the
left direction of the vehicle or in the right direction of the
vehicle, the force exerted by the actuator causes the body
frame to change to the upright position from a leftward
tilt state and then gives momentum to the body frame so
that the body frame tilts rightward in some cases. In an-
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other case, with the force exerted by the actuator, the
body frame does not reach the upright position and is
kept tilting leftward. In still another case, when the rider
performs an operation of tilting the body frame in the left
direction or in the right direction while the actuator is op-
erating, the force exerted by the actuator causes the body
frame to further tilt across the upright position.
[0037] The inventors increased the responsiveness of
the actuator for adjusting the roll angle, but a similar be-
havior was still observed. Thus, the inventors further
studied, focusing on a spring element and an attenuation
element interposed between an operation of the actuator
and an operation of the roll angle. From this viewpoint,
the inventors investigated a change in the tilt angle of the
body frame by the actuator. It was found that a delay of
transfer caused by the spring element and the attenua-
tion element occurs before a torque generated by the
actuator is transferred to the body frame to change the
tilt angle. The inventors further studied the spring element
and the attenuation element, to find that the spring ele-
ment and the attenuation element of a buffer device dis-
posed between the body frame and a wheel may affect
a change in the tilt angle of the body frame caused by
the actuator in some cases.
[0038] On the other hand, a suppression of motion of
the buffer device during traveling facilitates transfer of
motion of the wheel in the top-bottom direction to the
body frame. Accordingly, the body frame is more greatly
vibrated in some cases. The inventors, however, have
dared to study a suppression of motion of the buffer de-
vice in roll angle controlling during traveling. The study
shows that a suppression of motion of the buffer device
in controlling a left-right tilt angle of the body frame by
the actuator during low-speed traveling enables a force
exerted by the actuator to efficiently affect a behavior of
the left-right tilt angle of the body frame. Accordingly, it
was found that a left-right tilt may be easily controlled by
suppressing motion of the buffer device in a vehicle sus-
ceptible to the influence of an unevenness and a tilt of a
road surface and an operation of tilting the body frame
by a rider in low-speed traveling.
[0039] The linkage mechanism is disposed between
the body frame and each of right and left wheels. The
linkage mechanism is a mechanism capable of changing
relative positions of the right and left wheels in the top-
bottom direction with respect to the body frame. Thus,
for example, in a case where one of the right and left
wheels passes over a stepped ground surface and the
other passes over a flat ground surface, only the former
wheel moves up and down in a range in accordance with
the height of the step. In this case, the range of the up
and down movement of the body frame is smaller than
the height of the step. That is, motion in the top-bottom
direction exerted on the former wheel is absorbed by the
linkage mechanism. As described above, the inventors
found that a certain amount of an impact on the wheels
from the ground may be absorbed by the linkage mech-
anism even in a case where extension and contraction

of the buffer device is suppressed. Based on these find-
ings, the inventors arrived at a configuration of a vehicle
according to an embodiment described below.
[0040] A leaning vehicle according to the embodiment
includes a body frame and a right wheel and a left wheel
disposed in a left-right direction of the body frame. The
body frame tilts rightward when turning rightward in a left-
right direction of the leaning vehicle, and tilts leftward
when turning leftward. The leaning vehicle includes a
linkage mechanism. The linkage mechanism includes an
arm rotatably supported on the body frame. The arm sup-
ports the right wheel and the left wheel. Relative positions
of the right wheel and the left wheel relative to the body
frame in a top-bottom direction of the leaning vehicle are
changed by rotating the arm with respect to the body
frame. Accordingly, the body frame tilts in the left direction
of the leaning vehicle or in the right direction of the leaning
vehicle. The leaning vehicle includes a buffer device that
buffers motion of the right wheel and the left wheel with
respect to the body frame. The leaning vehicle includes
a left-right tilt angle control mechanism, a buffer control
mechanism, and a control section for controlling these
mechanisms. The left-right tilt angle control mechanism
includes an actuator for adjusting a rotation of the arm
with respect to the body frame. The left-right tilt angle
control mechanism controls a tilt angle of the body frame
in the left direction of the leaning vehicle or in the right
direction of the leaning vehicle. The buffer control mech-
anism may suppress motion of the buffer device and can-
cel suppression of the motion. The control section per-
forms control in such a manner that the buffer control
mechanism suppresses motion of the buffer device in a
period in which the vehicle speed of the leaning vehicle
is in at least in a part of a low-speed traveling range of
the low-speed traveling range and a high-speed traveling
range obtained by dividing the entire vehicle-speed range
of the leaning vehicle except for a stopped state and in
at least a period in which the left-right tilt angle control
mechanism controls the tilt angle control.
[0041] In this configuration, the buffer control mecha-
nism suppresses motion of the buffer device in a period
in at least a part of the low-speed traveling range and in
at least a part of the period in which the left-right tilt angle
control mechanism performs the tilt angle control. Ac-
cordingly, for example, in at least a part of the period in
which the left-right tilt angle control mechanism performs
left-right tilt angle control of the body frame during
traveling toward stop, motion of the buffer device is sup-
pressed. Consequently, in the left-right tilt angle control
of the body frame in the low-speed traveling range, the
spring element and the attenuation element interposed
between the arm whose rotation is adjusted by the left-
right tilt angle control mechanism and the body frame
which may change the left-right tilt angle may be reduced.
This reduction may suppress a delay of transfer of a force
in the course of transfer of rotation of the arm to the body
frame. As a result, the tilt angle in the left direction of the
leaning vehicle or in the right direction of the leaning ve-
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hicle may be easily controlled during low-speed traveling.
[0042] In the low-speed traveling range, even with sup-
pression of motion of the buffer device, the linkage mech-
anism absorbs motion of the right wheel and the left
wheel. Accordingly, an increase in vibrating of the body
frame by suppressing motion of the buffer device may
be suppressed. As a result, during low-speed traveling,
the tilt angle in the left direction of the leaning vehicle or
in the right direction of the leaning vehicle may be easily
controlled, and an increase in vibrations of the body frame
may be suppressed.
[0043] An embodiment of the present teaching will be
described in detail with reference to the drawings.
[0044] In the drawings, arrow F represents the forward
direction of a vehicle. Arrow B represents the rearward
direction of the vehicle. Arrow U represents the upward
direction of the vehicle. Arrow D represents the down-
ward direction of the vehicle. Arrow R represents the
rightward direction of the vehicle. Arrow L represents the
leftward direction of the vehicle.
[0045] The vehicle turns with the body frame being tilt-
ed in the left direction of the vehicle or in the right direction
of the vehicle relative to the vertical direction. Thus, in
addition to the directions relative to the vehicle, directions
relative to the body frame are defined. In the accompa-
nying drawings, arrow FF represents the forward direc-
tion of the body frame. Arrow FB represents the rearward
direction of the body frame. Arrow FU represents the up-
ward direction of the body frame. Arrow FD represents
the downward direction of the body frame. Arrow FR rep-
resents the rightward direction of the body frame. Arrow
FL represents the leftward direction of the body frame.
[0046] The "front-rear direction of the body frame", the
"left-right direction of the body frame", and the "top-bot-
tom direction of the body frame" herein refer to the front-
rear direction, the left-right direction, and the top-bottom
direction, respectively, relative to the body frame when
seen from a rider driving the vehicle. In addition, "to a
side of the body frame" refers to the rightward or leftward
direction of the body frame.
[0047] The expression "extending in the front-rear di-
rection of the body frame" herein includes extending in
a direction with a tilt relative to the front-rear direction of
the body frame. In this case, a tilt of the extension direc-
tion relative to the front-rear direction of the body frame
is often smaller than a tilt relative to the left-right direction
of the body frame and a tilt relative to the top-bottom
direction of the body frame.
[0048] The expression "extending in the left-right di-
rection of the body frame" herein includes extending in
a direction with a tilt relative to the left-right direction of
the body frame. In this case, a tilt of the extension direc-
tion relative to the left-right direction of the body frame is
often smaller than a tilt relative to the front-rear direction
of the body frame and a tilt relative to the top-bottom
direction of the body frame.
[0049] The expression "extending in the top-bottom di-
rection of the body frame" herein includes extending in

a direction with a tilt relative to the top-bottom direction
of the body frame. In this case, a tilt of the extension
direction relative to the top-bottom direction of the body
frame is often smaller than a tilt relative to the front-rear
direction of the body frame and a tilt relative to the left-
right direction of the body frame.
[0050] The "upright position of the body frame" herein
refers to a state where the top-bottom direction of the
body frame coincides with the vertical direction. In this
state, the directions relative to the vehicle coincide with
the directions relative to the body frame. While the body
frame is tilted in the left direction or in the right direction
relative to the vertical direction, the left-right direction of
the vehicle does not coincide with the left-right direction
of the body frame. In this case, the top-bottom direction
of the vehicle does not coincide with the top-bottom di-
rection of the body frame, either. However, even while
the body frame is tilted in the left direction or in the right
direction relative to the vertical direction, the front-rear
direction of the vehicle coincides with the front-rear di-
rection of the body frame.
[0051] The expression "the roll angle of the body
frame" herein refers to an angle of rotation of the body
frame about the front-rear direction. The roll angle of the
body frame is the same as a tilt angle of the body frame
in the left direction of the vehicle or in the right direction
of the vehicle. As an example, the roll angle may be ex-
pressed by an angle of the top-bottom line of the body
frame relative to the vertical direction. The vertical direc-
tion is the same as the gravity direction.

(Vehicle Configuration)

[0052] FIG. 1 is a left side view of the entire vehicle 1
when viewed from the left. The vehicle 1 includes a ve-
hicle body 2, a pair of left and right front wheels 3, a rear
wheel 4, a linkage mechanism 5, and a steering mech-
anism 7.
[0053] The vehicle body 2 includes a body frame 21,
a body cover 22, a sheet 24, and a power unit 25. In FIG.
1, the body frame 21 is in an upright position. The follow-
ing description with reference to FIG. 1 is based on a
premise that the body frame 21 is in the upright position.
The vehicle 1 is a leaning vehicle. While the vehicle 1 is
turning, the body frame 21 tilts in the turning direction.
[0054] The body frame 21 includes a head pipe 211,
a down frame 212, and a rear frame 213. In FIG. 1, a
portion of the body frame 21 hidden by the body cover
22 is indicated by broken lines. The body frame 21 sup-
ports the sheet 24 and the power unit 25. The power unit
25 supports the rear wheel 4. The power unit 25 includes
a driving source such as an engine, an electric motor, or
a battery, and a device such as a transmission.
[0055] The head pipe 211 is disposed in a front portion
of the vehicle 1. When viewed from a side of the body
frame 21, an upper portion of the head pipe 211 is dis-
posed behind a lower portion of the head pipe 211.
[0056] The down frame 212 is connected to the head
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pipe 211. The down frame 212 is disposed behind the
head pipe 211. The down frame 212 extends in the top-
bottom direction of the body frame 21.
[0057] The rear frame 213 is disposed behind the down
frame 212. The rear frame 213 extends in the front-rear
direction of the body frame 21. The rear frame 213 sup-
ports the sheet 24 and the power unit 25.
[0058] The body cover 22 includes a front cover 221,
a front spoiler 222, a pair of left and right front fenders
223, a rear fender 224, and a leg shield 225. The body
cover 22 is a body part covering at least a portion of body
parts mounted on the vehicle 1, such as the pair of left
and right front wheels 3, the body frame 21, and the link-
age mechanism 5.
[0059] FIG. 2 is a front view of a front portion of the
vehicle 1 when viewed from the front of the body frame
21. In FIG. 2, the body frame 21 is in an upright position.
The following description with reference to FIG. 2 is
based on a premise that the body frame 21 is in the up-
right position. FIG. 2 illustrates a state where the front
cover 221, the front spoiler 222, and the pair of left and
right front fenders 223 are detached.
[0060] The pair of front wheels 3 includes a right wheel
31 and a left wheel 32 arranged at the right and left of
the head pipe 211 (body frame 21). The linkage mecha-
nism 5 and suspensions (a right suspension 33 and a left
suspension 35) are disposed between the head pipe 211
as a part of the body frame 21 and the pair of front wheels
3. That is, the body frame 21 is connected to the right
wheel 31 and the left wheel 32 through the linkage mech-
anism 5 and the suspensions 33 and 35. The linkage
mechanism 5 is disposed below a handlebar 23. The
linkage mechanism 5 is disposed above the right wheel
31 and the left wheel 32.
[0061] In the example illustrated in FIG. 2, the linkage
mechanism 5 is connected to the right wheel 31 and the
left wheel 32 through the suspensions 33 and 35. The
arrangement of the suspensions 33 and 35 is not limited
to this example. For example, the suspensions may be
disposed in a part of the linkage mechanism 5. Alterna-
tively, the suspensions may be disposed between the
linkage mechanism 5 and the body frame 21.

