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BICYCLE REAR SUSPENSION WITH A TWO AXIS WHEEL PATH

CROSS-REFERENCE TO RELATED APPLICATIONS
16001} This application 18 a non-provisional of U.S. Provisional Application No.

61/663,559 filed hune 23, 2012 the content of which is incorporated herein by reference in s

entirety.
BACKGROUND OF THE INVENTION
16002} High-end bicyeles, especially those used for off-road riding, typically have both

rear and front suspension systems (o assist in fraversing uneven or rongh terrain. Downhill
monntain racing bikes, freenide bikes, trail bikes and recreational bikes can be subjected to
high speeds where the bumpier terrain can increase the chance that the nider can lose control.
The combination of the terrain and speed conditions can result in rear wheel movement vectors
meluding rearward direction impact vectors n addition to vertical direction vectors.

RELERY Many rear suspension systems designed for freeriding and other biking applications
are known by those skilled in the art. Such systoms generally include a rear suspension
permitting a limited degree of travel of the rear wheel relative to the bicyele frame and a rear
shock absorber that absorbs or dampens suspension forees acting on the wheel, The range of
rear wheel travel permitted by oxisting suspension systems varics, but is typically within the
range of about 5 to 12 inches measured vertically (although some designs permit travel outside
this range).

[0004] The dramatic growth of rear wheel suspension on such bicycles is partially duc to
the fact that rear suspension systoms not only increases rider comfort, since the suspension
dampens jarring forces from rough terrain, but also prevents the forces or movement vectors
from being divectly transferred to the rider's seat. The growth of these suspensions can also be
attributed to the need for increase traction and controf when the rear wheel suspension acts to
keep the rear wheel in better contact with the trail surface after enconmtering the rough terrain,
80a5] There 15 a need for improved suspensions for the rear wheel of bicveles and/or two-
wheeled vehicle. More particularly, a need remains for suspensions that are adapted or
configured for offeroad two wheel vehicles (hereatier referred to as bicyeles or bikes, inchuding

motorized as well as manual powered). The need includes suspensions that allow the rear
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wheel to move in two axes, or degrees-of-freedom {(DOF) relative to the remainder of the

frame of the bike.

BRIEF SUMMARY OF THE INVENTION
18306] This invention relates o the rear suspension of bicyeles or motor driven cycles.
The present invention comprises improvements to a bicycie suspension system with a two-axis
rear wheel path for rearward compliance in addition to the main vertical compliance for
improved control in bumpy, steep, high-speed off road terrain conditions. The following
examples illustrate simple, light and compact improvements that can optionally be
manufactured for less expense.
180871 The present disclosure includes an improved a bicycle suspension system for use
with bicycle having a main frame assembly and a swing arm assembly, the system allowing
improved movement of a wheel coupled to the swing arm assembly,
[B008] In one example, the improved bicycle suspension systemn includes a first deflection
device coupling the swing arm assembly to the main frame assembly at a first coupled
focation, where the first deflection device is configured to allow relative motion between the
swing arm assenibly and the main frame; a second deflection device coupling the swing arm
assembly to the main assembly at a second coupled location; where a frame end of the first
deflection device is pivotally coupled to the main frame assembly and a swing arm end of the
first deflection deviee is pivotally coupled to the swing arm assembly; and where a frame
portion of the second deflection device 1s coupled to the roain frame assembly and a swing arm
portion of the second detlection device is coupled to the swing arn assembly such that the
seeond detlection device permits relative movernent bebtween the swing arm assembly and the
main assembly independently in either a horizontal direction or a vertical divection. The term
assembly and portion with regard to the mam frame and swing arm are intended to be used
interchangeably and include additional features or stractures that can be incorporated o the
respective part of the bicyele.
18309] The horizontal direction can optionally comprise a horizontal arcing direction
and/or the vertical divection can optionally comprise a vertical arcing direction.
18316} In one vanation, the second deflection device comprises at least a first pivot

bearing located at the swing arm portion of the second delivery device, where the first pivot
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bearing allows movement of the swing arm assembly in the vertical direction upon rotation of
the swing arm assembly about an axis of the first pivot bearing.

(0011} Variations of the suspension also includes where the second deflection device
comprises a shock member coupled to the main frame assembly at the frame portion of the
second deflection device, where deflection of the shock member results in movement of the
swing arm in the horizontal direction.

