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BICYCLE FRAME REAR SUSPENSION WITH 
FLEXING FRAME SEGMENT 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 14/577,054, filed Dec. 19, 2014, which 
claims priority from U.S. Provisional Patent Application No. 
61/919,833, filed Dec. 23, 2013, each entitled “Bicycle Frame 
Rear suspension with Flexing Frame Segment, each of 
which is hereby incorporated by reference. 
0002 The present disclosure may also be related to the 
following commonly assigned application: U.S. patent appli 
cation Ser. No. 14/244,496, filed Apr. 3, 2014, entitled 
“Bicycle Frame Rear Suspension with Flexing Frame Seg 
ment, which is incorporated herein by reference in its 
entirety. 

COPYRIGHT STATEMENT 

0003) A portion of the disclosure of this patent document 
contains material that is subject to copyright protection. The 
copyright owner has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclosure 
as it appears in the Patent and Trademark Office patent file or 
records, but otherwise reserves all copyright rights whatso 
eVe. 

TECHNICAL FIELD 

0004. The present invention is directed toward bicycles, 
and more particularly toward a bicycle frame rear Suspension. 

BACKGROUND 

0005 Rear suspensions have become commonplace in 
off-road bicycles Such as mountain bikes. Rear Suspensions 
allow the rear wheel to pivot upward relative to a forward 
portion of the bicycle frame to damp and absorb the impact of 
off-road features such as rocks commonly found on mountain 
biking trails. Such rear Suspension frames typically include a 
rigid front frame portion pivotally connected to a rear frame 
portion functioning as a Swing arm pivoting about a pivot or 
pivots between the front frame portion and the rear frame 
portion. Typically a spring or shock absorber is connected 
between the front frame portion and the rear frame portion to 
bias the rear frame portion to a rest or un-pivoted position 
relative to the front frame portion and to absorb or damp 
pivoting of the rear frame portion about the pivot(s) as an 
obstacle is encountered. One known problem with many rear 
Suspension systems is that as a rider pedals, the shifting of the 
riders weight and variations in chain force causes the Sus 
pension to bob, a condition commonly known as “pedal bob”. 
wasting rider energy and potentially causing a loss of traction 
for the rear wheel. In an effort to minimize pedal bob, a 
variety of bicycle frame rear suspensions have been devised, 
many of which incorporate a number of pivots and links. 
These various bicycle frame rear Suspensions have varying 
Success in minimizing pedal bob while maintaining pedaling 
efficiency. However, the additional pivots and links these rear 
Suspensions require add weight and cost to the bicycle frame 
and create maintenance issues as invariably grit invades the 
pivots creating annoying creaks and increasing wear of the 
pivots. Thus, a need exists for a bicycle rear Suspension frame 
which reduces pedal bob and maintains pedaling efficiency 
while reducing the number of links and pivots in the rear 
Suspension. 
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0006. The present invention is directed toward overcom 
ing one or more of the problems discussed above. 

