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ROLLING TYPE VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority under 35
USC 119 to Japanese Patent Application No. 2015-024461
filed Feb. 10, 2015 the entire contents of which are hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a rolling type
vehicle.

[0004] 2. Description of Background Art

[0005] A rolling type vehicle having a pair of left and right

front wheels wherein a vehicle body is capable of lateral
swinging, or rolling is known. See, for example, U.S. Pat. No.
8,123,240. This rolling type vehicle includes a control unit
adapted to control an actuator on the basis of the detection
results by vehicle speed, steering torque and lean angle sen-
sors and the like.

[0006] Meanwhile, in the control of the actuator in such a
rolling type vehicle as above-mentioned, the calculation of an
appropriate operation amount in conformity with the driver’s
intention has been a main task. The ability to achieve a smooth
operation of the actuator is desirable.

SUMMARY AND OBJECTS OF THE
INVENTION

[0007] Accordingly, it is an object of an embodiment of the
present invention to achieve a smooth operation of an actua-
tor, in a rolling type vehicle which has a pair of left and right
front wheels and in which a vehicle body is capable of rolling.
[0008] According to an embodiment of the present inven-
tion, arolling type vehicle (1) is provided having a pair of left
and right front wheels (21, 2R) and having a vehicle body
(1A) capable of rolling. The rolling type vehicle (1) includes
a pair of left and right arm members (21, 23) which are
supported in a swingable manner by the vehicle body (1A) on
inner sides in a transverse direction and which support the left
and right front wheels (2L, 2R) in a steerable manner on outer
sides in the transverse direction, respectively. A shock
absorber support arm (44) is provided that has a transversely
central portion thereof supported by the vehicle body (1A) in
a swingable manner and which is connected to the left and
right arm members (21, 23) through shock absorber units (31)
on outer sides in the transverse direction, respectively. An
actuator (41) is capable of controlling the swinging of the
shock absorber support arm (44). In the rolling type vehicle
(1), aload detection unit (47), adapted to detect a load trans-
mitted between the shock absorber support arm (44) and the
actuator (41), is provided at a connection portion (40)
between the actuator (41) and the shock absorber support arm
(44). The rolling type vehicle (1) further includes a control
unit (49) adapted to control the actuator (41) on the basis of
detection results by the load detection unit (47).

[0009] According to an embodiment of the present inven-
tion, the control unit (49) controls the actuator (41) so as to
reduce at least a load inputted from the shock absorber sup-
port arm (44) to the actuator (41), of loads transmitted
between the shock absorber support arm (44) and the actuator
41).
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[0010] According to an embodiment of the present inven-
tion, a swing arm (43) connected to the load detection unit
(47) 1s connected to an output portion (41a) of the actuator
(41), and the swing arm (43) describes a circular arc-shaped
trajectory (KC) in conjunction with an operation of the actua-
tor (41).

[0011] According to an embodiment of the present inven-
tion, the load detection unit (47) is rotatably connected
respectively to the swing arm (43) and the shock absorber
support arm (44), and a connection portion (435) between the
load detection unit (47) and the swing arm (43) and a connec-
tion portion (465) between the load detection unit (47) and the
shock absorber support arm (44) are deviated from each other
in a direction along the trajectory (KC), as viewed from a
direction along an axis (C8) about which the shock absorber
support arm (44) can swing.

[0012] According to an embodiment of the present inven-
tion, the load detection unit (47) is formed in a tubular shape,
and a center axis (C10) of the load detection unit (47) is
disposed along a vehicle width direction.

[0013] According to an embodiment of the present inven-
tion, a swing arm (43) connected to the load detection unit
(47) 1s connected to an output portion (41a) of the actuator
(41), the load detection unit (47) is rotatably connected
respectively to the swing arm (43) and the shock absorber
support arm (44), and spherical bearings (48a, 48b) are pro-
vided respectively at a connection portion (435) between the
load detection unit (47) and the swing arm (43) and at a
connection portion (465) between the load detection unit (47)
and the shock absorber support arm (44).

[0014] According to an embodiment of the present inven-
tion, the load detection unit adapted to detect the load trans-
mitted between the shock absorber support arm and the actua-
tor is provided at the connection portion between the actuator
and the shock absorber support arm, whereby the load trans-
mitted between the shock absorber support arm and the actua-
tor can be detected directly. Therefore, the load transmitted
between the shock absorber support arm and the actuator can
be detected smoothly, as compared with the case where the
load detection unit is provided at other portion than the con-
nection portion between the actuator and the shock absorber
support arm. In addition, the control unit adapted to control
the actuator on the basis of the detection results by the load
detection unit is further provided. With this configuration, the
actuator can be smoothly controlled by the control unit on the
basis of the detection results detected by the load detection
device. Consequently, the operation of the actuator can be
performed smoothly. In addition, the load transmitted
between the shock absorber support arm and the actuator can
be detected with higher accuracy. Thus, the operation of the
actuator can be performed with higher accuracy, as compared
with the case where the load detection unit is provided at
another portion than the connection portion between the
actuator and the shock absorber support arm.

[0015] According to an embodiment of the present inven-
tion, the actuator is controlled by the control unit so as to
reduce at least the load inputted from the shock absorber
support arm to the actuator, of the loads transmitted between
the shock absorber support arm and the actuator. With this
configuration, controlling the actuator so as to increase the
load inputted from the shock absorber support arm to the
actuator can be obviated. Therefore, the actuator can be con-
trolled in such a manner as not to hamper natural lateral
swinging (natural rolling motion) of the vehicle body.
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[0016] According to an embodiment of the present inven-
tion, the swing arm connected to the load detection unit is
connected to the output portion of the actuator, and the swing
arm is made to describe a circular arc-shaped trajectory in
conjunction with the operation of the actuator. This results in
that the trajectory described by the swing arm is disposed on
a concentric circle with respect to the rotational center of the
actuator. Therefore, detection of the load transmitted between
the shock absorber support arm and the actuator can be facili-
tated.

[0017] According to an embodiment of the present inven-
tion, the load detection unit is rotatably connected respec-
tively to the swing arm and the shock absorber support arm. In
addition, the connection portion between the load detection
unit and the swing arm and the connection portion between
the load detection unit and the shock absorber support arm are
deviated from each other in the direction along the trajectory,
as viewed from the direction along the axis about which the
shock absorber support arm can swing. With this configura-
tion, a positional discrepancy between the connection portion
between the load detection unit and the swing arm and the
connection portion between the load detection unit and the
shock absorber support arm can be allowed, as contrasted to
the case where the connection portion between the load detec-
tion unit and the swing arm and the connection portion
between the load detection unit and the shock absorber sup-
port arm are set to coincide with each other. In addition, the
structure for detection of the load transmitted between the
shock absorber support arm and the actuator can be simpli-
fied. Thus, the structure of the load detection unit can be
simplified, as compared with the case where the connection
portion between the load detection unit and the swing arm and
the connection portion between the load detection unit and
shock absorber support arm are coincident with each other, as
viewed from the direction along the axis about which the
shock absorber support arm can swing.

[0018] According to an embodiment of the present inven-
tion, the load detection unit is formed in a tubular shape, and
the center axis of the load detection unit is disposed along the
vehicle width direction (transverse direction). This enables
the load detection unit to be laid out in a compact form in the
longitudinal vehicle direction, as compared with the case
where the center axis of the load detection unit is disposed
along the longitudinal vehicle direction. In addition, the
structure for detecting the load transmitted between the shock
absorber support arm and the actuator can be realized easily.
Thus, the structure of the load detection unit can be simpli-
fied, as compared with the case where the center axis of the
load detection unit is disposed along the longitudinal vehicle
direction.

[0019] According to an embodiment of the present inven-
tion, the swing arm connected to the load detection unit is
connected to the output portion of the actuator, and the load
detectionunit is rotatably connected respectively to the swing
arm and the shock absorber support arm. In addition, the
spherical bearings are provided respectively at the connection
portion between the load detection unit and the swing arm and
at the connection portion between the load detection unit and
the shock absorber support arm. Owing to this configuration,
it is ensured that even in the case where the output portion of
the actuator, the connection portion between the load detec-
tion unit and the swing arm, and the connection portion
between the load detection unit and the shock absorber sup-
port arm are positionally deviated from each other due to
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dimensional dispersion on an article basis, the positional
deviations can be absorbed by the spherical bearings.

[0020] Further scope of applicability of the present inven-
tion will become apparent from the detailed description given
hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present
invention, and wherein:

[0022] FIG. 1 is a left side view of a vehicle body front
portion of a two-front-wheeled saddle type vehicle in one
embodiment of the present invention;

[0023] FIG. 2 is a right side view of a two-front-wheel
suspension system of the saddle type vehicle in a state where
a right front wheel has been removed;

[0024] FIG. 3 is a view along arrow III of FIG. 2 (a front
view as viewed from an axial direction of upper and lower roll
shafts);

[0025] FIG. 4is a view along arrow [V of FIG. 2 (a top plan
view as viewed from an axial direction of a steering shaft);
[0026] FIG. 5 is a view along arrow V of FIG. 2 (a bottom
view as viewed from the axial direction of the steering shaft);
[0027] FIG. 6 is a perspective view of the two-front-wheel
suspension system;

[0028] FIGS. 7(a), 7(b) and 7(c) illustrate a steering link
mechanism of the two-front-wheel suspension system,
wherein 7(a) depicts a state when a turning angle is 0 degrees,
7(b) depicts a state at the time of steering to the left, and 7(c)
depicts a state at the time of steering to the right;

[0029] FIG. 8 is a view along an arrow corresponding to
FIG. 3, showing a state where a vehicle body rolls to the right
side;

[0030] FIG. 9 is a right side view of a front suspension
frame body;
[0031] FIG. 10 is a view including a sectional view taken

along line X-X of FIG. 2;

[0032] FIG. 11 is an exploded perspective view of left and
right upper arms of the two-front-wheel suspension system;
[0033] FIG. 12 is an enlarged view of FIG. 3;

[0034] FIG. 13 is a view including a section along line
XII-XIIT of FIG. 4 (a rear view as viewed from the axial
direction of the upper and lower roll shafts);

[0035] FIGS. 14(a), 14(b) and 14(c) show rear views of the
two-front-wheel suspension system along the upper and
lower roll shafts at the time of steering to the left, wherein
14(a) depicts a state when the vehicle body is upright, 14(5)
depicts a state when the vehicle body rolls to the left (a state
at the time of banking at a bank angle slightly shallower than
a full-bank state), and 14(c) depicts a state when the vehicle
body rolls to the left (a substantially full-bank state);

[0036] FIGS. 15(a), 15(b) and 15(c) illustrate the steering
link mechanism of the two-front-wheel suspension system at
the time of steering to the left, wherein 15(a) depicts a state
when the vehicle body is upright, 15(5) depicts a state when
the vehicle body rolls to the left (a state at the time of banking
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at a bank angle slightly shallower than a full-bank state), and
15(c) depicts a state when the vehicle body rolls to the left (a
substantially full-bank state);

[0037] FIG. 16 is a top plan view corresponding to FIG. 4,
showing a two-front-wheel suspension system according to a
modification of the embodiment as viewed from an axial
direction of a steering shaft; and

[0038] FIG.17isaperspective view, corresponding to FIG.
6, of the two-front-wheel suspension system according to the
modification.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0039] An embodiment of the present invention will be
described below, referring to the drawings. It is to be noted
that the directions such as forward, rearward, leftward and
rightward directions in the following description are the same
as those directions with reference to a vehicle described here-
inbelow, unless otherwise specified. In addition, at appropri-
ate locations in the drawings used in the following descrip-
tion, there are shown an arrow FR indicative of the front side
of the vehicle, an arrow LH indicative of the left-hand side of
the vehicle, and an arrow UP indicative of the upper side of
the vehicle. In addition, line CL in the drawings is a longitu-
dinally extending vehicle body center line.