(8012 In certain variations of the sccond deflection device includes a first pivot bearing is
mechanically coupled to a portion of the shock member, In some cases the second detlection
device inchides a second pivot bearing coupling the first pivot bearing to the portion of the
shock member, where rotation of the second pivot bearing is driven by torsion of the portion of
the shock mermber, where the rotation of the second pivot bearing and rotation of the fivst pivot
hearing permits movement of the swing arm in the horizontal divection.

18013} One or more a pivot bosses can be coupled to the shock member the pivot boss also
being coupled to the second pivot bearing such that deflection of the shock member causes
movement of the second pivot bearing. Tn additional variations, a frame plate 15 coupled to the
main frame assembly at the frame portion of the second deflection device, where the frame
plate comprnises defines an opening that limits movement of the pivot boss or second pivot
bearing to limit movement of the shock member. For example, the opening can be any
opening that provides desired restraint or movement of the shock member. For instance, the
opening can comprise a shape selected from an ellipse, a circular opening, and a slot.

18914} The suspensions described herein can inclade shock members where a first portion
of the shock member comprises at least one opening or cavity that increases deflection of at
fcast a second portion of the shock member.

(6015} The first deflection device can comprise a shock absorber or damper. Such
stractures can include structures selected from the group consisting of a hydraulic, pneumatic,
coil sprung, non-spring based, elastomeric structures.

1831 6} The present disclosure also inchides a bicycle comprising: a main frame assembly;
a swing arm assembly, the swing arm assembly having a rear wheel axis portion for affixing a
rear wheel thereto; a first deflection device mechanically coupling the swing arm asscrbly to
the main frame assembly at a first location; a second deflection device mechanically coupling

the swing arm assembly to the main assembly at a second location; where a frame end of the
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first deflection device is pivotally coupled to the main frame assembly and a swing arm end of
the first deflection device is pivotally coupled to the swing arm assembly, where the frame end
and swing arm end of the first deflection device are moveable relative to cach other; where a
frame portion of the second deflection device is coupled to the main frame assembly and a
swing portion of the second deflection device assembly is coupled to the swing arm assembly
such that the second deflection assernbly permits relative movement between the swing arm
assernbly and the main assembly independently in either a horizontal direction or a vertical
direction.

[6017] Another variation of the invention includes a bicycle suspension component for use
with a bicyele having a main frame assembly and a swing arm assembly and a linear daraper
device pivotally coupling to both the swing arm assembly and the main frame assembly., One
example of such a suspension component includes a frame portion for affixing to the frame
asserbly; a swing arm portion for affixing to the swing arm assembly, where the swing arm
assembly includes a rear axle; and where when the frame portion s affixed to the main frame
assembly and the swing arm assembly are able to move independently in either a horizontal
direction or a vertical direction,

8018} The bicycle, bicvele component, and/or bicyele suspension system disclosed or
discussed herein are examples of the invention described herein. It is contemplated that
combinations of aspects of specific embodiments or combinations of the specific embodiments

themselves are within the scope of this disclosure,
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
18319} FIG. 1 illustrates an exemplary bicyele with one variation of a dual suspension
configuration as disclosed herein.
18028} FIG. 2A illustrates a side view of a main frame and a swing arm of a bicycle of
coupled by a first displacement device and a second displacement device.
18021} FIGS. 28 and 2C show respective top and front views of the bicycle structures
shown in FIG. 2A.
18022} FIGS. 3A to 3D illustrate four positions of rear wheel axle movement and depicted
curve to demonstrate movement of a rear axic of a dual suspension bicyele using the principles
disclosed herein,
[8023] FIG. 4A illustrates an exploded view of a variation of the second deflection device.
16024} FIG. 48 iHustrates relative movement of bearings used in the second deflection
assembly.
16025] FIG. 4C shows a side view of the second deflection assembly of FIG. 4A.
[8026] FIG. 4D shows a sectional view of the second deflection assembly taken ong lines
404D of FIG. 4C.
18427} FIGS. 5A and 5B idlustrates a partial sectional view of the second deflection device
showing displacement of the shock member as movement A2 deforms the shock mewber.
136238] FIG. 6A shows another variation of a dual suspension configuration having a first
deflection device and a second deflection deviee.
1B3329] FIG. 6B shows an exploded assembly view of the second deflection device
depicted in FIG. 6A.
18338} FIG. 6C shows a side view of the displacement device of FIG. 6B,
(6631} FIG. 60 shows a cross sectional view of the displacement device taken along line
6D-0D of FIG. 6C.
16032} FIG. oF illustrates one cxample of displacement of the shock member, pivot boss,
and pivot bearing as a result of movement A3,
{6033} Fig. 6F is intended to illustrate the displacement of a shock member.,
16834} FIGS. 7A to 7D illustrate a path of movement or curve of a rear axle through four

extreme positions depending on the displacement of the various displacement devices.
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{6035} FI1G. 8 illustrates yet another variation of a suspension system for providing the
benefits as discussed herein,

[8036] FIGS. 9A and 9B illustrate oblique views of additional variations of a displacement
device according to the present disclosure.

