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(54) [Title of the Invention]
Suspension Device

(57) [Abstract]

[Problem]

To simply and accurately suppress or dampen impacts and vibrations imparted to the frame
of, for example, a bicycle.

[Solution]

The amount of mechanical vibration damping by rods 13, 52 can be easily adjusted by
tightening a front adjustment knob 14 and a rear adjustment knob 56. By tightening the
knobs 14, 56 to lock the rods 13, 52, periodic vertical movement can be suppressed, drive
loss due to unnecessary vertical movement can be reduced, and the posture can be
stabilized. By tightening the knobs 14, 56 to lock the rods 13, 52 at a certain position to
control the stroke of the suspension, a rearward tilt when going uphill and a forward tilt
when going downhill can be prevented and the posture can be stabilized. Also, by lowering
the center of gravity in the front and rear through suspension stroke control, stability when
going at high speed can be improved. The amount that the tip portions of the rods 13, 52
move up and down can be observed visually.

[Selected Diagram] Fig. 1

1: Main frame
50: Suspension

38¢,39¢

Mountain Bike in the First Embodiment of the Present Invention
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[Claims]
[Claim 1]

A suspension device comprising:

a suspension that is mounted between a main frame forming the frame of a vehicle and a
sub-frame supporting wheels and that absorbs shocks or dampens vibrations imparted from
the sub-frame to the main frame; and

a control means operated at a mounting position on the suspension or at a steering position
a certain distance from the suspension to mechanically control movement of a movable
portion of the suspension.

[Claim 2]

A suspension device comprising:

a suspension that is mounted between a main frame forming the frame of a vehicle and a
sub-frame supporting wheels and that absorbs shocks or dampens vibrations imparted from
the sub-frame to the main frame; and

a display unit provided at a mounting position on the suspension or a control position a
certain distance from the suspension to display an amount of movement by a movable
portion of the suspension.

[Claim 3]

A suspension device comprising:

a suspension that is mounted between a main frame forming the frame of a vehicle and a
sub-frame supporting wheels and that absorbs shocks or dampens vibrations imparted from
the sub-frame to the main frame;

a display unit provided at a mounting position on the suspension or a control position a
certain distance from the suspension to display an amount of movement by a movable
portion of the suspension; and

a control means operated at a mounting position on the suspension or at a steering position
a certain distance from the suspension to mechanically control movement of the movable
portion of the suspension.

[Claim 4]

The suspension device according to claim 1 or 3, wherein the control means comprises a
securing portion that secures the movable portion of the suspension to mechanically secure
the sub-frame and the main frame.

[Claim 5]

The suspension device according to claim 1 or 3, wherein the control means comprises an
operating level control unit for mechanically controlling the amount of movement by the
movable portion of the suspension.

[Claim 6]

The suspension device according to claim 5, wherein the amount of movement is the stroke
amount of the movable portion.

[Claim 7]
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The suspension device according to claim 1 or 3, wherein the control means is composed of
a suppressing unit that mechanically suppresses movement of the movable portion of the
suspension.

[Claim 8]

The suspension device according to claim 7, wherein the suppressing unit is a mechanical
damping unit.

[Detailed Description of the Invention]
[0001]
[Technical Field of the Invention]

The present invention relates to a suspension device (suspension system) for suppressing or
damping shocks and vibrations imparted, for example, to the frame of a bicycle.

[0002]
[Prior Art]

A suspension device mounted on a mountain bike (MTB) is described in the following
document.

[0003]

[Patent Document 1]
JP H10-053183 A
[0004]

The mountain bike in Patent Document 1 has a main frame forming the frame of the bicycle,
and a seat stay, which is a rear-wheel subframe for supporting the rear wheel, is connected
to the rear end (rear side) of the main frame via a shock-absorbing rear suspension. A fork
assembly, which is a front-wheel subframe for supporting the front wheel and steering the
mountain bike, is rotatably attached to the front end (front side) of the main frame, and a
handlebar is attached to the top of this fork assembly. The fork assembly is provided with a
shock-absorbing front suspension.

[0005]

A first operated member is mounted on the handlebar so that a transmission and braking
device mounted on the mountain bike can be operated manually. A second operated
member is also attached to the handlebar so that the level of impact damping by the rear
suspension and the front suspension can be adjusted manually with ease.

[0006]

[Problem to Be Solved by the Invention]
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Although impact damping can be adjusted manually with ease in a suspension device of the
prior art, the mechanism for adjusting damping by the suspension itself is complicated and
expensive. It also experiences problems (A) to (C).

[0007]

(A) Because there is no function for securing the moving portion of the suspension,
unnecessary vertical movement (for example, periodic bobbing) of the mountain bike can
lead to significant drive loss and an unstable posture.

[0008]

(B) Because there is no suspension stroke control function (movement control function), the
front suspension extends outward and the rear suspension sinks inward when going uphill
and the front suspension sinks inward and the rear suspension extends outward when going
downhill, leading to a loss of traveling stability.

[0009]

(C) Because there is no function to indicate the stroke level of the suspension, the amount
of movement cannot be grasped by the rider, resulting in poor operability and usability.

[0010]

An object of the present invention is to provide a suspension device that solves the
problems with the prior art described above.

[0011]
[Means for Solving the Problem]

In order to solve these problems, the suspension device according to claim 1 of the present
invention has a suspension and a control means. The suspension is mounted between a
main frame forming the frame of a vehicle and a sub-frame supporting wheels and absorbs
shocks or damps vibrations imparted from the sub-frame to the main frame. The control
means is operated at a mounting position on the suspension or at a steering position a
certain distance from the suspension to mechanically control movement of a movable
portion of the suspension.

[0012]

In this way, impacts and vibrations imparted to the main frame are absorbed or damped by
the action of the suspension controlled by the control means.

[0013]

The suspension device according to claim 2 of the present invention has a suspension and a
display unit. The suspension is mounted between a main frame forming the frame of a
vehicle and a sub-frame supporting wheels and absorbs shocks or dampens vibrations
imparted from the sub-frame to the main frame. The display unit is provided at a mounting
position on the suspension or a control position a certain distance from the suspension to
display the amount of movement by a movable portion of the suspension.
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[0014]

As a result, the level of impact or vibration imparted to the main frame is displayed on the
display unit, and the impact or vibration is absorbed or damped by the suspension.

[0015]

The suspension according to claim 3 of the invention includes the suspension and control
means according to claim 1 and the display unit according to claim 2. As a result, the
operations performed in claim 1 and 2 are performed.

[0016]

The suspension device according to claim 4 is the suspension device according to claim 1 or
3, wherein the control means comprises a securing portion that secures the movable portion
of the suspension to mechanically secure the sub-frame and the main frame. As a result,
the subframe and the main frame are mechanically secured by the securing unit by
operating the control means.

[0017]

The suspension device according to claim 5 is the suspension device according to claim 1 or
3, wherein the control means comprises an operating level control unit for mechanically
controlling the amount of movement by the movable portion of the suspension. As a result,
the amount of movement by the movable portion of the suspension is mechanically
controlled by the operating level control unit using the control means.

[0018]

The suspension device according to claim 6 is the suspension device according to claim 5,
wherein the amount of movement is the stroke amount of the movable portion. As a result,
the stroke amount of the suspension is controlled by the action of the operating level control
unit.