[0040] FIG.1shows a vehicle body front portion ofa saddle
type vehicle 1 in the present embodiment. The saddle type
vehicle 1 is a two-front-wheeled three-wheel rolling type
vehicle which includes a pair of left and right front wheels
(steered wheels) 2 in left-right symmetry at vehicle body front
portions, and a rear wheel (not shown) as a single driving
wheel at a vehicle body rear portion, and which is capable of
lateral swinging (rolling) of the vehicle body with the left and
right front wheels 2 in a set state. Symbol COW in the drawing
indicates a cowling which covers a vehicle body front portion
of the saddle type vehicle 1.

[0041] In the following, unless otherwise specified,
description will be made of a configuration in a condition
where the left and right front wheels 2 are grounded on a
horizontal road surface R, the vehicle body is in a 1G condi-
tion in which a load corresponding to the vehicle weight is
exerted on a two-front-wheel suspension system 4 (described
later), the vehicle body is in an upright state with a roll angle
of 0 degrees, and the left and right front wheels 2 are in a
straight ahead state with a steering angle of 0 degrees. The
configuration described below is in left-right symmetry about
the center in the transverse direction, unless specified other-
wise. In the present embodiment, the left-hand component of
a configuration composed of a pair of left and right compo-
nents may be denoted by a symbol attended by “L,” and the
right-hand component may be denoted by a symbol attended
by “R” for distinguishing the components, and they may be
denoted by only the symbol not attended by “L” or “R.”
[0042] Referring to FIGS. 2, 3 and 6 in combination, the
saddle type vehicle 1 has a configuration in which a front
suspension frame body 5 supporting the two-front-wheel sus-
pension system 4 is fixed to a front portion of, for example, a
horizontal opposed engine 3 mounted in a center of the
vehicle body. On the front suspension frame body 5, a lower
portion of a steering shaft 12 extending vertically in a center
in the transverse direction (in a center in the vehicle width
direction) is rotatably supported. A bar-type steering handle,
or steering handlebar, 11 is mounted to an upper end portion
of the steering shaft 12.
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[0043] The steering shaft 12 has its center axis (steering
axis) C1 disposed on a longitudinally extending vehicle body
center line CL. The steering axis C1 is inclined so that its
upper-side portion is located on the rear side with reference to
the vertical direction in side view. To a lower end portion of
the steering shaft 12, a base end portion of a bottom bracket
124 is fixed. To a tip portion of the bottom bracket 124, a rear
end portion of a link rod 13 extending in the longitudinal
vehicle direction is connected. To a front end portion of the
link rod 13, a steering link mechanism 17 is connected. To the
steering link mechanism 17, left and right knuckle members
261 and 26R are connected through left and right tie rods 16 L.
and 16R, respectively. On the left and right knuckle members
261 and 26R, the left and right front wheels 2L and 2R are
rotatably supported, respectively. Rotation of the steering
handlebar 11 and steering of the left and right front wheels 2L,
and 2R are interlocked with each other through the steering
shaft 12, the link rod 13, the steering link mechanism 17, the
left and right tie rods 16L. and 16R and the left and right
knuckle members 261 and 26R.

[0044] Referring to FIGS. 2, 3 and 6, the two-front-wheel
suspension system 4 enables the vehicle body 1A inclusive of
the front suspension frame body 5 and the engine 3 and the
like to roll with the left and right front wheels 2L and 2R kept
grounded, and enables the left and right front wheels 2. and
2R to similarly roll in accordance with the rolling of the
vehicle body 1A. By contrast, the two-front-wheel suspen-
sion system 4 enables the left and right front wheels 2L and
2R to alternately move up and down with reference to the
vehicle body 1A.

[0045] The two-front-wheel suspension system 4 is in a
double wishbone form in which the left and right front wheels
2L and 2R are independently suspended, and in which outer
link members 25 are supported through upper arms 21 and
lower arms 23 on left and right sides of the front suspension
frame body 5 extending forwardly of the steering shaft 12 in
the center of the vehicle width direction. On the left and right
outer link members 251 and 25R, the left and right knuckle
members 261 and 26R and the front wheels 2L and 2R are
supported in a steerable manner, respectively.

[0046] Those inner end portions of the left and right upper
arms 211 and 21R which are located at the center in the
vehicle width direction are supported on an upper portion of
the front suspension frame body 5 in a vertically swingable
manner through an upper roll shaft 22 extending substantially
in the longitudinal direction of the vehicle. Those inner end
portions of the left and right lower arms 231 and 23R which
are located at the center in the vehicle width direction are
supported on a lower portion of the front suspension frame
body 5 in a vertically swingable manner through a lower roll
shaft 24 parallel to the upper roll shaft 22. Axes C2 and C3 of
the upper and lower roll shafts 22 and 24 are disposed in a
forwardly upwardly inclined posture with a smaller inclina-
tion angle with reference to the horizontal direction as com-
pared with a direction which is orthogonal to the axis C1 of
the steering shaft 12 in side view.

[0047] On outer end portions of the left and right upper
arms 21L and 21R, upper end portions of the left and right
outer link members 251 and 25R are supported in a swingable
manner through an upper outer swing shaft 25q parallel to the
upper and lower roll shafts 22 and 24. On outer end portions
of the left and right lower arms 23L and 23R, lower end
portions of the left and right outer link members 251, and 25R
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are supported in a swingable manner through a lower outer
swing shaft 255 parallel to the upper and lower roll shafts 22
and 24.

[0048] As viewed along the axial direction of the upper and
lower roll shafts 22 and 24, all the left and right upper arms
21L and 21R, the left and right lower arms 231 and 23R and
the left and right outer link members 251 and 25R are dis-
posed in the forms of parallel links on the left and right sides
of the vehicle body, respectively. This configuration ensures
that when the left and right upper arms 211 and 21R and the
left and right lower arms 231 and 23R swing vertically, the
left and right outer link members 251, and 25R, the left and
right knuckle members 261. and 26R and the left and right
front wheels 21 and 2R are moved up and down in a substan-
tially parallel manner (see FIG. 8).

[0049] In addition, as viewed along the axial direction of
the upper and lower roll shafts 22 and 24, the left and right tie
rods 161, and 16R are also provided to be substantially par-
allel to and equal in length to the left and right upper arms 211
and 21R and the left and right lower arms 231 and 23R. These
members are disposed in the forms of parallel links on the left
and right sides of the vehicle body, respectively. This con-
figuration ensures that when the left and right upper arms 211
and 21R and the left and right lower arms 230 and 23R swing
up and down, the left and right tie rods 16L. and 16R also
swing up and down substantially in parallel to the left and
right upper arms 21L and 21R and the left and right lower
arms 231 and 23R, thereby suppressing the influence on the
steering angles of the left and right front wheels 2L, and 2R.
[0050] Left and right shock absorber units 311, and 31R
which bear loads on the left and right front wheels 21 and 2R
respectively extend substantially vertically, on the upper side
of rear portions of the left and right lower arms 23L. and 23R.
The left and right shock absorber units 311, and 31R have their
lower end portions connected respectively to the left and right
lower arms 231 and 23R, and have their upper end portions
connected respectively to left and right end portions of a
shock absorber support arm 44 which extends substantially in
the transverse direction. The shock absorber support arm 44
has a configuration wherein its base portion 45 (shaft support
portion) at the center in the transverse direction is supported
on the front suspension frame body 5 in a swingable manner
through a shock absorber swing shaft 45a parallel to the upper
and lower roll shafts 22 and 24.

[0051] Left and right arm portions 44al. and 44aR inte-
grally possessed by the shock absorber support arm 44 are
disposed in the forms of parallel links on the left and right
sides of the vehicle body together with the left and right lower
arms 231 and 23R and the left and right shock absorber units
31L and 31R.

[0052] Referring to FIGS. 2, 6 and 9, the front suspension
frame body 5 is fixed to a front portion of the engine 3 through
a mount frame S5a. The front suspension frame body 5
includes a frame main body 6 which is disposed at the center
in the vehicle width direction and which has a gate-like shape
opening upward in side view, and a pair of left and right
reinforcement beams 6a arranged between left and right out-
side portions of the frame main body 5 and the mount frame
5a. The front suspension frame body 5 is provided to be
forwardly upwardly inclined as a whole. The frame main
body 6 and the left and right reinforcement beams 6a are
provided in an integral fashion by forming integrally from a
metallic material or by joining a plurality of members by
welding, fastening or the like. The inclination of the front
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suspension frame body 5 is such that the front suspension
frame body 5 is substantially parallel to the roll shafts 22 and
24 of the upper arms 21 and the lower arms 23.

[0053] The frame main body 6 is provided in a flat shape
suppressed in a transverse dimension. The frame main body 6
includes a rear side portion 7, a lower side portion 8 and a
front side portion 9 which form the gate-like shape. The upper
opening portion of the gate-like shape of the frame main body
6 is indicated by symbol 65.

[0054] The rear side portion 7 includes a mount connection
portion 7a connected and fixed to a substantially vertical front
surface portion of the mount frame 5a; a shaft support portion
7b for supporting a lower portion of the steering shaft 12 for
rotation about the steering axis C1 and a lower arm rear
support portion 7¢ for supporting rear base portions 2351 and
23hR of the left and right lower arms 23L and 23R of the
two-front-wheel suspension system 4 for vertical swinging; a
forward extending portion 7d extending to the front side of
the shaft support portion 7b. A shock absorber arm support
portion 7e is provided on the upper side of the front extending
portion 7d with an actuator rear end support portion 7f pro-
vided on the front side of the shock absorber arm support
portion 7e.