18037} FIGS. 10A and 10B illustrate vet another variation of a suspension assembly,
18038} FIG. 10C shows an exploded view of the variation shown in FIG. 10A.

DETAILED DESCRIPTION OF THE INVENTION
18339} FIG. 1 illustrates an exemplary bicyele 108 having a dual suspension configuration
as disclosed herein. While the bicyele 188 1s illustrated as a varation of a mountain bike
configuration, it should be noted that the suspension design and other improvements discussed
herein can be applied to any two wheel vehicle, inchuding, motorized bicycles, manual
bicycles, or other such vehicles where dual suspension is desired,
[8046] FI1G. 1 shows the bicycle 188 including dual suspension assembly having certain
features, aspects and advantages of preferred embodiments of the present invention, The
overall bicycle 108 is described in general detail to assist in the understanding of certain
features and advantages of the illustrated variation of the suspension design. Details of the
bicyclc 188 that arc not described herein may be assumed to be of a conventional construction
or a suitable alternative construction, such as those readily known by one of skiil in the art.
For example, the bicycle shown 1o FIG. T includes three main sections, 8 mam frame assembly
or portion 182 having a swing arm asserubly 184 coupled thereto and a front fork assembly
108 located on an opposite side of the swing arm assembly 184, The front fork assembly 188
can include a sicering bar and wheel,
(8041} As shown, the man frame portion or assembly 182 of the dlustrated bicycle 186
couples to a swing arm assembly 184, The swing arm assembly 184 15 also known as a rear
frame assembly and is moveable relative to the main frame portion 182 due to the suspension
system discussed below.
1899342} The swing arm assembly 184 sopports a wheel 186 (in most cases a rear wheel).
As noted herein, the ilhustrated configuration inclndes a dual suspension system that allows for
relative movement between the main frame portion 182 and the swing arm assembly 14

especially in view of movement of the wheel 186, In this particular vanation, the dual
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suspension comprises a first deflection device 118 and a second deflection device 128 cach
coupling the swing arm assembly 184 to the main frame portion 182 at different locations. In
this example, the first deflection device 118 comprises a shock absorber assembly that travels
along a first axis (i.¢., the stroke of the shock absorber. As shown, the first deflection device
118 couples the main frame portion 142 to the swing arm assembly 184 at a first location,
However, the location of the coupling can be varied as needed where the illustrated first
focation is shown for convenicnce only,

18343} In the illustrated example, the second deflection device 128 permits relative
movement between the swing arm assembly 184 and the mam frame portion 162
independently in either a horizontal or vertical direction as shown by FX and FY, The
mdependent movement in either the FX (horizountal) or FY {vertical) movement means that the
seeond detlection device allows movement of the portion of the swing arm assembly coupled
to the second deflection device 128 in cither the FX or FY directions regardiess of where the
first deflection device 118 18 in ifs stroke along the first axis.

16844 FIG. 1 also illustrates two divections of wheel 186 movernent encountered when the
bicycle 108 18 nidden vnder the conditions described herein, Direction Al corresponds to the
vertical path movement along the FY divection. Birection A2 corresponds to a relatively
smaller amount of rear travel along the FX direction. FIG. 10 also thistrates an additional
movement direction of A4, which occurs as a result of independent front wheel movement in
response to forces acting on the wheel,

18345] FIG. 2A illustrates a side view of the main frame 182 and swing arm 184 of the
bicyele of FIG. 1 with various assemblics removed for purposes of iflustration. As shown, the
main frame portion 182 is coupled to the swing arm 144 via the dual suspension configuration
including a shock absorber 118 coupled between the main frame 182 and swing arm 184, The
coupling points can include any number of bearings at cither end o pormit movement of the
shock absorber 116 along its stroke axis. The swing arm 184 is also coupled to the main frame
182 using a sccond deflection device 128, While vanations of the second deflection device
126 are described below, the illustrated variation depicts the lower portion 188 of the swing
arm 184 coupled to a link 124 that provides a rotational mount on the deflection device 128 so
that the swing arm 184 is rotably joined to the deflection device 128, Accordingly, one or

more bearings can be used when fastening the swing arm 184 to the deflection device 124,
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FIG. 2A also shows a deflection portion or shock member 126 of the second deflection device
§128. The deflection portion can comprise an clastomer or similar material that permits
deflection in both axial and horizontal directions as described above as well as providing a
damping function. In onc variation, the clastomers allow for wide tuning options, simplicity,
tight weight, and no stiction from seals, and short lengths without custom shocks, One
example of such an clastomoer is polyurethane.