<Linkage Mechanism>

[0062] The linkage mechanism 5 of the vehicle 1 illus-
trated in FIG. 2 is a linkage mechanism of a parallel four-
bar linkage (also called parallelogram linkage) type link-
age mechanism. The linkage mechanism 5 includes an
upper arm 51, a lower arm 52, a right side member 53,
and a left side member 54.
[0063] The linkage mechanism 5 includes the upper
arm 51 and the lower arm 52 (hereinafter collectively re-
ferred to as arms 51 and 52 when not specifically distin-
guished) rotatably supported on the body frame 21. The
arms 51 and 52 are rotatable about rotation axes extend-
ing in the front-rear direction with respect to the body
frame 21. The rotation axes are disposed at the centers

of the arms 51 and 52 in the left-right direction. That is,
intermediate portions of the arms 51 and 52 are support-
ed by the head pipe 211 on support parts A and D. The
rotation axes of the arms 51 and 52 pass through the
support parts A and D. The right wheel 31 is disposed at
the right of the rotation axes, and the left wheel 32 is
disposed at the left of the rotation axes. The right wheel
31 is connected to right portions of the arms 51 and 52
relative to the rotation axes through the right side member
53 and the right suspension 33. The left wheel 32 is con-
nected to left portions of the arms 51 and 52 relative to
the rotation axes through the left side member 54 and
the left suspension 35.
[0064] As described above, since the right wheel 31 is
connected to the right portions of the arms 51 and 52
relative to the rotation axes and the left wheel 32 is con-
nected to the left portions of the arms 51 and 52 relative
to the rotation axes, relative positions of the right wheel
31 and the left wheel 32 relative to the body frame 21 in
the top-bottom directions FU and FD may be adjusted.
That is, rotations of the arms 51 and 52 change relative
positions the right wheel 31 and the left wheel 32 dis-
posed at the right and left of the rotation axes of the arms
51 and 52 in the top-bottom directions FU and FD with
respect to the body frame 21. When the relative positions
of the right wheel 31 and the left wheel 32 in the top-
bottom directions FU and FD change, the body frame 21
tilts in the left direction or in the right direction relative to
the vertical direction. Accordingly, by adjusting the rota-
tions of the arms 51 and 52 with respect to the body frame
21, a tilt in the left direction or in the right direction, that
is, the roll angle, of the body frame 21 may be controlled.
[0065] The upper arm 51 includes a pair of plate-
shaped members 512. The pair of plate-shaped mem-
bers 512 is disposed ahead of and behind the head pipe
211. Each of the plate-shaped members 512 extends in
the left-right direction of the body frame 21. The lower
arm 52 includes a pair of plate-shaped members 522.
The pair of plate-shaped members 522 is disposed
ahead of and behind the head pipe 211. Each of the plate-
shaped members 522 extends in the left-right direction
of the body frame 21. The lower arm 52 is disposed below
the upper arm 51. The length of the lower arm 52 in the
left-right direction of the body frame 21 is equal to or
approximately equal to the length of the upper arm 51 in
the left-right direction of the body frame 21. The lower
arm 52 extends in parallel with the upper arm 51.
[0066] The configurations of the arms 51 and 52 are
not limited to the above example. For example, instead
of the configuration in which the arms 51 and 52 are con-
stituted by the pair of plate-shaped members, the arms
51 and 52 may be constituted by one plate-like member
disposed ahead of the head pipe 211.
[0067] The right end of the upper arm 51 and the right
end of the lower arm 52 are connected to the right side
member 53 extending in the top-bottom direction of the
body frame 21. The right side member 53 is rotatably
supported by the upper arm 51 and the lower arm 52 on
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support parts B and E. The right side member 53 is ro-
tatable about rotation axes passing through the support
parts B and E in the front-rear direction with respect to
the upper arm 51 and the lower arm 52.
[0068] The left end of the upper arm 51 and the left
end of the lower arm 52 are connected to the left side
member 54 extending in the top-bottom direction of the
body frame 21. The left side member 54 is rotatably sup-
ported by the upper arm 51 and the lower arm 52 on
support parts C and F. The left side member 54 is rotat-
able about rotation axes passing through the support
parts C and F in the front-rear direction with respect to
the upper arm 51 and the lower arm 52.

<Suspension>

[0069] The lower end of the right side member 53 is
connected to the right suspension 33 through a right
bracket 317. The lower end of the left side member 54
is connected to the left suspension 35 through a left
bracket 327. The right suspension 33 and the left sus-
pension 35 may extend and contract in the top-bottom
direction of the body frame 21. The upper end of the right
suspension 33 is connected to the linkage mechanism
5, and the lower end of the right suspension 33 is con-
nected to the right wheel 31. The upper end of the left
suspension 35 is connected to the linkage mechanism
5, and the lower end of the left suspension 35 is connect-
ed to the left wheel 32.
[0070] The suspensions 33 and 35 are telescopic sus-
pensions, for example. The suspensions may also be
referred to as buffers. The right suspension 33 includes
a right outer cylinder 312 supporting the right wheel 31
and a right inner cylinder 316 disposed in an upper portion
of the right outer cylinder 312. The upper end of the right
inner cylinder 316 is fixed to the right bracket 317, and
the lower end of the right inner cylinder 316 is inserted
in the right outer cylinder 312. When the right inner cyl-
inder 316 moves relative to the right outer cylinder 312,
the right suspension 33 extends and contracts. The left
suspension 35 includes a left outer cylinder 322 support-
ing the left wheel 32 and a left inner cylinder 326 disposed
in an upper portion of the left outer cylinder 322. The
upper end of the left inner cylinder 326 is fixed to the left
bracket 327, and the lower end of the left inner cylinder
326 is inserted in the left outer cylinder 322. When the
left inner cylinder 326 moves relative to the left outer cyl-
inder 322, the left suspension 35 extends and contracts.
[0071] A right rotation prevention mechanism 34 is
connected between the right bracket 317 and the right
outer cylinder 312. The right rotation prevention mecha-
nism 34 prevents the right outer cylinder 312 from rotating
about an axis extending in the extension/contraction di-
rection of the right suspension 33 with respect to the right
inner cylinder 316. A left rotation prevention mechanism
36 is connected to between the left bracket 327 and the
left outer cylinder 322. The left rotation prevention mech-
anism 36 prevents the left outer cylinder 322 from rotating

about an axis extending in the extension/contraction di-
rection of the left suspension 35 with respect to the left
inner cylinder 326.
[0072] Specifically, the right rotation prevention mech-
anism 34 includes a right rotation prevention rod 341, a
right guide 313, and the right bracket 317. The right guide
313 is fixed to an upper portion of the right outer cylinder
312. The right guide 313 includes a right guide cylinder
313b in a front portion thereof.
[0073] The right rotation prevention rod 341 extends
in parallel with the right inner cylinder 316. An upper por-
tion of the right rotation prevention rod 341 is fixed to a
front portion of the right bracket 317. The right rotation
prevention rod 341 is disposed ahead of the right inner
cylinder 316 with a part of the right rotation prevention
rod 341 being inserted in the right guide cylinder 313b.
Accordingly, the right rotation prevention rod 341 does
not move relative to the right inner cylinder 316. With
relative movement of the right inner cylinder 316 relative
to the right outer cylinder 312 in the direction in which
the right outer cylinder 312 extends, the right rotation
prevention rod 341 also moves relative to the right guide
cylinder 313b. On the other hand, rotation of the right
outer cylinder 312 about an axis extending in the exten-
sion/contraction direction of the right suspension 33 with
respect to the right inner cylinder 316 is prevented.
[0074] The left rotation prevention mechanism 36 in-
cludes a left rotation prevention rod 361, a left guide 323,
and the left bracket 327. The left guide 323 is fixed to an
upper portion of the left outer cylinder 322. The left guide
323 includes a left guide cylinder 323b in a front portion
thereof.
[0075] The left rotation prevention rod 361 extends in
parallel with the left inner cylinder 326. An upper portion
of the left rotation prevention rod 361 is fixed to a front
portion of the left bracket 327. The left rotation prevention
rod 361 is disposed ahead of the left inner cylinder 326
with a part of the left rotation prevention rod 361 being
inserted in the left guide cylinder 323b. Accordingly, the
left rotation prevention rod 361 does not move relative
to the left inner cylinder 326. With relative movement of
the left inner cylinder 326 relative to the left outer cylinder
322 in the direction in which the left outer cylinder 322
extends, the left rotation prevention rod 361 also moves
relative to the left guide cylinder 323b. On the other hand,
rotation of the left outer cylinder 322 about an axis ex-
tending in the extension/contraction direction of the left
suspension 35 with respect to the left inner cylinder 326
is prevented.
[0076] The configuration of the suspensions is not lim-
ited to the above example. For example, the right sus-
pension 33 may be configured in such a manner that two
combinations of right outer cylinders 312 and right inner
cylinders 316 that move relative to each other are ar-
ranged side by side. In this case, similarly, the left sus-
pension 35 may be configured in such a manner that two
combinations of left outer cylinders 322 and left inner
cylinders 326 are arranged side by side. This configura-
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tion is a double telescopic suspension. In this case, the
outer cylinder and the inner cylinder forming a pair of
each of the suspensions 33 and 35 are connected to
each other not to move relative to each other so that the
suspensions 33 and 35 may also serve as rotation pre-
vention mechanisms. In this case, the right rotation pre-
vention mechanism 34 and the left rotation prevention
mechanism 36 as described above are unnecessary.

<Roll Angle Control Mechanism>

[0077] The vehicle 1 includes a roll angle control mech-
anism 74 for controlling a roll angle of the body frame 21.
FIG. 2 illustrates the roll angle control mechanism 74 by
dotted lines. The roll angle control mechanism 74 adjusts
rotations of the arms 51 and 52 with respect to the body
frame 21. The adjustment of rotation of the arms 51 and
52 controls the roll angle of the body frame 21. The roll
angle control mechanism 74 is connected to the body
frame 21 and to at least one of the arm 51 or the lower
arm 52.
[0078] The adjustment of rotations of the arms 51 and
52 by the roll angle control mechanism 74 is not only for
simply locking and unlocking the arms 51 and 52 but also
for controlling a rotary force. That is, the roll angle control
mechanism 74 may be configured to adjust rotations of
the arms 51 and 52 by generating a torque for rotating
the arms 51 and 52 with respect to the body frame 21 or
a resistance to such a torque. For example, the roll angle
control mechanism 74 may be configured to enable a
change in the magnitude of a force for rotating the arms
51 and 52.
[0079] The roll angle control mechanism 74 may adjust
rotations of the arms 51 and 52 so that the roll angle of
the body frame 21 reaches an arbitrarily set target value.
At this time, the roll angle control mechanism 74 may
monitor an actual roll angle of the body frame 21 or a
torque to the arms 51 and 52, and by using a monitoring
result, determine a magnitude and an orientation of a
force for rotating the arms 51 and 52.
[0080] FIG. 3 is a left side view of a front portion of the
vehicle 1 when viewed from the left of the body frame
21. In FIG. 3, the body frame 21 is in the upright position.
The following description with reference to FIG. 3 is
based on a premise that the body frame 21 is in the up-
right position. FIG. 3 illustrates a state where the front
cover 221, the front spoiler 222, and the pair of left and
right front fenders 223 are detached. The left side mem-
ber 54 and a left transfer plate 63 are not shown in FIG. 3.
[0081] The roll angle control mechanism 74 includes
an actuator 42 for adjusting the rotations of the arms 51
and 52 with respect to the body frame 21. The actuator
42 is connected to the head pipe 211 (body frame 21)
through a support member 43. The support member 43
fixes the actuator 42 to the body frame 21. The actuator
42 includes an output member 461 that applies a rotary
force to the upper arm 51 while being in contact with the
upper arm 51. In the example illustrated in FIG. 3, the

output member 461 is an output shaft that rotates about
an axis. The output shaft of the output member 461 is
coaxial with the rotation axis of the upper arm 51. Rota-
tions of these output shafts are transferred to the rotation
axis of the upper arm 51.
[0082] Although not shown, the actuator 42 may in-
clude a motor as a power source and a speed reducer
that reduces the rotation speed of the motor and outputs
the reduced speed. The speed reducer may be, for ex-
ample, a deceleration gear that operates in conjunction
with rotation of the motor. In this case, the output member
461 transfers rotations of the motor and the speed re-
ducer to the outside.
[0083] The actuator 42 may operate based on a control
signal from a control section (not shown) included in the
vehicle 1. For example, the actuator 42 may adjust a
rotary force to be applied to the arms 51 and 52 so that
the roll angle of the body frame 21 reaches a target value
indicated by the control section. The actuator 42 may
also control an output based on a signal from a sensor
that detects a state of the vehicle 1. Examples of sensors
indicating the state of the vehicle includes a posture sen-
sor for detecting a posture of the vehicle 1 and a torque
sensor for detecting a torque of rotations of the arms 51
and 52 with respect to the body frame. A process of de-
termining an output of the actuator 42 based on informa-
tion from the sensor may be executed by a control circuit
or a control computer incorporated in the actuator 42 or
may be executed by a control device external to the ac-
tuator 42.
[0084] The configuration of the actuator 42 is not lim-
ited to the above example. For example, the actuator 42
may be configured to be connected to at least one of the
upper arm 51 and the lower arm 52 and adjust rotation
of the at least one of the upper arm 51 and the lower arm
52. For example, the output member of the actuator 42
may be an axial shape extending in a single-axis direction
so that when the output member axially contracts, the
output member applies a rotary force to the arms 51 and
52. In this case, the actuator may be configured in such
a manner that one end of the actuator is rotatably con-
nected to a position separated from the rotation axes in
the arms 51 and 52 and the other end of the actuator is
rotatably connected to the body frame 21. Extension and
contraction of the actuator in a direction connecting one
end to the other enables the arms 51 and 52 to rotate
with respect to the body frame 21. The actuator 42 may
be a hydraulic actuator. That is, a power source of the
actuator may be electric or hydraulic. The actuator 42
may be a damper device that applies a damping force to
a torque for rotating the arms 51 and 52.