[0055] The lower arm rear support portion 7¢ has a gate-
like shape opening downward in side view for supporting the
rear base portions 2351 and 2356R of the left and right lower
arms 23L and 23R on the lower side thereof. The rear base
portions 2351 and 235R of the left and right lower arms 231
and 23R are disposed to be aligned in a front-rear relation-
ship. The rear base portions 2351, and 235R are supported by
the lower arm rear support portion 7¢ through a lower roll
shaft 245 which is forwardly upwardly inclined. In a space on
the upper side of the lower arm rear support portion 7¢, there
are disposed a lower end portion of the steering shaft 12
which penetrates the shaft support portion 76 downward and
the bottom bracket 12a.

[0056] The forward extending portion 7d extends substan-
tially in parallel to the upper and lower roll shafts 22 and 24.
The shock absorber arm support portion 7e over the forward
extending portion 7d has a gate-like shape opening to the
upper side in a side view. The base portion 45 at the center in
the transverse direction of the shock absorber support arm 44
extending in the transverse direction is disposed on the upper
side of the shock absorber arm support portion 7e. The base
portion 45 of the shock absorber support arm 44 is supported
by the shock absorber arm support portion 7e of the frame
main body 6 through the shock absorber swing shaft 45a
which is forwardly upwardly inclined to be parallel to the
upper and lower roll shafts 22 and 24. Front end portions of
the left and right reinforcement beams 6a are connected and
fixed to left and right outer sides of a front end portion of the
forward extending portion 7d4 by fastening or the like. Rear
end portions of the left and right reinforcement beams 6a are
connected and fixed to left and right outer sides of the rear side
portion 7 in the vicinity of the mount frame 5a by fastening or
the like.

[0057] To the actuator rear end support portion 7f on the
front side of the shock absorber arm support portion 7e, a rear
end portion 42a ofahousing 42 of an actuator 41 is connected
and fixed. The housing 42 of the actuator 41 has a hollow
cylindrical shape parallel to and coaxial with the shock
absorber swing shaft 45a. The housing 42 is provided in an
integral form by, for example, integrally forming from a
metallic material or joining a plurality of members by weld-
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ing, fastening or the like. At the outer circumference of the
rear end portion 42a of the housing 42, a plurality of rear end
mount portions 425 are integrally provided. At the outer cir-
cumference of the actuator rear end support portion 7f of the
frame main body 6, a plurality of frame-side mount portions
7g corresponding to the rear end mount portions 425 of the
housing 42 are integrally provided. To each of the frame-side
mount portions 7g, the corresponding rear end mount portion
425b is connected and fixed by fastening or the like.

[0058] The lower side portion 8 of the frame main body 6
extend obliquely forwardly upwardly in parallel to the upper
and lower roll shafts 22 and 24. On the lower side of a front
end portion of the lower side portion 8, there is provided a
lower arm front support portion 8a wherein front base por-
tions 23alL and 23aR of the left and right lower arms 231 and
23R are supported so that they can swing up and down. The
lower arm front support portion 8a has a gate-like shape
opening to the lower side in side view, and supports the front
base portions 23aL. and 23aR of the left and right lower arms
23L and 23R in the inside thereof.

[0059] The front base portions 23al. and 23aR of the left
and right lower arms 231 and 23R are disposed to be aligned
in a front-rear relationship. The front base portions 23al. and
23aR are supported by the lower arm front support portion 8a
through a lower roll shaft 24a which is inclined forwardly
upward. The lower roll shaft 244 is coaxial with the lower roll
shaft 245 of the lower arm rear support portion 7¢, and they
are configured as the integral lower roll shaft 24 from, for
example, an elongate shaft penetrating a lower portion of the
frame main body 6 in the longitudinal vehicle direction. It is
to be noted that the lower roll shafts 24a and 245 may be
formed as separate bodies from each other.

[0060] The front side portion 9 of the frame main body 6
includes an upper arm front support portion 9a which is
provided at the front side of an upper end portion of the front
side portion 9 and which supports front base portions 21al.
and 214aR of the left and right upper arms 211, and 21R in a
vertically swingable manner with a rearward extending por-
tion 95 extending to the rear side of the upper arm front
support portion 9a. A link support portion 9c is provided at a
lower portion of the rearward extending portion 96 with an
actuator front lower support portion 94 which is provided at
an upper portion of the rearward extending portion 95 and
which supports the lower side of a front portion of the housing
42 of the actuator 41.

[0061] At the lower side of the front portion of the housing
42, a front lower mount portion 42¢ is integrally provided.
The front lower mount portion 42¢ is connected and fixed to
the actuator front lower support portion 94 of the frame main
body 6 by fastening or the like. The upper opening portion 65
of the frame main body 6 having the gate-like shape in side
view is closed up by the housing 42 of the actuator 41,
whereby the front suspension frame body 5 having a closed
loop structure which is closed in side view is configured.
More specifically, the housing 42 of the actuator 41 functions
also as part of the front suspension frame body 5 ofthe vehicle
body 1A.

[0062] A rear end portion of the rearward extending portion
95, together with a front end portion of the forward extending
portion 7d of the rear side portion 7, constitutes an upper arm
rear support portion 9e which supports rear base portions
2151 and 215R of the left and right upper arms 211, and 21R
in a vertically swingable manner.
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[0063] Therearbase portions 2151 and 215R ofthe leftand
right upper arms 211 and 21R are disposed to be aligned in a
front-rear relationship. The rear base portions 2151 and 215R
are supported by the upper arm rear support portion 9e
through an upper roll shaft 226 which is inclined forwardly
upward. The front base portions 21al. and 21aR of the left and
right upper arms 211 and 21R are disposed to be aligned in a
front-rear relationship. The front base portions 21al. and
21aR are supported by the upper arm front support portion 9a
through an upper roll shaft 22a which is inclined forwardly
upward. The upper roll shafts 22a and 225 are coaxial with
each other, and are configured as the integral upper roll shaft
22 from, for example, an elongate shaft which penetrates an
upper portion of the frame main body 6 in the front-rear
direction. It is to be noted that the upper roll shafts 22a and
22b may be formed as separate bodies from each other.

[0064] Onto the upper roll shaft 22 having the center axis
C2 disposed on the longitudinally extending vehicle body
center line CL, the front base portions 21alL and 21aR and the
rear base portions 2151 and 215R of the left and right upper
arms 211 and 21R are individually supported through eccen-
tric collars (not shown). The left and right upper arms 211, and
21R swing about bearings externally fitted to the eccentric
collars, whereby the swinging centers of the left and right
upper arms 211 and 21R can be a little offset in the vehicle
width direction from the axial center of the upper roll shatt 22.
More specifically, the swinging center of the left upper arm
21L is offset to the right side of the axis C2 of the upper roll
shaft 22, whereas the swinging center of the right upper arm
21R is offset to the left side of the axis C2 of the upper roll
shaft 22. It is to be noted that the swinging center axis C3 of
the left and right lower arms 231 and 23R (corresponding to
the center axis C3 of the lower roll shaft 24) is disposed on the
longitudinally extending vehicle body center line CL.

[0065] Referring to FIGS. 2, 4 and 6, the actuator 41 is an
electric motor or fluidic apparatus which generates a torque
about a center axis C7 of the housing 42. The actuator 41 has,
atarear portion thereof; a front swing arm 43 which protrudes
obliquely to a left upper rear side and which swings about the
axis C7. A driving shaft (output portion) 41a is provided
sharing the axis C7 in the actuator 41. The front swing arm 43
is fixed to the driving shaft 41a and swings about the axis C7.
The front swing arm 43 and a rear swing arm 46 of the shock
absorber support arm 44 are spaced from each other along the
axial direction of the actuator 41. At a connection portion 40
between the front swing arm 43 and the rear swing arm 46,
there is provided a connection device 47 (load detection unit)
which enables the front and rear swing arms 43 and 46 to
swing as one body. The connection device 47 functions also
as a load detection unit which detects a load transmitted
between the front and rear swing arms 43 and 46.

[0066] The connection device 47 has a hollow cylindrical
shape. A center axis C10 of the connection device 47 is
disposed to be orthogonal to the shock absorber swing shaft
45a and be along the vehicle width direction. The connection
device 47 incorporates a load sensor for electrical detection of
a load (torque) about the shock absorber swing shaft 454
which is generated between the front and rear swing arms 43
and 46. A detected value obtained by the detection is inputted
to an ECU (Electronic Control Unit) 49 as a control unit for
controlling the operation of the actuator 41. The ECU 49
controls the actuator 41, on the basis of the results of the
detection by the connection device 47 functioning as the load
detection unit.
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[0067] The connection device 47 is connected so as to be
rotatable relative to the front and rear swing arms 43 and 46.
More specifically, the connection portion 40 is provided with
a connection link 48 for connection between left and right
outer end portions of the connection device 47 and tip por-
tions 435 and 465 of the front and rear swing arms 43 and 46.
The connection link 48, which extends along the vehicle
width direction, is provided at left and right end portions
thereof with left and right spherical bearings 48a and 485 as
connection portions for connection with the tip portions 435
and 464 of the front and rear swing arms 43 and 46, respec-
tively. Through the left spherical bearing 48a, the left end
portion of the connection link 48 is connected to the tip
portion 435 of the front swing arm 43 by a bolt 474 inserted
from the rear side. More specifically, through the right spheri-
cal bearing 485, the right end portion of the connection link
48 is connected to the tip portion 465 of the rear swing arm 46
by a bolt 475 inserted from the front side.

[0068] The front swing arm 43 extends by protruding
obliquely toward a left upper rear side from a base portion43a
exposed to a shaft support portion of the driving shaft 41a, to
reach the tip portion 435 which is connected to the left end
portion of the connection link 48 through the left spherical
bearing 48a. The rear swing arm 46 extends by protruding
obliquely toward a right upper front side from a base portion
46a exposed to the shaft support portion 45 of the shock
absorber swing shaft 45a, to reach the tip portion 465 which
is connected to the right end portion of the connection link 48
through the right spherical bearing 485.

[0069] As viewed from an axis C8 about which the shock
absorber support arm 44 can swing, the base portion 43a of
the front swing arm 43 is opposed to the base portion 46a of
the rear swing arm 46, with a spacing therebetween in the
direction along the axis C8.

[0070] Referring to FIG. 3, as the actuator 41 operates, the
front swing arm 43 describes a circular arc-shaped trajectory
KC centered on the swinging center (axis C7) of the front
swing arm 43 of the actuator 41. As viewed from the axis C8,
the tip portion 435 of the front swing arm 43 (the connection
portion between the connection device 47 and the front swing
arm 43) is positionally deviated from the tip portion 465 of the
rear swing arm 46 (the connection portion between the con-
nection device 47 and the rear swing arm 46) in a direction
along the trajectory KC. More specifically, as viewed from
the axis C8, the tip portion 435 of the front swing arm 43 is
deviated to the left side from the longitudinally extending
vehicle body center line CL, in the direction along the trajec-
tory KC. The tip portion 465 of the rear swing arm 46 is
deviated to the right side from the longitudinally extending
vehicle body center line CL, in the direction along the trajec-
tory KC.