[0019]

The suspension device according to claim 7 is the suspension device according to claim 1 or
3, wherein the control means is composed of a suppressing unit that mechanically
suppresses movement of the movable portion of the suspension. As a result, operation of
the suspension is suppressed by the action of the suppressing unit.

[0020]

The suspension device according to claim 8 is the suspension device according to claim 7,
wherein the suppressing unit is a mechanical damping unit. As a result, operation of the
suspension is suppressed by the action of the mechanical damping unit.

[0021]

[Embodiments of the Invention]

[1st Embodiment]
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(Configuration)

Fig. 1 is a configurational diagram of the mountain bike in the first embodiment of the
present invention, and Fig. 2 is an enlarged view near the front suspension in Fig. 1.

[0022]

The mountain bike includes: an inverted triangle-shaped main frame 1 made, for example,
of Cr-Mo steel, an Al alloy, or a Ti alloy; a front wheel 2 rotatably mounted on the front end
of the main frame 1 via a subframe; and a rear wheel 3 rotatably mounted on the rear end
of the main frame 1 via a subframe. The main frame 1 includes a top tube 1a on the upper
end, a head tube 1b connected to the front end of the top tube 1a, a seat tube 1c connected
to the rear end of the top tube 1a, and a bottom tube 1d connecting the head tube 1b and
the seat tube 1c. A steering column 4 is rotatably mounted inside the head tube 1b. The
steering column 4 is made of a thick-walled cylindrical member made, for example, of steel
or aluminum, and a handlebar 6 is mounted via a stem 5 in the upper portion of the
steering column 4. Brake levers 7 etc. are attached to the handlebar 6.

[0023]

The center of a shoulder crown 10 formed, for example, using Al die casting is fixed to the
lower part of the steering column 4. The upper portions of a pair of rod-shaped inner shafts
11, 12 are press-fitted or secured with bolts on both sides of the center of the crown 10 so
as to straddle the front wheel 2. A through-hole is formed near the center of the crown 10,
rod 13 is slidably passed through the through-hole, and an adjustment knob 14 is screwed
in perpendicular to the through-hole. By tightening the adjustment knob 14, the rod 13 can
be locked (fixed) at any position and damping adjustments can be made to suppress
movement of the rod 13 (that is, damp vibrations) by the frictional force caused by the
pressing force. By loosening the adjustment knob 14, the rod 13 can freely slide in the
through-hole formed in the crown 10.

[0024]

A bottom case-connecting arch 15 is secured to the lower portion of the rod 13. A pair of
brake platforms 16, 17 for mounting brake parts protrude forward on both sides of the arch
15, and the upper portions of a pair of cylindrical bottom cases 18, 19 are connected to the
lower ends of the arch 15 so as to straddle the front wheel 2. The lower portion of each
bottom case 18, 19 is attached to the front axle 2a at the central portion of the front wheel
2. The lower ends of inner shafts 11 and 12 are slidably inserted into bottom cases 18 and
19, respectively, and coil springs 20 and 21 for shock absorption are mounted, respectively,
between the lower ends of inner shafts 11 and 12 and the front axle 2a.

[0025]

The steering column 4, crown 10, rod 13, arch 15, and bottom cases 18, 19 constitute the
front subframe. Also, the inner shafts 11, 12, rod 13, adjustment knob 14, arch 15, bottom
cases 18, 19, and coil springs 20, 21 constitute a front suspension for shock absorption and
vibration damping. The front wheel 2 has a rim 2c on which a tire 2b is mounted, and the
rim 2c is attached to the front axle 2a via spokes 2e connected to nipples 2d.

[0026]
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A tubular seat post 30 is inserted into the seat tube 1c so as to be vertically adjustable, and
a saddle 31 is attached to the upper portion of the seat post 30. A front gear 32 is rotatably
attached to the connecting portion between the seat tube 1c and the bottom tube 1d. The
front gear 32 is rotationally driven by a pair of pedals 35, 36 attached to a pair of cranks
33, 34. A main pivot 37 is attached to the lower end of the seat tube 1c. A pair of
substantially triangle-shaped subframes 38, 39 located on both sides of the rear wheel 3 are
pivotally mounted on the main pivot 37, and the rear wheel 3 is supported by these
subframes 38, 39.

[0027]

Each subframe 38, 39 is made, for example, of Cr-Mo steel, an Al alloy, or a Ti alloy, and
includes a rear stay 38a, 39a on one inclined end, a rear stay 38b, 39b on the other inclined
end, and chain stays 38c, 39c on the bottom side. The connecting portions of the rear stays
38b, 39b and the chain stays 38c, 39c are rotatably attached to the main pivot 37, and the
rear axle 3a in the central portion of the rear wheel 3, is attached to the connecting portions
of the rear stays 38a, 39a and the chain stays 38c, 39c. A rear gear 40 is attached to the
rear axle 3a, and the rear gear 40 is connected to the front gear 32 via a chain 41. For the
rear gear 40, a transmission mechanism with a plurality of gears may be attached.

[0028]

The open ends of a substantially U-shaped connecting arm 42 are rotatably attached to the
rear stays 38a, 39a and the connecting portions of the rear stays 38b, 39b so as to straddle
the seat tube 1c. The connected end of the connecting arm 42 is attached to the top tube
la via a rear suspension 50 for shock absorption and vibration damping. The suspension 50
includes: a lower receiving plate 51 and a rod 52 rotatably attached to the connecting arm
42 on the connecting portion side; a tubular support portion 53 which is formed near the
center of the top tube 1a and is inclined in the rearward direction and through which the rod
52 is slidably passed; an upper receiving portion 54 attached to the lower end of the
support portion 53; a coil spring 55 mounted around the rod 52 between the lower receiving
portion 51 and the upper receiving portion 54; and an adjustment knob 56 screwed on the
upper end of the support portion 53 in a substantially orthogonally direction.

[0029]

By tightening adjustment knob 56, the rod 52 can be locked at any position and damping
adjustments can be made to suppress movement of the rod 52 (that is, damp vibrations) by
the frictional force caused by the pressing force. By loosening the adjustment knob 56, the
rod 52 can freely slide in the support portion 53.

[0030]
Fig. 3 (A) and Fig. 3 (B) are enlarged views of the tip portion of the rods 13, 52 in Fig. 1.
[0031]

The tip portion of rod 13 slidably protruding from the crown 10 and the tip portion of rod 52
slidably protruding from the support portion 53 are marked with a scale so that the extent
of the protrusion can be easily grasped. For example, in the dimension display example
shown in Fig. 3(A), colors such as blue, green, yellow, and red are applied at predetermined
intervals from the tip of each rod 13 and 52. In the dimension display example shown in
Fig. 3 (B), the tip of each rod 13, 52 is provided with a dimension scale.

