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BICYCLE REAR SUSPENSION LINKAGE

unwanted pedal rotation and increase the anti-squat characteristics of the suspension system, the result will be excessive

CROSS-REFERENCE TO RELATED
APPLICATIONS

chainstay lengthening at full compression and the application
of excessive torque to the pedal crankarms.
5

In single pivot systems, the shock rate is only controlled by
This application is a continuation of Ser. No. 12/506,508
the single pivot point between the front triangle and the rear
filed Jul. 21, 2009, which is related to U.S. provisional patent
triangle swingarm. As a result, ineffective compromises in the
application Ser. No. 61/124,789 filedApr. 17, 2008, both of
suspension system’s performance must always be struck.
which are hereby incorporated by reference.
These compromises include excessive chainstay lengthening
This application also relates to two U.S. nonprovisional 10 resulting in unwanted torque applied to the bicycle’s pedal
patent applications: Ser. No. 12/426,042 and Ser. No. 12/426,
crankarms, extension or compression of the suspension sys037, both filed onApr. 17, 2009, and both of which are hereby
tem due to pedal forces, and extension or compression of the
incorporated by reference.
suspension system during acceleration and braking due to
weight transfer. Additionally, as may be apparent from the
BACKGROUND
15
above, any system that articulates the rear wheel along an arc
1. Field of the Invention
The present invention relates to a new bicycle rear suspension system, and in particular to a four-bar suspension system
that offers improved pedaling and bump absorption performance by means of controlling the rate of chainstay lengthening through the use of a small eccentric mechanism located
in close proximity to the bicycle chain line.
2. Background of the Invention
There are numerous bicycle suspension systems in use
today to improve bicycle performance. A suspension system
allows the rear wheel of the bike to better track the terrain
resulting in improved traction while pedaling, turning, and
braking. Additionally, the absorption of bump forces by the
suspension system increases rider comfort. These systems
range from the simple to the complex.
3. Description of Related Art
One of the simplest bicycle suspensions is the single pivot
system in which a rear triangle swingarm is attached to a main
front triangle at a single pivot point. With this type of suspension, the rear wheel of the bike may track the terrain but must
do so while moving in a simple circular arc about the pivotal
connection.
While the single pivot systems are very simple, relatively
easy to design, and adequately handle small bumps, they fail
to address many performance issues. Both their pedaling
performance and their bump absorption capabilities are controlled by the location of the single pivotal connection
between the front triangle and the rear triangle swingarm. In
this type of suspension, the rear axle of the bike rotates about
a single axis, and as a consequence the bike’s rear suspension
is either compressed or extended by the forces imparted to the
pedals by the bike rider, dependent upon the specific configuration of the bike suspension. Likewise, compression and
extension of the suspension can impart torque on the pedals
and supply unwanted force to the rider’s legs. Thus, some of
the energy expended by the rider of the bike is used needles sly
wasted, either compressing or extending the suspension of the
system, or resisting unwanted pedal rotation imparted by the
suspension.

forfeits the performance benefits associated with articulating
the rear wheel along a controlled, and preferential travel path.
A controlled travel path allows for, among other benefits,
2o chainstay lengthening to occur at varying rates through the
compression of the suspension.
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A more complex form of bicycle suspension is a linkage
system. Such systems attach the rear wheel swingarm to the
main front triangle through a plurality of links to improve the
performance of the suspension system by manipulating both
shock rate and wheel travel path, and thus chain stay lengthening. These systems provide challenges to the suspension
designer, in that there is typically a tradeoff between optimally manipulating the rear wheel travel path and controlling
the change in the shock rate. In order to make some linkage
suspension systems perform well, the variation in the rear
wheel travel path has typically been small throughout the
range of travel. Systems that vary the rear wheel travel path to
a greater extent generally must also vary the shock rate to a
great extent, which leads to undesirable bump absorption
characteristics.
Various forms of linkage systems have been developed in
an attempt to resolve the above limitations. Some linkage
systems use a single pivot swingarm and a linkage to activate
the shock absorber, such as the Turner 5-Spot by Turner
Suspension Bicycles, Inc. in Murrieta, Calif. These systems
allow for more complicated leverage ratios than a single pivot
system, which results in increased tunability of the shock
absorber leverage rate. However, even with this improved
system, the rear wheel still moves in an arc, resulting in many
of the same compromises in performance from which the
single pivot suspension systems suffer.
While there is a great variety in these linkage systems, most
are four-bar systems that articulate the rear wheel in a more
complicated manner than is allowed with a single pivot system. Stated generally, there are two classes of four-bar linkage systems. The first class comprises systems that use a long
first linkage member that places a pivot point near the rear
axle. The long link systems generally have separate chainstay
and seat stay assemblies that are bolted together at a pivot. An
example of a long link four-bar linkage system is the Stumpjumper by Specialized Bicycle Components out of Morgan