[0071] The load about the shock absorber swing shaft 45a
which is generated between the front and rear swing arms 43
and 46 is generated according to an operation resistance
(torque) of the front swing arm 43 when the shock absorber
support arm 44 is going to swing in relation to the actuator 41
supported on the vehicle body side. More specifically, when
the vehicle body swings to the left and right (rolls), a load
about the shock absorber swing shaft 45a is generated
between the front and rear swing arms 43 and 46 in accor-
dance with the operation resistance of the front swing arm 43.
The ECU 49 controls the driving of the actuator 41 according
to a detected value of the load. The ECU 49 can control the
actuator 41 so as to reduce at least the load inputted from the
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rear swing arm 46 to the front swing arm 43, namely, the load
inputted from the shock absorber support arm 44 to the actua-
tor 41, of the load transmitted between the front and rear
swing arms 43 and 46.

[0072] Forexample, from adetected value supplied from an
inclination sensor (acceleration sensor) provided on the
vehicle body, the ECU 49 detects a moment in a falling
direction and a rising direction which acts on the vehicle
body, and controls the driving of the actuator 41 so that the
moment will not become excessively great.

[0073] Itis to be noted that the ECU 49 may be so config-
ured that, for example, when the saddle type vehicle 1 isin a
stopped state or a low vehicle speed state, the ECU 49 con-
trols the driving of the actuator 41 so as to maximize the
resistance to rolling of the vehicle body, and when the saddle
type vehicle 1 is in a middle or high vehicle speed state, the
ECU 49 controls the driving of the actuator 41 so as to weaken
the resistance to rolling of the vehicle body.

[0074] Referring to FIGS. 4 and 6, the upper arm 21 inte-
grally includes the front and rear base portions 21a and 215
which are rotatably supported on upper portions of the frame
main body 6; a link upper support portion 21¢ which rotatably
supports an upper end portion of the outer link member 25 at
a transversely outer end portion of the upper arm 21; a front
arm body 21d arranged between the front base portion 21a
and the link upper support portion 21¢; and a rear arm body
21e arranged between the rear base portion 2156 and a link
upper member.

[0075] The front and rear base portions 21a and 215 are
each formed in a hollow cylindrical shape parallel to the
upper roll shaft 22. The upper roll shaft 22 is disposed to
extend through the inside of the front and rear base portions
21a and 215. In the present embodiment, the front and rear
base portions 21al. and 215L of the left upper arm 21L are
aligned with the front and rear base portions 21aR and 215R
of the right upper arm 21R, so as to overlap with the latter
from the rear side, and these base portions are supported by
the frame main body 6 through the upper roll shaft 22. In other
words, as viewed in the axial direction of the upper roll shaft
22 (as viewed from the direction along the axis C2), the front
and rear base portions 21al. and 215L of the left upper arm
21L and the front and rear base portions 21aR and 215R of'the
right upper arm 21R overlap with each other.

[0076] The left and right upper arms 211 and 21R are so
configured so that the front and rear base portions 21a¢ and 215
on the left side differ from those on the right side in front-
rear-directional position, but that the link upper support por-
tions 21c¢ on the left and right sides are the same in front-rear-
directional position. For this reason, the left and right upper
arms 2101 and 21R are formed in left-right asymmetry by
making the front and rear arm bodies 21d and 21e different in
a bent shape or the like.

[0077] Referring to FIGS. 5 and 6, the lower arm 23 inte-
grally includes the front and rear base portions 23a and 235
which are rotatably supported on lower portions of the frame
main body 6; a link lower support portion 23¢ which rotatably
supports a lower end portion of the outer link member 25 at a
transversely outer end portion on the arm’s front side; a front
arm body 23d arranged between the front base portion 23a
and the link lower support portion 23¢; and a rear arm body
23e arranged between the rear base portion 2356 and a link
lower member. The rear arm body 23e includes a short arm
23e1 extending outwardly in the vehicle width direction from
the rear base portion 235; a longitudinal beam 232 arranged



US 2016/0229251 Al

between a front end portion of the short arm 23el and an
intermediate portion of the front arm body 23d; and an
inclined beam 23e3 arranged between an intermediate por-
tion of the longitudinal beam 232 and the link lower support
portion 23¢. On the outer side of the short arm 23el in the
vehicle width direction, a shock absorber lower support arm
23e4 is provided in the manner of extending the short arm
23e1. More specifically, a rear end portion of the longitudinal
beam 232 is connected to an intermediate portion of an arm
body composed of the short arm 23e1 and the shock absorber
lower support arm 23e4. A tip portion of the shock absorber
lower support arm 23e4 is a shock absorber lower support
portion 23e5. The longitudinal beams 23¢2 form a closed
loop together with the frame main body 6 (see FIG. 5),
whereby the rigidity of the lower arm 23 in the transverse
direction of the vehicle can be enhanced.

[0078] The front and rear base portions 23a and 235 are
each formed in a hollow cylindrical shape parallel to and
coaxial with the lower roll shaft 24. The lower roll shaft 24 is
disposed to extend through the inside of the front and rear
base portions 23a and 235. In the present embodiment, the
front and rear base portions 23al. and 235L of the left lower
arm 23L are aligned with the front and rear base portions
23aR and 23R of the right lower arm 23R, so as to overlap
with the latter from the rear side, and these base portions are
supported by the frame main body 6 through the lower roll
shaft 24. More specifically, as viewed in the axial direction of
the lower roll shaft 24 (as viewed from the direction along the
axis C3), the front and rear base portions 23alL and 235L of
the left lower arm 23L and the front and rear base portions
23aR and 23R of the right lower arm 23R overlap with each
other.

[0079] The left and right lower arms 231 and 23R are so
configured that the front and rear base portions 23a and 235
on the left side differ from those on the right side in longitu-
dinal-directional position, but that the link lower support
portions 23¢ and the shock absorber lower support portions
23¢5 on the left and right sides are the same in longitudinal-
directional position. For this reason, the left and right lower
arms 23L and 23R are formed in left-right asymmetry by
making the front and rear arm bodies 234 and 23e different in
a bent shape or the like.

[0080] Referring to FIG. 3, the distance from an axle center
C5 of the front wheels 21 and 2R to transversely outer end
portions 21¢L and 21¢R of the left and right upper arms 211
and 21R (the link upper support portions 21¢ which rotatably
support the upper end portions of the outer link members 25)
is denoted by symbol L1. The distance from the axle center
C5 to transversely outer end portions 23¢L. and 23¢R of the
left and right lower arms 231 and 23R (the link lower support
portions 23¢ which rotatably support the lower end portions
of the outer link members 25) is denoted by symbol L.2. The
distance L1 means the distance from the axle center C5 to the
centers of the upper outer swing shafts 254 at the transversely
outer end portions 21¢cL and 21¢R of the left and right upper
arms 21L and 21R, as viewed in the axial direction of the
upper and lower roll shafts 22 and 24 (as viewed in a direction
along the axes C2 and C3). The distance .2 means the dis-
tance from the axle center C5 to the centers of the lower outer
swing shafts 255 at the transversely outer end portions 23¢L.
and 23¢R of the left and right lower arms 230 and 23R, as
viewed in the axial direction of the upper and lower roll shafts
22 and 24.
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[0081] In the present embodiment, the distance L2 is
smaller than the distance L1 (.2<L.1). It is to be noted that the
distance [.2 may be greater than the distance L1. In other
words, it is sufficient for the distance L1 and the distance 1.2
to be different from each other.

[0082] Referring to FIGS. 10 to 12, in the present embodi-
ment, as viewed in the axial direction of the upper and lower
roll shafts 22 and 24, a center axis C11 of the front and rear
base portions 21al. and 215L of the left upper arm 21L (the
swinging center axis of the left upper arm 21L) and a center
axis C12 of the front and rear base portions 21aR and 2154R of
the right upper arm 21R (the swinging center axis of the right
upper arm 21R) are out of alignment with each other. More
specifically, as viewed in the axial direction of the upper and
lower roll shafts 22 and 24, the center axis C11 ofthe front and
rear base portions 21al. and 2151 of the left upper arm 211 is
disposed on the right side of the longitudinally extending
vehicle body center line CL,, whereas the center axis C12 of
the front and rear base portions 21aR and 215R of the right
upper arm 21R is disposed on the left side of the longitudi-
nally extending vehicle body center line CL.

[0083] Itistobenotedthatin the case where the distance .2
is greater than the distance L1, a center axis of the front and
rear base portions 23alL and 2351 of the left lower arm 231
and a center axis of the front and rear base portions 23aR and
235R ofthe right lower arm 23R may be out of alignment with
each other, as viewed in the axial direction of the upper and
lower roll shafts 22 and 24. More specifically, of the left and
right upper arms 21L and 21R and the left and right lower
arms 231 and 23R, those corresponding to the greater one of
the distances L1 and [.2 may have their swinging center axes
out of alignment with each other, as viewed in the axial
direction of the upper and lower roll shafts 22 and 24.
[0084] The front and rear base portions 21al. and 215L of
the left upper arm 211 and the front and rear base portions
21aR and 215R of the right upper arm 21R are supported by
eccentric collars 50 fitted to the same upper roll shaft 22.
[0085] A support structure for the front base portion 21al.
of the left upper arm 21L and the front base portion 21aR of
the right upper arm 21R, of the front and rear base portions
21al. and 2156L of the left upper arm 211 and the front and
rear base portions 21aR and 215R of the right upper arm 21R,
will be described below referring to FIGS. 10 to 12. It is to be
noted that a support structure for the rear base portion 215L of
the left upper arm 21L and the rear base portion 215R of the
right upper arm 21R is the same as the support structure for
the front base portion 21al. of the left upper arm 211 and the
front base portion 21aR of the right upper arm 21R. There-
fore, a detailed description thereof is omitted.

[0086] The front base portions 21al. and 21aR of the left
and right upper arms 211, and 21R extend in parallel to the
axis C2 of the upper roll shaft 22, and have hollow cylindrical
shapes centered on the center axes C11 and C12, respectively.
Outer circumference portions of the front base portions 21al.
and 214R of the left and right upper arms 211, and 21R are
integrally connected to transversely inner ends of the left and
right front arm bodies 214 which extend along the vehicle
width direction. The left and right front arm bodies 214 are
hollow.

[0087] Referring to FIG. 10, a length S1 of the front base
portions 21al. and 214aR of the left and right upper arms 211
and 21R extends along the axis C2 and a length S2 (outside
diameter) of the left and right front arm bodies 21d extends
along the axis C2. In the left and right upper arms 211 and
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21R, the length S1 values of the left and right front base
portions 21alL and 21aR are approximately equal, and the
length S2 values of the left and right front arm bodies 21d are
also approximately equal. In the present embodiment, the
length S1 of the front base portions 21al. and 214R is greater
than the length S2 of the front arm bodies 21d (S1>S2). By
this configuration, support rigidity of the left and right upper
arms 211 and 21R with respect to the upper roll shaft 22a can
be enhanced, as compared with the case where the length S1
of'the front base portions 21al. and 21aR is equal to or smaller
than the length S2 of the front arm bodies 214d.