SRAM_FOX_CO_000052

SRAM EXHIBIT 1005, PAGE 30 OF 63



(9) JP 2004-345366 A (P2004-345366A)

[0032]

(Operation)

Operation of the mountain bike shown in Fig. 1 to Fig. 3 will now be described.
[0033]

When the rider pushes down on the pedals 35, 36 while cycling, the front gear 32 rotates
via the cranks 33, 34, and the rotational force is transmitted to the rear gear 40 via the
chain 41, causing the rear wheel 3 to rotate. When the road is uneven and vertical impact
force is imparted to the front wheels 2 and the rear wheels 3, the front axle 2a and the rear
axle 3a also move up and down. At this time, if the front adjustment knob 14 and the rear
adjustment knob 56 are loosened and the front axle 2a on the front end is pushed up, the
bottom cases 18, 19 are also pushed upward, compressing the coil springs 20, 21 and
absorbing the force of the impact. Conversely, when the front axle 2a is pushed down, the
compressed coil springs 20, 21 are extended and the bottom cases 18, 19 are also pushed
downward. As the bottom cases 18, 19 move up and down, the rod 13 also slides up and
down within the through-hole in the crown 10. Because the dimensions are indicated on the
tip of the rod 13, the rider can visually check the extent to which the tip portion of the rod
13 has moved up or down.

[0034]

On the rear end, when the rear axle 3a is pushed up, the subframes 38, 39 turn upward
around the main pivot 37, and the lower receiving portion 51 and the rod 52 are pushed
toward the support portion 53 via the connecting arm 42. When pushed, the coil spring 55
engaged with the upper receiving portion 54 is compressed to absorb the force of impact.
Conversely, when the rear axle 3a is pushed down, the compressed coil spring 55 extends,
and the subframes 38, 39 rotate downward around the main pivot 37 via the connecting
arm 42. As the subframes 38, 39 turn upward and downward, the rod 52 also slides inside
the support portion 53. Because the dimensions are indicated on the tip portion of the rod
52, the rider can visually check the extent to which the tip portion of the rod 52 has moved
up or down.

[0035]

When vibrations due to the extension and compression of the coil springs 20, 21, 55 are too
great while the front side adjustment knob 14 and the rear side adjustment knob 56 are
looser, the rider can tighten the adjustment knobs 14, 56 to adjust the frictional resistance
(make a damping adjustment) with respect to the rods 13, 52 while the bicycle is moving,
and the amount of vibration damping can be easily adjusted.

[0036]

Also, for example, when the rider tightens the adjustment knobs 14, 56 to lock the rods 13,
52 while riding on a flat road or an uphill road, periodic vertical movement (bobbing) can be
suppressed, driving loss (loss) due to unnecessary vertical movement can be reduced, and
the posture can be stabilized.

[0037]
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Fig. 4 (A) to (F) is a set of diagrams used to compare an embodiment of the present
invention with an example of the prior art in terms of the uphill and downhill postures.

[0038]

Fig. 4 (A) shows the posture of a conventional mountain bike with suspension while going
uphill, Fig. 4 (B) shows the posture of a mountain bike with suspension in the present
embodiment while going uphill, and Fig. 4 (C) shows the posture of a mountain bike with
suspension in the present embodiment while going up a steep slope.

[0039]

As shown in Fig. 4 (A) and Fig. 4 (F), with a conventional mountain bile, the weight of the
rider is shifted to the rear when climbing a hill, and the front end extends upward and the
rear sinks downward, causing the rider to lean backward and become unstable. In contrast,
with the present embodiment, for example, the weight of the rider is shifted forward when
climbing a hill. Because adjustment knobs 14, 56 are provided, adjustment knob 14 is
tightened to lock (fix) rod 13 with the coil springs 20, 21 on the front end being compressed
and the extent to which the tip portion of rod 13 protrudes increased, and adjustment knob
56 is tightened to lock (fix) rod 52 with the coil spring 55 on the rear end extending upward
and the extent to which the tip portion of rod 52 protrudes decreased. As a result, as shown
in Fig. 4(B), the front end is pulled down and the rear end is pushed upward, making it
possible keep the rider from tilting backward and becoming unstable.

[0040]

Similarly, as shown in Fig. 4 (C), even when climbing a steep slope, a shift of the rider’s
weight to the rear can be prevented in the mountain bike in the present embodiment, by
increasing the extent to which the tip portion of rod 13 protrudes and further reducing the
extent to which the tip portion of rod 52 and locking rod 52 protrude.

[0041]

Also, as shown in Fig. 4 (D) and Fig. 4 (F), with a conventional mountain bike, when going
downhill, the rider's weight is shifted to the front, the front end sinks inward and the rear
side extends upward, and the rider leans forward and becomes unstable. In contrast, with
the present embodiment, the weight of the rider is shifted forward when climbing a hill.
Adjustment knob 14 is loosened to lock rod 13 with the coil springs 20, 21 on the front end
extending upward and the extent to which the tip portion of rod 13 protrudes decreased,
and adjustment knob 56 is tightened to lock rod 52 with the coil spring 55 on the rear end
being compressed and the extent to which the tip portion of the rod 52 protrudes increased.
As a result, as shown in Fig. 4 (E), the front end is pushed out and the rear end is pulled
down, making it possible to keep the rider from tilting backward and becoming unstable.

[0042]

When traveling at high speed on a gradual down slope, for example, the front end coil
springs 20, 21 and the rear end coil spring 55 are compressed, and the adjustment knobs
14, 56 are tightened to lock the rods 13, 52. Even through the center of gravity on the front
and rear ends is lowered, this can improve stability at high speeds. This also has the effect
of reducing air resistance caused by headwinds during high-speed travel by lowering the
posture, enabling travel with little loss.
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[0043]

(Effects)

The first embodiment has effects (a) to (d) below.
[0044]

(a) By tightening the front end adjustment knob 14 and the rear end adjustment knob 56,
the friction resistance of the rods 13, 52 can be adjusted (mechanical damping adjustment),
and the amount of vibration damping can be easily adjusted. As a result, a simple,
lightweight, and inexpensive damping mechanism (friction damper) can be provided.

[0045]

(b) By tightening the front end adjustment knob 14 and the rear end adjustment knob 56 to
lock rods 13, 52 (that is, secure the suspension), periodic vertical movement (bobbing) is
suppressed and drive loss due to unnecessary vertical movement is reduced, stabilizing the
posture.

[0046]

(c) By tightening the front end adjustment knob 14 and the rear end adjustment knob 56 to
lock the rods 13, 52 at any position and controlling the stroke of the suspension, posture
can be stabilized by preventing a backward tilt when going uphill and a forward tilt when
going downhill. Also, by lowering the center of gravity on the front and rear ends by
controlling the stroke of the suspension, stability during high-speed travel can be improved.

[0047]

(d) Because the dimensions are indicated on the tip portions of the rods 13, 52, the rider
can visually check the extent to which the tip portions of the rods 13, 52 protrude up and
down (stroke display). As a result, the suspension operating level can be grasped, which is
convenient.

[0048]

[2nd Embodiment]

(Configuration)

Fig. 5 (A) and (B) are a pair of configurational diagrams showing the rear suspension and
environs in the second embodiment of the present invention, in which Fig. 5 (A) is a plan
view from above, and Fig. 5 (B) is a side view. In Fig. 5, elements identical to those in Fig.
1 are denoted by the same reference numbers.

[0049]

A support portion 53A with a structure different from the support portion 53 of Fig. 1 is
provided near the rear suspension, and adjustment knob 56 in Fig. 1 is omitted.