55
One solution to the above problem is through the use of
adjustments to the length of the chainstay during the course of
compression of the bike’s suspension. The chainstay length
Hill, Calif., and disclosed in U.S. Pat. No. 5,899,480 to Leitof a bicycle is the distance from the rear wheel axle to the
ner. Because this class of four bar linkage systems articulates
center of the bottom bracket shell. The chainstay length of a 60 the rear wheel in a large radius arc, the employment of an
bicycle with real wheel suspension may be variable, the
optimal amount of chainstay lengthening in the early part of
length being dictated by the location of the pivotal connection
the rear wheel’ s travel results in an unacceptable total amount
between the front triangle and the rear triangle swingarm and
of chainstay lengthening when the system is fully comthe motion of the rear triangle swingarm. In single pivot
pressed. In order to cope with this deficiency, this style of
systems there is no means for varying the rate of chainstay 65 suspension system typically employs the minimal amount of
lengthening through the travel of the suspension. Thus, if the
chainstay lengthening that is acceptable, so as to consequently minimize the total amount of lengthening when the
rate of chainstay lengthening is high, so as to decrease
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system is fully compressed. Firmer shock absorber spring and
damping rates are required to allow for acceptable pedaling
performance.
The second class of four-bar linkage systems uses a short
first linkage member where the connection between the seat
stays and the chainstays is generally rigid, thereby resulting in
a rear triangle wherein a swingarm is connected to two short
links. Due to the short linkage members rotating with greater
angular velocity when compared to the first type of four bar
linkage system there is greater ability to tune the axle path of
this suspension system.
The short link designs making up the second class of fourbar linkage systems can be further separated into two subclasses. The first sub-class is one in which the two links rotate
in the same direction as the suspension is compressed. U.S.
Pat. No. 7,128,329 to Weagle discloses a rear wheel suspension system that falls into this first class of short link four bar
linkage systems. This design utilizes anti-squat behavior to
mitigate the unwanted effects of the suspension system compressing and extending due to forward acceleration when
pedaling. This design suffers from the drawback that chainstay lengthening effects are minimally utilized and instead
the suspension system is designed to provide an optimized
anti-squat behavior for an arbitrary constant pedaling input
force and gear. In practice, both the pedaling input force and
gear are greatly variable and thus an assumption that they are
an arbitrary constant is invalid and suboptimal.
The Rockrider by Decathlon out of Villeneuve d’Ascq,
France is an example of a bicycle of the first sub-class that
uses an eccentric as a link in a short link four bar linkage
system. The eccentric rotates only in one direction as the
suspension compresses. The distance between the pivots on
the small link is significantly larger than 15 ram, and thus
suffers from a weight disadvantage. This design moves the
rear wheel in a very large arc, and as such suffers from the
typical performance drawbacks experienced by other similar
systems, such as the inability to control the chainstay lengthening effect and provide for an optimized rear wheel travel
path that reduces pedaling induced compression and extension of the suspension.
In the second sub-class of short link four-bar systems the
links rotate in opposite directions as the system is compressed. That is, one link rotates in a first direction and a
second link rotates in a second direction. An example of the
second type of short link system is the Blur by Santa Cruz
Bicycles out of Santa Cruz, Calif. and disclosed in U.S. Pat.
No. 6,206,397 to Klassen and Calon. These systems employ
an S-shaped wheel travel path to selectively apply chainstay
lengthening. The net result, however, is that as the suspension
moves from its statically loaded sag point (to either a direction of further compression or a direction of reduced compression), chainstay lengthening occurs. Because chainstay
lengthening occurs during extension from the suspension’s
statically loaded sag point, the suspension if prevented from
utilizing negative travel to allow the wheel to follow drops in
the terrain and thus maintain traction.
Further, due to the interaction between the linkage members of the suspension system, the suspension system once
tuned to provide the described S-shaped rear wheel travel
path, produces a shock rate with detrimentally high rates of
change. Finally, due to the length requirements of the lower
linkage member, it is impractical to utilize a small eccentric as
a linkage member and benefit from the significant weight
saving advantages that go along with a small eccentric linkage member.
As an example of yet another different attempt to eliminate
the above common problems with bike suspensions, U.S. Pat.