SUMMARY OF THE EMBODIMENTS 

0007. A bicycle frame includes a substantially rigid front 
frame portion and a Substantially rigid rear frame portion. A 
link is connected to the rear frame portion by a first pivot and 
to the front frame portion by a second pivot. A frame segment 
is rigidly connected at a first end to the rear frame portion and 
pivotably connected at a second end to the front frame portion 
by a third pivot. The frame segment is flexible parallel to an 
axis of the third pivot. 
0008 Embodiments may further include a shock absorber 
pivotably connected between the rear frame portion and the 
front frame portion to oppose pivoting of the rear frame 
portion relative to the front frame portion in a clockwise 
direction about the third pivot. Embodiments may include the 
first pivot floating in an arc about the second pivot which is 
fixed relative to the front frame portion as the rear frame 
portion pivots relative to the front frame portion about the 
third pivot. The frame segment is configured to flex to enable 
the first pivot to move in the arc about the second pivot as the 
frame segment pivots about the third pivot between a rest 
position and a fully pivoted position. Embodiments include 
the frame segment behaving as a leaf spring as it flexes, with 
the frame segment being configured to provide a spring force 
that varies between opposing and promoting pivoting of the 
rear fame portion about the third pivot as the rear frame 
portion is pivoted about the third pivot from a rest position to 
a fully pivoted position. Embodiments include the frame seg 
ment being integrally formed with the rear frame portion. 
Embodiments include the frame segment being Substantially 
laterally rigid. 
0009. A further embodiment may comprise a bicycle 
frame including a Substantially rigid front frame portion and 
a Substantially rigid rear frame portion. A link is connected to 
the rear frame portion by a first pivot and to the front frame 
portion by a second pivot. A frame segment is rigidly con 
nected at a first end to one of the rear frame portion or the front 
frame portion and pivotably connected at a second end to the 
other of the rear frame portion or the front frame portion by a 
third pivot. The frame segment is flexible parallel to an axis of 
the third pivot. 
0010 Various modifications and additions can be made to 
the embodiments discussed without departing from the scope 
of the invention. For example, while the embodiments 
described above refer to particular features, the scope of this 
invention also included embodiments having different com 
bination of features and embodiments that do not include all 
of the above described features. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. A further understanding of the nature and advan 
tages of particular embodiments may be realized by reference 
to the remaining portions of the specification and the draw 
ings, in which like reference numerals are used to refer to 
similar components. In some instances, a Sub-label is associ 
ated with a reference numeral to denote one of multiple simi 
lar components. When reference is made to a reference 
numeral without specification to an existing Sub-label, it is 
intended to refer to all Such multiple similar components. 
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0012 FIG. 1 is a schematic right side elevation view of a 
bicycle frame having a rear Suspension with a flexing frame 
segment shown in a rest position; 
0013 FIG. 2 is a schematic representation of the bicycle 
frame of FIG. 1 with the rear frame portion partially pivoted 
clockwise about a pivot relative to the front frame portion; 
0014 FIG. 3 is a schematic representation of the bicycle 
frame of FIG. 1 with the rear frame portion in a fully pivoted 
position about the pivot relative to the front frame portion; 
0015 FIG. 4 is a schematic representation of the bicycle 
frame of FIG. 1 illustrating an arc of travel of a floating pivot 
as the rear Suspension travels from a rest to a fully pivoted 
position; 
0016 FIG. 5 is a graph representative of spring force ver 
SuS Suspension travel provided by the shock absorber in asso 
ciation with the bicycle frame depicted in FIG. 1; 
0017 FIG. 6 is a graph representative of spring force ver 
sus suspension travel provided by a flexible segment of the 
rear frame portion of FIG. 1 in combination with the spring 
force of the shock absorber depicted in FIG. 5 (which is not 
necessarily at the same scale as the graph of FIG. 5): 
0018 FIG. 7 is a graph showing spring force versus sus 
pension travel curves of the embodiment of FIG. 1 provided 
by the shock only, the frame segment only and the combina 
tion of shock absorber and the frame segment more accurately 
the spring force curves of the rear Suspension illustrated in 
FIGS. 5 and 6: 
0019 FIG. 8 is a schematic right side elevation view of a 
second embodiment of a bicycle frame having a rear suspen 
sion with the flexing segment shown in a rest position; 
0020 FIG. 9 is a schematic representation of the bicycle 
frame of FIG.8 with the rear frame partially pivoted clock 
wise about a pivot relative to the front frame portion; 
0021 FIG. 10 is a schematic representation of the bicycle 
frame of FIG.8 with the rear frame portion in a fully pivoted 
position about the pivot relative to the front frame portion; 
0022 FIG. 11 is a schematic representation of the bicycle 
frame of FIG. 8 illustrating an arc of travel of a floating pivot 
as the rear Suspension travels from a rest to a fully pivoted 
position; 
0023 FIG. 12 is a graph showing spring force versus sus 
pension travel curves of the second embodiment provided by 
the shock only, the frame segment only and the combination 
of shock absorber and the frame segment; 
0024 FIG. 13 is a schematic right side elevation view of a 
third embodiment of a bicycle frame having a rear Suspension 
with the flexing segment shown in a rest position; 
0025 FIG. 14 is a schematic representation of the bicycle 
frame of FIG. 13 with the rear frame partially pivoted clock 
wise about a pivot relative to the front frame portion; 
0026 FIG. 15 is a schematic representation of the bicycle 
frame of FIG. 13 with the rear frame portion in a fully pivoted 
position about the pivot relative to the front frame portion; 
0027 FIG. 16 is a schematic representation of the bicycle 
frame of FIG. 13 illustrating an arc of travel of a floating pivot 
as the rear Suspension travels from a rest to a fully pivoted 
position; 
0028 FIG. 17 is a graph showing spring force versus sus 
pension travel curves of the third embodiment provided by the 
shock only, the frame segment only and the combination of 
shock absorber and the frame segment; 
0029 FIG. 18 is a schematic right side elevation view of a 
fourth embodiment of a bicycle frame having a rear Suspen 
sion with the flexing segment shown in a rest position; 