<Suspension Control Mechanism>

[0085] The vehicle 1 may include suspension control
mechanisms that reduce extension and contraction of
the suspensions 33 and 35 (see FIG. 2). The suspension
control mechanisms may be disposed inside the suspen-
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sions 33 and 35, for example. The suspensions 33 and
35 include inner cylinders 316 and 326 and outer cylin-
ders 312 and 322. With extension and contraction of the
suspensions 33 and 35, a flow of oil occurs in the sus-
pensions. In the suspensions 33 and 35, orifices that are
oil channels and regulating valves for regulating flow
rates in the oil channels are provided. The suspension
control mechanisms may be configured to control the reg-
ulating valves. An adjusting mechanism for adjusting the
regulating valves may be mechanical or electric. In the
case of mechanical adjusting mechanisms, each of the
mechanisms may be configured to control the position
of the regulating valve by using a motor or a solenoid,
for example. In the case of an electric adjusting mecha-
nism, the regulating valves may be electromagnetic reg-
ulating valves. Each of the suspension control mecha-
nisms may have a configuration that adjusts a magnetic
fluid viscosity with a solenoid.
[0086] The suspension control mechanisms may con-
trol the regulating valves based on a signal from the con-
trol section of the vehicle 1. The suspension control
mechanisms control opening and closing of the regulat-
ing valves to thereby regulate the flow rates of oil in the
suspensions 33 and 35. The suspension control mech-
anisms may suppress extension and contraction of the
suspensions 33 and 35 by reducing the flow rates. The
suspension control mechanisms may cancel suppres-
sion of extension and contraction of the suspensions 33
and 35 by increasing the flow rates. For example, when
the regulating valves are closed, extension and contrac-
tion of the suspensions 33 and 35 are suppressed,
whereas when the regulating valves are opened, sup-
pression of extension and contraction of the suspensions
33 and 35 are canceled (operations of extension and
contraction are allowed).
[0087] The configuration of the suspension control
mechanisms is not limited to the above example. For
example, suspension control mechanisms may be pro-
vided to the right rotation prevention mechanism 34 and
the left rotation prevention mechanism 36. For example,
in the configuration illustrated in FIG. 2, brake shoes may
be provided to guide cylinders 313b and 323b in which
the rotation prevention rods 341 and 361 are inserted.
When the brake shoes are actuated, the brake shoes
contact the rotation prevention rods 341 and 361 and
lock relative movements of the rotation prevention rods
341 and 361 relative to the guide cylinders 313b and
323b. Each of the brake shoes may be actuated by an
actuator such as a motor or a hydraulic actuator, for ex-
ample. The actuator for the brake shoes may be attached
to, for example, the body frame 21. The configuration of
the brakes used as the suspension control mechanisms
is not limited to the above example. For example, the
brakes may have a configuration including a caliper or a
configuration that restricts extension and contraction of
the suspensions by breaking a parallel relationship be-
tween the extension/contraction direction of the rotation
prevention mechanisms and the extension/contraction

direction of the suspensions.
[0088] The suspension control mechanism is provided
independently of the actuator 42 of the roll angle control
mechanism 74. In addition to the actuator 42, an actuator
for suppressing extension and contraction of the suspen-
sions 33 and 35 is additionally provided. In this manner,
the power source of the suspension control mechanism
may be provided independently of the power source of
the roll angle control mechanism 74. Accordingly, exten-
sion and contraction of the suspensions 33 and 35 may
be controlled without constraint of roll angle control. In
addition, the roll angle control may be performed inde-
pendently of control of the extension and contraction of
the suspensions 33 and 35.

<Steering Mechanism 7>

[0089] As illustrated in FIG. 2, the steering mechanism
7 includes the handlebar 23 and the steering force trans-
fer mechanism 6. The steering force transfer mechanism
6 includes a steering shaft 60 and a tie rod 67. In the
example illustrated in FIG. 2, the steering force transfer
mechanism 6 also includes the brackets 317 and 327
and the suspensions 33 and 35. The steering force trans-
fer mechanism 6 is rotatably supported on the head pipe
211 in a front portion of the body frame 21, integrally with
the handlebar 23. The steering force transfer mechanism
6 changes the directions of the right wheel 31 and the
left wheel 32 in accordance with rotation of the handlebar
23. That is, the steering force transfer mechanism 6 trans-
fers a steering force with which a rider operates the han-
dlebar 23, to the right wheel 31 and the left wheel 32
through the right bracket 317 and the left bracket 327.
[0090] The rotation axis Z of the steering shaft 60 ex-
tends in the top-bottom direction of the body frame 21.
The handlebar 23 is attached to an upper portion of the
steering shaft 60. The steering shaft 60 rotates about the
rotation axis Z in accordance with an operation of the
handlebar 23 by a rider. A part of the steering shaft 60
is rotatably supported on the head pipe 211. A lower por-
tion of the steering shaft 60 is connected to the tie rod
67 extending in the left-right direction through an inter-
mediate transfer plate 61. The intermediate transfer plate
61 is relatively non-rotatable with respect to the steering
shaft 60. That is, the intermediate transfer plate 61 is
rotatable together with the steering shaft 60 about the
direction in which the steering shaft 60 extends.
[0091] The right end of the tie rod 67 is connected to
the right bracket 317 through a right transfer plate 62.
The right transfer plate 62 is rotatable together with the
right side member 53 about the direction in which the
right side member 53 extends.
[0092] The left end of the tie rod 67 is connected to the
left bracket 327 through a left transfer plate 63. The left
transfer plate 63 is rotatable together with the left side
member 54 about the direction in which the left side mem-
ber 54 extends.
[0093] FIG. 4 is a plan view of a front portion of the
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vehicle 1 when viewed from above the body frame 21.
In FIG. 4, the body frame 21 is in the upright position.
The following description with reference to FIG. 4 is
based on a premise that the body frame 21 is in the up-
right position. FIG. 4 illustrates a state where the front
cover 221 is detached. In FIG. 4, the direction in which
the right side member 53 extends is defined as a right
center axis X, and the direction in which the left side mem-
ber 54 is defined as a left center axis Y. The right center
axis X and the left center axis Y extend in parallel with
the rotation axis Z of the steering shaft 60.
[0094] As illustrated in FIG. 4, the intermediate transfer
plate 61, the right transfer plate 62, and the left transfer
plate 63 are connected to the tie rod 67 through an inter-
mediate front rod 641, a right front rod 651, and a left
front rod 661, respectively. The intermediate front rod
641, the right front rod 651, and the left front rod 661
extend in the front-rear direction of the body frame 21,
and are rotatable about the direction in which these rods
extend. Accordingly, the intermediate front rod 641, the
right front rod 651, and the left front rod 661 are connected
to the tie rod 67 to be rotatable about an axis extending
in the front-rear direction.
[0095] The intermediate front rod 641, the right front
rod 651, and the left front rod 661 are connected to the
intermediate transfer plate 61, the right transfer plate 62,
and the left transfer plate 63 through an intermediate joint
64, a right joint 65, and a left joint 66, respectively. The
intermediate front rod 641 is relatively rotatable about an
axis parallel to the rotation axis Z with respect to the in-
termediate transfer plate 61. The right front rod 651 is
relatively rotatable about an axis parallel to the right cent-
er axis X with respect to the right transfer plate 62. The
left front rod 661 is relatively rotatable about an axis par-
allel to the left center axis Y with respect to the left transfer
plate 63.
[0096] FIG. 5 is a plan view of a front portion of the
vehicle 1 when viewed from above the body frame 21 in
a state where the right wheel 31 and the left wheel 32
are steered rightward.
[0097] When a rider operates the handlebar 23, the
steering shaft 60 rotates about the rotation axis Z with
respect to the head pipe 211. In the case of rightward
steering illustrated in FIG. 5, the steering shaft 60 rotates
in the direction of arrow G. With the rotation of the steering
shaft 60, the intermediate transfer plate 61 rotates about
the rotation axis Z in the direction of arrow G with respect
to the head pipe 211.
[0098] With the rotation of the intermediate transfer
plate 61 in the direction of arrow G, the intermediate front
rod 641 of the tie rod 67 rotates about the intermediate
joint 64 in the direction opposite to arrow G with respect
to the intermediate transfer plate 61. Accordingly, the tie
rod 67 moves right-rearward while maintaining its pos-
ture.
[0099] With the right-rearward movement of the tie rod
67, the right front rod 651 and the left front rod 661 of the
tie rod 67 rotate about the right joint 65 and the left joint

66, respectively, in the direction opposite to arrow G. Ac-
cordingly, the right transfer plate 62 and the left transfer
plate 63 rotate in the direction of arrow G while the tie
rod 67 maintains its posture.
[0100] With the rotation of the right transfer plate 62 in
the direction of arrow G, the right bracket 317, which is
relatively non-rotatable with respect to the right transfer
plate 62, rotates about the right center axis X in the di-
rection of arrow G with respect to the right side member
53.
[0101] When the left transfer plate 63 rotates in the
direction of arrow G, the left bracket 327, which is rela-
tively non-rotatable with respect to the left transfer plate
63, rotates about the left center axis Y in the direction of
arrow G with respect to the left side member 54.
[0102] When the right bracket 317 rotates in the direc-
tion of arrow G, the right suspension 33, which is con-
nected to the right bracket 317 through the right inner
cylinder 316, rotates about the right center axis X in the
direction of arrow G with respect to the right side member
53. Accordingly, the right wheel 31 supported by the right
suspension 33 rotates about the right center axis X in the
direction of arrow G with respect to the right side member
53.
[0103] When the left bracket 327 rotates in the direction
of arrow G, the left suspension 35, which is connected
to the left bracket 327 through the left inner cylinder 326,
rotates about the left center axis Y in the direction of
arrow G with respect to the left side member 54. Accord-
ingly, the left wheel 32 supported by the left suspension
35 rotates about the left center axis Y in the direction of
arrow G with respect to the left side member 54.
[0104] As described above, the steering force transfer
mechanism 6 transfers a steering force to the right wheel
31 and the left wheel 32 in accordance with an operation
of the handlebar 23 by the rider. The right wheel 31 and
the left wheel 32 rotate about the right center axis X and
the left center axis Y, respectively, in the directions in
accordance with the operation direction of the handlebar
23 by the rider.

<Tilt Operation of Vehicle 1>

[0105] Next, with reference to FIGS. 2 and 6, a tilt op-
eration of the vehicle 1 will be described. FIG. 6 is a front
view of a front portion of the vehicle 1 in a state where
the body frame 21 tilts leftward when viewed from the
front of the body frame 21.
[0106] As illustrated in FIG. 2, in the upright position
of the body frame 21, the linkage mechanism 5 forms a
rectangle when the vehicle 1 is viewed from the front of
the body frame 21. As illustrated in FIG. 6, in the tilt state
of the body frame 21, the linkage mechanism 5 forms a
parallelogram when the vehicle 1 is viewed from the front
of the body frame 21. The deformation of the linkage
mechanism 5 is in conjunction with the tilt of the body
frame 21 in the left direction or in the right direction. Ac-
tuation of the linkage mechanism 5 means that the upper
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arm 51, the lower arm 52, the right side member 53, and
the left side member 54 constituting the linkage mecha-
nism 5 relatively rotate about the rotation axes respec-
tively passing through the support parts A through F
thereof so that the linkage mechanism 5 is thereby de-
formed.
[0107] For example, as illustrated in FIG. 6, when the
rider tilts the vehicle 1 leftward, the head pipe 211, that
is, the body frame 21, tilts leftward relative to vertical
direction. When the body frame 21 tilts, the upper arm
51 rotates about the axis passing through the support
part A counterclockwise with respect to the body frame
21 when viewed from the rider. Similarly, the lower arm
52 rotates counterclockwise about the axis passing
through the support part D. Accordingly, the upper arm
51 moves leftward relative to the lower arm 52.
[0108] With the leftward movement of the upper arm
51, the upper arm 51 rotates about the axis passing
through the support part B and the axis passing through
the support part C counterclockwise with respect to the
right side member 53 and the left side member 54, re-
spectively. Similarly, the lower arm 52 rotates about the
axis passing through the support part E and the axis pass-
ing through the support part F counterclockwise with re-
spect to the right side member 53 and the left side mem-
ber 54, respectively. Accordingly, the right side member
53 and the left side member 54 tilt leftward relative to the
vertical direction while maintaining a posture parallel to
the body frame 21.
[0109] At this time, the lower arm 52 moves leftward
relative to the tie rod 67. With the leftward movement of
the lower arm 52, the intermediate front rod 641, the right
front rod 651, and the left front rod 661 of the tie rod 67
rotate with respect to the tie rod 67. Accordingly, the tie
rod 67 maintains a posture parallel to the upper arm 51
and the lower arm 52.
[0110] With the leftward tilt of the right side member
53, the right wheel 31, which is connected to the right
side member 53 through the right bracket 317 and the
right suspension 33, tilts leftward while maintaining a pos-
ture parallel to the body frame 21.
[0111] With the leftward tilt of the left side member 54,
the left wheel 32, which is connected to the left side mem-
ber 54 through the left bracket 327 and the left suspen-
sion 35, tilts leftward while maintaining a posture parallel
to the body frame 21.
[0112] The tilt operations of the right wheel 31 and the
left wheel 32 have been described with respect to the
vertical direction. In a tilt operation of the vehicle 1 (in
actuation of the linkage mechanism 5), the top-bottom
direction of the body frame 21 does not coincide with the
vertical direction. In the case where the description is
given with respect to the top-bottom direction of the body
frame 21, in actuation of the linkage mechanism 5, rela-
tive positions of the right wheel 31 and the left wheel 32
relative to the body frame 21 are changed. In other words,
the linkage mechanism 5 tilts the body frame 21 relative
to the vertical direction by changing the relative positions

of the right wheel 31 and the left wheel 32 relative to the
body frame 21 in the top-bottom direction of the body
frame 21.