No. 6,099,010 to Busby discloses a bicycle having an independent equilibrium sensing suspension system for its crank

5

assembly. This system is essentially a four bar system in
which the pedal crank arm is connected to the first linkage
member instead of to the front triangle. This system allows for

greater rearward motion of the rear wheel without a corresponding increase in chainstay lengthening. This is accomplished by the rearward motion of the entire pedal crank
assembly when the suspension is compressed. However, this
10 motion of the pedal crank axis relative to the seat of the
bicycle is perceptible to the rider, and also affects pedaling
performance as the relationship between the seat and the
pedals changes as the suspension is compressed.
Thus, all of the prior art suffers from a serious performance
15 drawback: when the suspension system is configured in such
a manner that the overall chainstay lengthening effect is small
enough to prevent unwanted feedback to the rider’s pedaling
motion when the suspension system is fully compressed, the
system does not offer enough chainstay lengthening effect
20 when the suspension system is in its statically loaded sag
state. None of the linkage systems currently in use or previously described drastically alter the rear wheel path to quickly
move from a high rate of chainstay lengthening in the early
portion of the rear wheel’s motion and to the statically loaded
25 sag point to a rate of very low chainstay lengthening after a
specified point in the rear wheel’ s travel in close proximity to
the sag point.
It is therefore a primary object of the invention to provide
a suspension system offering minimal overall chainstay
30 lengthening during full suspension compression while simultaneously offering an appropriately high level of chainstay
lengthening effect when the suspension system is statically
loaded.
It is a further object of the invention to provide a short link
35 suspension system that uses a link shorter than that in conventional four bar suspension systems.
It is a further object of the invention to provide a short link
suspension system comprising a link that changes its direction of rotation as the system is compressed, and more spe4o cifically comprising a short link that rotates in a first direction
and then in the opposite direction as the suspension system is
compressed.
It is a further object of the invention to advantageously alter
the rate of chainstay lengthening in the preferential manner
45 disclosed herein.
It is a further object of the invention to provide an optimized rear wheel travel path that allows for better pedaling
performance throughout the range of suspension travel.
It is a further object of the invention to provide an opti5o mized shock rate that advantageously provides for small
changes in rate.
It is a further object of the invention to provide an optimized shock rate that advantageously changes sign more than
once and articulates the rear wheel in a controlled and pref55 erential non-arc travel path.

SUMMARY OF THE INVENTION
The present invention is a bicycle suspension system corn60 prising a bicycle main frame and rear wheel triangle. The
main frame preferably comprises a head tube for a steering
apparatus, a seat tube, a down tube, a top tube, and a bottom
bracket for a pedal/drive apparatus, a connection to a front
end of a shock absorber, a connection to a first linkage mem65 ber, and a connection to a second linkage member. The rear
wheel triangle further comprises a pair of seat stays with a
first end connecting to a rear drop-out and a second end
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connecting to seat stay ends, a pair of chainstays with a first
end connecting to a rear drop-out and a second end connect-

FIG. 9 is a simplified schematic of the preferred embodiment the present invention wherein the suspension is fully

ing to a chainstay yoke, a pair of rear drop-outs to hold the rear
wheel, a chainstay yoke providing a mechanical connection
to the first linkage member, and seat stay ends providing a
mechanical connection to the second linkage member.
The first linkage member is preferably one of an eccentric
or an off center axle, although other small links may be
utilized as are known in the art. The main frame and rear
wheel triangle of the bicycle allow for the attachment of
conventional bicycle components such as handlebars, a seat,
the d1 ivetrain and brakes in a standard configuration. The rear
wheel triangle also has attachment points to linkage members
in specific locations that contribute to controlling the motion
of the rear wheel axle.
The first linkage member (and, in a preferred embodiment,
the lower and shorter of the links) and the second link contribute to controlling the motion of the rear wheel axle. In an
exemplary embodiment, the first linkage member when
viewed from the drivetrain side of the bike rotates counterclockwise to add chainstay lengthening in the beginning of
the travel of the suspension system, and then reverses rotational direction to rotate clockwise near the end of the travel
of the suspension system. Alternative embodiments of the
invention may have different rotation characteristics to
achieve the same effect. The first linkage member’s proximity
to the drivetrain chain line of the bicycle allows the first
linkage member’s small length to have a significant effect on
chainstay lengthening. The second linkage member, in addition to contributing to controlling the rear axle motion, in a
preferred embodiment also allows for the attachment of the
shock absorber, and its configuration controls the ratio of the
shock absorber compression relative to the rear wheel compression.

compressed;
FIG. 10 is a simplified schematic of an alternative embodiment of a rear wheel suspension system of a bicycle according

5

to the present invention wherein the suspension is fully
extended;
FIG. 11 is a simplified schematic of the alternative embodiment wherein the suspension is in a state midway between full
10 extension and full compression;
FIG. 12 is a simplified schematic of the alternative embodiment wherein the suspension is fully compressed;
FIG. 13 is a graph showing shock rate with respect to VWT
for a preferred embodiment of the present invention;
15
FIG. 14 is a graph showing the rate of change of shock rate
with respect to VWT;
FIG. 15 is a diagrammatic example showing an imaginary
plane located a distance behind second pivotal connection
and perpendicular with respect to the ground, wherein the
2o suspension is in a first, or fully extended configuration;
FIG. 16 is a diagrammatic example showing said imaginary plane wherein the suspension is in a second configuration;
FIG. 17 is a diagrammatic example showing said imagi25 nary plane wherein the suspension is in a third configuration;
FIG. 18 is a diagrammatic example showing said imaginary plane wherein the suspension is in a fourth configuration;
FIG. 19 is a diagrammatic example showing said imagi3o nary plane wherein the suspension is in a fifth, or fully compressed configuration.
DETAILED DESCRIPTION OF THE INVENTION
35