[0050]
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Here, support portion 53A protrudes rearward from the lower portion of the top tube 13,
and includes a through-hole. The open ends of a substantially U-shaped connection arm 42
straddling the seat tube 1c are rotatably attached to the connecting portions of the rear
stays 38a, 39a and the rear stays 38b, 39b via a bolt shaft 42a. A rear suspension 50 is
rotatably attached to the connecting portion end of the connecting arm 42 via a bolt shaft
42b. The tip portion end of the rod 52 constituting the suspension 50 is slidably inserted
into a through-hole in the support portion 53A.

[0051]

Like the front wheel 2, the rear wheel 3 has a rim 3c on which a tire 3b is mounted, and the
rim 3c is attached to the rear axle 3a via spokes 3e connected to nipples 3d.

[0052]
(Operation)

When an impact is imparted to the rear wheel 3, the force of impact is transmitted to the
rear suspension 50 via the connecting arm 42 and absorbed by the contacting coil spring
55. Because the dimensions are indicated on the tip portion of the rod 52, the rider can
visually check how much the tip portion of the rod 52 protrudes from the through-hole in
the support portion 55A when the coil spring 55 is compressed.

[0053]
(Effects)

Because the adjustment knob 56 in Fig. 1 is omitted in the second embodiment, the
structure is simplified and costs can be reduced. If necessary, an adjustment knob 56 can
be screwed into the support portion 53A.

[0054]
[3rd Embodiment]
(Configuration)

Fig. 6 (A) and (B) are a pair of configurational diagrams of an example of a handlebar
indicator for the rear suspension in the third embodiment of the present invention, in which
Fig. 6 (A) is a cross-sectional view of the rear suspension and environs, and Fig. 6 (B) is a
configurational diagram, of the handlebar indicator and environs. In Fig. 6, elements
identical to those in Fig. 1 and Fig. 5 are denoted by the same reference numbers.

[0055]

Slide bushes 57, 58 such as an oil-impregnated metal bearing member or a linear ball slider
are mounted in a cylindrical support portion 53 provided in the top tube 1a, and the rod 52
in the rear suspension 50 slides into the slide bushes 57, 58. One end of a wire 60 is
connected to the tip portion of the rod 52 by a wire clamp 59, and one end of a wire casing
61 covering the wire 60 is locked in a receiving portion 62 projecting from the top portion of
the top tube 1a.

[0056]
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Near the grip 6a of a handlebar 6, an indicator (indicating mechanism) 70 for indicating the
stroke is attached with a clamp screw 63. The indicator 70 has a holder 71 fixed by a clamp
screw 63, and the lower portion of a rod-shaped indicator main body 73 is inserted into a
vertical receiving hole 72 provided in the holder 71. A stopper 73a protrudes near the center
of the indicator main body 73, and the upper portion of the stopper 73a protrudes upward
from the holder 71. A coil spring 74 is held between the end of the receiving hole 72 and
the stopper 73a, and the coil spring 74 biases the stopper 73a upward. The other end of the
wire 60 is fixed by a wire clamp 75 to the lower portion of the indicator main body 73, and
the other end of the wire casing 61 covering the wire 60 is engaged with the receiving
portion 76 provided in the holder 71.

[0057]
(Operation)

When the coil spring 55 of the rear suspension 50 is compressed to absorb the force of
impact, the rod 52 slides into the support portion 53. When the rod 52 slides, the wire 60
connected to the tip protrudes from or retreats into the wire casing 61, this movement is
transmitted toward the indicator 70, and the tip of the indicator main body 73 moves up or
down. In this way, the rider can visually check the operating level of the rear suspension 50
using the handlebar indicator 70.

[0058]
(Effects)

In the third embodiment, because the indicator 70 is attached to the handlebar 6, the rider
can see the operating level of the rear suspension 50 using a handlebar indicator 70.

[0059]

In the front suspension shown in Fig. 1, if a wire is connected to the tip of the rod 14 and a
front indicator is attached to the handlebar 6, the operating level of the front suspension
can be checked on the handlebar.

[0060]
[4th Embodiment]
(Configuration)

Fig. 7 (A) and (B) is a pair of configurational diagrams of an example of a
locking/adjustment mechanism for the front suspension in the fourth embodiment of the
present invention, in which Fig. 7 (A) is a plan view near the crown and a handlebar
controller, and Fig. 7 (B) is a partially enlarged plan view near the crown. In Fig. 7,
elements identical to those in Fig. 1 are denoted by the same reference numbers.

[0061]
This locking/adjustment mechanism for the front suspension can be operated manually

instead of the front adjustment knob 14 in Fig. 1. The through-hole 10a in the crown 10
through which the rod 13 is passed slidably is connected to a slit portion 10b. A diameter
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adjuster 77 consisting of a bolt and a nut is attached to the slit portion 10b, the diameter of
the through-hole 10a can be changed by turning a cam 78 connected to the adjuster 77
with a lever 79. One end of a wire 80 for driving the lever 79 is locked in the tip portion of
the lever 79. The wire 80 is covered with a wire casing 81, and a receiving portion 82 is
attached to one end of this wire casing 81. A coil spring 83 is attached over the wire 80
between the receiving portion 82 and the lever 79.

[0062]

A manual controller 90 is attached by a clamp screw 84 near a grip 6a on the handlebar 6.
The controller 90 has a holder 91 fixed by the clamp screw 84. A manual lever (thumb
shifter) 92 is rotatably attached to the holder 91, and a receiving portion 93 for locking the
other end of the wire casing 81 is provided. The other end of the wire 80 protruding from
the other end of wire casing 81 is connected to manual lever 92. A brake lever 7 may also
be pivotally attached to the holder 91.

[0063]
(Operation)

When, for example, the rider turns the manual lever 92 of the controller 90
counterclockwise with a thumb, the other end of the wire 80 connected to the lever is
pulled, and the lever 79 turns counterclockwise as shown in Fig. 7 (B). The slit portion 10b
is then tightened by the cam 78 and the adjuster 77, and the rod 13 inserted into the
through- hole 10a is locked (fixed in place). When the manual lever 92 is turned clockwise,
the other end of the wire 80 connected to the lever is pushed, and the lever 79 is turned
clockwise as shown in Fig. 7 (A). As a result, the cam 78 and the adjuster 77 loosen the
tight slit portion 10b and the frictional resistance of the inner wall of the through-hole
against the rod 13 is reduced to adjust the damping or free the rod 13.

[0064]
(Effects)

In the fourth embodiment, a manual lever 92 can be used for the controller 90 to easily set
the rod 13 of the front end suspension free or to tighten it, which is convenient.

[0065]

Instead of the adjustment knob 56 in Fig. 1, the support portion 53 of the rod 52 is
provided with a slit portion 10b, a cam 78, a lever 79, and a wire 80, etc. in Fig. 7. By
attaching the controller 90 to the handlebar 6, the rear suspension 50 can be locked and the
damping adjusted manually.

[0066]

[5th Embodiment]

(Configuration)

Fig. 8 (A) and Fig. 8 (B) are a pair of configurational diagrams of an example of a manual

operating level adjustment of the front suspension in the fifth embodiment of the present
invention, in which Fig. 8 (A) is a perspective view near the front suspension, and Fig. 8 (B)
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is a perspective view near the handlebar-mounted controller. In Fig. 8, elements identical to
those in Fig. 1 are denoted by the same reference numbers.