[0088] The front base portions 21alL and 21aR of the left
and right upper arms 211 and 21R are formed with circular
insertion holes 21/ which are opening in a direction along the
axis C2 and which are centered on the center axes C11 and
C12, respectively.

[0089] Front and rear plates 51 are disposed at the front of
the front base portion 21aR of the right upper arm 21R and at
the rear of the front base portion 21aL. of the left upper arm
21L. An intermediate plate 52 is disposed between a rear
portion of the front base portion 21aR of the right upper arm
21R and a front portion of the front base portion 21al. of the
left upper arm 21L.. Each of the plates 51 and 52 is formed in
a plate-like form which has a rectangular shape elongated in
a direction orthogonal to the axis C2 (in a vertical direction as
viewed in the axial direction of the upper roll shaft 22 as
depicted in FIG. 12) and which has a thickness in the direction
along the axis C2.

[0090] The plates 51 and 52 are formed therein with circu-
lar insertion holes 51/ and 52/ which are opening in the
direction along the axis C2 and which are centered on the axis
C2. The insertion hole 51/ in the front plate 51 is formed in a
vertically intermediate portion of a plate main body on the left
side with respect to the center in the transverse direction. The
insertion hole 52/ in the intermediate plate 52 is formed in a
vertically intermediate portion of a plate main body in the
center in the transverse direction. The insertion hole 514 in
the rear plate 51 is formed in a vertically intermediate portion
of'aplate main body on the right side with respect to the center
in the transverse direction.

[0091] The front and rear plates 51 are formed respectively
with upper and lower insertion holes 51: for fixation to the
upper arm front support portion 9a. The upper and lower
insertion holes 51i are vertically spaced by a predetermined
distance from the insertion hole 51/ for insertion of the upper
roll shaft 224, are opening in the direction parallel to the axis
C2, and have a circular shape smaller than that of the insertion
hole 514.

[0092] The front and rear plates 51 are fixed to the upper
arm front support portion 9a by a bolt or the like extending
through the insertion hole 51i from the rear side or front side
along the axis C2. A bolt mounting portion of each of the front
and rear plates 51 is formed with spot facing (not shown). For
example, the depth of the spot facing (the maximum depth in
the normal direction to a major surface of each of the front and
rear plates 51) is so sized that when fixing the front and rear
plates 51 to the upper arm front support portion 9a by a bolt or
the like, the bolt head does not protrude from the major
surface of each of the front and rear plates 51.

[0093] The support structure for the front base portion
21al. of the left upper arm 211 and the front base portion
21aR of the right upper arm 21R is as follows. In a state in
which the front base portions 21aL. and 21aR of the left and
right upper arms 211 and 21R are disposed to be aligned in a
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front-rear relationship between a front portion and a rear
portion of the upper arm front support portion 9a, the upper
roll shaft 22a (bolt) is engaged with and fastened to a nut (not
shown) through an insertion hole 9% in the upper arm front
support portion 9a and the inner circumferences of the front
base portions 21al. and 21aR of the left and right upper arms
21L and 21R.

[0094] On the outer circumference of the upper roll shaft
22a, there are provided, for example the eccentric collars 50
which support ball bearings 53 and in which the upper roll
shaft 224 is inserted; and annular seal members 54 for ensur-
ing sealing properties between the inner circumferences of
the front base portions 21alL and 21aR of the left and right
upper arms 211 and 21R and the outer circumferences of the
eccentric collars 50. In the present embodiment, the ball
bearings 53, the eccentric collars 50 and the seal members 54
are provided in twos aligned in a front-rear relationship along
the axis C, respectively, in the front base portions 21al. and
21aR of the left and right upper arms 211 and 21R.

[0095] The front base portions 21al. and 21aR of the left
and right upper arms 211 and 21R are swingably supported
on the upper arm front support portion 9a through the upper
roll shaft 224, the plates 51 and 52, the eccentric collars 50,
and the ball bearings 53. The upper roll shaft 224, the plates
51 and 52, the eccentric collars 50, and inner races of the ball
bearings 53 are stationary supported on the upper arm front
support portion 9a. The front base portions 21alL and 21aR of
the left and right upper arms 211, and 21R are supported on
the outer circumferences of the eccentric collars 50 so that
they are swingable about the bearings.

[0096] At each of the inner circumferences of the front base
portions 21al. and 214aR of the left and right upper arms 211
and 21R, an annular projection 21g projecting radially
inwardly is integrally formed. Outer races of the ball bearings
53 abut on the projection 21g from the front and rear sides of
the projection 21g along the axis C2, at the inner circumfer-
ences of the front base portions 21al. and 21aR of the left and
right upper arms 211 and 21R. The eccentric collars 50 have
their end faces (orthogonal to the axis C2) abutting on each
other from the front and rear sides along the axis C2 at a
position exposed to the projection 21g.

[0097] Each ofthe eccentric collars 50 integrally includes a
hollow cylindrical cylinder portion 50a which extends in
parallel to the axis C2 and has a center axis coinciding with
the center axis C11 or C12; a head portion 505 which has a
hollow cylindrical shape greater than the cylinder portion 50a
in diameter and which has a bearing surface 50s1 making
contact with the plates 51 and 52; and a projecting portion 50¢
which projects from a transversely one end side of the head
portion 505 to a side opposite to the cylinder portion 50a and
which has a semicircular bearing surface 50s2. For example,
the eccentric collar 50 is made of metal, and the components
of'the eccentric collar 50 are integrally formed from the same
material.

[0098] As viewed from the direction along the axis C2, the
eccentric collar 50 provided at the front base portion 21al. of
the left upper arm 21L has an outer circumferential surface
eccentrically deviated to the right side from the axis C2. As
viewed from the direction along the axis C2, the projecting
portion 50c¢ of the eccentric collar 50 provided at the front
base portion 214l of the left upper arm 21L projects to a side
opposite to the cylinder portion 50q, on the right side of the
axis C2.
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[0099] On the other hand, as viewed from the direction
along the axis C2, the eccentric collar 50 provided at the front
base portion 21aR of the right upper arm 21R has an outer
circumferential surface eccentrically deviated to the left side
from the axis C2. As viewed from the direction along the axis
C2, the projecting portion 50c of the eccentric collar 50
provided at the front base portion 21aR of the right upper arm
21R projects to a side opposite to the cylinder portion 50a, on
the left side of the axis C2.

[0100] Referring to FIG. 10, a left side surface 51/ of the
front plate 51 makes contact with that surface 50s3 of the
projecting portion 50¢ of the front eccentric collar 50 pro-
vided at the front base portion 21aR of the right upper arm
21R which is exposed to the axis C2. A left side surface 52/ of
the intermediate plate 52 makes contact with the surface 5053
of the projecting portion 50c¢ of the rear eccentric collar 50
provided at the front base portion 21aR of the right upper arm
21R which is exposed to the axis C2. A right side surface 527
of the intermediate plate 52 makes contact with that surface
5053 of'the projecting portion 50¢ of the front eccentric collar
50 provided at the front base portion 21aLlL of the left upper
arm 21L which is exposed to the axis C2.

[0101] A right side surface 51 of the rear plate 51 makes
contact with that surface 5053 of the projecting portion 50c¢ of
the rear eccentric collar 50 provided at the front base portion
21al. of the left upper arm 211 which is exposed to the axis
C2.

[0102] For example, when the plates 51 and 52 are fixed to
the vehicle body 1A such as the upper arm front support
portion 9a, rotation of the projecting portion 50c¢ of each
eccentric collar 50 about the axis C2 is restricted, so that each
eccentric collar 50 can be restrained from slipping off about
the axis C2.

[0103] The eccentric collar 50 is formed with a circular
insertion hole 50/ which is opening in the direction along the
axis C2 and which is centered on the axis C2. As viewed from
the direction along the axis C2, the center axes C11 and C12
of'the eccentric collars 50 provided at the front base portions
21al. and 21aR of the left and right upper arms 211, and 21R
are shifted from each other, with the axis C2 therebetween.
More specifically, as viewed from the direction along the axis
C2, the center axis C11 of the eccentric collar 50 provided at
the front base portion 21al. of the left upper arm 21L is
deviated to the right side of the axis C2. On the other hand, the
center axis C12 of the eccentric collar 50 provided at the front
base portion 21aR of the right upper arm 21R is deviated to
the left side of the axis C2.

[0104] Referring to FIGS. 10 and 12, the deviation amount
(the distance in the vehicle width direction) between the
center axis C11 of the eccentric collar 50 provided at the front
base portion 21aL of the left upper arm 21L and the axis C2
of the upper roll shaft 22a is denoted by symbol W1. In
addition, the deviation amount (the distance in the vehicle
width direction) between the center axis C12 of the eccentric
collar 50 provided at the front base portion 21aR of the right
upper arm 21R and the axis C2 of the upper roll shaft 22a is
denoted by symbol W2. In the present embodiment, the
deviation amount W1 between the center axis C11 and the
axis C2 and the deviation amount W2 between the center axis
C12 and the axis C2 is approximately equal, and are, for
example, about 2 mm.

[0105] Referring to FIGS. 2, 3 and 6, the outer link member
25 extends substantially vertically. On the outer side of a
lower portion of the outer link member 25, there is provided
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aknuckle support portion 25¢ having a gate-like shape open-
ing to a transversely outer side in front view shown in FIG. 3.
On the knuckle support portion 25¢, a base portion 264 of the
knuckle member 26 is steerably supported, through a steering
shaft (kingpin shaft) 27 which is substantially parallel to the
steering shaft 12 in side view. On the knuckle member 26, a
front fender 2e is supported through front and rear stays 2f
[0106] Theknuckle member 26 integrally includes the base
portion 26a supported by the outer link member 25; an axle
support portion 265 provided at a vertically intermediate por-
tion of the base portion 26a; an outer rod connection portion
26¢ provided forwardly of the axle support portion 265; and
caliper support portions 264 extending forward from upper
and lower portions of the base portion 26a. On the axle
support portion 265, a hub 25 of the front wheel 2 is rotatably
supported through an axle 28. A wheel 2a of the front wheel
2 is fastened and fixed to the outside of the hub 25 through a
plurality of fastening portions 29 (see FIG. 1). At the outer
circumference of the hub 25, a brake rotor 24 is supported to
be rotatable integrally with the hub 24. The brake rotor 2d
constitutes a front brake, on the basis of each of the left and
right front wheels 2, together with a caliper 2¢ supported on
the caliper support portion 264d.