Sep. 1, 2016 

0030 FIG. 19 is a schematic representation of the bicycle 
frame of FIG. 18 with the rear frame partially pivoted clock 
wise about a pivot relative to the front frame portion; 
0031 FIG. 20 is a schematic representation of the bicycle 
frame of FIG. 18 with the rear frame portion in a fully pivoted 
position about the pivot relative to the front frame portion; 
0032 FIG. 21 is a schematic representation of the bicycle 
frame of FIG. 18 illustrating an arc of travel of a floating pivot 
as the rear Suspension travels from a rest to a fully pivoted 
position; 
0033 FIG. 22 is a graph showing spring force versus sus 
pension travel curves of the fourth embodiment provided by 
the shock only, the frame segment only and the combination 
of shock absorber and the frame segment; 
0034 FIG. 23 is a schematic right side elevation view of a 
fifth embodiment of a bicycle frame having a rear Suspension 
with the flexing segment shown in a rest position; 
0035 FIG. 24 is a schematic representation of the bicycle 
frame of FIG. 23 with the rear frame partially pivoted clock 
wise about a pivot relative to the front frame portion; 
0036 FIG. 25 is a schematic representation of the bicycle 
frame of FIG. 23 with the rear frame portion in a fully pivoted 
position about the pivot relative to the front frame portion; 
0037 FIG. 26 is a schematic representation of the bicycle 
frame of FIG.23 illustrating an arc of travel of a floating pivot 
as the rear Suspension travels from a rest to a fully pivoted 
position; 
0038 FIG. 27 is a graph showing spring force versus sus 
pension travel curves of the fifth embodiment provided by the 
shock only, the frame segment only and the combination of 
shock absorber and the frame segment; 
0039 FIG. 28 is a schematic right side elevation view of a 
sixth embodiment of a bicycle framehaving a rear Suspension 
with the flexing segment shown in a rest position; 
0040 FIG. 29 is a schematic representation of the bicycle 
frame of FIG. 28 with the rear frame partially pivoted clock 
wise about a pivot relative to the front frame portion; 
0041 FIG. 30 is a schematic representation of the bicycle 
frame of FIG. 28 with the rear frame portion in a fully pivoted 
position about the pivot relative to the front frame portion; 
0042 FIG. 31 is a schematic representation of the bicycle 
frame of FIG.28 illustrating an arc of travel of a floating pivot 
as the rear Suspension travels from a rest to a fully pivoted 
position; 
0043 FIG. 32 is a graph showing spring force versus sus 
pension travel curves of the sixth embodiment provided by 
the shock only, the frame segment only and the combination 
of shock absorber and the frame segment; 
0044 FIG.33 is a is a perspective view of an embodiment 
of a bicycle frame of FIG. 1 having a rear suspension with a 
flexing frame segment; and 
0045 FIG. 34 is a right side view of an alternate embodi 
ment of a bicycle frame of FIG. 1 having a rear suspension 
with a flexing frame segment. 

DETAILED DESCRIPTION 

0046 While various aspects and features of certain 
embodiments have been summarized above, the following 
detailed description illustrates a few embodiments in further 
detail to enable one of skill in the art to practice such embodi 
ments. The described examples are provided for illustrative 
purposes and are not intended to limit the scope of the inven 
tion. 
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0047. In the following description, for the purposes of 
explanation, numerous specific details are set forth in order to 
provide a thorough understanding of the described embodi 
ments. It will be apparent to one skilled in the art, however, 
that other embodiments of the present invention may be prac 
ticed without some of these specific details. Several embodi 
ments are described and claimed herein, and while various 
features are ascribed to different embodiments, it should be 
appreciated that the features described with respect to one 
embodiment may be incorporated with other embodiments as 
well. By the same token, however, no single feature or fea 
tures of any described or claimed embodiment should be 
considered essential to every embodiment of the invention, as 
other embodiments of the invention may omit such features. 
0.048. Unless otherwise indicated, all numbers used herein 
to express quantities, dimensions, and so forth used should be 
understood as being modified in all instances by the term 
“about.” In this application, the use of the singular includes 
the plural unless specifically stated otherwise, and use of the 
terms “and” and 'or' means “and/or unless otherwise indi 
cated. Moreover, the use of the term “including,” as well as 
other forms, such as “includes and “included should be 
considered non-exclusive. Also, terms such as "element’ or 
“component' encompass both elements and components 
comprising one unit and elements and components that com 
prise more than one unit, unless specifically stated otherwise. 
0049 FIG. 1 is a schematic representation of a bicycle 
frame 10 having a rear Suspension with a flexing frame seg 
ment. The bicycle frame 10 comprises a substantially rigid 
front frame portion 12 and a substantially rigid rear frame 
portion 14. The front frame portion 12 includes a top tube 16 
rigidly connected to a down tube 18 and a seat tube 20 which 
in turn are rigidly connected to each other at a bottom bracket 
shell 22. As used herein “substantially rigid' means the vari 
ous frame members are rigidly connected and the various 
frame members themselves are sufficiently rigid that the 
frame portion cannot yield or deform significantly under nor 
mal usage, wherein the frame portion maintains its shape 
when under operative loads, for example, the shape depicted 
in FIG. 1. 