[0067]

In this manually operated operating level adjusting mechanism, instead of an adjustment
knob 14 and a rod 13 on the crown 10 side, a receiving portion 10c is provided on the front
surface of the crown 10, one end of a wire casing 96 covering a wire 95 is engaged with a
through-hole formed in this receiving portion 10c, and one end of the wire 95 is connected
by a clamp screw 94 to an arch 15 for connecting the bottom case.

[0068]

A manually operated controller 100 is attached by a clamp screw 97 near a grip 6a on the
handlebar 6. The controller 100 has a staged frame 101 attached to the handlebar 6 by a
clamp screw 97, and shift grooves 102 are formed in the upper portion of the frame 101.
The shift grooves 102 can be composed of, for example, first to fifth stage grooves, in which
the first stage groove for a freely operating state, the second to fourth stage grooves are
adjusting the level of operation, and the fifth stage groove is for locking operation (at the
lowest bicycle height). A shift lever 103 that is loosely fitted in the shift grooves 102 is
turnably attached to the rear surface of the lower level portion of the frame 101. The lower
level surface of the frame 101 is provided with a receiving portion 104 for locking the end of
the wire casing 96, and a hooking portion 105 for hooking the end of the wire 95 protruding
from the end of the wire casing 96.

[0069]
(Operation)

When the rider manually operates the controller 100, for example, by putting the shift lever
103 into the first stage of the shift grooves 102, the other end of the wire 95 connected to
the shift lever 103 is pulled toward one end of the wire 95 connected to the arch 15. The
tension pulling the arch 15 upward by the wire 95 is then released, and the bottom cases
18, 19 connected to the arch 15 are freed. As a result, when an impact is imparted to the
front wheel 2, the bottom cases 18, 19 move up and down accordingly, and the coil springs
20, 21 extend and compress to absorb the force of impact.

[0070]

When the shift lever 103 is shifted in the shift grooves 102 from the second stage to the
fourth stage, the one end of the wire 95 connected to the shift lever 103 is pulled upward,
and the upper ends of the bottom cases 18, 19 are lifted via the arch 15 connected to the
wire. As a result, the distance between the upper ends of the bottom cases 18, 19 and the
bottom surface of the crown 10 is reduced, and the vertical movement (stroke) of the
bottom cases 18, 19 is restricted. By suppressing vibrations and lowering the center of
gravity in this way, stability during travel can be improved.

[0071]

When the shift lever 103 is put into the fifth stage shift groove 102, the arch 15 is pulled up
to the maximum position by the one end of the wire 95, and the bottom cases 18, 19 are
fixed in place and locked. As a result, the bicycle height on the front end is at its lowest
position, lowering the center of gravity and improving stability during high-speed travel.
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[0072]
(Effects)

In the fifth embodiment, the controller 100 can be used to easily manually adjust the
operating level of the front suspension, which is convenient.

[0073]

Note that the present embodiment can also be applied to the rear suspension 50. For
example, if the wire 60 for the rear suspension 50 in Fig. 6 is connected to a rear controller
similar to the one in Fig. 8 (B), easy manual adjustment of the operating level of the rear
suspension 50 becomes possible.

[0074]
[6th Embodiment]
(Configuration)

Fig. 9 is a cross-sectional view of the front suspension in the sixth embodiment of the
present invention, in which elements identical to those in Fig. 1 are denoted by the same
reference numbers.

[0075]

The front suspension 200 has an air spring-plus-oil damper structure, and instead of a front
suspension having an adjustment knob 14, bottom cases 18, 19, and coil springs 20, 21 as
in Fig. 1, this is mounted on both sides of the front axle 2a.

[0076]

The suspension 200 has a bottom case 210 made of Al or Mg (diecast), etc. The lower part
of this bottom case 210 is attached to the front axle 2a side in Fig. 1, and an inner shaft 11
(or 12) in Fig. 1 is slidably inserted into the upper end opening of the bottom case 210. A
substantially cylindrical damper cartridge 220 that can be replaced when damaged is fixed
inside the inner shaft 11, the rod 13 is attached to the top portion of the damper cartridge
230, and the upper end of the rod 13 is pressed against by the adjustment knob 14.

[0077]

A damper shaft 211 is arranged in the center of the bottom case 210, and the lower end of
the damper shaft 211 is secured with a fixing bolt 212. The inner shaft 11 slides up and
down with the damper shaft 211 serving as the central axis. A bump stop 214, which is
made of an elastic material such as rubber, is attached on the compression side to the lower
portion of the damper shaft 211 via an E-ring 212a and a washer 213, and the bump stop
214 regulates the lowest position of the inner shaft 11. An air valve 215 is screwed into the
lower side wall of the bottom case 210 via an O-ring 216 serving as an air seal. The bottom
portion inside the bottom case 210 forms an oil bath, and lubricating oil 217 is enclosed in
this portion (at, for example, enclosure viscosity of 10 wt to 15 wt) to reduce the sliding
resistance and smooth operations between the inner shaft 11 and the slide bushes 218, 219
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and the various seals 220, 221, 223, and to improve the airtightness of the air chamber
210a.

[0078]

The two vertical slide bushes 218, 219 made of, for example, oil-impregnated metal are
attached to the upper wall surface inside the bottom case 210, and the inner shaft 11 slides
up and down inside these slide bushes 218, 219. A negative air chamber 210a is formed
between the lower slide bush 219 and the bottom portion inside the bottom case 210, and
initial operating smoothness and sensitivity during extension (during the minus stroke) are
improved by pressurizing the air chamber 210a (at, for example, an air pressure of 50 psi).
A dust seal 220 such as a lip device and/or a packing device with a labyrinth structure is
attached to the upper end opening of the bottom case 210 to prevent leakage from the
outer peripheral surface of the inner shaft 11. An O-ring 221 serving as an air seal as well
as an oil seal 223 are also attached.

[0079]

A bump stop 242, which is made of an elastic material such as rubber, is attached on the
rising side to the lower end opening of the inner shaft 11 via a C-ring 240 and an O-ring
241 serving as an air seal, and a damper shaft 211 passes through these components. A
damper cartridge 230 attached to the outer periphery of the damper shaft 211 is fixed
inside the inner shaft 11 by upper and lower C-rings 243, 244.

[0080]

The damper cartridge 230 has a cylindrical cartridge body 231, and the damper shaft 211
passes through this cylindrical cartridge body 231. The upper and lower ends of the
cartridge body 231 are sealed, and the interior is filled with damping oil 232. The damper
shaft 211 positioned inside the cartridge body 231 is provided with a projecting piston
portion 211a, and an orifice 211b serving as an oil flow path is formed in the piston portion
211a. When an impact is imparted to the bottom case 210 and the piston portion 211a is
pushed, the damping oil 232 on one side of the piston portion 211a flows to the other side
via the orifice 211b. The impact is mitigated at this time by oil resistance.