[0107] Inthe front view shown in FIG. 3, center axes (king-
pin axes) C9L and C9R of left and right kingpin shafts 271,
and 27R are disposed as vertical lines which are offset equi-
distantly to the left and the right from the longitudinally
extending vehicle body center line CL. In side view, on the
other hand, the kingpin axes C9 are each disposed at an
upwardly rearward inclination. It is to be noted that the king-
pin axes C9 may be inclined in the front view in correspon-
dence with the offset of the swinging center of the upper arms
21.

[0108] An intersection T1' of a downward extension line of
the kingpin axis C9 with the road surface R in a side view is
located forwardly of a grounding point T1 vertically under the
axle center C5 of the front wheel 2, thereby generating a
caster offset. The inclination angle of the kingpin axis C9
against the vertical direction in side view is the caster angle.
The axle 28 of the front wheel 2 is offset to the front side of the
kingpin axis C9 in side view.

[0109] Each oftires of the left and right front wheels 2L and
2R has a tread surface which is circular arc-shaped in section.
At the time of banking (rolling) of the vehicle body, the left
and right front wheels 21 and 2R are inclined similarly to the
vehicle body due to the action of the two-front-wheel suspen-
sion system 4, whereby the grounding points are displaced
sideways from the centers of the tread surfaces.

[0110] Inthis instance, since the length of the left and right
tie rods 161 and 16R, the length of the left and right upper
arms 211 and 21R, and the length of the left and right lower
arms 231 and 23R are respectively equal, not any steering
angle is generated even when the vehicle body is inclined.
[0111] Regulating means 60 (see FIG. 13) for regulating
the turning angles of the front wheels 21 and 2R are provided
between the link lower support portions 23¢ (which are trans-
versely outer end portions of the left and right lower arms 231,
and 23R) and the left and right knuckle members 261 and
26R. The left and right outer link members 251 and 25R are
supported on the left and right link upper and lower support
portions 21¢ and 23c¢ so as to be swingable about the swing
shafts 25a and 255 (swing axes C11 and C12). The left and
right outer link members 251 and 25R support the knuckle
members 261 and 26R in a steerable manner about the left
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and right kingpin shafts 271 and 27R (kingpin axes C91. and
C9R) which intersect the left and right swing shafts 25 and
25b (swing axes C11 and C12), respectively.

[0112] InFIGS. 13 to 15 in the following, for convenience
of explanation, the regulating means 60 between the link
lower support portion 23¢ of the left lower arm 23L and the
left knuckle member 261 will be described. It is to be noted
that the regulating means 60 between the link lower support
portion 23¢ of the right lower arm 23R and the right knuckle
member 26R is equivalent to the regulating means 60 between
the link lower support portion 23¢ of the left lower arm 231
and the left knuckle member 26L. Therefore, a detailed
description thereof is omitted.

[0113] Referring to FIG. 13, the regulating means 60
includes a first regulation member 61 provided at an outer end
portion of the link lower support portion 23¢ of the left outer
link member 25L; and a second regulation member 62 pro-
vided at a roller support portion 26e on a rear lower side of the
left knuckle member 26L.. The first regulation member 61 is
disposed so as to overlap with an insertion portion 25¢ for
insertion of the swing shaft 255 of the left link lower support
portion 23cL., as viewed from the direction along the swing
shafts 25a and 256 (the swing axis C12L).

[0114] As the first regulation member 61, there is used a
cam which regulates the turning angle of the front wheel 21 in
conjunction with a variation in the swinging angle about the
swing axis C12L. The second regulation member 62 includes
the cam 61 overlapping with the insertion portion 25e, as
viewed in the direction along the swing axis C12L. and a
hollow cylindrical roller 62a capable of rolling along the
outer circumference 61a of the cam 61 (a cam protuberance
located at a transversely outer end edge of the cam 61). The
cam 61, by making contact with the roller 62a, rotates the
roller 62a about an axis C13. It is to be noted that the axis C13
is gradually inclined so that a vehicle rear portion thereof is
located on a left upper side, as viewed in the direction along
the swing axis C12L,, in an upright state of the vehicle body in
which the left-right swinging angle is 0 degrees. In addition,
in the upright state, the roller 62a is spaced apart to the
transversely outer side from the outer circumference 61a of
the cam 61.

[0115] The cam 61 is so formed as to reduce the turning
angle ofthe front wheel 2L, when the swinging angle about the
swing axis C12L, exceeds a predetermined angle. The outer
circumference 61a of the cam 61 is formed in an S shape, as
viewed in the direction along the swing axis C12L.. More
specifically, the outer circumference 61a of the cam 61 has an
upper edge portion 63 having a circular arc shape centered on
the swing axis C12L as viewed in the direction along the
swing axis C12L; a lower edge portion 64 protruding to a left
lower side while gradually curving from a lower end of the
upper edge portion 63 toward a radially outer side of a circle
centered on the swing axis C12L; and an intermediate edge
portion 65 located in a vertically intermediate area (boundary
area) between the upper edge portion 63 and the lower edge
portion 64.

[0116] Referring to FIGS. 2, 3 and 6, the shock absorber
unit 31 includes a rod-type damper 32 extending substantially
vertically, and a coil spring 33 wound around the damper 32.
The shock absorber unit 31 is so inclined that its upper portion
is located on the rear side with respect to the vertical direction
in side view, and is disposed so as to extend orthogonally to
the upper and lower roll shafts 22 and 24 in side view. In
addition, the shock absorber unit 33 is disposed substantially
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vertically in front view shown in FIG. 3. It is to be noted that
the shock absorber unit 31 may be inclined in front view
correspondingly to the offset of the swinging center of the
upper arms 21.

[0117] Referring to FIGS. 4 and 5, as viewed in the axial
direction of the steering shaft 12, the turning trajectories KL
and KR of'the left and right front wheels 21 and 2R are in the
shape of circular arcs centered on the center axes (kingpin
axes) C9L and CIR of the left and right kingpin shafts 271
and 27R. As viewed in the axial direction of the steering shaft
12, the left and right shock absorber units 311 and 31R are
disposed on the outer circumference sides of the turning
trajectories KIL and KR of the left and right front wheels 2L
and 2R, namely, on the radially outer sides of the circles
centered on the kingpin axes C9L and C9R.

[0118] An upper end portion of the shock absorber unit 31
is connected to a shock absorber upper support portion 445 of
the shock absorber support arm 44 through an upper connec-
tion shaft 44¢. A lower end portion of the shock absorber unit
31 is connected to the shock absorber lower support portion
23e5 of the lower arm 23 through a lower connection shaft
23e6. A center axis C6 (stroke axis) of the damper 32 of the
shock absorber unit 31 is provided. Referring to FIGS. 1, 2
and 3, the stroke axes C6L and C6R of the left and right shock
absorber units 311 and 31R are disposed rearwardly of rear
ends of the left and right front wheels 2L, and 2R.

[0119] On one end side in the radial direction of an upper
end portion of the shock absorber unit 31, a holder 35 for
holding a sub tank 34 of the damper 32 is integrally provided.
The sub tank 34 is provided in the form of a hollow cylinder
which is located on an outer circumference side of an upper
portion of the shock absorber unit 31 and is parallel to the
stroke axis. In the present embodiment, the sub tank 34 of the
shock absorber unit 31 in the state of being mounted to the
vehicle body is disposed on a transversely outer side of a
shock absorber main body including the damper 32 and the
coil spring 33. Referring to FIGS. 4 and 5, the sub tanks 34 of
the left and right shock absorber units 311 and 31R are on the
outer circumference sides of the turning trajectories KL and
KR of the left and right front wheels 2L and 2R, namely, on
the radially outer sides of the circles centered on the kingpin
axes C9L and CI9R, as viewed in the axial direction of the
steering shaft 12. For example, the sub tank 34 is a reservoir
tank for the shock absorber unit 31.

[0120] The shock absorber unit 31 strokes between the
lower arm 23 and the shock absorber support arm 44 in
response to an input of shock or the like to the front wheel 2,
thereby to absorb the shock or the like inputted to the front
wheel 2 and to attenuate vertical movements of the front
wheel 2. The shock absorber unit 31 is disposed forwardly of
the engine 3 and rearwardly of the front wheel 2 in side view.
Referring to FIGS. 4 and 5, the left and right shock absorber
units 311 and 31R are disposed within the transverse width of
the engine 3, as viewed in the axial direction of the steering
shaft 12, and are disposed adjacent to a front portion of the
engine 3.

[0121] The shock absorber support arm 44 is provided in an
integral form obtained, for example, by integral forming of a
metallic material. The shock absorber support arm 44 inte-
grally has the left and right arm portions 44al. and 44aR at left
and right outer sides of the base portion 45, and integrally has
the rear swing arm 46 upwardly of the base portion 45. The
left and right arm portions 44al. and 44aR are provided at
outer ends thereof with the shock absorber upper support
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portions 445 which support upper end portions of the left and
right shock absorber units 31L. and 31R. On the shock
absorber upper support portions 445, upper end portions of
the left and right shock absorber units 311 and 31R are
respectively supported through the upper connection shafts
44¢ which are parallel to the shock absorber swing shaft 45a.
The left and right arm portions 44al. and 44aR extend from
left and right outer sides of the base portion 45 (supported on
the vehicle body 1A in a swingable manner) while being
displaced toward left and right outer rear sides, respectively,
and reach the shock absorber upper support portions 445
while assuming a crank-like form as viewed in the axial
direction of the steering shaft 12 as shown in FIG. 4. The
center axis of the shock absorber swing shaft 45a (the swing-
ing center of the shock absorber support arms 44) is denoted
by symbol C8.

[0122] Referring to FIGS. 4, 6 and 7, the steering link
mechanism 17 is disposed at a position spaced forward from
the steering shaft 12. The steering link mechanism 17
includes: a front link member 15 extending in the transverse
direction; and left and right link members 141, and 14R
extending rearward from left and right end portions of the
front link member 15. Each of base end portions 14a as rear
end portions of the left and right link members 141, and 14R
is connected to the link support portion 9¢ of the front sus-
pension frame body 5 ina rotatable manner through a rear link
rotating shaft 14¢ extending substantially in parallel to the
kingpin axis C9 in side view. To front end portions of the left
and right link members 141, and 14R, left and right end
portions of the front link member 15 are connected in a
rotatable manner through front link rotating shafts 145 par-
allel to the rear link rotating shafts 14c.

[0123] Under longitudinally intermediate portions of the
left and right link members 141, and 14R, inner rod connec-
tion portions 144 for connecting inner end portions of the left
and right tie rods 16L. and 16R are provided in a projecting
form. Outer end portions of the left and right tie rods 161. and
16R are connected to the outer rod connection portions 26¢ of
the left and right knuckle members 261 and 26R. Spherical
bearings 16a and 165 are provided respectively at the inner
and outer end portions of the left and right tie rods 16L. and
16R. The inner and outer end portions of the left and right tie
rods 16L. and 16R are connected to the inner and outer rod
connection portions 144 and 26c¢ through these spherical
bearings 16a and 165 by, for example, bolts inserted from the
front side.