<System Configuration>

[0113] FIG. 7 is a block diagram illustrating an example
configuration of a control system of the vehicle 1. In the
example illustrated in FIG. 7, the control section 71 con-
trols a roll angle control mechanism 74 and a suspension
control mechanism 75 based on information indicating a
vehicle state. The control section 71 is connected to the
roll angle control mechanism 74 and the suspension con-
trol mechanism 75 wirelessly or by wire. For example,
the control section 71 is configured to enable transmis-
sion of a control signal to a driving unit of the roll angle
control mechanism 74 and a driving unit of the suspen-
sion control mechanism 75. The driving unit of the roll
angle control mechanism 74 may be, for example, a driv-
ing unit or the like of the actuator 42 of the roll angle
control mechanism 74. The driving unit of the suspension
control mechanism 75 is an additional actuator, an atten-
uating circuit, or another component of the suspension
control mechanism 75.
[0114] The control section 71 is connected to a sensor
for detecting a state of the vehicle 1 wirelessly or by wire.
The control section 71 receives information indicating the
state of the vehicle 1 from the sensor. In the example
illustrated in FIG. 7, a throttle sensor 77, a vehicle speed
sensor 78, and a posture angle sensor 79 are connected
to the control section 71.

<Sensor>

[0115] The throttle sensor 77 sends a signal in accord-
ance with a throttle opening degree of the vehicle 1 to
the control section 71. The throttle sensor 77 is attached
to the engine of the vehicle 1, for example, and detects
a throttle opening degree of a throttle valve of the engine.
[0116] The vehicle speed sensor 78 sends a signal in
accordance with a traveling speed of the vehicle 1 to the
control section 71. The vehicle speed sensor 78 may
detect a rotation speed of the wheel. In this case, the
vehicle speed sensor 78 is attached to, for example, an
axle of the front wheels 3 or the rear wheel 4 or an output
shaft of a transmission, and sends a signal in accordance
with the rotation speed of the wheel to the control section
71.
[0117] The posture angle sensor 79 sends a signal in
accordance with a roll angle of the body frame 21 to the
control section 71. For example, the posture angle sensor
79 may be a gyroscope for detecting a roll angular ve-
locity and a roll angle of the body frame 21. The gyro-
scope may be a three-axis gyroscope for detecting an-
gular velocities or angles of a yaw angle and a pitch angle
in addition to the roll angle. The posture angle sensor 79
is not limited to a gyroscope. For example, the posture
angle sensor 79 may be an acceleration sensor, a sensor
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for detecting rotation angles, angular velocities, or tor-
ques of the arms 51 and 52 with respect to body frame
21, or a sensor for detecting an angle of a pendulum
hanging from the body frame 21, or a combination of at
least these two sensors.
[0118] Sensors connected to the control section 71 are
not limited to the above example. For example, the con-
trol section 71 may receive information from an acceler-
ation sensor in three-axis directions, an angular acceler-
ation sensor for three axes, a steering angle sensor, a
steering torque sensor, an engine torque sensor, an en-
gine revolution speed sensor, a seat pressure sensor, or
a stroke sensor for detecting the operation amount of a
brake, for example.

<Control Section>

[0119] The control section 71 includes a determination
section 72 and an angle control section 73. The determi-
nation section 72 determines control of the roll angle and
control of extension and contraction of the suspensions
based on information acquired from the group of the sen-
sors 77 through 79 and indicating the vehicle state. The
angle control section 73 controls the roll angle control
mechanism based on the roll angle control determined
by the determination section 72 and the roll angle of the
body frame 21 detected by the posture angle sensor 79.
[0120] The determination section 72 determines
whether roll angle control during traveling toward stop is
necessary or not based on information acquired from at
least one of the group of the sensors 77 through 79 and
indicating the vehicle state. This determination includes
determination of start or cancel of roll angle control during
traveling toward stop. For example, the determination
section 72 may determine whether roll angle control dur-
ing traveling toward stop is necessary or not based on
predetermined conditions for the vehicle state. If the ve-
hicle state satisfies a first condition, for example, the de-
termination section 72 may determine to start roll angle
control during traveling toward stop, whereas if the vehi-
cle state satisfies a second condition, the determination
section 72 may determine to cancel the roll angle control.
[0121] The state of "during traveling toward stop" is,
for example, a traveling state determined to be highly
probably stopped within several seconds. Determination
on whether the vehicle is traveling toward stop or not is
based on, for example, whether the vehicle speed is be-
low a predetermined threshold or not. If the vehicle 1
shows a behavior of traveling toward stop, the determi-
nation section 72 determines to perform roll angle control
during traveling toward stop. Accordingly, in a case
where the vehicle increases the speed again from a de-
celerated state for stop, for example, the determination
section 72 might determine to perform roll angle control
during traveling toward stop in some cases.
[0122] The roll angle control during traveling toward
stop may be, for example, control of causing the roll angle
to approach a set target value. In this case, the target

value may be a predetermined value or a value deter-
mined based on the vehicle state. The determination sec-
tion 72 may determine this target value. The target value
is a roll angle suitable for a state during traveling toward
stop, and may be, for example, a roll angle at which the
body frame 21 is in the upright position.
[0123] The roll angle control during traveling toward
stop is not limited to a mode of controlling the roll angle
to the target value. For example, the roll angle control
may be, for example, control of reducing an angular ve-
locity or an angle range with which the roll angle changes.
[0124] The determination section 72 determines
whether extension and contraction of the suspensions
33 and 35 are necessary or not based on information
indicating the vehicle state and acquired from at least
one of the group of the sensors 77 through 79. This ne-
cessity determination includes determination on start or
cancel of suppression of extension and contraction of the
suspensions 33 and 35. For example, it may be deter-
mined whether suppression of extension and contraction
of the suspensions 33 and 35 based on predetermined
conditions of the vehicle state. If the vehicle state satisfies
a third condition, for example, the determination section
72 determines to start suppression of extension and con-
traction of the suspensions 33 and 35, whereas if the
vehicle state satisfies a fourth condition, the determina-
tion section 72 determines to cancel suppression of ex-
tension and contraction of the suspensions 33 and 35.
[0125] The suppression of extension and contraction
of the suspensions 33 and 35 may be a mode of locking
to prevent extension and contraction of the suspensions
33 and 35, for example. Alternatively, the suppression of
extension and contraction of the suspensions 33 and 35
may be a mode of applying a resistance against a force
for extension and contraction of the suspensions 33 and
35 or a mode of increasing such a resistance.
[0126] In at least a part of the roll angle control period
during traveling toward stop, the determination section
72 may determine to reduce extension and contraction
of the suspensions 33 and 35. That is, the first through
fourth conditions may be set in such a manner that ex-
tension and contraction of the suspensions 33 and 35
are suppressed in at least a part of a period in which the
roll angle control during traveling toward stop is per-
formed. For example, by making the first condition and
the third conditions the same, the determination section
72 may determine to start roll angle control during
traveling toward stop and suppression of extension and
contraction of the suspensions 33 and 35 at the same
time. Alternatively, by making the first condition and the
third condition different from each other, the determina-
tion section 72 may start suppression of extension and
contraction of the suspensions 33 and 35 and start roll
angle control during traveling toward stop at different
times. Alternatively, the determination section 72 may
include start of roll angle control during traveling toward
stop in a condition for start of suppression of extension
and contraction of the suspensions.
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[0127] As an example, the first condition for starting
roll angle control may include a condition that the vehicle
speed is a threshold Th2 or less, and the third condition
for starting suppression of extension and contraction of
the suspensions may include a condition that the vehicle
speed is a threshold Th1 or less. In this case, the control
section 72 may perform control of causing the suspen-
sion control mechanism 75 to suppress extension and
contraction of the suspensions 33 and 35 in a period in
at least a part of a period in which the vehicle speed of
the vehicle 1 is in a low-speed traveling range and in at
least a part of a period in which the roll angle control
mechanism 74 performs roll angle control. This control
allows the period in which the vehicle speed of the vehicle
1 is in the low-speed traveling range to include a period
in which control of the roll angle by the roll angle control
mechanism 74 and suppression of extension and con-
traction of the suspensions 33 and 35 are performed at
the same time.
[0128] Here, the low-speed traveling range refers to a
range in which the vehicle speed of the vehicle 1 is lowest
among a plurality of ranges obtained by dividing the entire
vehicle-speed range except for a stopped state. That is,
the entire vehicle-speed range of the vehicle 1 except for
the stopped state may be divided into a high-speed
traveling range and the low-speed traveling range. The
low-speed traveling range may be set as a range where
the vehicle speed v is higher than zero and is lower than
an upper limit VLu (i.e., 0 < v < VLu). In this case, the
high-speed traveling range is a range where the vehicle
speed v is VLu or more and is a maximum speed Vmax
of the vehicle 1 or less (i.e., VLu ≤ v ≤ Vmax). The upper
limit VLu of the low-speed traveling range is not limited
to a specific value, and, for example, is set at a value
depending on the type of the vehicle. The low-speed
traveling range may be, for example, a vehicle speed
range in which the vehicle may be determined to be
traveling toward stop. Both the thresholds Th1 and Th2
of the vehicle speed described above are included in the
low-speed traveling range. The threshold Th1 and the
threshold Th2 may be the same or different from each
other.
[0129] The determination section 72 may perform de-
termination in such a manner that the roll angle control
during traveling toward stop continues after stop of the
vehicle. For example, the second condition may be set
not to cancel the roll angle control during traveling toward
stop even when the vehicle 1 stops. For example, a con-
dition in which the vehicle speed exceeds a predeter-
mined threshold may be included in the second condition.
In this case, if the vehicle 1 stops and then starts traveling
so that the vehicle speed exceeds the threshold, the de-
termination section 72 may determine to cancel roll angle
control during traveling toward stop.
[0130] The determination section 72 may still continue
suppression of extension and contraction of the suspen-
sions after stop of the vehicle. For example, the fourth
condition may be set in such a manner that suppression

of extension and contraction of the suspensions is not
canceled even when the vehicle 1 stops. For example,
a condition in which the vehicle speed exceeds a prede-
termined threshold may be included in the fourth condi-
tion. In this case, if the vehicle 1 stops and then starts
traveling so that the vehicle speed exceeds the threshold,
the determination section 72 may determine to cancel
suppression of extension and contraction of the suspen-
sions.
[0131] The determination section 72 may determine
whether roll angle control during traveling toward stop is
necessary or not and whether suppression of extension
and contraction of the suspensions is necessary or not,
by using a plurality of parameters indicating a vehicle
state. The plurality of parameters indicating the vehicle
state are determined based on information obtained from
the sensors 77 through 79. The determination section 72
compares the parameters indicating the vehicle state
with thresholds to thereby perform the determinations
described above. These thresholds are data indicating
the first through fourth conditions. The thresholds may
be recorded in a storage unit (e.g., memory) of the control
section 71 beforehand. That is, the control section 71
may store data indicating the first through fourth condi-
tions beforehand. The determination section 72 may
change the thresholds depending on the vehicle state.
[0132] A combination of parameters used for determin-
ing whether roll angle control during traveling toward stop
is necessary or not may be different from a combination
of parameters used for determining whether suppression
of extension and contraction of the suspensions is nec-
essary or not. At least one parameter used for determin-
ing whether roll angle control during traveling toward stop
is necessary or not may be the same as a parameter
used for determining whether suppression of extension
and contraction of the suspensions is necessary or not.
In this case, a threshold of the parameter used for deter-
mining whether roll angle control during traveling toward
stop is necessary or not may be different from a threshold
of the parameter used for determining whether suppres-
sion of extension and contraction of the suspensions is
necessary or not.
[0133] As an example, a combination of parameters
used for determining start of roll angle control during
traveling toward stop may be constituted by the vehicle
speed, the throttle opening degree, and the roll angle,
and a combination of parameters used for determining
start of suppression of extension and contraction of the
suspensions may be constituted by only the vehicle
speed. In this example, a threshold of the vehicle speed
used for determining start of roll angle control during
traveling toward stop may be different from a threshold
of the vehicle speed used for determining start of sup-
pression of extension and contraction of the suspen-
sions.
[0134] In this example, the determination section 72
acquires information indicating the vehicle state from the
sensors. Based on the information indicating the vehicle
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state, the determination section 72 determines cancella-
tion of control of the roll angle by the roll angle control
mechanism 74 and cancellation of suppression of exten-
sion and contraction of the suspensions by the suspen-
sion control mechanism 75. In this case, from the infor-
mation indicating the vehicle state, the determination
section 72 may acquire information on at least one of a
rider’s intention of causing the vehicle 1 to travel or a
rider’s intention of canceling roll angle control or suppres-
sion of motion of the suspensions.
[0135] The determination section 72 may determine a
rider’s intention of causing the vehicle 1 to travel based
on information on at least one of the throttle, the brake,
or the vehicle speed. In this case, each of the second
condition and the fourth condition includes a condition of
at least one of the throttle opening degree, whether a
brake operation is performed or not or the amount of the
brake operation, and the vehicle speed. The condition
included is, for example, that the amount of change in at
least one of a throttle opening degree, a brake operation,
and a vehicle speed detected by the sensors exceeds a
threshold. Accordingly, based on information indicating
a rider’s intention of causing the vehicle 1 to travel, it may
be determined whether cancellation of roll angle control
or suppression of extension and contraction of the sus-
pensions is necessary or not.
[0136] Alternatively, the vehicle 1 may include an op-
eration device, such as a button, for receiving a cancel-
lation instruction of roll angle control and/or suppression
of extension/contraction of the suspensions from the rid-
er. In this case, the determination section 72 detects an
input of the cancellation instruction through the operation
device. Accordingly, it is possible to acquire information
indicating a rider’s intention of canceling roll angle control
or suppression of movement of the suspensions.
[0137] If the determination section 72 determines that
roll angle control during traveling toward stop is per-
formed, the angle control section 73 determines control
of rotations of the arms 51 and 52 based on the roll angle
of the body frame 21 detected by the posture angle sen-
sor 79. The angle control section 73 determines the mag-
nitude and direction of a rotary force as control of rotation,
and outputs the magnitude and direction to the roll angle
control mechanism 74. For example, the angle control
section 73 may determine the magnitude and direction
of the rotary force applied to the arms 51 and 52 based
on a target value of the roll angle and the roll angle de-
tected by the posture angle sensor 79. Accordingly, an
actual roll angle of the body frame 21 may be fed back
to control by the roll angle control mechanism.
[0138] For example, the angle control section 73 may
determine the rotation direction of the arms 51 and 52
that reduces the difference between the target value of
the roll angle and the roll angle detected by the posture
angle sensor 79, as the direction of a rotation to be ap-
plied. The angle control section 73 may determine a mag-
nitude of the rotary force to be applied in accordance with
the difference between the target value of the roll angle