[0081]

An air valve 245 is screwed into the upper side wall of the inner shaft 11 via an O-ring 246
serving as an air seal. A top cap 246 is screwed into the upper end opening in the inner
shaft 11, and the adjustment knob 14 is screwed into the head portion of the top cap 246. A
rod 13 is connected to the damper shaft 211 projecting from the upper end of the damper
cartridge 230, and the rod 13 slides inside the top cap 246 via O-rings 247, 248 serving as
air seals. A bump stop 249, which is made of an elastic material such as rubber, is attached
to the upper end of the rod 13. An auxiliary coil spring 250 is attached under tension
between the lower end opening of the top cap 246 and the C-ring 243 to act as a backup
when air in the positive air chamber 11a is released. By pressurizing the positive air
chamber 11a formed inside the upper end of the inner shaft 11 (at, for example, air
pressure of 40 psi), the operating feeling during extension (during the minus stroke) can be
improved. In other words, a structure is formed that functions as a compressed air spring in
which the repulsive force gradually increases (progressive action) on a quadratic curve with
respect to the stroke when the front end is sinking inward.

[0082]
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(Operation and Effects)

When an impact is imparted to the front wheel 2 in Fig. 1, the impact is transmitted to the
bottom case 210 in Fig. 9, and the piston portion 211a of the damper shaft 211 tries to
move upward inside the damper cartridge 230. The impact is then mitigated by oil
resistance from the damping oil 232 flowing through the orifice 211b of the piston portion
211a. At this time, the auxiliary coil spring 250 extends and compresses to further reduce
the impact. Because the rod 13 moves up and down as the bottom case 210 moves up and
down, holding the bump stop 249 attached to the rod 13 in place with the adjustment knob
14 enables the position of the compression stroke to be easily adjusted.

[0083]
[7th Embodiment]
(Configuration)

Fig. 10 is a cross-sectional view of the front suspension in the seventh embodiment of the
present invention, in which elements identical to those in Fig. 1 are denoted by the same
reference numbers.

[0084]

The front suspension 300 is of a coil type suspension and is mounted on both sides of the
front axle 2a in place of the front suspension shown in Fig. 1. The suspension 300 has a
bottom case 310, the lower portion of the bottom case 310 is attached to the front axle 2a
in Fig. 1, and inner shaft 11 (or 12) in Fig. 1 is slidably inserted into the upper end opening
of the bottom case 310.

[0085]

A rod 311 is arranged in the center of the bottom case 310, and the lower end of the rod
311 is fixed in place with a fixing bolt 312. A flange-shaped stopper portion 311a is provided
on the upper portion of the rod 311, and the inner shaft 11 slides up and down with the rod
311 serving as a central axis. A bump stop 314, which made of an elastic material such as
rubber, is attached on the compressing side to the lower portion of the rod 311 via an E-
ring 312a and a washer 313, and the bump stop 314 regulates the lowest position of the
inner shaft 11. The bottom portion inside the bottom case 310 forms an oil bath, and
lubricating oil 317 is enclosed in this portion (at, for example, enclosure viscosity of 10 wt to
15 wt) to reduce the sliding resistance and smooth operations between the inner shaft 11
and the slide bushes 318, 319 and an O-ring 321 and other seals 320, 323, and to improve
the airtightness of the bottom case 310.

[0086]

The two vertical slide bushes 318, 319 made of, for example, oil-impregnated metal are
attached to the upper wall surface inside the bottom case 210, and the inner shaft 11 slides
up and down inside these slide bushes 318, 319. A dust seal 320 such as a lip device and/or
a packing device with a labyrinth structure is attached to the upper end opening of the
bottom case 310 to prevent leakage from the outer peripheral surface of the inner shaft 11.
An O-ring 321 serving as an air seal as well as an oil seal 323 are also attached.
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[0087]

A bump stop 342, which is made of an elastic material such as rubber, is attached on the
rising side to the lower end opening of the inner shaft 11 via a C-ring 340 and an O-ring
341 serving as an air seal, and the rod 311 passes through these components. The lower
portion of the rod 13 is screwed into the stopper portion 311a of the rod 311. A C-ring 343
is fixed in place near the center of the inner shaft 11, and a coil spring 344 for shock
absorption is stretched under tension between the C-ring 343 and the stopper portion 311a.
A top cap 346 with a through-hole is screwed into the upper end opening of the inner shaft
11, and the upper portion of the rod 13 protrudes from a bush/seal 347 inserted into the
through-hole.

[0088]

A rack 13a is formed in the upper portion of the rod 13 inside the inner shaft 11, and the
portion of the inner shaft 11 corresponding to the rack 13a is open. A casing 350 is fixed to
this opening, and a rotating shaft 351 is provided in the center of the casing 350. A pinion
352 that meshes with the rack 13a as well as a pulley 353 are attached to the rotating shaft
351. When the pulley 353 is rotated one and a half turns by a wire 354 wound around the
pulley 353, the pinion 352 is also rotated, and the rod 13 moves up and down via the rack
13a that meshes with the pinion 352. When, for example, the radius of the pinion 352 is R
and the radius of the pulley 353 is r, the reduction ratio is r/R. Both ends of the wire 354
wound around the pulley 353 are pulled out from the casing 350 and inserted into wire
casings 355, 356.

[0089]
(Operation)

When an impact is imparted to the front wheel 2 in Fig. 1, the impact is transmitted to the
bottom case 310 in Fig. 10, and the coil spring 344 extends and compresses to mitigate the
impact. When, for example, a controller such as the controller 90 in Fig. 7 is mounted on
the handlebar 6, and the wire 354 on the wire casing 356 end and the wire 354 on the wire
casing 355 end are pulled, if the wire 356 on the wire casing 356 end is pulled by the
controller, the pinion 352 rotates via the pulley 353, and the rod 13 moves downward on
the compression side via the rack 13a. Conversely, when the wire 354 on the wire casing
355 end is pulled by the controller, the rod 13 moves upward on the extension side. As a
result, a positional adjustment can be made to the stroke on the compression side and the
extension side.

[0090]
(Effects)

In the seventh embodiment, a positional adjustment can be made manually to the stroke
not only on the compression side as in Fig. 9 but also on the extension side. For example, if
the total stroke is 90 mm, the rider sinks inward 30 mm when riding the bike, the
compression side stroke is 60 mm, the extension side stroke is 30 mm, and the reduction
ratio of the pulley 353 is 1/3, the compression-extension full stroke position is reached
when the wire 354 in the compression-side wire casing 356 has been pulled by 20 mm or
when the wire 354 in the extension-side wire casing 355 has been pulled by 10 mm. The
stroke is also indicated using a similar ratio.
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[0091]
[8th Embodiment]
(Configuration)

Fig. 11 is a configurational diagram of the rear suspension in the eighth embodiment of the
present invention, in which elements identical to those in Fig. 1 are denoted by the same
reference numbers.

[0092]

The rear suspension 400 has a coil-plus-oil damper structure and is attached between the
subframes 38, 39 and the top tube la instead of the rear suspension 50 in Fig. 1. The
suspension 400 has a base 410 rotatably connected to a connecting arm 42, and a base 420
rotatably connected on the top tube 1a side. The end portion 410a of one base 410 is
pivotally attached to the connecting arm 42 via a bearing metal 411, and a wire 430 is
connected by a wire clamp 412 to a base position a certain distance from the end portion
410a. An adjustment knob 413 for oil damping is provided at the base position near the end
portion 410a.

[0093]

The end portion 420a of the other base 420 is pivotally attached to the top tube 1a via a
bearing metal 421, and a receiving portion 422 is provided at a base position a certain
distance from the end portion 420a. One end of a wire casing 431 covering wire 430 is
locked by the receiving portion 422. The other end of the wire casing 431 is connected to a
rear controller such as the controller 500 in Fig. 12, which will be described later.