[8046] FIGS. 3A to 3D illustrate four positions of rear wheel axle 187 movement, depicted
by curve 1§ (having positions 2, 4, 6, and 8) when using a variation of the dual suspension
configuration disclosed herein. [t is noted that the maximum displacements of cach deflection
device affect the shape of curve 18, It s onderstood by those skilled in the relevant art that
displacement of the rear wheel or axle 187 can be adjusted by varying the stroke of the each
displacement device. Such adjustments affect the shape of curve 16,

18047} FIG. 3A represents an initial position 2 as a base for tlustrating the deflection of
the deflection devices, FIG, 3B illustrates the movernent of axie 187 from position 2 to
position 4 in response (o displacement Al {see also Al from FIG. 1), As noted previously, Al
depicts vertical movement of the wheel or axle 187 in response to niding conditions. As shown
in FIG. 3B moving rear axle 187 upwards to position 4. FIG. 3C illustrates an additional
movement A2 acting on rear wheel or axle 187, which in tarn canses deflection of the second
deflection device 128 in a rearward divection along FX (see FIG. 1) This deflection of rear
axle 187, while still under the influence of AT canses rear axie 187 to move to position 6.
However, movement of the second deflection device 128 can also ocour independently of
movement of the first deflection device 114,

[BB438] FiG. 3D shows movement of rear axle 187 as force or deflection Al is removed
causing the rear axle 187 to move from position § to position 8. It is noted that, FIG. 3D
shows sccond deflection device 128 in the same or similar position as that shown in FIG. 3BC.
8349} Again, the dual suspension configuration permits fore and aft movement
independent of up and down movement of the rear wheel axis 187 / rear wheel 186, The
ability to have such independent movement improves the shock absorbing and pivoting of the
bicycle.

[6050] FI1G. 4A illustrates an exploded view of a variation of the second deflection device

128, where FIG, 4B illustrates relative movement of bearings used in the second deflection
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assembly. Any of the bearings described herein can include conventional cartridge ball
bearings or plane bearings. FIG. 4C shows a side view of the sccond deflection assembly and
FIG. 4D shows a scctional view of the sccond deflection assembly taken long lines 4D-4D of
FIG. 4C.

(8051} As shown, the second deflection device 128 can include a shock member 126 that
physically couples the main frame portion 182 via any number of connection points. In the
illustrated variation, the shock member 126 fastens to the main frame portion 162 viausc of a
fastencr 58 positioned through opening 38, It should be noted that any number of bushings or
spacers 84 can be used. The shock member 126 can be constructed from an clastomeric
material where thickness, durometer, mumber of mounting points 88, as well as through holes
68 can be varied as needed to tune spring and damping rates to meet the desived performance
characteristics of the suspension assembly. As previounsly discussed, the second deflection
asserbly 128 s also rotationally coupled to the swing arm 184, o thus variation, the swing
arm 184 s directly coupled to the second deflection device 128 using a first pivot bearing 128
that allows movement of the swing arm upon reaction of the rear wheel to direction Al as
previously discossed. FIG. 4B idlusirates the divection of movernent of swing armn 184 1o
response to movement A1, The first pivot bearing 128 is fastened to the second deflection
device 124 via fastener 82 though any number of fasteners can be used.

18953} FIG. 4A also shows fastener 82 and first pivot bearing coupled to a link plate 124,
Link plate 124 is scated within a second pivot bearing 138 and secured thereto using fasteners
5§ that extend through shock member 126, Movement A2 by the swing arm 182 in the FX
direction causes rotation of second pivot bearing as shown in FIG. 4B, This rotation causcs
deflection of shock member 126 allowing for the rear frame assembly 164 to move as
described above. It is noted that FIG. 4B illustrates the state depicted in FIG. 3C where the
swing arm assembly is subject to movement Al and A2. However, as noted above, the second
deflection device can move in response to cither Al or A2, FIG. 48 also illustrates
deformation of through-hole 6 as shock member 126 is deformed as a result of the movement
of the swing arm 184, As noted above, the suspension system can be adjusted or tuned by
varving the parameters of the shock member 126, Furthermore, movement of the swing arm
184 in cither a horizontal directional arc or a vertical directional arc is accomplished by the