and the roll angle detected by the posture angle sensor
79. The angle control section 73 may also determine the
magnitude of a rotary force to be applied based on a
torque to rotation of the arms 51 and 52 with respect to
the body frame 21.
[0139] The control of the angle control section 73 is
not limited to the control of reducing the difference be-
tween the roll angle detected by the posture angle sensor
79 and the target value of the roll angle. The angle control
section 73 may determine, for example, an instruction
value of a motor of an actuator by using a rotation speed
or a torque of the arms with respect to the body frame
and a current value of the motor.
[0140] In this embodiment, the control section 71 ac-
quires information indicating the vehicle state including
the vehicle speed of the vehicle 1 from sensors provided
in the vehicle 1. Based on the vehicle state, the control
section 71 determines whether the roll angle of the body
frame is controlled or not. For example, if the vehicle
speed is in at least a part of the low-speed traveling range
(e.g., if the vehicle speed v is the threshold Th2 or less
(i.e., v ≤ Th2)), the control section 71 determines to con-
trol roll angle. Based on this determination result, the
control section 71 supplies a control signal or control data
to an actuator of the roll angle control mechanism 74.
The actuator outputs a force for rotating the arms with
respect to the body frame or a force against rotation of
the arms with respect to the body frame, in accordance
with the control signal or the control data.
[0141] The control section 71 determines whether to
suppress extension and contraction of the suspensions
based on the vehicle state. For example, if the vehicle
speed is in at least a part of the low-speed traveling range
(e.g., the vehicle speed v is the threshold Th1 or less
(i.e., v ≤ Th1)), the control section 71 determines to sup-
press extension and contraction of the suspensions.
Based on this determination result, the control section
71 supplies a control signal or control data to the sus-
pension control mechanism 75. The suspension control
mechanism 75 suppresses extension and contraction of
the suspensions in accordance with the control signal or
the control data.
[0142] In the low-speed traveling range, at least a part
of a vehicle speed range determined to be a range in
which the roll angle is controlled overlaps with at least a
part of a vehicle speed range determined to be a range
in which extension and contraction of the suspensions is
suppressed. Accordingly, in at least a part of a period in
which the vehicle speed of the vehicle 1 is in at least a
part of the low-speed traveling range and the roll angle
is controlled by the roll angle control section 74, the sus-
pension control mechanism 75 suppresses extension
and contraction of the suspensions. The process of de-
termining whether to suppress the suspensions by the
control section 71 is not limited to this example. For ex-
ample, the control section 71 may control the suspen-
sions, based on the vehicle speed and information indi-
cating whether roll angle control by the roll angle control
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mechanism is performed or not.
[0143] The control section 71 may be constituted by
an electronic control unit (ECU). The control section 71
may be constituted by a computer including a processor
and a memory or a circuit formed on a board. In the case
where the control section 71 is constituted by a computer,
the process of the control section 71 is, example, imple-
mented by reading and executing a program from a mem-
ory with the processor. Such a program and a non-tran-
sitory recording medium in which the program is recorded
are also included in the embodiment of the present teach-
ing.
[0144] The configuration of the control section 71 is
not limited to the example illustrated in FIG. 7. For ex-
ample, the determination section 72 and the angle control
section 73 may be constituted by computers independ-
ently of each other or circuits formed on different boards.
For example, the angle control section 73 may be incor-
porated in a part of the roll angle control mechanism 74.

<Operation Example>

[0145] FIG. 8 is a timing chart demonstrating an exam-
ple of control of a roll angle and a suspension by the
control section 71 illustrated in FIG. 7. In FIG. 8, the ab-
scissa represents time. The ordinate represents the ve-
hicle speed or the roll angle. The line VI represents a
change in the vehicle speed over time, and line R1 rep-
resents a change in a roll angle over time. The threshold
Th1 represents a threshold of the vehicle speed for use
in determining start of suppression of extension and con-
traction of the suspensions (an example of the third con-
dition). The threshold Th2 represents a threshold of the
vehicle speed for use in determining whether to start roll
angle control during traveling toward stop (an example
of the first condition). The threshold Th3 represents a
threshold of a vehicle speed for use in determining wheth-
er to cancel suppression of extension and contraction of
the suspensions (an example of the fourth condition).
The threshold Th4 represents a threshold of the vehicle
speed for use in determining whether to cancel roll angle
control during traveling toward stop (an example of the
second condition).
[0146] In the example shown in FIG. 8, when the ve-
hicle speed decreases below the threshold Th1 at time
t1, the determination section 72 determines start of sup-
pression of extension and contraction of the suspen-
sions. At time t1, the control section 71 issues an instruc-
tion of suppressing extension and contraction of the sus-
pensions to the suspension control mechanism 75. The
suspension control mechanism 75 locks the suspensions
to prevent the suspensions from extending and contract-
ing.
[0147] At time t2, when the vehicle speed decreases
below the threshold Th2, the determination section 72
determines to start roll angle control during traveling to-
ward stop. Although not shown, it is assumed that at time
t2, the throttle opening degree and the roll angle have

already satisfied the condition for starting roll angle con-
trol during traveling toward stop (first condition). At time
t2, the control section 71 instructs the roll angle control
mechanism 74 to control the roll angle during traveling
toward stop. In this example, since Th1 > Th2, after the
start of suppression of extension and contraction of the
suspensions, roll angle control during traveling toward
stop starts.
[0148] The determination section 72 sets a roll angle
R(t2) at time t2 as a target value of the roll angle during
traveling toward stop. The angle control section 73 com-
pares the roll angle R(t2) with a roll angle Rs detected
by the posture angle sensor 79. If the signs (positive (+)
or negative (-)) of R(t2) and Rs are the same and |R(t2)|
< |Rs|, the angle control section 73 determines a rotary
force of the arms 51 and 52 in such a manner that Rs =
R(t2) is established. Here, as an example, a roll angle in
a state where the top-bottom direction of the body frame
21 coincides with the vertical direction (gravity direction)
is defined as zero degrees. A roll angle in a state where
the body frame 21 tilts rightward with respect to the ver-
tical direction is defined as positive (+), and a roll angle
in a state where the body frame 21 tilts leftward with re-
spect to the vertical direction is defined as negative (-).
In this manner, at and after time t2, the roll angle is kept
at R(t2).
[0149] In this example, since the threshold Th3 > 0, if
the vehicle speed is zero, it is determined that the con-
dition for starting roll angle control during traveling toward
stop (first condition) is satisfied and the condition for can-
celing the roll angle control (second condition) is not sat-
isfied. Similarly, since the threshold Th4 > 0, if the vehicle
speed is zero, it is determined that the condition for start-
ing suspension suppression control (third condition) is
satisfied and the condition for canceling the suspension
suppression control (fourth condition) is not satisfied.
Thus, after the vehicle 1 stops at time t3, roll angle control
and suppression of extension and contraction of the sus-
pensions during traveling toward stop still continue.
[0150] FIG. 9 is a flowchart depicting an example proc-
ess in which the determination section 72 determines
whether to start roll angle control and suppression of ex-
tension and contraction of the suspensions during
traveling toward stop. The determination section 72 de-
termines whether or not the vehicle speed is a threshold
or less (S1). If the vehicle speed is the threshold or less,
the determination section 72 determines to start suppres-
sion of extension and contraction of the suspensions
(S2). The determination section 72 determines whether
or not each of the throttle opening degree, the vehicle
speed, and the roll angle is within a threshold, inclusive
(S3 through S5). If each of the throttle opening degree,
the vehicle speed, and the roll angle is within the thresh-
old, inclusive, the determination section 72 determines
start of roll angle control during traveling toward stop (S6).
The determination section 72 records a roll angle (R(t2)
in the example of FIG. 8) when start of the roll angle
control is determined in the memory as a target value.

31 32 



EP 3 366 558 B1

18

5

10

15

20

25

30

35

40

45

50

55

The angle control section 73 issues an instruction to the
roll angle control mechanism 74 so as to hold the roll
angle of the body frame 21 at the target value (S7). The
process in FIG. 9 may be executed by the determination
section 72 in predetermined cycles.
[0151] With reference to FIG. 8 again, suppose at time
t4, a rider performs an operation of causing a tilt of the
vehicle 1 in the left direction or in the right direction to
approach zero degrees with respect to the vertical direc-
tion (gravity direction). In this case, the control section
71 controls the roll angle control mechanism 74 in such
a manner that the roll angle of the body frame 21 ap-
proaches zero degrees in accordance with the operation
of the rider. Accordingly, the roll angle changes to ap-
proach zero degrees by an amount in accordance with
the rider’s operation (time t5). The control section 71 sets
a roll angle after the change in accordance with the rider’s
operation as a new target value. Accordingly, in the roll
angle control during traveling toward stop, the roll angle
control mechanism may control the roll angle so as to
permit motion of causing the tilt of the vehicle 1 to ap-
proach the upright position by a rider’s operation.
[0152] FIG. 10 is a flowchart depicting a process in
which the control section 71 updates a target value of
the roll angle. The control section 71 (the determination
section 72 or the angle control section 73) determines
whether the roll angle Rs of the body frame 21 acquired
from the posture angle sensor 79 is closer to the zero
degrees than the set target value (R(t2) in the example
of FIG. 8) or not (S11). For example, the control section
71 determines whether |R(t2)| > |Rs| or not. If YES in
S11, the control section 71 updates the target value to
the roll angle Rs acquired from the posture angle sensor
79 (S12). The angle control section 73 issues an instruc-
tion to the roll angle control mechanism 74 so that the
roll angle of the body frame 21 is held at the updated
target value (S13). The control section 71 may repeatedly
perform the process of FIG. 10 at predetermined intervals
in a period in which roll angle control during traveling
toward stop is performed.
[0153] With reference to FIG. 8 again, the vehicle 1
starts traveling at time t6. After the start of traveling of
the vehicle 1, when the vehicle speed exceeds the thresh-
old Th4 at time t7, the determination section 72 deter-
mines to cancel roll angle control during traveling toward
stop. At time 17, the control section 71 instructs cancel-
lation of roll angle control during traveling toward stop to
the roll angle control mechanism 74.
[0154] When the vehicle speed exceeds the threshold
Th3 at time t8, the determination section 72 determines
cancellation of suspension suppression control. At time
t8, since Th3 > Th4 in this example, after cancellation of
roll angle control during traveling toward stop, suppres-
sion of extension and contraction of the suspensions is
canceled.
[0155] FIG. 11 is a flowchart depicting an example
process in which the determination section 72 deter-
mines to cancel roll angle control and suppression of ex-

tension and contraction of the suspensions during
traveling toward stop. The determination section 72 de-
termines whether or not at least one of the throttle open-
ing degree, the vehicle speed, or the acceleration is at
or above a threshold (S21 through S23). For example, if
the vehicle speed exceeds a threshold (Th3 in the exam-
ple of FIG. 8), the determination section 72 determines
to cancel roll angle control during traveling toward stop
(S24). The determination section 72 determines whether
or not the vehicle speed is a threshold (Th4 in the example
of FIG. 8) or less (S25). If the vehicle speed is at or above
the threshold, the determination section 72 determines
to cancel suppression of extension and contraction of the
suspensions (S26). In the example of FIG. 11, if it is de-
termined that the condition for canceling roll angle control
during traveling toward stop is satisfied, determination of
canceling suppression of extension and contraction of
the suspensions is executed. Thus, after cancellation of
roll angle control during traveling toward stop, cancella-
tion of suppression of extension and contraction of the
suspensions is executed.
[0156] In the operation example of FIG. 8, extension
and contraction of the suspensions are suppressed in a
period in which roll angle control during traveling toward
stop is performed (t2 through t7). Accordingly, in the pe-
riod in which roll angle control during traveling toward
stop is performed, the responsiveness of the roll angle
of the body frame to adjustment of rotations of the arms
51 and 52 by the roll angle control mechanism 74 is high.
Thus, in traveling toward stop, movement of the roll angle
of the body frame 21 controlled by the roll angle control
mechanism 74 may be easily converged. As a result, the
roll angle may be controlled depending on various pos-
sible situations occurring during traveling toward stop.
[0157] In addition, even in a case where extension and
contraction of the suspensions 33 and 35 is suppressed
while the vehicle 1 is traveling toward stop, the linkage
mechanism 5 of the vehicle 1 absorbs movement of the
right wheel 31 and the left wheel 32 in the top-bottom
direction with respect to the body frame 21. Accordingly,
an increase in vibrations of the body frame caused by
suppression of extension and contraction of the suspen-
sions 33 and 35 during traveling toward stop may be re-
duced.
[0158] In the example of FIG. 8, extension and con-
traction of the suspensions are suppressed in the entire
period in which roll angle control during traveling toward
stop is performed (t2 through t7). Alternatively, extension
and contraction of the suspension may be suppressed
in a part of this period.