DESCRIPTION OF THE FIGURES
The foregoing aspects and many of the advantages of the
invention will become more readily appreciated as the same
becomes better understood by reference to the following 4o
detailed description, when taken in conjunction with the
accompanying drawings, wherein:
FIG. 1 is a graph showing chainstay lengthening (i.e. the
derivative of chainstay length with respect to vertical wheel
travel ("dCSL")) vs. vertical wheel travel ("VWT") for both a 45
preferred embodiment of the present invention (curved line)
and for a prior art single pivot suspension system (straight
line) in which the main pivot location for both systems is
identical;
FIG. 2 is a graph showing chainstay length with respect to 5o
vertical wheel travel for a preferred embodiment of the
present invention;
FIG. 3 depicts a right side view of the present invention to
illustrate the components of the system in a preferred embodi55
ment;
FIG. 4 depicts a detailed perspective view of the first link
and surrounding components of preferred embodiment;
FIG. 5 depicts a detailed perspective view of the second
link of the preferred embodiment;
FIG. 6 depicts a perspective view of the preferred embodi- 6o
ment.
FIG. 7 is a simplified schematic of the preferred embodiment of the present invention wherein the suspension is fully
extended;
FIG. 8 is a simplified schematic of the preferred embodi- 65
ment the present invention wherein the suspension in a state
midway between full extension and full compression;