[0094]

A threaded portion 414 is connected to the adjustment knob 413 side of one base 410, and
a receiving plate 415 for adjustments is screwed into the threaded portion 414. A receiving
plate 423 is also attached to the other base 420. A damping coil spring 424 is stretched
under tension between the receiving plate 423 and the receiving plate 415 for adjustments,
and an oil damper 440 for damping vibrations is also mounted in the coil spring 424.

[0095]

The oil damper 440 has a cylinder 441 connected to the threaded portion 414, and the
cylinder 441 is filled with damping oil 442. A piston 443 is slidably housed inside the
cylinder 441, and an orifice 443a is formed in the piston 443. A damper shaft 444 is
connected to the piston 443, and the tip end of the damper shaft 444 protrudes from the
end of the piston 443 in a sealed state and is connected to the base 420 on the receiving
plate 423 side.

[0096]
(Operation)
When an impact is imparted to the rear wheel 3 in Fig. 1, the impact is transmitted to the

end portion 410a of the base 410 via the subframes 38, 39, and the oil damper 440 and the
coil spring 424 operate to mitigate the impact. If, for example, the controller attached to
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the handlebar 6 in Fig. 1 is operated and the wire 430 in Fig. 11 is pulled to the right, the
base 410 moves to the right and the operating distance (stroke) of the suspension 400 is
shortened. As a result, the stroke of the suspension 400 can be easily adjusted by manually
operating the controller attached to the handlebar 6.

[0097]
(Effects)

In the eighth embodiment, the stroke of the suspension 400 can be easily adjusted by
manually operating a controller, simplifying the structure and making operation easier. The
strength of the coil spring 424 can also be adjusted easily by moving the receiving plate 415
screwed into the threaded portion 414 to the left and right in Fig. 11.

[0098]
[9th Embodiment]
(Configuration)

Fig. 12 is a plan view of the manual adjustment controller in the ninth embodiment of the
present invention, in which elements identical to those in Fig. 1 are denoted by the same
reference numbers.

[0099]

The manual controller 500 can be attached near a grip 6a on the handlebar 6 using, for
example, a clamp screw 501. The controller 500 has a holder 502 fixed in place by a clamp
screw 501. A manually operated lever 503 is rotatably attached to the holder 502, and the
lever 503 is provided with a pair of wire hooks 504, 505. A pair of wire casing receiving
portions 506, 507 corresponding to hook portions 504, 505 are provided on the holder 502.
An end of a wire 508 is connected to one hook portion 504, and an end of the wire casing
509 covering this wire 508 is locked in a receiving portion 506. An end of another wire 510
is connected to the other hook portion 505, and an end of the wire casing 511 covering this
wire 510 is locked in another receiving portion 507.

[0100]

The other ends of the wire casings 509, 511 are connected, for example, to the suspension
attached to the handlebar 6 of Fig. 1. For example, when performing posture control on the
front and rear ends at the same time, the front suspension in Fig. 7 or Fig. 8 is connected to
the other end of wire casing 509, and the rear suspension in Fig. 6 or Fig. 11 is connected
to the other end of wire casing 511. When controlling compression and extension at the
same time, as shown in Fig. 10, the wire casing 356 of the suspension 300 on the
compression side is connected on the other end of wire casing 509, and the wire casing 355
of the suspension 300 on the extension side is connected on the other end of wire casing
511.

[0101]

(Operation and Effects)
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For example, when the rider turns the manually operated lever 503 in the controller 500
clockwise with a finger, the other end of the wire 508 connected to the lever is pulled to
control the posture of the front suspension or control compression. When the manually
operated lever 503 is turned counterclockwise, the other end of the wire 510 connected to
the lever is pulled to control the posture or control extension of the rear suspension. As a
result, posture stability and usability can be further improved.

[0102]
[10th Embodiment]

Fig. 13 (A) and Fig. 13 (B) are a pair of configurational diagrams of the manual adjustment
controller in the tenth embodiment of the present invention, in which Fig. 13 (A) is a plan
view, Fig. 13 (B) is a side view, and elements identical to those in Fig. 12 are denoted by
the same reference numbers.

[0103]

A manually operated controller 600 is attached, for example, near a grip 6a of the
handlebar 6 with a clamp screw 601. The controller 600 has a holder 602 fixed in place by a
clamp screw 601. The holder 602 is provided with a shaft 603 on which a stroke
indicator/control lever 604 is rotatably attached. The control lever 604 has functions of
performing compression and extension operations and displaying the stroke position. For
the stroke position, for example, in Fig. 13 (A), using the horizontal position H1 of the rider
when riding as a reference, the clockwise compression-side full stroke (+60 mm) is at
position H2 and the counterclockwise extension-side full stroke (-30 mm) is at position H3.

[0104]

A receiving portion 605 for locking the end of the wire casing 509 covering wire 508 and a
receiving portion 606 for locking the end of the wire casing 511 covering wire 510 are
provided near the control lever 604. Rotating the control lever 604 clockwise on the
compression side pulls wire 508, and rotating the control lever 604 counterclockwise on the
extension side pulls wire 510.

[0105]

An adjuster 607 consisting of a bolt and a nut is attached to the shaft 603, and an
adjustment lever 609 is attached to the adjuster 607 via a cam 608. The adjustment lever
609 has a braking function (friction adjusting function) for the control lever 604. For
example, in Fig. 13 (A), the shaft 603 is free at the horizontal position I1, and is locked at
the position 12 after being turned clockwise, with the friction adjustment range from
positions I1 to I2.

[0106]

In the tenth embodiment, compression and extension can be easily controlled by manually
operating the control lever 604 in the controller 600, and the suspension can be easily
placed in a free state, a locked state, or a damping adjusting state by operating the
adjustment lever 609. This makes it possible to further improve posture stability and
usability.

[0107]
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[Uses]

Fig. 14 is a table used to explain examples of the present invention applied to various
vehicles.

[0108]

The embodiments of the present invention described above can be applied to electrically
assisted bicycles, motorcycles, automobiles, work vehicles, and industrial vehicles, etc., in
addition to bicycles such as mountain bikes.

[0109]

Four items can be evaluated (mechanical damping, suspension securing, stroke control, and
stroke display). Here, suspension securing and stroke control are two ways of stabilizing the
posture. The first means stabilizing the posture by suppressing periodic vertical movement
(bobbing), and the second means stabilizing the posture by suppressing static forward
leaning, backward leaning, or a high center of gravity.

[0110]

When applied to bicycles, all four of these items are very effective (©). For power assist
electric bicycles, the items are divided between effective (o), very effective (©), and
sometimes effective (a). For example, a power assist electric bicycle with a front (rear)
suspension can realize improved fuel efficiency and mileage.

[0111]

For motorcycles and automobiles, compressing both the front and rear suspensions in terms
of stroke control lowers the center of gravity and improves stability at high speeds, which is
very effective (©). In addition, the stroke display item for motorcycles and automobiles is
particularly effective (®) for sports vehicles and off-road vehicles such as motocross and
four-wheel drive vehicles.

[0112]

Fig. 15 is a diagram showing an example of the present invention applied to the instrument
panel of an automobile in Fig. 14.