[0124] In one (in FIGS. 7(a) to 7(c), the left link member
14L) of the left and right link members 14, and 14R, a
connection arm 14/ for connecting a front end portion of the
link rod 13 is provided in a projecting manner at the base end
portion 144 supported by the front suspension frame body 5.
Spherical bearings 13a and 135 are provided respectively at
front and rear end portions of the link rod 13. The front and
rear end portions of the link rod 13 are connected to the
connection arm 14fand the bottom bracket 12a through these
spherical bearings 13a and 135 respectively by, for example,
bolts inserted from the upper side or the lower side.

[0125] The bottom bracket 12a, the connection arm 14fand
the link rod 13 constitute a substantially parallel link as
viewed in the axial direction of the steering shaft 12, and
interlocks rotation of the steering handlebar 11 with rotation
of the left link member 14L. In addition, when the left link
member 14L is rotated, the right link member 14R is also
rotated through the front link member 15.
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[0126] The steering link mechanism 17 exhibits an equiva-
lent action to that of'an Ackerman mechanism. More specifi-
cally, when the left and right front wheels 2. and 2R are
steered through the steering link mechanism 17, the steering
angle of the front wheel 2 on the inner wheel side of the left
and right front wheels 21 and 2R becomes greater than the
steering angle of the front wheel 2 on the outer wheel side.
[0127] For instance, as viewed in the axial direction of the
steering shaft 12 (see FIGS. 7(b) and 7(¢)), the connection
positions between the inner end portions of the left and right
tie rods 16L. and 16R and the inner rod connection portions
144 of'the left and right link members 141, and 14R are set at
positions deviated from the axes of the left and right link
members 141, and 14R, whereby the steering characteristics
of the left and right front wheels 2L. and 2R can be changed.
More specifically, as shown in FIGS. 7(b) and 7(c), as viewed
in the axial direction of the steering shaft 12, the connection
positions between the inner end portions of the left and right
tie rods 16L. and 16R and the inner rod connection portions
14d of the left and right link members 141, and 14R are
located on the transversely inner sides of the axes of the left
and right link members 141 and 14R. Therefore, the Acker-
man percentage can be set higher. More specifically, the steer-
ing angle of the front wheel 2 on the inner wheel side of the
left and right front wheels 21 and 2R can be set larger than the
steering angle of the front wheel 2 on the outer wheel side.
Consequently, desired turning characteristics can be
obtained. The “Ackerman percentage” means a ratio concern-
ing the steering angles of the left and right front wheels 2L
and 2R at the time of turning (cornering).

[0128] In FIGS. 15(a) to 15(c), for convenience of expla-
nation, there is shown a case where the Ackerman percentage
is 0, or where the connection positions between the inner end
portions of the left and right tie rods 16L. and 16R and the
inner rod connection portions 144 of the left and right link
members 141 and 14R are located on the axes of the left and
right link members 141 and 14R as viewed in the axial direc-
tion of the steering shaft 12.

[0129] As aforementioned, the cam 61 (first regulation
member) is so formed as to reduce the turning angle of the
front wheel 2. when the swinging angle about the swing axis
C12L exceeds a predetermined angle.

[0130] Referring to FIGS. 14(a) and 15(a), when the left
and right front wheels 2L, and 2R are steered to the left side
through the steering link mechanism 17 in a condition in
which the vehicle body is upright, the upper edge portion 63
of'the outer circumference 61a and the roller 62a contact each
other. See FIG. 14(a) and FIG. 15(a). By this, direct contact
between the vehicle body 1A and the front wheels 21 and 2R
is avoided.

[0131] When the left and right front wheels 2L and 2R are
steered to the left side through the steering link mechanism 17
in a state in which the vehicle body is banking to such an
extend as not to reach full banking (a state of banking at a
bank angle slightly shallower than that at full banking), the
intermediate edge portion 65 located at the vertically inter-
mediate portion (boundary) between the upper edge portion
63 and the lower edge portion 64 of the outer circumference
61a and the roller 62a contact each other. See FIG. 14(b) and
FIG. 15(5). Up to this point, the steering angle is constant at
full steering.

[0132] When the left and right front wheels 2L and 2R are
steered to the left side through the steering link mechanism 17
in a substantially full banking state of the vehicle body, the
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lower edge portion 64 of the outer circumference 61a and the
roller 62a contact each other. See FIG. 14(¢) and FIG. 15(¢).
By this, the steering angle of the left front wheel 2L is limited
to a steering angle smaller than that at the full steering. In
addition, the steering angle of the right front wheel 2R is also
limited similarly through the steering link mechanism 17.

[0133] In the present embodiment, in order to ensure that
the steering angles of the front wheels 2L and 2R are varied
according to the roll angle (bank angle), the moving trajectory
of'the roller 624 is set to be along the circular arc centered on
the swing axis C12L,, as viewed from the direction along the
swing axis C12L, in a range from an upright state of the
vehicle body to a shallow bank angle. On the other hand, in a
range from the shallow bank angle to the full banking, the
moving trajectory of the roller 62a is set to go toward a left
lower side (the direction of arrow V1 in FIG. 15(c)) while
gently curving toward the radially outer side of the circle
centered on the swing axis C12L. It is to be noted that the
configuration in which the steering angle is set constant at full
steering up to an intermediate point in the course is not limi-
tative, and the steering angle may be regulated by varying the
cam profile, for example, gradually varying the outer circum-
ference 61a of the cam 61.

[0134] Ashasbeendescribed above, in the present embodi-
ment, the rolling type vehicle 1 having the pair of left and
right front wheels 2L and 2R and having the vehicle body 1A
capable of rolling includes: the pairs of left and right upper
arms 21 and lower arms 23 (arm members) which are sup-
ported in a swingable manner by the vehicle body 1A oninner
sides in the transverse direction and which support the left and
right front wheels 2L and 2R in a steerable manner on outer
sides in the transverse direction; the shock absorber support
arm 44 which has its transversely central portion supported by
the vehicle body 1A in a swingable manner and which is
connected to the left and right upper arms 21 and lower rams
23 through shock absorber units 31 on outer sides in the
transverse direction, respectively; and the actuator 41 capable
of controlling the swinging of the shock absorber support arm
44. The connection device 47 (load detection unit) for detect-
ing the load transmitted between the shock absorber support
arm 44 and the actuator 41 is provided at the connection
portion 40 between the actuator 41 and the shock absorber
support arm 44. The rolling type vehicle further includes the
ECU 49 (control unit) for controlling the actuator 41 on the
basis of detection results by the connection device 47.

[0135] According to this configuration, the connection
device 47 adapted to detect the load transmitted between the
shock absorber support arm 44 and the actuator 41 is provided
at the connection portion 40 between the actuator 41 and the
shock absorber support arm 44, whereby the load transmitted
between the shock absorber support arm 44 and the actuator
41 can be detected in a direct manner. As a result, the load
transmitted between the shock absorber support arm 44 and
the actuator 41 can be detected smoothly, as compared with
the case where the load detection unit is provided at other
portion than the connection portion 40 between the actuator
41 and the shock absorber support arm 44. In addition, since
the ECU 49 for controlling the actuator 41 on the basis of the
detection results by the connection device 47 is further pro-
vided, the actuator 41 can be controlled by the ECU 49 on the
basis of the detection results detected by the connection
device 47 smoothly. Therefore, a smooth operation of the
actuator 41 can be achieved. Since the load transmitted
between the shock absorber support arm 44 and the actuator
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41 can be detected at higher accuracy as compared with the
case where the load detection unit is provided at other portion
than the connection portion 40, the operation of the actuator
41 can be performed with higher accuracy.

[0136] In addition, in the above embodiment, the actuator
41 is controlled by the ECU 49 in such a manner as to reduce
atleast the load inputted from the shock absorber support arm
44 to the actuator 41, of the loads transmitted between the
shock absorber support arm 44 and the actuator 41. For this
reason, controlling the actuator 41 so as to increase the load
inputted from the shock absorber support arm 44 to the actua-
tor 41 can be avoided. Consequently, the actuator 41 can be
controlled so as not to obstruct natural lateral swinging (natu-
ral rolling motion) of the vehicle body 1A.

[0137] In the above embodiment, the front swing arm 43
connected to the connection device 47 is connected to the
driving shaft 41a (output portion) of the actuator 41, and the
front swing arm 43 is made to describe the circular arc-shaped
trajectory KC in conjunction with the operation of the actua-
tor 41. For this reason, the trajectory KC described by the
front swing arm 43 is disposed on a concentric circle with
respect to the rotational center of the actuator 41. Conse-
quently, detection of the load transmitted between the shock
absorber support arm 44 and the actuator 41 can be facilitated.

[0138] Inthe above embodiment, the connection device 47
is rotatably connected respectively to the front swing arm 43
and the shock absorber support arm 44. In addition, the con-
nection portion 435 between the connection device 47 and the
front swing arm 43 and the connection portion 465 between
the connection device 47 and the shock absorber support arm
44 are deviated from each other in the direction along the
trajectory KC, as viewed from the direction along the axis C8
about which the shock absorber support arm 44 can swing.
This results in that the positional discrepancy between the
connection portion 435 between the connection device 47 and
the front swing arm 43 and the connection portion 465
between the connection device 47 and the shock absorber
support arm 44 can be allowed, as contrasted to the case
where the connection portion 435 between the connection
device 47 and the front swing arm 43 and the connection
portion 465 between the connection device 47 and the shock
absorber support arm 44 are coincident with each other, as
viewed from the direction along the axis C8. Further, the
structure for detecting the load transmitted between the shock
absorber support arm 44 and the actuator 41 can be easily
realized. Thus, the structure of the connection device 47 can
be simplified, as compared with the case where the connec-
tion portion 435 between the connection device 47 and the
front swing arm 43 and the connection portion 465 between
the connection device 47 and the shock absorber support arm
44 are coincident with each other, as viewed from the direc-
tion along the axis C8.

[0139] Inthe above embodiment, the connection device 47
is formed in a tubular shape, and the center axis C10 of the
connection device 47 is disposed along the vehicle width
direction (transverse direction). With this configuration, the
connection device 47 can be laid out in a compact form in the
longitudinal vehicle direction, as compared with the case
where the center axis of the connection device 47 is disposed
along the longitudinal vehicle direction. The structure for
detection of the load transmitted between the shock absorber
support arm 44 and the actuator 41 can be realized easily.
Thus, the structure of the connection device 47 can be sim-
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plified, as compared with the case where the center axis of the
connection device 47 is disposed along the longitudinal
vehicle direction.