The following description is presented to enable a person
of ordinary skill in the art to make and use various aspects and
examples of the present invention. Descriptions of specific
materials, techniques, and applications are provided only as
examples. Various modifications to the examples described
herein will be readily apparent to those of ordinary skill in the
art, and the general principles defined herein may be applied
to other examples and applications without departing from
the spirit and scope of the invention. Thus, the present invention is not intended to be limited to the examples described
and shown, but is to be accorded the scope consistent with the
appended claims.
Many bicycles (bikes) have a rear suspension system that
guides the rear wheel of the bike to move along a preferred
rear wheel axle path. As the suspension guides the rear wheel
in this way, there is an associated change in the chainstay
length (CSL), that is, in the distance from the pedal axis
(single axis generally near the middle of the bike about which
rotate both pedals) to the rear wheel axis. This change, with
respect to vertical wheel travel, is referred to as chainstay
lengthening ("dCSL") and may be either positive or negative
depending if the distance (CSL) is being increased or
decreased as the rear wheel axle moves vertically. The rate of
change of chainstay lengthening with respect to vertical
wheel travel is d2CSL. Even slight modifications to CSL,
dCSL, and d 2 CSL can have a dramatic effect on bike performance and rider comfort. In a preferred embodiment of the
present invention, the Applicant’s suspension system has a
high dCSL in the beginning portion of the suspension’ s travel,
and then a rapid decrease in dCSL in a later portion of the
suspension’s travel. Thus, relative to previous systems the
overall chainstay length increase is relatively small, yet many
performance and comfort benefits are still derived.
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FIG. 1 depicts a plot of the derivative of the chainstay
is approximately 169 mm. In the preferred embodiment, bearings are utilized to provide the means of pivotal connection,
length (dCSL) (i.e. the rate of change of chainstay lengthening) with respect to vertical wheel travel ("VWT") vs. vertical
however, it should be clear to one skilled in the art that a
wheel travel. (FIG. 2, simpler, just depicts CSL vs. VWT).
pivotal connection other than bearings, such as a bushing or
Curved plotline 1 is representative data of the preferred 5 other structure, couldbeutilizedforeitherpivotal connection,
embodiment of the present invention. As should be readily
and that lengths of various members could be adjusted to
accommodate various configurations without changing the
apparent, the rate is much higher at the beginning stages of the
suspension compression, where VWT is relatively small. As
scope of the present invention.
Referring now to FIG. 4, which illustrates a detailed view
VWT increases, the dCSL decreases. For comparison,
straight plot line 2 is data for the same vertical wheel travel 10 of first linkage member 6, first linkage pivotal connection 14,
distances measured in a representative single pivot suspenand chainstay pivotal connection 23. The first linkage memsion system with the main pivot located in the same position
ber 6 in the preferred embodiment is an eccentric mechanism
relative to the bottom bracket and d1 ivetrain path as in the
in which first linkage pivotal connection 14 is achieved by a
preferred embodiment of the present invention. A first point 3
bearing assembly 40 that in the exemplary embodiment is
exists where the second derivative of CSL (i.e. the rate of 15 approximately 35 mm in inner diameter. Other structures
change of chainstay lengthening) with respect to vertical
which accomplish the same eccentric pivoting action, such as
wheel travel is equal to the constant value of the second
an off center axle or the like may be used without departing
derivative of the chainstay length of a representative single
from the scope of the invention. Chainstay pivotal connection
pivot suspension system with the main pivot location at the
23 utilizes a smaller cartridge bearing assembly 42 housed
same location of the present invention.
2o within the chainstay yoke 22 (not shown in FIG. 4) of rear
The varying rate of CSL described above is accomplished
triangle 7 and an axle 26 that is in the preferred embodiment
through a linkage system comprising a very small link located
is bolted through a shaft and offset within the first linkage
in close proximity to the bicycle’s chain drive force line.
member 6 a distance in the exemplary embodiment of
Referring first to FIG. 3, a right side view of the preferred
approximately 11.5 mm from the center of first linkage pivembodiment of the present invention is depicted. The system 25 otal connection 14. The first linkage pivotal connection 14 is
comprises a rear wheel swingarm 7 connected to a main front
approximately 49 mm above the pedal axis of the bottom
triangle 5, by the means of a first linkage member 6, and a
bracket 11 and 29 mm behind the pedal axis of said bottom
second linkage member 8.
bracket 11. It should be clear to one skilled in the art that a
The front triangle 5 further comprises a seat tube 9, and a
pivotal connection other than a bearing assembly could be
down tube 10, both of which are attached to a bottom bracket 3o utilized for the first linkage pivotal connection 14 and the
11 that houses a pedal assembly (not shown), and a head tube
chainstay pivotal connection 23. Further, the chainstay piv12, which serves as a steering axis for a front wheel (not
otal connection 23 may be contained within either the first
shown) and to which is attached a top tube 13. There is a first
linkage member 6 or the rear wheel swingarm 7, and the
linkage pivotal connection 14 above the bottom bracket 11
distance between the first linkage pivotal connection 14 and
that creates a pivotal connection between front triangle 5 and 35 the chainstay pivotal connection 23 as well as the location of
first linkage member 6. There is a second linkage pivotal
first linkage pivotal connection 14 relative to the bottom
connection 15 above the first linkage pivotal connection 14
bracket 11 may be adjusted to accommodate various configufor a pivotal connection between front triangle 5 and the
rations without changing the scope of the present invention.
second linkage member 8. Additionally, down tube 10 comReferring now to FIG. 5 which illustrates a detailed view of
prises a connection for a front triangle forward shock mount 4o second linkage member 8, second linkage pivotal connection