ability of the second deflection device 128 to move in response to cither Al or AZ.
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[6053] FIGS. 5A and 5B illustrates a partial sectional view of the second deflection device
showing the shock member 126 as movement AZ deforms shock member 25 and allows
movement of the swing arm 184 relative to the main frame 382, FIG. SA ilhustrates the state
ot the shock mermber 126 prior to movement as well as distances X1 and X2 which represent
the distance between mounting points 56 of the transfer plate and the mounting point 58 to the
mamn frame 182, As movement along A2 occurs via link plate (not shown in FIGS. 5A and
58), F1 places a portion of the shock member 126 in compression while FZ places another
portion of the shock member 126 in tension. The result is that the shock member 126
undergocs & torsion to causce a radial dimension of as measured by Bl to decrease to that of
B1’ as shown in FIG. 5B, The resulting forces also cause distance X1 to decreases to X17,
which corresponds to the portion of the shock mernber 126 placed 1o compression. Distance
X2 increases to X27, which corresponds to the portion of the shock mernber 126 placed in
tension,

18054] Agan, FIGS, SA and 5B show a single variation of a second deflection device
having a shock member, Any number of modifications to the shock meraber can be made to
adjust the spring and darmping rates of the second displacernent device. For example, such
changes include, but are not limited to, the thickness of the shock member, the durometer of
the elastomer material, the nomber of mounting bolis 52, and the size, location, and number of
holes 60, pockets, or other surface or body features.

6055] FIG. 6A shows another variation of a dual suspension configuration having a first
deflection device 118 and a second deflection device 124 to function similar to that described
above for coupling a main frame portion 12 with a swing arm assembly 184, However, in
this example, the second deflection member 128 comprises a flexible clastomeric stracture that
is capable of providing both a shock absorbing function and a displacement function. In this
variation, the second deflection device 128 does not necessarily require a second bearing.
However, alternate variations of the detlection device can casily incorporate a bearing if so
required.

[6056] FIG. 68 shows an exploded assombly view of the sccond detlection device 128
depicted in FIG. 6A. In this variation, the deflection device 128 includes a first pivot bearing
128 for coupling the swing arm 184 in a manner similar to that described above. The first

pivot bearing 128 can be mounted in any number of ways as is understood by those skilled in

10



WO 2013/192622 PCT/US2013/047392

the art. In the ilustrated variation, the first pivot bearing is mounted using a pivot boss 62 on
cach side with a spacer 54, The second displacement device can also include any number of
housing components 138 or similar structurcs that retain or house the remaining components
ot the displacement device. In this example, the housing component 138 comprises a plate,,
ring or collar structure that contains a clearance arca 132 to limit motion of the pivot boss 62
as it moves when the swing arm assembly 184 causes deflection of the shock member 126,
Accordingly, the clearance arca 132 can also optionally limit displacement of the shock
member 126.

(6657} This variation of the displacement device includes a shock member 126 that
functions as a daraper and displacement mechanism as well as elurunates the need for a
torsional bearing. In this variation, the shock member 126 15 coupled to the main frame
portion 182 by being housed within a portion 112 of the main frame 182 and forms the frame
end of the second deflection device. The swing arm assernbly 184 couples to one of the first
pivot bearings 128 that are coupled to either side of this vanation of the second deflection
device 128, Accordingly, the pivot bearings 128 and fasteners 82 form the swing armo end of
the second deflection device 128, This variation of the second deflection device can also
mehude an optional spacer 54 located through a central opening 36 of the shock member 126,
In addition, the shock member 126 can inchude one or more through holes 68 as described
above to achieve the desived performance charactenistics. Any of the shock members
described heren can include any number of through-holes, pockets, or other features that
promotes desived deflection, torsion, compression, or tension of the shock member. In
addition, the shock member can be tuned by selecting a particular the thickness, the durometer
ot the clastomer material, the number of mounting bolts 82, and the size, location, and mamber
of holes 60, pockets, or other surface or body features.

[G058] FiG. 6C shows a side view of the displacement device of FIG. 6B and FIG. 6D
shows a cross sectional view of the displacement device taken along line 603-6D of FIG. 6C.
FIG. 6C shows the displacement device $28 in a neutral position without significant lateral
displacement of the shock member 126, As illustrated, the housing ring or plate 138 includes
a clearance arca 132 that can limut movement of the pivot boss 62, Clearly, the displacement
of the deflection device 128 can be tuned by any number of factors, including but not limited

te, modification of the clearance arca 132 (via size, shape, otc.), modification of the size and/or

11
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shape of the pivot boss 62, as well as by the use of any spacers or other adjustments readily
apparent by those skilled in the art.