0050. The substantially rigid rear frame portion 14 
includes a chain stay 24 rigidly connected at a proximal end to 
a proximal end of a seat stay 26, each of which are rigidly 
connected to a bridge stay 28 at their distal ends. The chain 
stay 24 and the seat stay 26 can consist of chain stay and seat 
stay pairs configured to receive a bicycle wheel 30 therebe 
tween (see FIG. 33). The proximal ends of the chain stay 24 
and the seat stay 26 may be rigidly attached to an axle housing 
32 which receives an axle of the wheel30. Alternate embodi 
ments of the front and rear frames are expressly included 
within the scope of the invention. For example, the front and 
rear frame portions do not necessarily have to be in the form 
of a triangle as illustrated herein. The rear frame portion may 
have any configuration that renders the rear frame Substan 
tially rigid so that it acts as a Swing arm in the various embodi 
ments disclosed herein. 

0051. The rear frame portion 14 further includes a frame 
segment 34 which may be fixedly attached to the substantially 
rigid rear frame. The frame segment 34 can be integrally 
formed with the rear frame, for example, when the rear frame 
portion 14 is made of a composite material or may be rigidly 
connected by welding, bolting or otherwise fixedly attached 
when the rear frame portion 14 is made of metal. Alterna 

Sep. 1, 2016 

tively, the frame segment may be fixedly attached to the 
Substantially rigid front frame portion. 
0.052 The substantially rigid rear frame portion 14 is 
attached to the substantially rigid front frame portion 12 in a 
manner providing the rear Suspension. As depicted in FIG. 1, 
a link38 extends between a first pivot 40 near the connection 
between the bridge stay 28 and the seat stay 26 and a second 
pivot 42 attached to the front frame portion 12 above a third or 
bottom pivot 36 and below and in front of the first pivot 40. 
The frame segment 34 is pivotably attached at the third pivot 
36 to the seat tube 20 near the bottom bracket shell 22. 
Alternatively, in an embodiment where the frame segment is 
rigidly attached to the front frame portion, the frame segment 
is pivotably attached at the third pivot to the rear frame portion 
near the bottom of the bridge stay 28. A shock absorber 44 
extends between the substantially rigid front frame portion 12 
and rear frame portion 14 and is pivotably connected at a first 
shock pivot 46 to the substantially rigid rear frame portion 14 
proximate the connection of the seat stay 26 and the bridge 
stay 28 and pivotably connected to the front frame portion at 
second shock pivot 48 connected to a bracket 50 which is in 
turn fixedly attached to the top tube 16. Embodiments could 
Substitute a spring or other elastic element for the shock 
absorber 44, and "shock absorber' is intended herein to 
include all Such Substitutes as well as conventional shock 
absorbers. 
0053. In certain embodiments the frame segment 34 func 
tions as a leaf spring and is configured to be laterally rigid but 
flexible parallel to an axis of the third pivot 36. In one embodi 
ment, the frame segment 34 may be made of a plate of metal, 
for example spring steel or titanium. In another embodiment, 
the frame segment may be made of a composite material. In 
an embodiment where the rear frame portion 14 is fabricated 
from composite materials, the frame segment 34 may be 
integrally made with the rear frame portion (or alternatively 
the front frame portion) of a fiber reinforced composite. The 
operation of the frame segment 34 acting as a leaf spring will 
be described in greater detail below. 
0054 FIG. 2 illustrates the bicycle frame 10 of FIG. 1 
where the rear wheel30 encounters an obstacle 54 causing the 
rear frame portion 14 to pivot clockwise about the third pivot 
36 to a partially actuated position. The pivoting of the rear 
frame portion in turn causes link 38 to pivot clockwise about 
the second pivot 42. In effect, the second pivot 42 is fixed and 
the first pivot 40 floats along an arc 56 (see FIG. 4). To enable 
this movement, the flexible frame segment 34 flexes as 
depicted in FIG. 2. As the effective distance between the first 
pivot 40 and the third pivot 36 increases from the rest position 
to the partially actuated position as illustrated in FIG. 2, the 
flexible frame segment exerts a spring force opposing rotation 
of the rear frame portion about the third pivot 36. 
0055 FIG. 3 depicts the bicycle frame 10 where the rear 
wheel 30 has encountered a larger obstacle 54 and shows the 