[0113]

This instrument panel 701 is in front of the steering wheel 700, and a speedometer 702 and
other instruments are arranged on the instrument panel 701. For example, a three-
dimensional vehicle model 703 can be mounted on the instrument panel 701. The model
703 has a left front wheel 703a, a right front wheel 703b, a left rear wheel 703c¢, and a right
rear wheel 703d. In Fig. 14, the left front wheel 703a is extended, the right front wheel
703b is in the standard position, and the right rear wheel 703c is sunk in. By providing such
a three-dimensional model 703, the amount of movement by the suspension can be easily
and accurately grasped.

[0114]
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[Effects of the Invention]

As explained in detail above, in the invention according to claim 1, the action of the
suspension controlled by the control means can easily and accurately absorb or dampen
impacts or vibrations imparted to the main frame.

[0115]

In the invention according to claim 2, the amount of movement due to an impact or
vibrations imparted to the main frame can be easily displayed on a display unit, and the
impact or vibrations can be easily and accurately absorbed or damped by the suspension.

[0116]

The invention according to claim 3 has the same effects as the inventions according to
claims 1 and 2.

[0117]

In the invention according to claim 4, the subframes and the main frame can be
mechanically secured by the securing portion by operating a control means, which reduces
drive loss due to unnecessary vertical movement and stabilizes the posture.

[0118]

In the invention according to claim 5, the control means has an operating level control unit
that allows for mechanical control of the amount of movement by the movable portion of
the suspension, and this can improve stability during travel by reducing forward and
rearward leaning during travel.

[0119]

In the invention according to claim 6, the stroke amount of the suspension can be controlled
by operating an operating level control unit, and forward and rearward leaning during travel
can be reduced.

[0120]

In the invention according to the seventh embodiment, operation of the suspension can be
suppressed by the action of a suppressing unit, and stability during travel can be improved.

[0121]
In the invention according to the eighth embodiment, operation of the suspension can be
suppressed by the action of a mechanical damping unit, and a simple, lightweight and

inexpensive damping mechanism can be realized.

[Brief Description of the Drawings]

[Fig. 1]
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Fig. 1 is a configurational diagram of the mountain bike in the first embodiment of the
present invention.

[Fig. 2]

Fig. 2 is an enlarged view near the front suspension in Fig. 1.
[Fig. 3]

Fig. 3 is pair of enlarged views of tip portions of the rods in Fig. 1.
[Fig. 4]

Fig. 4 is a set of diagrams used to compare an embodiment of the present invention with an
example of the prior art in terms of the uphill and downhill postures.

[Fig. 5]

Fig. 5 is a pair of configurational diagrams showing the rear suspension and environs in the
second embodiment of the present invention.

[Fig. 6]

Fig. 6 is a pair of configurational diagrams of an example of a handlebar indicator for the
rear suspension in the third embodiment of the present invention.

[Fig. 7]

Fig. 7 is a pair of configurational diagrams of an example of a locking/adjustment
mechanism for the front suspension in the fourth embodiment of the present invention.

[Fig. 8]

Fig. 8 is a pair of configurational diagrams of an example of a manual operating level
adjustment of the front suspension in the fifth embodiment of the present invention.

[Fig. 9]

Fig. 9 is a cross-sectional view of the front suspension in the sixth embodiment of the
present invention.

[Fig. 10]

Fig. 10 is a cross-sectional view of the front suspension in the seventh embodiment of the
present invention.

[Fig. 11]

Fig. 11 is a configurational diagram of the rear suspension in the eighth embodiment of the
present invention.

[Fig. 12]
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Fig. 12 is a plan view of the manual adjustment controller in the ninth embodiment of the
present invention.

[Fig. 13]

Fig. 13 is a pair of configurational diagrams of the manual adjustment controller in the tenth
embodiment of the present invention.

[Fig. 14]

Fig. 14 is a table used to explain examples of the present invention applied to various
vehicles.

[Fig. 15]

Fig. 15 is a diagram showing an example of the present invention applied to the instrument
panel of an automobile in Fig. 14.

[Key to the Drawings]

1: Main frame

4: Steering column

6: Handlebars

10: Crown

11, 12: Inner shaft

13: Rod

14: Adjustment knob

15: Arch

18, 19: Bottom case

20, 21: Coil spring

38, 39: Subframe

50, 200, 300, 400: Suspension
70: Indicator

90, 100, 500, 600: Controller
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[Fig. 1]

1: Main frame
50: Suspension

38¢,3%9¢

The Mountain Bike in the First Embodiment of the Present Invention
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[Fig. 2]
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The Front Suspension in Fig. 1
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[Fig. 3]
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The Tip Portions of the Rods in Fig. 1
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[Fig. 4]
N % \ ( % ) /
(A) (B) (C)
/§ g\ / %
O} (E}
Going Uphill Going Downhill
Front Prior Art Extends Upward Sinks Inward
Present Embodiment Retreats Inward Projects Outward
Rear Prior Art Sinks Inward Extends Upward
Present Embodiment Projects Outward Retreats Inward
(F)

Comparison of Uphill and Downhill Postures in the Present Invention and Prior Art
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[Fig. 5]

{B)

The Rear Suspension in Second Embodiment of the Present Invention
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[Fig. 6]

bOO0OOC
DOO0O000
POC O OO0

3
6a

-7

70: Indicator

The Handlebar indicator in the Third Embodiment of the Present Invention
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[Fig. 7]

90: Controller

The Locking/Adjustment Mechanism in the Fourth Embodiment of the Present Invention

SRAM_FOX_CO_000077

SRAM EXHIBIT 1005, PAGE 55 OF 63



(34) JP 2004-345366 A (P2004-345366A)

[Fig. 8]

100: Controller

Operating Level Adjustment in the Fifth Embodiment of the Present Invention
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[Fig. 9]
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The Sixth Embodiment of the Present Invention

SRAM_FOX_CO_000079

SRAM EXHIBIT 1005, PAGE 57 OF 63



(36) JP 2004-345366 A (P2004-345366A)

[Fig. 10]
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The Seventh Embodiment of the Present Invention
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[Fig. 11]
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400: Controller

The Rear Suspension in the Eighth Embodiment of the Present Invention
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[Fig. 12]
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500: Controller

The Controller in the Ninth Embodiment of the Present Invention
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[Fig. 13]
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600: Controller

The Controller in the Tenth Embodiment of the Present Invention
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[Fig. 14]
Item Mechanical Suspension Stroke Control Stroke Display
Damping Securing
\Function Provides a simple, Stabilizes drive Reduces Grasp operating
lightweight, loss/posture due to forward/backward level of suspension
inexpensive unnecessary vertical lean
damping movement
mechanism
Bicycle such as © © ©
Mountain Bike
Power Assist Electric o ) A
Bicycle
Motorcycle ©) ) © ©
(Lightweight
Vehicle)
Automobile A A © ©
(Lightweight
Vehicle)
Work O @) ©) A
Vehicle/Industrial (Lightweight
Vehicle Vehicle)

(@: Very effective; O: Effective; A: Sometimes effective)

Uses of the Present Invention
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[Fig. 15]

Automobile Instrument Panel in Fig. 14

SRAM_FOX_CO_000085

SRAM EXHIBIT 1005, PAGE 63 OF 63



	bibliographic-data
	abstract
	claims
	description
	drawings