[8059] F1G. 6F illustrates one exampic of displacement of the shock member 126, pivot
boss 62, and pivot bearing 128 as a result of movement A3, As noted similarly above,
movement A3 acts on the rear wheel and is transferred by the swing arm 184 to the first pivot
bearing 128, In this itHustration, the bracket of the swing arm 144 used to couple the swing
arm 184 to the deflection device 128 is not shown for purposes of clarity. As A3 causes
rearward movement {or any lateral movement), the shock member 126 displaces until
clearance arca 132 limits the movement of the pivot boss $2. In additional variations, the
deflection device 128 does not require a clearance area, instead the shock member 126 can be
used to it movement. Alternatively, any nomber of stops can be incorporated into shock
assembly 126 where the stops can be used to it movement of the shock assembly 128
against a housing plate 138 or other portion of the bicyele.

[8060] FIG. 6F also represeuts that vertical movement Al of the swing arm can occur
mndependently as a result of the fivst pivot bearing 128, Clearly, such vertical and lateral
movernent can occur independently.

13361} Fig. 6F is intended to dlustrate the displacement of the shock member. For sake of
clarity, the shock member 126 and first pivot bearing 128 without the housing plate or bracket
of the swing arm are omitted from the view. FIG. 6F shows displacement of the shock
member 126 as a result of movement A3 that 18 transmitted through the comnection of the
swing arm coupling (not shown) at the first pivot bearing 128, Displacement of the shock
member 126 causcs the through-hole 68 to compress. Accordingly, the shock member 126
experionces compression and fonsion on opposing sides,

18062} FIGS. 7A to 7D illustrate a path of movement or curve 18 having four extreme
positions 2, 4, &, and 8 depending on the displacement of the various displacement devices.
The principles discussed above with respect to FIGS. 3A to 3D are similar to that shown in
FIGS. 7A to 7D while the degree of displacement of each position 2, 4, &, and 8 can vary as
required. FIG. 7A ilhustrates the first and second displacement devices 118 and §28 coupling a
maimn frame portion or asscnibly 382 to a swing arm portion or assembly 104, In FIG. 7A the

suspension systent is at an initial position resulting m rear wheel axie 187 located at position 2.

12
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(G863 FI1(G.7B illustrates the condition where movement Al drives axle 1867 in a vertical
direction or arc. This movement causes movement of the first displacement device 11§ along
its axis to move rear axle 188 to position 4. I the illustrated example, the movement causes
compression of the first displacement device 318, Becausc the second displacement device
128 includes a first pivot bearing 128, movement of the swing arm 104 in the vertical direction
or arc can ocour with or without displacement of the shock mermber located within the second
displacement device. As noted above, this feature permits independent movement of the
swing arm assembly {especially the portion coupled to the sceond deflection device) in either a
horizontal or vertical direction or arc.

[8064] FIG. 7C shows the situation where swing arm assembly 184 is sull driven vertically
as shown 1 FIG. 7B, however, lateral movement A3 of the rear wheel (as transterred by rear
wheel axle 187 and the swing arm assernbly 104 resulis in lateral or honizontal displacement of
the first pivot bearing 128 and displacement of the shock assembly. This action moves rear
axle 187 to position &, FIG. 7D illastrates the condition after the rear axle retreats from
vertical movernent Al but while rear axle 167 is still subject to movernent A3, As a result,
rear axle moves 1o position 8,

18365} FIG. 8 illustrates yet another variation of a suspension system for providing the
benefits as discussed herein, In this vanation, the suspension system includes a first and
second displacement device 118 and 128 where the second displacement device 128 can
comprise any of the variations discussed heren as well as modifications or combinations of
sach variations. The first displacement device 118 can inchide a shock absorber or damper
including but not limited to hydraulic, pnoumatic, coil sprung, non-spring based,
clastomerically damped or any conventional shock or damper configuration that provides the
desired spring, damping, and displacement propertics required.

8366} FIGS. 9A and 9B illustrate oblique views of additional vaniations of a displacement
device according to the present disclosure. For exampie, FIG. 9A shows a displacoment
device 148 having additional plates 142 that act as thrust bearing surfaces and which increase
the lateral stiffness of the frame assembly. FIG. 98 illustrates another displacoment device 158
having a slotied plate 182 configuration that acts as a lincar bearing.