<Variations of Linkage Mechanism>

[0159] The configuration of the linkage mechanism 5
is not limited to the parallelogram linkage illustrated in
FIG. 2. The linkage mechanism may include a shock tow-
er as an arm that rotates with respect to the body frame,
for example. FIG. 12 is a view illustrating an example of
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the linkage mechanism including the shock tower. In the
example illustrated in FIG. 12, a shock tower 102 is at-
tached to the body frame 101 to be rotatable about the
rotating shaft 100. The vehicle 1a includes a right sus-
pension arm 103, a left suspension arm 104, a right sus-
pension 107, and a left suspension 108. The right sus-
pension arm 103 is rotatably connected to the body frame
101 at one end and is rotatably connected to a right wheel
105 at the other end. The left suspension arm 104 is
rotatably connected to the body frame 101 at one end
and is rotatably connected to the left wheel 106 at the
other end. The right suspension 107 is rotatably connect-
ed to the right suspension arm 103 at one end and is
rotatably connected to the shock tower 102 at the other
end. The left suspension 108 is rotatably connected to
the left suspension arm 104 at one end and is rotatably
connected to the shock tower 102 at the other end. The
actuator 109 adjusts rotation of the shock tower 102 with
respect to the body frame 101.
[0160] A configuration including no shock tower may
also be employed. FIG. 13 is a view illustrating an exam-
ple configuration of the linkage mechanism including no
shock tower. In the example illustrated in FIG. 13, the
linkage mechanism includes, as arms that rotate with re-
spect to a body frame 111, a pair of right arms 113u and
113d rotatably connected to the body frame 111 at one
end and rotatably connected to the right wheel 115 at the
other end, and a pair of left arms 114u and 114d rotatably
connected to the body frame 111 at one end and rotatably
connected to the left wheel 116 at the other end. In this
case, a suspension 117 is rotatably connected to the arm
113d of the pair of right arms at one end and is rotatably
connected to the arm 114d of the pair of left arms at the
other end. An actuator 118 applies a rotary force to the
right arm 112d and the left arm 114d to thereby adjust
rotation of the right arm 112d with respect to the body
frame 111 and rotation of the left arm 114d with respect
to the body frame 111. In the configuration illustrated in
FIG. 13, the suspension 117 is also disposed between
the right and left wheels 115 and 116 and the body frame
111.
[0161] FIG. 14 is a view illustrating another variation
of the linkage mechanism. The linkage mechanism illus-
trated in FIG. 14 includes a pair of right arms 123d and
123u connecting a body frame 121 and a right wheel 125
to each other and a pair of left arms 124d and 124u con-
necting the body frame 121 and a left wheel 126 to each
other. A balancer arm 122 is rotatably connected be-
tween the right arm 123d of the pair of right arms and the
left arm 124d of the pair of left arms. The balancer arm
122 rotatably bridges over the body frame 121 with a
suspension 127 interposed therebetween. An actuator
128 applies a rotary force to the balancer arm 122 to
thereby adjust rotation of the balancer arm 122 with re-
spect to the body frame 121.
[0162] In the example described above, the rotation
axes of the arms of the linkage mechanism extend in the
front-rear direction of the vehicle. Alternatively, the rota-

tion axes of the arms of the linkage mechanism may ex-
tend in the left-right direction of the vehicle. As such a
variation, the linkage mechanism includes a right arm
supporting the right wheel and a left arm supporting the
left wheel. The right arm and the left arm are formed to
extend in the front-rear direction of the vehicle. The right
arm and the left arm rotate within a plane perpendicular
to the left-right axis of the vehicle. That is, the axes of
rotations of the right arm and the left arm with respect to
the body frame are in the left-right direction of the vehicle.
One end of the right arm is rotatably supported by the
body frame. The other end of the right arm supports the
right wheel so that the right wheel is rotatable about an
axle. One end of the left arm is rotatably supported by
the body frame. The other end of the left arm supports
the left wheel so that the left wheel is rotatable about an
axle. In this case, the left-right tilt angle control mecha-
nism includes an actuator for adjusting the rotations of
the right arm and the left arm with respect to the body
frame.

<Other Variations>

[0163] In the embodiment described above, the steer-
ing force transfer mechanism 6 is configured to transfer
rotation of the handlebar 23 to the right wheel 31 and the
left wheel 32. That is, although the steering force transfer
mechanism 6 is configured to transfer rotation of the han-
dlebar 23 to the front wheels, the steering force transfer
mechanism 6 may be configured to transfer rotation of
the handlebar 23 to the rear wheel. In the embodiment
described above, the front wheels are the right wheel 31
and the left wheel 32 arranged in the left-right direction,
but the vehicle 1 may be configured such that the right
wheel 31 and the left wheel 32 are rear wheels.
[0164] For example, in a case where the right wheel
31 and the left wheel 32 are rear wheels, the steering
force transfer mechanism 6 may be configured to transfer
rotation of the handlebar to a front wheel disposed ahead
of the right wheel 31 and the left wheel 32, and may be
also configured to transfer rotation of the handlebar to
the right wheel 31 and the left wheel 32 that are rear
wheels. The wheel disposed ahead of or behind the right
wheel 31 and the left wheel 32 (the rear wheel 4 in the
above example) is not limited to one wheel, and may be
two wheels.
[0165] An actuator of a left-right tilt angle control mech-
anism in a leaning vehicle according to present teaching
adjusts rotation of an arm with respect to a body frame.
This actuator supplies at least one of a force for rotating
the arm with respect to the body frame or a force against
rotation of the arm with respect to the body frame. The
left-right tilt angle control mechanism may be configured
to include, for example, the actuator that has a part con-
nected to the body frame and a part connected to the
arm and applies a force for moving these parts relative
to each other.
[0166] A period in which the left-right tilt angle control
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mechanism performs tilt angle control is a period in which
a force of the actuator acts on rotation of the arm with
respect to the body frame. The force of the actuator may
act as a force against rotation of the arm in some cases
or may act as a force for rotating the arm in other cases.
[0167] A control section according to an embodiment
of the present teaching controls execution of tilt angle
control by the left right tilt angle control mechanism in the
left-right direction of the body frame and cancellation of
execution of the tilt angle control. In a state where the tilt
angle is controlled by the left-right tilt angle control mech-
anism, the actuator acts on rotation of the arm. That is,
rotation of the arm with respect to the body frame is con-
trolled by the actuator. In a state where the tilt angle con-
trol by the left-right tilt angle control mechanism is can-
celed, the actuator does not act on rotation of the arm.
That is, rotation of the arm with respect to the body frame
is not affected by the actuator.
[0168] In the embodiment described above, the control
section causes the roll angle control mechanism to con-
trol a roll angle in a low-speed traveling range. The roll
angle control mechanism (left-right tilt angle control
mechanism) may control a roll angle of the body frame
(a tilt in the left direction or in the right direction) in a
region except the low-speed traveling range (i.e., a high-
speed traveling range).
[0169] The leaning vehicle according to the present
teaching may include a tilt lock mechanism that prevents
the body frame from tilting in the left direction or in the
right direction, in addition to the left-right tilt angle control
mechanism.
[0170] The control section cancels control of a tilt angle
by the left-right tilt angle control mechanism in accord-
ance with a change in the vehicle state caused by at least
one of a rider’s intention of causing the leaning vehicle
to travel (vehicle travel intention) or a rider’s intention of
canceling tilt angle control by the left-right tilt angle control
mechanism (left-right tilt angle control cancellation inten-
tion). The control section detects a change in the vehicle
state by acquiring a signal or data indicating an operation
of a rider or a signal or data from a sensor mounted on
the vehicle. The control section determines whether or
not the detected change in the vehicle state is caused
by the rider’s vehicle travel intention or the left-right tilt
angle control cancellation intention. This determination
may be made by, for example, determining whether the
detected change in the vehicle state satisfies a predeter-
mined condition or not. If the detected change in the ve-
hicle state is caused by the rider’s vehicle travel intention
or the left-right tilt angle control cancellation intention,
the control section cancels control of the tilt angle by the
left-right tilt angle control mechanism.
[0171] The control section cancels suppression of mo-
tion of a buffer device in accordance with the change in
the vehicle state caused by at least one of a rider’s in-
tention of causing the leaning vehicle to travel (vehicle
travel intention) or an intention of canceling suppression
of motion of the buffer device (buffer suppression can-

cellation intention). The control section detects a change
in the vehicle state by acquiring a signal or data indicating
an operation of a rider or a signal or data from a sensor
mounted on the vehicle. The control section determines
whether or not the detected change in the vehicle state
is caused by the rider’s vehicle travel intention or the
buffer suppression cancellation intention. This determi-
nation may be made by, for example, determining wheth-
er the detected change in the vehicle state satisfies a
predetermined condition or not. If the detected vehicle
state is caused by the rider’s vehicle travel intention or
the buffer suppression cancellation intention, the control
section cancels suppression of motion of the buffer de-
vice.
[0172] The control section detects an input of an in-
struction for canceling suppression of the buffer device
by the rider (e.g., an operation of, for example, a button,
a lever, or a switch by the rider) to thereby acquire infor-
mation indicating the intention of canceling suppression
of motion of the buffer device. The control section detects
an input of an instruction for canceling left-right tilt angle
control by the rider (e.g., an operation of, for example,
the button, the lever, or the switch by the rider) to thereby
acquire information indicating the intention of canceling
left-right tilt angle control of the body frame.
[0173] The control section controls a state where the
buffer control mechanism suppresses motion of the buff-
er device and a state where the buffer control mechanism
cancels suppression of motion of the buffer device. In
the state where the buffer control mechanism suppresses
motion of the buffer device, motion of the buffer device
is suppressed more greatly than in the state where sup-
pression of motion of the buffer device is canceled. As
an example, the state where motion of the buffer device
is locked may be a state where motion of the buffer device
is suppressed, and a state where the lock of motion of
the buffer device is canceled may be a state where sup-
pression of motion of the buffer device is canceled. As
another example, in the state where motion of the buffer
device is suppressed, the buffer control mechanism may
more greatly suppress motion of the buffer device than
in the state where suppression of motion of the buffer
device is canceled.
[0174] The linkage mechanism is disposed between
the body frame and each of the right wheel and the left
wheel. This means that the linkage mechanism is on a
force transfer path between the body frame and the right
wheel and on a force transfer path between the body
frame and the left wheel. Thus, space where the linkage
mechanism may be placed is not limited to space dis-
posed between the body frame and the right wheel and
space disposed between the body frame and the left
wheel.
[0175] The body frame is a member that receives
stress on the leaning vehicle during traveling. Examples
of the body frame include monocoque (stressed-skin
structure), semi-monocoque, and a structure in which a
vehicle part also serves as a member that receives
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stress. For example, a part such as an engine or an air
cleaner may be a part of the body frame.
[0176] The buffer device buffers motion of the right
wheel and the left wheel with respect to the body frame.
The buffer device is disposed between the body frame
and each of the right wheel and the left wheel. This means
that the buffer device is on a force transfer path between
the body frame and the right wheel and on a force transfer
path between the body frame and the left wheel. Thus,
space where the buffer device may be placed is not lim-
ited to space disposed between the body frame and the
right wheel and space disposed between the body frame
and the left wheel.
[0177] The buffer device is not limited to the configu-
ration that buffers motion of the right wheel and the left
wheel with respect to the body frame by extension and
contraction of the buffer device. For example, the buffer
device may be configured to include a rotating part having
one end supporting the right wheel or the left wheel in
such a manner that the right wheel or the left wheel is
rotatable about an axle and another end supported on
the body frame in such a manner that the other end is
rotatable about a rotating shaft parallel to the axis. In this
case, the buffer device further includes a damper part for
suppressing rotation of the rotating part. For example,
the buffer device includes an oil chamber charged with
oil for suppressing rotation of the rotating part with re-
spect to the body frame. The oil chamber is fixed to the
body frame. The rotating part includes a vane radially
extending from the rotating shaft. The vane is attached
to be rotatable in the oil chamber. The buffer control
mechanism controls the flow rate of oil with the vane in
the oil chamber to thereby suppress motion of the buffer
device and cancel the suppression.
[0178] In the embodiment described above, in the low-
speed traveling range, after suppression of extension
and contraction of the suspensions starts, control of the
roll angle by the roll angle control mechanism starts. After
the control of the roll angle is canceled, the suppression
of extension and contraction of the suspensions is can-
celed. The timing of tilt angle control by the roll angle
control mechanism (left-right tilt angle control mecha-
nism) and the timing of suppression of extension and
contraction of the suspensions (suppression of motion
of the buffer device) by the suspension control mecha-
nism (buffer control mechanism) are not limited to the
examples described above.
[0179] For example, after control of a tilt angle of the
body frame in the left direction or in the right direction
starts, suppression of motion of the buffer device may
start. These processes may start at the same time. After
suppression of motion of the buffer device is canceled,
control of the tilt angle of the body frame in the left direc-
tion or in the right direction may be canceled. These proc-
esses may be canceled at the same time. That is, control
of the tilt angle of the body frame may start after suppres-
sion of motion of the buffer device and may be canceled
after cancellation of suppression of motion of the buffer