rear frame portion 14 in a fully pivoted position clockwise 
about the third pivot 36. Here the first pivot 40 has traveled to 
the fully pivoted end of the arc 56. In this position the flexible 
frame segment 34 is returned to a near-planar or non-flexed 
configuration as the distance between the first pivot 40 and the 
third pivot 36 is nearly the same as it is at the start of the arc 
56 in a rest position. 
0056. In this embodiment, as the rear frame portion 14 
pivots clockwise about the third pivot 36 the shock absorber 
44 compresses and applies a spring force opposing clockwise 
rotation for the rear frame portion. FIG. 5 is a graph repre 
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senting an anticipated spring curve of spring force applied by 
the shock absorber 44 as a function of the Suspension travel, 
which herein is defined as the vertical distance traveled by the 
axle housing 32 as the rear frame portion 14 pivots about the 
third pivot 36. The spring force depicted in FIG.5 assumes the 
flexing of the flexible frame segment 34 does not result in any 
spring force. However, as noted above, in certain embodi 
ments such as that illustrated in FIGS. 1-4, the flexing of the 
frame segment 34 does impart a spring force to the Suspen 
sion. In the embodiments of FIGS. 1-4, as the flexible frame 
segment 34 flexes as the first pivot 40 travels the arc 56 to the 
crown of the arc 56, it imparts a spring force opposing rotation 
of the rear frame portion 14 about the third pivot 36 to the 
point 58 depicted in FIG. 6, which corresponds to a crown of 
the arc 56 about the second pivot 42 and will also depict a 
point called “top dead center” or “TDC” where the first, 
second and third pivots are Substantially linearly aligned. 
FIG. 5 and FIG. 6 are representative of anticipated spring 
curves of the respective elements and are not in any particular 
scale relative to one another. As used herein, "crown' means 
a point of maximum distance of the first pivot 40 from the 
third pivot 36. In other embodiments, for example where the 
pivots of the link 38 are configured such that the first pivot 40 
moves in an arc wherein at a mid-point of travel it is at a 
closest distance from the third pivot 36, the “crown would 
correspond that point on the arc of closest distance causing a 
change in a spring effect provided by the flexible frame seg 
ment 34. In the embodiment depicted in FIGS. 1-4, after the 
first pivot 40 crosses the crown and continues along the arc to 
the fully pivoted position, the flexible frame segment 34 pro 
vides a spring force that promotes pivoting of the rear frame 
portion about the third pivot as the flexible frame segment 34 
straightens until the rear frame portion 14 reaches its fully 
pivoted position depicted in FIG. 3. The configuration of the 
pivots and flexible frame segment 34 with the geometry illus 
trated in FIGS. 1-4, along with the flexible frame segment 
behaving as a leaf spring, has the desirable effect of increas 
ing the spring force at the outset of Suspension travel, which 
helps resist pedal bob as a rider pedals, providing a more 
efficient pedal stroke. However, as large obstacles 54 are 
encountered by the rear wheel30 suspension travel increases 
resulting in the first pivot 40 traveling along the arc 56 past the 
crown with respect to the second pivot 42, and thereafter the 
flexible frame segment 34 acts to promote pivoting of the rear 
frame portion 14 about the third pivot 36 to provide a more 
plush feel to the user, as is desirable when large obstacles 54 
are encountered. This combined effect can be viewed in the 
spring curve depicted in FIG. 6. 
0057. In the embodiment of the bicycle frame 10 depicted 
in FIGS. 1-4, the flexible frame segment is substantially par 
allel with an imaginary line between the axle housing 32 (or 
a junction between the seat stay and the chain stay) and the 
third pivot 36. Other embodiments could have the frame 
segment 34 at an angle to this imaginary line between the axle 
housing and the third pivot as desired to provide different 
suspension effects. Furthermore, as depicted the first pivot 40 
attached to the frame segment 34 is above and rearward 
relative to the second pivot 42 attached to the front frame 
portion 12. Embodiments could have the first pivot 40 below 
and rearward of the second pivot 42 to vary the spring curve. 
Embodiments could also include configuration of the pivots 
and the frame segment 34 to provide a spring force opposing 
rotation of the rear frame portion 14 about the third pivot 36 