18067} FIGS. 10A and 10B tllustrate vet another variation of a suspension assembly

described herein where the second displacement device 12€ includes a spring and damper 134

13
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as a shock. FIG. 10C illustrates an exploded view of the variation shown in FIG. 10A. As
iustrated this variation replaces an elastomeric shock member with a pneumatic piston 144
{alternatively or in combination, the shock member can be spring based), A first side 146 of
the piston 144 couples to a transfor plate 124 while a second side 148 of the piston 144 couples
to the main frame 3182, The swing arm 184 couples to pivot bearings 128 as noted sbove. In
the illustrated variation one or more transfer plates 124 allow for movement of the swing arm
184 as needed. The transtor plate 124 can be optionally coupled to one or more large bearings
to facilitate movernent. FIG. 10C also illustrates a first deflection device 118 for coupling a
sccond portion of the main frame 182 to the swing arm 164,

6068] Each of the figures diagramumatically illostrates aspects of the mvention. To
faciliate vnderstanding, the same reference numerals have been used (where practical) o
designate simnilar elements that are common to the figures. Some such numbers have, however,
been omitted.

[08065] While any of the features or advantages described in connection with the present
mvention may be provided, it may be the case that only some are emploved. Whatever the
case, the present mvention includes systems comprising any of the features described herein
{and/or “consisting” of any such features). Stated otherwise, it is specifically contemplated that
any optional feature of the inventive embodiments/variations described herein may be set forth
and claimed independently, or in combination with any one or more of the features described
herein. Further, methodology described in association with the devices disclosed also forms
part of the invention. The invention also comprises such hardware {e.g., built-up bicycles) and
methodology as may be used in connection with that described which is incorporated by
reference

(6678 Though the invention has been described in reference to certain exampies
optionally incorporating various features and depicted in reference to a single example, the
mvention is not to be himited as such. Numerous modifications and/or additions o or
adaptations of the above described embodiments may be apparent to one skilled in the art; it is
mtended that the scope of the present inventions extend to all such modifications and/or

additions,
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CLAIMS

We claim:

1.

[

2

A bicyele suspension system for use with a bicycle having a main frame
assembly and a swing arm asscmbly, the system allowing improved movement ot a
wheel coupled to the swing arm asscmbly, the suspension system comprising:

a first deflection device coupling the swing arm assembly to the main frame
assembly at a first coupled location, where the first deflection device 1s configured to
aliow relative motion between the swing arm assembly and the main frame;

a second deflection device conpling the swing arm assembly to the main
assembly at a second coupled location;

where a frame end of the first deflection device 13 pivotally coupled to the main
fraroe assernbly and 4 swing arm end of the first deflection device s pivotally coupled
to the swing arm assernbly; and

where a frame portion of the second deflection device is coupled to the main
frame assembly and a swing arm portion of the second deflection device is coupled to
the swing arm assembly such that the second deflection device permits relative
movement between the swing arm assembly and the main assembly independently

etther a hornizontal direction or a vertical direction

The bicycle suspension system of claim 1, where the second deflection device
comprises at least a first pivot bearing located at the swing arm portion of the second
delivery device, where the fivst pivot bearing allows movement of the swing arm
assembly in the vertical divection upon rotation of the swing arm assernbly about an

axis of the first pivot bearing.

The bicyele suspension system of claim 1, where the second deflection device
comprises a shock member coupled to the main frame assembly at the frame portion of
the second deflection devige, where deflection of the shock member resulis in

movement of the swing arm in the horizontal direction.

15
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4. The bicycle suspension system of claim 3, where the shock member comprises an

elastomeric material.

5. The bicycle suspension system of claim 3, further comprising at least a first pivot

bearing mechanically coupled to a portion of the shock member,

6. The bicycle suspension system of claim 5, further comprising a second pivot bearing
coupling the first pivot bearing to the portion of the shock member, where rotation of
the sccond pivot bearing is driven by torsion of the portion of the shock member,
where the rotation of the second pivot bearing and rotation of the first pivot bearing

permits movement of the swing arm in the horizontal direction.

=3

The bicycle suspension system of claim 6, further comprising a pivot boss coupled to
the shock member the pivot boss alse being coupled to the second pivot bearing such

that deflection of the shock member causes movement of the second pivot bearing.

8. The bicycle suspension system of claim 7, further comprising frame plate coupled fo
the main frame assembly at the frame portion of the sccond deflection device, where
the frame plate comprises defines an opening that limits movement of the pivot boss or

second pivot bearing to limit movement of the shock member.

G, The bicycle suspension system of claim 8, where the opening comprises a shape

selected from an ellipse, a circular opening, and a slot.