device. Alternatively, control of the tilt angle of the body
frame may start after suppression of motion of the buffer
device and may be canceled before cancellation of sup-
pression of motion of the buffer device. Alternatively, con-
trol of the tilt angle of the body frame may start before
suppression of motion of the buffer device and may be
canceled after cancellation of suppression of motion of
the buffer device. Alternatively, control of the tilt angle of
the body frame may start before suppression of motion
of the buffer device and may be canceled before cancel-
lation of suppression of motion of the buffer device.
[0180] Suppression of motion of the buffer device may
start before control of the tilt angle of the body frame in
the left direction or in the right direction starts. In this
case, the responsiveness of motion of a tilt of the body
frame in the left direction or in the right direction with
respect to a force of the actuator may be enhanced. Con-
sequently, a change in the tilt of the body frame in the
left direction or in the right direction may be converged.
[0181] In the embodiment described above, the control
section continues roll angle control of the body frame (tilt
angle control) and suppression of extension and contrac-
tion of the suspensions (suppression of motion of the
buffer device) from before stop of the vehicle to the middle
of the stop of the vehicle. As another control example,
the control section may cancel control of the tilt angle of
the body frame and suppression of motion of the buffer
device at the stop of the vehicle or while the vehicle is
stopped.
[0182] The control section performs control of the tilt
angle of the body frame in the left direction or in the right
direction and suppression of motion of the buffer device
in a part or the whole of the low-speed traveling range.
A speed range where the vehicle speed is lowest among
a plurality of speed ranges obtained by dividing the entire
vehicle-speed range (except for a range where vehicle
speed = 0) is the low-speed traveling range. In the em-
bodiment described above, in a low-speed portion (speed
range adjacent to the range where vehicle speed = 0) in
the low-speed traveling range, the roll angle control and
the suppression of extension and contraction of the sus-
pensions are performed. On the other hand, in a speed
range not adjacent to the range where vehicle speed =
0 in the low-speed traveling range, the roll angle control
(tilt angle control) and the suppression of extension and
contraction of the suspensions (buffer device motion sup-
pression) may be performed. The speed range not adja-
cent to the range where vehicle speed = 0 in the low-
speed traveling range is an intermediate portion of the
low-speed traveling range or a high-speed portion of the
low-speed traveling range (a portion including the upper
limit of the low-speed traveling range).
[0183] In the embodiment described above, the control
section updates a target value of the tilt angle of the body
frame in the left direction or in the right direction in ac-
cordance with an input to the leaning vehicle by the rider.
Alternatively, the target value may be a fixed value. For
example, the control section may control the left-right tilt
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angle control mechanism in such a manner that the body
frame is in the upright position while the leaning vehicle
is traveling in the low-speed traveling range.
[0184] Some illustrated embodiments of the present
teaching have been described here. The present teach-
ing should not be limited to these preferred embodiments.

Claims

1. A leaning vehicle (1) comprising:

a body frame (21) configured to tilt rightward
when turning rightward in a left-right direction of
the leaning vehicle (1), and to tilt leftward when
turning leftward in the left-right direction of the
leaning vehicle (1);
a right wheel (31) and a left wheel (32) that are
arranged in a left-right direction of the body
frame (21);
a linkage mechanism (5) including an arm (51,
52), wherein the arm (51, 52) is rotatably sup-
ported on the body frame (21) and is supporting
the right wheel (31) and the left wheel (32), the
linkage mechanism (5) being configured to
change relative positions of the right wheel (31)
and the left wheel (32) relative to the body frame
(21) in a top-bottom direction of the leaning ve-
hicle (1) and tilt the body frame (21) in a left
direction of the leaning vehicle (1) or in a right
direction of the leaning vehicle (1) by rotating
the arm (51, 52) with respect to the body frame
(21);
a buffer device (33, 35) configured to buffer mo-
tion of the right wheel (31) and the left wheel
(32) with respect to the body frame (21);
a left-right tilt angle control mechanism (74) in-
cluding an actuator (42) configured to adjust ro-
tation of the arm (51, 52) with respect to the body
frame (21), the left-right tilt angle control mech-
anism (74) being configured to control a tilt angle
of the body frame (21) in the left direction of the
leaning vehicle (1) or in the right direction of the
leaning vehicle (1);
a buffer control mechanism (75) including an ad-
ditional actuator for suppressing extension and
contraction of the buffer device (33, 35), capable
of suppressing motion of the buffer device (33,
35) and canceling suppression of the motion;
and
a control section (71) configured to control the
left-right tilt angle control mechanism (74) and
the buffer control mechanism (75) based on in-
formation on at least a vehicle speed of the lean-
ing vehicle (1), wherein
the mechanism for controlling the left-right tilt
angle and the buffer control mechanism can op-
erate independently of each other, and charac-

terized in that
the control section (71) is configured to perform
control of causing the buffer control mechanism
(75) to suppress motion of the buffer device (33,
35) in a period in which the vehicle speed of the
leaning vehicle (1) is at least in a part of a low-
speed traveling range of an entire vehicle speed
range of the leaning vehicle (1) except for a stop
state and in at least a part of a period in which
the left-right tilt angle control mechanism (74)
controls the tilt angle, and the entire vehicle
speed range is divided into the low-speed
traveling range and a high-speed traveling
range.

2. The leaning vehicle (1) according to claim 1, wherein
the control section (71) is configured to continue con-
trol of suppressing the motion of the buffer device
(33, 35) by the buffer control mechanism (75) until
the leaning vehicle (1) stops.

3. The leaning vehicle (1) according to claim 2, wherein
the control section (71) is configured to continue the
control of suppressing the motion of the buffer device
(33, 35) by the buffer control mechanism (75) while
the leaning vehicle (1) is stopped.

4. The leaning vehicle (1) according to claim 3, wherein
the control section (71) is configured to cancel sup-
pression of the motion of the buffer device (33, 35)
by the buffer control mechanism (75) after the lean-
ing vehicle (1) starts traveling.

5. The leaning vehicle (1) according to any one of
claims 1 to 4, wherein
the control section (71) is configured to cancel sup-
pression of the motion of the buffer device (33, 35)
by the buffer control mechanism (75) based on in-
formation on at least one of a rider’s intention of caus-
ing the leaning vehicle (1) to travel or a rider’s inten-
tion of canceling suppression of the motion of the
buffer device (33, 35).

6. The leaning vehicle (1) according to any one of
claims 1 to 5, wherein
the control section (71) is configured to continue con-
trol of the tilt angle by the left-right tilt angle control
mechanism (74) until the leaning vehicle (1) stops.

7. The leaning vehicle (1) according to claim 6, wherein
the control section (71) is configured to continue the
control of the tilt angle by the left-right tilt angle con-
trol mechanism (74) while the leaning vehicle (1) is
stopped.

8. The leaning vehicle (1) according to claim 7, wherein
the control section (71) is configured to cancel the
control of the tilt angle by the left-right tilt angle con-

41 42 



EP 3 366 558 B1

23

5

10

15

20

25

30

35

40

45

50

55

trol mechanism (74) after the leaning vehicle (1)
starts traveling.

9. The leaning vehicle (1) according to any one of
claims 1 to 8, wherein
the control section (71) is configured to cancel the
control of the tilt angle by the left-right tilt angle con-
trol mechanism (74) based on information on at least
one of a rider’s intention of causing the leaning ve-
hicle (1) to travel or a rider’s intention of canceling
control of the tilt angle by the left-right tilt angle con-
trol mechanism (74).

10. The leaning vehicle (1) according to claim 5 or 9,
wherein
the control section (71) is configured to acquire the
information on the rider’s intention of causing the
leaning vehicle (1) to travel by detecting at least one
of an increase in a throttle opening degree, a de-
crease in a manipulated variable of a brake or can-
cellation of a brake operation, an increase in a vehi-
cle speed, or an increase in an acceleration in a front
direction of the vehicle or in a rear direction of the
vehicle.

11. The leaning vehicle (1) according to any one of
claims 1 to 10, wherein
the actuator (42) of the left-right tilt angle control
mechanism (74) is configured to apply a force
against rotation of the arm (51, 52) with respect to
the body frame (21).

12. The leaning vehicle (1) according to any one of
claims 1 to 11, wherein
the actuator (42) of the left-right tilt angle control
mechanism (74) is configured to apply a force for
rotating the arm (51, 52) with respect to the body
frame (21).

Patentansprüche

1. Ein Neigungsfahrzeug (1), das folgende Merkmale
aufweist:

einen Körperrahmen (21), der dazu ausgebildet
ist, beim Bewegen nach rechts in einer Links-
Rechts-Richtung des Neigungsfahrzeugs (1)
nach rechts zu kippen, und beim Bewegen nach
links in der Links-Rechts-Richtung des Nei-
gungsfahrzeugs (1) nach links zu kippen;
ein rechtes Rad (31) und ein linkes Rad (32),
die in einer Links-Rechts-Richtung des Körperr-
ahmens (21) angeordnet sind;
einen Verbindungsmechanismus (5), der einen
Arm (51, 52) umfasst, wobei der Arm (51, 52)
drehbar auf dem Körperrahmen (21) gestützt
wird und das rechte Rad (31) und das linke Rad

(32) stützt, wobei der Verbindungsmechanis-
mus (5) dazu ausgebildet ist, relative Positionen
des rechten Rads (31) und des linken Rads (32)
relativ zu dem Körperrahmen (21) in einer Oben-
Unten-Richtung des Neigungsfahrzeugs (1) zu
ändern und den Körperrahmen (21) in einer
Links-Richtung des Neigungsfahrzeugs (1) oder
in einer Rechts-Richtung des Neigungsfahr-
zeugs (1) durch Drehen des Arms (51, 52) in
Bezug auf den Körperrahmen (21) zu kippen;
eine Dämpfervorrichtung (33, 35), die dazu aus-
gebildet ist, eine Bewegung des rechten Rads
(31) und des linken Rads (32) in Bezug auf den
Körperrahmen (21) abzudämpfen;
einen Links-Rechts-Kippwinkelsteuermecha-
nismus (74), der eine Betätigungseinrichtung
(42) umfasst, die dazu ausgebildet ist, eine Dre-
hung des Arms (51, 52) in Bezug auf den Kör-
perrahmen (21) einzustellen, wobei der Links-
Rechts-Kippwinkelsteuermechanismus (74)
dazu ausgebildet ist, einen Kippwinkel des Kör-
perrahmens (21) in der Links-Richtung des Nei-
gungsfahrzeugs (1) oder in der Rechts-Richtung
des Neigungsfahrzeugs (1) zu steuern;
einen Dämpfersteuermechanismus (75), der ei-
ne zusätzliche Betätigungseinrichtung zum Un-
terdrücken einer Ausdehnung und Kontraktion
der Dämpfervorrichtung (33, 35) umfasst, die
dazu in der Lage ist, eine Bewegung der Dämp-
fervorrichtung (33, 35) zu unterdrücken und eine
Unterdrückung der Bewegung abzubrechen;
und
einen Steuerbereich (71), der dazu ausgebildet
ist, den Links-Rechts-Kippwinkelsteuermecha-
nismus (74) und den Dämpfersteuermechanis-
mus (75) auf der Basis von Informationen zu-
mindest über eine Fahrzeuggeschwindigkeit
des Neigungsfahrzeugs (1) zu steuern, wobei
der Mechanismus zum Steuern des Links-
Rechts-Kippwinkels und der Dämpfersteuerme-
chanismus unabhängig voneinander arbeiten
können, und dadurch gekennzeichnet, dass
der Steuerbereich (71) dazu ausgebildet ist, ei-
ne Steuerung auszuführen, um zu bewirken,
dass der Dämpfersteuermechanismus (75) eine
Bewegung der Dämpfervorrichtung (33, 35) in
einem Zeitraum unterdrückt, in dem sich die
Fahrzeuggeschwindigkeit des Neigungsfahr-
zeugs (1) zumindest in einem Teil eines
Niedriggeschwindigkeitsbewegungsbereichs
eines Gesamtfahrzeuggeschwindigkeitsbe-
reichs des Neigungsfahrzeugs (1) mit Ausnah-
me von einem Stoppzustand und in zumindest
einem Teil eines Zeitraums befindet, in dem der
Links-Rechts-Kippwinkelsteuermechanismus
(74) den Kippwinkel steuert, und wobei der
Gesamtfahrzeuggeschwindigkeitsbereich in
den Niedriggeschwindigkeitsbewegungsbe-
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reich und einen Hochgeschwindigkeitsbewe-
gungsbereich unterteilt wird.