[0140] In the above embodiment, the front swing arm 43
connected to the connection device 47 is connected to the
driving shaft 41a (output portion) of the actuator 41, and the
connection device 47 is rotatably connected respectively to
the front swing arm 43 and the shock absorber support arm
44. In addition, the spherical bearings 48a and 485 are pro-
vided respectively at the connection portion 435 between the
connection device 47 and the front swing arm 43 and at the
connection portion 465 between the connection device 47 and
the shock absorber support arm 44. This configuration
ensures that even if the driving shaft 41a of the actuator 41,
the connection portion 436 between the connection device 47
and the front swing arm 43, and the connection portion 465
between the connection device 47 and the shock absorber
support arm 44 come out of alignment with each other due to
dimensional dispersion on an article basis, the positional
deviations can be absorbed by the spherical bearings 48a and
48b.

[0141] It is to be noted that while the above embodiment
has been described by showing an example in which the
actuator 41 and the shock absorber support arm 44 are inter-
locked with each other through an interlock mechanism such
as the connection link 48, this is not restrictive. For instance,
the actuator and the shock absorber support arm may be
disposed coaxially with each other.

[0142] A two-front-wheel suspension system 104 accord-
ing to a modification of the embodiment will be described
below, referring to FIGS. 16 and 17. In FIGS. 16 and 17,
components equivalent to the components in the above
embodiment are denoted by the same symbols as used above,
and detailed descriptions of them are omitted.

[0143] Referring to FIGS. 16 and 17, in the two-front-
wheel suspension system 104 according to the modification,
at a rear portion of the actuator 41, there is provided a front
swing arm 143 projecting upward and adapted to swing about
the axis C7. The front swing arm 143 is fixed to the driving
shaft 414 of the actuator 41 and swings about the axis C7. The
front swing arm 143 is opposed to a rear swing arm 146 of a
shock absorber support arm 144 with a spacing therebetween
along the axial direction of the actuator 41. More specifically,
as viewed from the axis C8, a tip portion 1435 of the front
swing arm 143 (a connection portion between a connection
device 147 and the front swing arm 143) is opposed to a tip
portion 1465 of the rear swing arm 146 (a connection portion
between the connection device 147 and the rear swing arm
146) with an interval therebetween. At a connection portion
140 between the front swing arm 143 and the rear swing arm
146, there is provided the connection device 147 (load detec-
tion unit) which enables them to swing as one body. The
connection device 147 functions also as a load detection unit
which detects a load transmitted between the front and rear
swing arms 143 and 146.

[0144] The connection device 147 is, for example, in the
form of a hollow cylinder parallel to the shock absorber swing
shaft 454. Bolts 147a and 1475 penetrating tip portions of the
front and rear swing arms 143 and 146 from the front side or
the rear side are engaged to central portions of front and rear
ends of the connection device 147, whereby the connection
device 147 is fastened and fixed to the tip portions of the front
and rear swing arms 143 and 146. The connection device 147
incorporates therein a load sensor adapted to electrically
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detect a load (torque) about the shock absorber swing shaft
45a which is generated between the front and rear swing arms
143 and 146. A detected value of the load (torque) is inputted
to an ECU (not shown) adapted to control the operation of the
actuator 41.

[0145] The load about the shock absorber swing shaft 454
which is generated between the front and rear swing arms 143
and 146 is generated according to an operation resistance
(torque) of the front swing arm 143 when the shock absorber
support arm 144 is about to swing relative to the actuator 41
which is supported on the vehicle body side. More specifi-
cally, when the vehicle body rolls, a load about the shock
absorber swing shaft 45a is generated between the front and
rear swing arms 143 and 146, according to the operation
resistance of the front swing arm 143. The ECU controls the
driving of the actuator 41 according to the detected value of
the load. The swinging center (axis C7) of the front swing arm
143 ofthe actuator 41 and the swinging center (axis C8) of the
rear swing arm 146 of the shock absorber support arm 144 are
coaxially with each other, whereby an interlock mechanism
between them is made simple and compact.

[0146] It is to be noted that the present invention is not
limited to the above embodiment. For example, the applica-
tion of the present invention is not limited to a three-wheeled
vehicle having left and right front wheels and a single rear
wheel, and the invention may be applied to a four-wheeled
vehicle having left and right front wheels and left and right
rear wheels.

[0147] The configuration in the above embodiment is mere
an example of the present invention, and various modifica-
tions are possible without departing from the spirit or scope of
the present invention, such as by replacing a component of the
embodiment with a known component.

[0148] The invention being thus described, it will be obvi-
ous that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would be
obvious to one skilled in the art are intended to be included
within the scope of the following claims.

What is claimed is:

1. A rolling vehicle having a pair of left and right front
wheels and having a vehicle body capable of rolling, the
rolling vehicle comprising:

a pair of left and right arm members supported in a swing-
able manner by the vehicle body on inner sides in a
transverse direction and which support the left and right
front wheels in a steerable manner on outer sides in the
transverse direction, respectively;

a shock absorber support arm having a transversely central
portion thereof supported by the vehicle body in a
swingable manner and being connected to the left and
right arm members through shock absorber units on
outer sides in the transverse direction, respectively;

an actuator capable of controlling the swinging of the
shock absorber support arm;

a load detection unit, adapted to detect a load transmitted
between the shock absorber support arm and the actua-
tor, is provided at a connection portion between the
actuator and the shock absorber support arm; and

a control unit adapted to control the actuator on the basis of
detection results by the load detection unit.

2. The rolling vehicle according to claim 1, wherein the

control unit controls the actuator so as to reduce at least a load
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inputted from the shock absorber support arm to the actuator,
of'loads transmitted between the shock absorber support arm
and the actuator.

3. The rolling vehicle according to claim 1, wherein a
swing arm connected to the load detection unit is connected to
an output portion of the actuator, and

the swing arm describes a circular arc-shaped trajectory in

conjunction with an operation of the actuator.

4. The rolling vehicle according to claim 2, wherein a
swing arm connected to the load detection unit is connected to
an output portion of the actuator, and

the swing arm describes a circular arc-shaped trajectory in

conjunction with an operation of the actuator.

5. The rolling vehicle according to claim 3, wherein the
load detection unit is rotatably connected respectively to the
swing arm and the shock absorber support arm, and

a connection portion between the load detection unit and

the swing arm and a connection portion between the load
detection unit and the shock absorber support arm are
deviated from each other in a direction along the trajec-
tory, as viewed from a direction along an axis about
which the shock absorber support arm can swing.

6. The rolling vehicle according to claim 1, wherein the
load detection unit is formed in a tubular shape, and a center
axis of the load detection unit is disposed along a vehicle
width direction.

7. The rolling vehicle according to claim 2, wherein the
load detection unit is formed in a tubular shape, and a center
axis of the load detection unit is disposed along a vehicle
width direction.

8. The rolling vehicle according to claim 3, wherein the
load detection unit is formed in a tubular shape, and a center
axis of the load detection unit is disposed along a vehicle
width direction.

9. The rolling vehicle according to claim 5, wherein the
load detection unit is formed in a tubular shape, and a center
axis of the load detection unit is disposed along a vehicle
width direction.

10. The rolling vehicle according to claim 1, wherein a
swing arm connected to the load detection unit is connected to
an output portion of the actuator,

the load detection unit is rotatably connected respectively

to the swing arm and the shock absorber support arm,
and

spherical bearings are provided respectively at a connec-

tion portion between the load detection unit and the
swing arm and at a connection portion between the load
detection unit and the shock absorber support arm.

11. The rolling vehicle according to claim 2, wherein a
swing arm connected to the load detection unit is connected to
an output portion of the actuator,

the load detection unit is rotatably connected respectively

to the swing arm and the shock absorber support arm,
and

spherical bearings are provided respectively at a connec-

tion portion between the load detection unit and the
swing arm and at a connection portion between the load
detection unit and the shock absorber support arm.

12. The rolling vehicle according to claim 3, wherein a
swing arm connected to the load detection unit is connected to
an output portion of the actuator,

the load detection unit is rotatably connected respectively

to the swing arm and the shock absorber support arm,
and
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spherical bearings are provided respectively at a connec-
tion portion between the load detection unit and the
swing arm and at a connection portion between the load
detection unit and the shock absorber support arm.

13. The rolling vehicle according to claim 5, wherein a
swing arm connected to the load detection unit is connected to
an output portion of the actuator,

the load detection unit is rotatably connected respectively
to the swing arm and the shock absorber support arm,
and

spherical bearings are provided respectively at a connec-
tion portion between the load detection unit and the
swing arm and at a connection portion between the load
detection unit and the shock absorber support arm.

14. The rolling vehicle according to claim 6, wherein a
swing arm connected to the load detection unit is connected to
an output portion of the actuator,

the load detection unit is rotatably connected respectively
to the swing arm and the shock absorber support arm,
and

spherical bearings are provided respectively at a connec-
tion portion between the load detection unit and the
swing arm and at a connection portion between the load
detection unit and the shock absorber support arm.

15. A suspension system for a vehicle comprising:

a pair of left and right arm members supported in a swing-
able manner on a vehicle body on inner sides in a trans-
verse direction and for supporting left and right front
wheels in a steerable manner on outer sides in the trans-
verse direction, respectively;

a shock absorber support arm having a transversely central
portion thereof supported by the vehicle body in a
swingable manner and being connected to the left and
right arm members through shock absorber units on
outer sides in the transverse direction, respectively;

an actuator controlling the swinging of the shock absorber
support arm;

a load detection unit detecting a load transmitted between the
shock absorber support arm and the actuator, said load detec-
tion unit being provided at a connection portion between the
actuator and the shock absorber support arm; and

a control unit controlling the actuator on the basis of detec-
tion results by the load detection unit.

16. The suspension system for a vehicle according to claim
15, wherein the control unit controls the actuator so as to
reduce at least a load inputted from the shock absorber sup-
port arm to the actuator, of loads transmitted between the
shock absorber support arm and the actuator.

17. The suspension system for a vehicle according to claim
15, wherein a swing arm connected to the load detection unit
is connected to an output portion of the actuator, and the
swing arm describes a circular arc-shaped trajectory in con-
junction with an operation of the actuator.

18. The suspension system for a vehicle according to claim
17, wherein the load detection unit is rotatably connected
respectively to the swing arm and the shock absorber support
arm, and

a connection portion between the load detection unit and
the swing arm and a connection portion between the load
detection unit and the shock absorber support arm are
deviated from each other in a direction along the trajec-
tory, as viewed from a direction along an axis about
which the shock absorber support arm can swing.
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19. The suspension system for a vehicle according to claim
15, wherein the load detection unit is formed in a tubular
shape, and

a center axis of the load detection unit is disposed along a

vehicle width direction.

20. The suspension system for a vehicle according to claim
15, wherein a swing arm connected to the load detection unit
is connected to an output portion of the actuator, the load
detectionunit is rotatably connected respectively to the swing
arm and the shock absorber support arm, and

spherical bearings are provided respectively at a connec-

tion portion between the load detection unit and the
swing arm and at a connection portion between the load
detection unit and the shock absorber support arm.
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