10, The bicycle suspension system of claim 3, where the shock member is housed in a

portion of the main frame assembly.

t1. The bicycle suspension system of claim 3, where the shock member comprises a

cirenlar shape.

12, The bicycle suspension system of claim 3, where a first portion of the shock member
comprises at least one opening or cavity that increases deflection of at feast 8 second

portion of the shock member.

16
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£3. The bicycle suspension system of claim 1, where the first deflection device comprises a

shock absorber.

i4. The bicycle suspension system of claim 13, where the shock absorber comprises a
damper assembly selected from the group consisting of a hydraulic, pneumatic, coil
P bl 3 & E 2

sprung, non-spring based, clastomeric structures,

i
(v

The bicycle suspension system of claim 1, where the horizontal direction comprises a

horizontal arcing direction.

16. The bicyele suspension system of claim 1, where the vertical direction comprises a

vertical arcing direction.

o
=3

A bicyele comprising:

a main frame assembly;

a swing arm assembly, the swing arm assembly having a rear wheel axis
portion for affixing a rear wheel thereto;

a first deflection device mechanically coupling the swing arm assembly to the
main frame assembly at a first location;

a second deflection device mechanically coupling the swing arm assembly to
the main assembly at a second focation,

where a frame end of the first deflection device is pivotally coupled to the main
frame assembly and a swing arm end of the first deflection device is pivotally coupled
1o the swing arm assembly, where the frame end and swing arm end of the first
deflection device are moveable relative to each other; and

where a frame portion of the second deflection device is coupled to the main
frame assembly and a swing portion of the second deflection device assembly is
coupled to the swing arm assembly such that the second deflection assembly permits
relative movement between the swing arm assembly and the main assembly

ndependently in cither a horizontal direction or a vertical divection,

£8. The bicyele of claim 17, where the sccond deflection device comprises at least a first

pivot bearing located at the swing arm portion of the second delivery device, where the

17
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first pivot bearing allows movement of the swing arm assembly in the vertical direction

upon rotation of the swing arm assemily about an axis of the first pivot bearing.

19, The bicycle of claim 17, where the second deflection device comprises a shock
member coupled to the main frame assembly at the frame portion of the second
deflection device, where deflection of the shock member results in movement of the

swing arm in the horizontal direction.
20. The bicycle of claim 19, where the shock member comprises an ¢lastomeric material

21, The bicyele of claim 19, further comprising at least a first prvot bearing mechanically
o e o <

coupled to a portion of the shock member.

22. The bicyele of claim 21, further comprising a second pivot bearing coupling the first
prvot bearing to the portion of the shock member, where rotation of the second pivot
bearing 1s driven by torsion of the portion of the shock member, where the rotation of
the second pivot bearing and rotation of the first pivot bearing permits movement of

the swing arm in the horizontal direction.

]
L

The bicycle of claim 22, further comprising a pivot boss coupled to the shock member
the pivot boss also being coupled to the second pivot bearing such that deflection of the

shock member causes movement of the second pivot bearing.

24, The bicycle of claim 23, further comprising frame plate coupled to the main frame
assembly at the frame portion of the second deflection device, where the frame plate
comprises defines an opening that imits movement of the pivot boss or second pivot

bearing to limit movement of the shock member.

25, The bicyele of claim 24, where the opening comprises a shape selected from an ellipse,
o &

a circular opening, and a slot,

26. The bicyele of claim 19, where the shock member is housed in a portion of the main

frame assembly.

27. The bicyele of claim 19, where the shock member comprises a civcular shape.

18
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28.

The bicycele of claim 19, where a first portion of the shock member comprises at least
one opening or cavity that increascs deflection of at least a second portion of the shock

member.
The bicycle of ¢laim 17, where the first deflection device comprises a shock absorber.

The bicycle of claim 19, where the shock absorber comprises a damper assembly
o2

selected from the group consisting of a hydranlic, pneumatic, cotl sprung, non-spring

based, elastomeric structures.

A bicyele suspension component for use with a bicycle having a main frame assembly
and a swing arm assembly and a linear damper device pivotally coupling to both the
swing arm assembiy and the main frame assembly, the suspension component
comprising:

a frame portion for affixing to the frame assembly;

a swing arm portion for affixing fo the swing arm assembly, where the swing
arm assembly includes a rear axle; and

where when the frame portion is affixed to the main frame assembly and the
swing arm portion is affixed to the swing arm assembly the main frame assembly and
the swing arm assembly are able to move independently in either a horizontal direction

or a vertical direction,
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