2. Das Neigungsfahrzeug (1) gemäß Anspruch 1, wo-
bei
der Steuerbereich (71) dazu ausgebildet ist, eine
Steuerung des Unterdrückens der Bewegung der
Dämpfervorrichtung (33, 35) durch den Dämpfer-
steuermechanismus (75) fortzusetzen, bis das Nei-
gungsfahrzeug (1) anhält.

3. Das Neigungsfahrzeug (1) gemäß Anspruch 2, wo-
bei
der Steuerbereich (71) dazu ausgebildet ist, die
Steuerung des Unterdrückens der Bewegung der
Dämpfervorrichtung (33, 35) durch den Dämpfer-
steuermechanismus (75) fortzusetzen, während das
Neigungsfahrzeug (1) angehalten hat.

4. Das Neigungsfahrzeug (1) gemäß Anspruch 3, wo-
bei
der Steuerbereich (71) dazu ausgebildet ist, ein Un-
terdrücken der Bewegung der Dämpfervorrichtung
(33, 35) durch den Dämpfersteuermechanismus
(75) abzubrechen, nachdem sich das Neigungsfahr-
zeug (1) in Bewegung gesetzt hat.

5. Das Neigungsfahrzeug (1) gemäß einem der An-
sprüche 1 bis 4, wobei
der Steuerbereich (71) dazu ausgebildet ist, ein Un-
terdrücken der Bewegung der Dämpfervorrichtung
(33, 35) durch den Dämpfersteuermechanismus
(75) abzubrechen auf der Basis von Informationen
über eine Absicht eines Fahrers, zu bewirken, dass
sich das Neigungsfahrzeug (1) in Bewegung setzt,
und/oder über eine Absicht eines Fahrers, ein Un-
terdrücken der Bewegung der Dämpfervorrichtung
(33, 35) abzubrechen.

6. Das Neigungsfahrzeug (1) gemäß einem der An-
sprüche 1 bis 5, wobei
der Steuerbereich (71) dazu ausgebildet ist, eine
Steuerung des Kippwinkels durch den Links-Rechts-
Kippwinkelsteuermechanismus (74) fortzusetzen,
bis das Neigungsfahrzeug (1) anhält.

7. Das Neigungsfahrzeug (1) gemäß Anspruch 6, wo-
bei
der Steuerbereich (71) dazu ausgebildet ist, die
Steuerung des Kippwinkels durch den Links-Rechts-
Kippwinkelsteuermechanismus (74) fortzusetzen,
während das Neigungsfahrzeug (1) angehalten hat.

8. Das Neigungsfahrzeug (1) gemäß Anspruch 7, wo-
bei
der Steuerbereich (71) dazu ausgebildet ist, die
Steuerung des Kippwinkels durch den Links-Rechts-
Kippwinkelsteuermechanismus (74) abzubrechen,

nachdem sich das Neigungsfahrzeug (1) in Bewe-
gung gesetzt hat.

9. Das Neigungsfahrzeug (1) gemäß einem der An-
sprüche 1 bis 8, wobei der Steuerbereich (71) dazu
ausgebildet ist, die Steuerung des Kippwinkels
durch den Links-Rechts-Kippwinkelsteuermecha-
nismus (74) abzubrechen auf der Basis von Infor-
mationen über eine Absicht eines Fahrers, zu bewir-
ken, dass sich das Neigungsfahrzeug (1) in Bewe-
gung setzt, und/oder eine Absicht eines Fahrers, ei-
ne Steuerung des Kippwinkels durch den Links-
Rechts-Kippwinkelsteuermechanismus (74) abzu-
brechen.

10. Das Neigungsfahrzeug (1) gemäß Anspruch 5 oder
9, wobei
der Steuerbereich (71) dazu ausgebildet ist, die In-
formationen über die Absicht des Fahrers, zu bewir-
ken, dass sich das Neigungsfahrzeug (1) in Bewe-
gung setzt, durch Detektieren einer Erhöhung eines
Drosselöffnungsgrades, einer Verringerung einer
Stellgröße einer Bremse oder eines Abbruchs einer
Bremsbetätigung, einer Erhöhung einer Fahrzeug-
geschwindigkeit, und/oder einer Erhöhung einer Be-
schleunigung in einer Vorwärtsrichtung des Fahr-
zeugs oder in einer Rückwärtsrichtung des Fahr-
zeugs zu erhalten.

11. Das Neigungsfahrzeug (1) gemäß einem der An-
sprüche 1 bis 10, wobei die Betätigungseinrichtung
(42) des Links-Rechts-Kippwinkelsteuermechanis-
mus (74) dazu ausgebildet ist, eine Kraft gegen eine
Drehung des Arms (51, 52) in Bezug auf den Kör-
perrahmen (21) anzuwenden.

12. Das Neigungsfahrzeug (1) gemäß einem der An-
sprüche 1 bis 11, wobei die Betätigungseinrichtung
(42) des Links-Rechts-Kippwinkelsteuermechanis-
mus (74) dazu ausgebildet ist, eine Kraft zum Drehen
des Arms (51, 52) in Bezug auf den Körperrahmen
(21) anzuwenden.

Revendications

1. Véhicule à inclinaison (1), comprenant:

un châssis de carrosserie (21) configuré pour
s’incliner vers la droite lorsqu’il vire à droite dans
une direction gauche-droite du véhicule à incli-
naison (1), et pour s’incliner vers la gauche lors-
qu’il vire à gauche dans la direction gauche-droi-
te du véhicule à inclinaison (1);
une roue droite (31) et une roue gauche (32) qui
sont disposées dans une direction gauche-droi-
te du châssis de carrosserie (21);
un mécanisme de liaison (5) comportant un bras
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(51, 52), où le bras (51, 52) est supporté en ro-
tation sur le châssis de carrosserie (21) et sup-
porte la roue droite (31) et la roue gauche (32),
le mécanisme de liaison (5) étant configuré pour
modifier les positions relatives de la roue droite
(31) et de la roue gauche (32) par rapport au
châssis de carrosserie (21) dans une direction
de haut en bas du véhicule à inclinaison (1) et
pour incliner le châssis de carrosserie (21) dans
la direction à gauche du véhicule à inclinaison
(1) ou dans la direction à droite du véhicule à
inclinaison (1) en faisant tourner le bras (51, 52)
par rapport au châssis de carrosserie (21);
un dispositif tampon (33, 35) configuré pour tam-
ponner le déplacement de la roue droite (31) et
de la roue gauche (32) par rapport au châssis
de carrosserie (21);
un mécanisme de commande d’angle d’inclinai-
son gauche-droite (74) comportant un action-
neur (42) configuré pour régler la rotation du
bras (51, 52) par rapport au châssis de carros-
serie (21), le mécanisme de commande d’angle
d’inclinaison gauche-droite (74) étant configuré
pour commander un angle d’inclinaison du
châssis de carrosserie (21) dans la direction à
gauche du véhicule à inclinaison (1) ou dans la
direction à droite du véhicule à inclinaison (1);
un mécanisme de commande tampon (75) com-
portant un actionneur additionnel destiné à sup-
primer l’extension et la contraction du dispositif
tampon (33, 35) à même de supprimer le dépla-
cement du dispositif tampon (33, 35) et d’annu-
ler la suppression du déplacement; et
un segment de commande (71) configuré pour
commander le mécanisme de commande d’an-
gle d’inclinaison gauche-droite (74) et le méca-
nisme de commande de tampon (75) sur base
d’informations sur au moins une vitesse du vé-
hicule à inclinaison (1),
dans lequel
le mécanisme de commande de l’angle d’incli-
naison gauche-droite et le mécanisme de com-
mande de tampon peuvent fonctionner indépen-
damment l’un de l’autre, et
caractérisé par le fait que le segment de com-
mande (71) est configuré pour effectuer la com-
mande pour amener le mécanisme de comman-
de de tampon (75) à supprimer le déplacement
du dispositif tampon (33, 35) dans un laps de
temps pendant lequel la vitesse du véhicule à
inclinaison (1) se situe au moins dans une partie
d’une plage de déplacement à faible vitesse
d’une plage de vitesses de véhicule entière du
véhicule à inclinaison (1), sauf un état d’arrêt,
et dans au moins une partie d’un laps de temps
pendant lequel le mécanisme de commande
d’angle d’inclinaison gauche-droite (74) com-
mande l’angle d’inclinaison, et la plage de vites-

ses de véhicule entière est divisée en plage de
déplacement à faible vitesse et plage de dépla-
cement à grande vitesse.

2. Véhicule à inclinaison (1) selon la revendication 1,
dans lequel
le segment de commande (71) est configuré pour
continuer la commande de suppression du déplace-
ment du dispositif tampon (33, 35) par le mécanisme
de commande de tampon (75) jusqu’à ce que le vé-
hicule à inclinaison (1) s’arrête.

3. Véhicule à inclinaison (1) selon la revendication 2,
dans lequel
le segment de commande (71) est configuré pour
continuer la commande de suppression du déplace-
ment du dispositif tampon (33, 35) par le mécanisme
de commande de tampon (75) tandis que le véhicule
à inclinaison (1) est arrêté.

4. Véhicule à inclinaison (1) selon la revendication 3,
dans lequel
le segment de commande (71) est configuré pour
annuler la suppression du déplacement du dispositif
tampon (33, 35) par le mécanisme de commande de
tampon (75) après que le véhicule à inclinaison (1)
commence à se déplacer.

5. Véhicule à inclinaison (1) selon l’une quelconque des
revendications 1 à 4, dans lequel
le segment de commande (71) est configuré pour
annuler la suppression du déplacement du dispositif
tampon (33, 35) par le mécanisme de commande de
tampon (75) sur base d’informations sur au moins
l’une parmi l’intention d’un conducteur d’amener le
véhicule à inclinaison (1) à se déplacer ou l’intention
d’un conducteur d’annuler la suppression du dépla-
cement du dispositif tampon (33, 35).

6. Véhicule à inclinaison (1) selon l’une quelconque des
revendications 1 à 5, dans lequel
le segment de commande (71) est configuré pour
continuer la commande de l’angle d’inclinaison par
le mécanisme de commande d’angle d’inclinaison
gauche-droite (74) jusqu’à ce que le véhicule à in-
clinaison (1) s’arrête.

7. Véhicule à inclinaison (1) selon la revendication 6,
dans lequel
le segment de commande (71) est configuré pour
continuer la commande de l’angle d’inclinaison par
le mécanisme de commande d’angle d’inclinaison
gauche-droite (74) tandis que le véhicule à inclinai-
son (1) est arrêté.

8. Véhicule à inclinaison (1) selon la revendication 7,
dans lequel
le segment de commande (71) est configuré pour
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annuler la commande de l’angle d’inclinaison par le
mécanisme de commande d’angle d’inclinaison gau-
che-droite (74) après que le véhicule à inclinaison
(1) commence à se déplacer.

9. Véhicule à inclinaison (1) selon l’une quelconque des
revendications 1 à 8, dans lequel
le segment de commande (71) est configuré pour
annuler la commande de l’angle d’inclinaison par le
mécanisme de commande d’angle d’inclinaison gau-
che-droite (74) sur base d’informations sur au moins
l’une parmi l’intention d’un conducteur d’amener le
véhicule à inclinaison (1) à se déplacer ou l’intention
d’un conducteur d’annuler la commande de l’angle
d’inclinaison par le mécanisme de commande d’an-
gle d’inclinaison gauche-droite (74).

10. Véhicule à inclinaison (1) selon la revendication 5
ou 9, dans lequel
le segment de commande (71) est configuré pour
acquérir les informations sur l’intention du conduc-
teur d’amener le véhicule à inclinaison (1) à se dé-
placer en détectant au moins l’une parmi une aug-
mentation du degré d’ouverture de la soupape
d’étranglement, une diminution d’une variable ma-
nipulée d’un frein ou l’annulation d’un actionnement
de frein, une augmentation de la vitesse de véhicule,
ou une augmentation d’une accélération dans une
direction en avant du véhicule ou dans une direction
en arrière du véhicule.

11. Véhicule à inclinaison (1) selon l’une quelconque des
revendications 1 à 10, dans lequel
l’actionneur (42) du mécanisme de commande d’an-
gle d’inclinaison gauche-droite (74) est configuré
pour appliquer une force contre la rotation du bras
(51, 52) par rapport au châssis de carrosserie (21).

12. Véhicule à inclinaison (1) selon l’une quelconque des
revendications 1 à 11, dans lequel
l’actionneur (42) du mécanisme de commande d’an-
gle d’inclinaison gauche-droite (74) est configuré
pour appliquer une force pour faire tourner le bras
(51, 52) par rapport au châssis de carrosserie (21).
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