15 at one end, and seat stay pivotal connection 25 at the other
16 for a shock absorber (not shown in this figure, see FIG. 6).
These elements are in the preferred embodiment welded or
end, the distance between the two pivotal connections in the
otherwise tightly secured together to define the main frame of
exemplary embodiment is approximately 71.5 mm. The secthe bicycle.
ond linkage member 8 further comprises a shock absorber
Further referencing FIG. 3, the rear wheel swingarm 7, as 45 pivotal connection 27 to which a shock absorber (not shown
further depicted in FIG. 6 for clarity, includes a pair of seat
in FIG. 5) may be attached. In the exemplary embodiment of
stays 17 and a pair of chainstays 18 that are joined to each
the invention, the shock absorber pivotal connection 27 is
other creating an acute angle at their rearward ends proximate
approximately 15 mm from the seat stay pivotal connection
a rear wheel axle 19 (rear wheel not shown) at a pair of rear
25 and 80.5 mm from the second linkage pivotal connection
wheel dropouts 20. A single upright structure 21 is engaged 5o 15. In this exemplary embodiment, second linkage pivotal
between the pair ofchainstays 18 and the pair of seat stays 17
connection 15 is located approximately 154 mm above the
bottom bracket pedal axis 11 and 17 mm behind the bottom
to provide a rigid triangular structure for swingarm 7. See
FIGS. 3 and 6. A chainstay yoke 22 is joined to the forward
bracket pedal axis 11.
end of chainstays 18, and houses a chainstay pivotal connecFIG. 6 is a perspective view of the preferred embodiment of
tion 23 to the first linkage member 6. A pair of seat stay ends 55 the invention that illustrates a representative shock absorber
24 is joined to the forward end of seat stays 17 and house a
30 pivotally engaged between a front triangle forward shock
seat stay pivotal connection 25 to the second linkage member
mount 16 and the shock absorber pivotal connection 27. As
the rear wheel is articulated generally upwards, the shock
8. In an exemplary embodiment of the invention, the distance
between the chainstay pivotal connection 23 and rear wheel
absorber is compressed in length between the two mounting
axle 19 is approximately 442 mm, but this distance can be 6o points providing resistance to the rear wheel’s motion.
accomplished by various combinations of lengths of rear
FIGS. 7-9 depict schematics of the preferred embodiment
drop-out 20, chainstays 18, and chainstay yoke 22. The disof the invention wherein the rear wheel suspension is at varytance between the seat stay pivotal connection 25 and the rear
ing stages of compression. FIG. 7 shows the suspension system in its fully extended (uncompressed) state while FIG. 9
wheel axle 19 in the exemplary embodiment is approximately
65 shows the suspension system in its fully compressed state.
463 mm.
The distance between chainstay pivotal connection 23 and
FIG. 8 shows the suspension system in a state between full
seat stay pivotal connection 25 in the exemplary embodiment
extension and full compression.
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FIGS. 10-12 depict schematics of a variation of the preapproximately 419 mm, and said length can be accomplished
by various combinations of lengths of rear drop-out, chainferred embodiment where the connection between the second
linkage member and the main frame is above the connection
stays, and chainstay yoke. The distance from the seat stay
between the second linkage member and the rear triangle at
pivotal connection between the rear triangle and the second
varying stages of compression of the rear wheel suspension 5 linkage member of the preferred embodiment to the rear
wheel axle is approximately 420 mm. The distance from the
system. FIG. 10 shows the suspension system in its fully
extended (uncompressed) state while FIG. 12 shows the suspivotal connection between the rear triangle and the first
pension system in its fully compressed state. FIG. 11 shows
linkage member to the pivotal connection between the rear
the suspension system in a state between full extension and
triangle and second linkage members of the preferred
full compression.
10 embodiment is approximately 80 mm.
Referring once again to FIG. 10 the variation of the preThe second linkage member has a pivotal connection to the
ferred embodiment’s pivotal connection between the second
rear triangle at one end, and a pivotal connection to the main
frame on the other end. The distance between the seat stay
linkage member and the main frame is differentiated from the
previously described preferred embodiment as being located
pivotal connection and the second linkage pivotal connection
above the pivotal connection between the second linkage 15 in the exemplary embodiment of the alternative embodiment
member and the rear triangle. Here, the bicycle main frame
of the invention is approximately 53 mm. The pivotal congenerally includes a seat tube and a down tube, both of which
nection between the second linkage member and the main
are attached to a bottom bracket that houses a pedal assembly,
frame of the bicycle is located approximately 12 mm above
a top tube, together with the down tube attached to the head
the bottom bracket and 37 mm behind the bottom bracket.
The second linkage member additionally contains a pivotal
tube, and a front fork. There is a first location above the 2o
bottom bracket pedal axis and proximate to the bicycle chain
connection to provide for the attachment of a bicycle shock
drive force line for the pivotal connection to the first linkage
absorber. This pivotal connection is approximately 36 mm
member of the rear wheel suspension system, and a second
from the seat stay pivotal connection between the second
location above the first location for the pivotal connection to
linkage member and the rear triangle and 45 mm from the
the second linkage member. Additionally, there is a connec- 25 second linkage pivotal connection between the second linkage member and the front triangle.
tion on the down tube for the forward connection of the shock
A shock absorber is pivotally engaged between the forward
absorber. These elements are typically welded or otherwise
secured together to define the main frame of the bicycle.
shock mount of the main frame and the rearward shock mount
Continuing with FIG. 10, the rear wheel suspension system
of the second linkage member. As the rear wheel is articulated
generally includes a first linkage member, a rear wheel swin- 3o generally upwards along its axle path, the shock absorber is
garm, and a second linkage member. The first linkage memcompressed in length between the two mounting points prober of the variation of the preferred embodiment is an eccenviding resistance to the rear wheel’s motion. FIG. 13 depicts
tric mechanism in which a bearing assembly of
a plot of shock rate vs. vertical wheel travel. This figure
approximately 35 mm in inner diameter accomplishes the
illustrates the relatively small overall change in shock rate in
pivotal connection between the first linkage member and the 35 the Applicant’s system, and specifically that the slope of the
curve is first negative, then positive, then negative again. FIG.
rear triangle. The pivotal connection between the first linkage
member and the rear triangle utilizes a smaller bearing assem14 depicts a plot of the derivative of shock rate with respect to
bly housed within the chainstay yoke of the rear triangle, and
vertical wheel travel (’d Shock Rate’) vs. vertical wheel
travel. This figure further illustrates the change in shock rate
a axle that is bolted through a shaft offset within the first
linkage member a distance of approximately 13 mm from the 4o by confirming that at the points where the shock rate is
center of the main pivotal connection between the first linkinflected from a negative slope to a positive slope and from a
age member and the main frame. The main pivot location
positive slope to a negative slope the derivative of the shock
between the first linkage member and the main frame is
rate is zero. It should be apparent from this figure that the
approximately 66 mm above the pedal axis of the bottom
derivative shock rate curve is zero at two points indicating a
bracket and 27 mm behind the bottom bracket. Although 45 change in sign of the shock rate.
bearing assemblies are described and are the preferred means
FIG. 15-19 depict a simplified schematic of the first linkage
for creating the pivotal connections, other means well known
member, including a first pivotal connection 29 to the main
in the art could be used. In addition, the pivotal connection to
front triangle and a second pivotal connection 30 to the rear
the rear triangle may be contained within either the first
wheel swingarm forward of the first pivotal connection, a rear
linkage member or the rear triangle, and the distance between 5o wheel axle 28, and a vertical plane relative to the ground (not
the pivotal connections of the first linkage member as well as
labeled with a reference number) when the suspension system
the first linkage pivotal connection location relative to the
is fully extended and additionally some distance 31 behind
bottom bracket could be adjusted to accommodate various
the first linkage member. These figures illustrate the motion
configurations without changing the scope of the present
of the second pivotal connection 30 of the first linkage meminvention.
55 ber relative to the vertical plane as the suspension system is
Further referencing the schematic shown in FIG. 10, the
compressed.
rear wheel swingarm includes a pair of seat stays and a pair of
Moving through the Figures, FIG. 15 depicts the system in
chainstays that are joined to each other at their rearward ends
its fully extended state. FIG. 16-18 show the system in
proximate to the axle of the rear wheel at a pair of rear wheel
increasing states of compression, and FIG. 19 shows the
drop-outs. An upright structure is engaged between the chain- 6o system in its fully compressed state. As the rear wheel axle 28
stays and the seat stays to provide a rigid triangular structure
moves in a generally upward motion due to suspension compression, the second pivotal connection 30 of the first linkage
for the swingarm. A chainstay yoke is joined to the forward
end of the chainstays and houses a pivotal connection to the
member first moves closer to the vertical plane 32 and then
first linkage member. Seat stay ends are joined to the forward
moves away from the vertical plane.
end of the seat stays and house a pivotal connection to the 65
As an additional means to describe the suspension system
second linkage member. The distance between the chainstay
disclosed herein, and continuing to refer to FIGS. 15-19, the
pivot and the rear axle of the alternative embodiment is
bike and suspension may be said to comprise a front triangle
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and rear wheel having a rear wheel axis, and a rear wheel
wheel &opouts and the first linkage member, and the second
suspension system. The rear wheel suspension system comdirection of rotation is away from the vertical plane.
3. The bicycle of claim 1, wherein the first pivotal connecprises a linkage member further comprising a first pivotal axis
for connection to the front triangle and a second pivotal axis
tion of the first linkage member and the second pivotal confor connection to a rear wheel swingarm. In this brief descrip- 5 nection of the first linkage member are separated by a distance
tion of the system, the distance from the second pivotal axis to
of less than 25 mm.
4. The bicycle of claim 1, wherein the first pivotal connecsome arbitrary vertical plane can be said to decrease during a
first portion of the suspension compression and increase from
tion of the first linkage member and the second pivotal conthe arbitrary vertical plane during the second portion of susnection of the first linkage member are separated by a distance
pension compression, wherein as the suspension changes 10 of less than 15 mm.
configuration from fully extended to fully compressed, it
5. The bicycle of claim 1, wherein the first pivotal connection of the first linkage member and the second pivotal conmoves through, in order, the first portion and second portion
nection of the first linkage member are separated by a distance
of compression. The arbitrary vertical plane in this descripof approximately 11.5 mm.
tion is defined as some plane perpendicular to the ground
when the suspension is fully extended, and located a distance 15
6. The bicycle of claim 1, wherein the first linkage member
behind said second pivotal connection. Because the vertical
is an eccentric linkage member.
7. A bicycle rear suspension system, comprising:
plane’s location is only for reference to show changes in
distance as the suspension compressions, the initial distance
a first linkage member configured to make a pivotal conbetween the vertical plane and second pivotal connection is
nection with a bicycle front triangle and also to make a
inconsequential.
pivotal connection with a bicycle rear wheel swingarm;
20
In addition to the above-described members of the prea second linkage member configured to make a pivotal
connection with the front triangle and also to make a
ferred and alternative embodiment, additional conventional
pivotal connection with the rear wheel swingarm; and
elements such as those used to secure cables, brakes, drivetrain components and the like to the frame and keep them
a shock absorber operatively connected to the front triangle
and the rear wheel swingarm and configured to control
from interfering with the movement and operation of the 25
bicycle may also be attached at various locations. Persons of
movement of the rear wheel swingarm relative to the
front triangle;
ordinary skill in the art will appreciate that the exact configuration, size of, and relationship between the frame members
wherein as the shock absorber is compressed from a fully
uncompressed state toward a fully compressed state, (i)
can vary depending on, among other things, the size of the
bicycle frame, the amount of vertical wheel travel, and the 30
rotation of the linkage members about the pivotal consize of the rear wheel.
nections causes a rate of change of chainstay length as a
With respect to the above description then, it is to be
function of vertical wheel travel initially to increase at
realized that material disclosed in the Applicants’ &awings
least until the suspension system reaches its statically
and description may be modified in certain ways while still
loaded sag point and subsequently to decrease, and (ii)
producing the same result claimed by the applicant. Such 35
the first linkage member changes its direction of rotavariations are deemed readily apparent and obvious to one
tion.
skilled in the art, and all equivalent relationships to those
8. The suspension system of claim 7, wherein the pivotal
illustrated in the drawings and equations and described in the
connection of the first linkage member with the front triangle
specification are intended to be encompassed by the present
and the pivotal connection of the first linkage member with
invention. Therefore, the foregoing is considered as illustra- 4o the rear swingarm are separated by a distance of less than 25
tive only of the principles of the invention.
mill.
9. The suspension system of claim 7, wherein the pivotal
We claim:
connection of the first linkage member with the front triangle
1. A rear suspension bicycle, comprising:
and the pivotal connection of the first linkage member with
a front triangle;
45 the rear swingarm are separated by a distance of less than 15
mill.
a rear wheel swingarm;
a first linkage member having a first pivotal connection
10. The suspension system of claim 7, wherein the pivotal
with the front triangle and a second pivotal connection
connection of the first linkage member with the front triangle
and the pivotal connection of the first linkage member with
with the rear wheel swingarm;
a second linkage member having a first pivotal connection 5o the rear swingarm are separated by a distance of approximately 11.5 mm.
with the front triangle and a second pivotal connection
11. The suspension system of claim 7, wherein the first
with the rear wheel swingarm; and
a shock absorber operatively connected to the front triangle
linkage member is an eccentric linkage member.
12. A rear suspension bicycle frame, comprising:
and the rear wheel swingarm and configured to control
movement of the rear wheel swingarm relative to the 55
a front frame portion;
front triangle;
a rear frame portion configured to receive a rear wheel and
wherein as the shock absorber is compressed from a fully
joined to the front frame portion by a pair of linkage
uncompressed state toward a fully compressed state, the
members;
pivotal connection of the first linkage member with the
a shock absorber operatively connected to the front frame
portion and the rear frame portion;
rear wheel swingarm initially rotates in a first direction 60
of rotation relative to the pivotal connection of the first
wherein as the shock absorber is compressed from a fully
linkage member with the front triangle, and subseuncompressed state toward a fully compressed state,
quently rotates in a second direction of rotation relative
rotation of the linkage members causes (i) a shock rate of
to the pivotal connection of the first linkage member
the bicycle frame initially to decrease, subsequently to
with the front triangle.
increase, and then again to decrease, and (ii) movement
65
2. The bicycle of claim 1, wherein the first direction of
of the rear wheel in a non-arc travel path relative to the
rotation is toward a vertical plane disposed between the rear
front frame portion.
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13. The suspension system of claim 12, wherein the first
pivotal connection and the second pivotal connection are
separated by a distance of less than 25 mm.
14. The suspension system of claim 12, wherein the first
pivotal connection and the second pivotal connection are
separated by a distance of less than 15 mm.
15. The suspension system of claim 12, wherein the first
pivotal connection and the second pivotal connection are
separated by a distance of approximately 11.5 mm.
16. A rear suspension bicycle, comprising:
a front wheel;
a front frame portion configured to receive the front wheel;
a rear wheel;
a rear frame portion joined to the front frame portion by a
pair of linkage members and configured to receive the
rear wheel; and
a shock absorber operatively connected to the front frame
portion and the rear frame portion;
wherein as the shock absorber is compressed from a fully
uncompressed state toward a fully compressed state,
rotation of the linkage members causes a shock rate of
the bicycle frame initially to decrease, subsequently to
increase, and then again to decrease; and
wherein as the shock absorber is compressed from a fully
uncompressed state toward a fully compressed state,
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rotation of the linkage members causes the rear wheel to
move in a non-arc travel path relative to the front wheel.
17. A rear suspension bicycle frame, comprising:
a front frame portion;
a rear frame portion configured to receive a rear wheel and
joined to the front frame portion by first and second
linkage members; and
a shock absorber operatively connected to the front frame
portion and the rear frame portion;
wherein the first linkage member has a length, defined by a
distance between pivotal connections to the front and
rear frame portions, respectively, of less than 20 milli-

meters; and
wherein as the shock absorber is compressed from a fully
15
uncompressed state toward a fully compressed state,
rotation of the linkage members causes the rear wheel to
move in a non-arc travel path relative to the front frame
portion.
18. The suspension system of claim 17, wherein the first
2o linkage member has a length of less than 15 mm.
19. The suspension system of claim 18, wherein the first
linkage member has a length of approximately 11.5 mm.