from a rest position to a fully pivoted position. Embodiments 
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could further include configurations wherein the frame seg 
ment to provides a spring force promoting rotation of the rear 
frame portion 14 about the third pivot 36 from a rest position 
to a fully pivoted position. Embodiments could further 
include configurations wherein the frame segment provides a 
spring force promoting rotation of the rear frame portion 14 
about the third pivot 36 from a rest position a select point 
along the arc 56 and thereafter a spring force opposing rota 
tion of the rear frame portion 14. These various embodiments 
will have varying effects on reducing pedal bob as compared 
to the embodiment described with respect to FIGS. 1-4. 
0058. Further study of the spring force versus suspension 
travel of the embodiment of a bicycle frame 10 illustrated in 
FIGS. 1-4 revealed spring force curves somewhat different 
than those illustrated in the conceptual spring force curves 
depicted in FIGS. 5 and 6. FIG. 7 more accurately depicts the 
spring force curves of the rear Suspension described with 
respect to FIGS. 1-4. Curve 7a represents the spring force 
applied to the Suspension system by the shock absorber 44 
only as the rear Suspension pivots between the rest position 
illustrated in FIG. 1 and the fully pivoted position illustrated 
in FIG.3. Curve 7b depicts the spring force on the suspension 
system provided by just the frame segment 34 behaving as a 
leaf spring. Curve 7c illustrates the combined effective spring 
force of the shock absorber 44 and the frame segment 34 on 
the Suspension system. As described above with respect to 
FIGS. 5 and 6, between a rest position and the position where 
the second pivot 42 is at the crown of the arc 56, the frame 
segment increases the combined spring force above that of the 
shock only, opposing pivoting of the rear frame portion 14 
clockwise about the third pivot 36. When the first pivot 
Swings clockwise from the crown, or over top dead center, as 
illustrated at 58 in FIG. 7, the leaf spring straightens and 
provides a negative spring force promoting clockwise rota 
tion of the rear frame portion 14 about the third pivot 36, 
causing the combined spring force to be less than that pro 
vided by the shock absorber alone. 
0059 FIGS. 8-11 depicts a second embodiment of a 
bicycle frame 810 having a rear suspension with a flexing 
frame segment 34 having a configuration of the pivots and the 
frame segment 34 to provide a spring force opposing rotation 
of the rear frame portion 14 about the third pivot 36 from a rest 
position to a fully pivoted position. FIG. 8 illustrates the rear 
Suspension in a rest position. In this position the first pivot 40 
is linearly aligned with the second pivot 42 and the third pivot 
36 at the rest position. In addition, the frame segment 34 is 
un-flexed and thus applies no spring force to the Suspension 
system. As the rear frame portion 14 rotates clockwise, the 
frame segment 34 flexes, and imparts a spring force resisting 
rotation of the rear frame portion 14, as illustrated in FIG. 9. 
This flexing continues as the rear frame portion 14 rotates 
clockwise until the fully pivoted position illustrated in FIG. 
10. As shown in FIG. 10, the frame segment 34 is further 
flexed at this point. 
0060 FIG. 12 illustrates the effect of the spring force 
applied by the frame segment 34 to the rear Suspension. Curve 
12a shows the spring force as a function of Suspension travel 
of the shock absorber only. Curve 12b shows the spring force 
applied to the rear Suspension by the frame segment 34 alone. 
As can be seen in FIG. 12, this spring force starts out at Zero 
with a frame segment 34 un-flexed in a rest position and 
increases as the Suspension travels to its fully pivoted posi 
tion. Curve 12c shows the combined spring force of the shock 
absorber 44 and the frame segment 34. 
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0061 FIGS. 13-16 depict a third embodiment of a bicycle 
frame 1310 rear suspension with a flexing frame segment 34 
having a configuration of the pivots and the frame segment 34 
to provide a spring force opposing rotation of the rear frame 
portion 14 about the third pivot 36 from a rest position to a 
fully pivoted position. Referring to FIG. 13, in the third 
embodiment, the first pivot 40 in a rest position is disposed 
further counterclockwise than the first pivot 40 in the first 
embodiment illustrated in FIGS. 1-4. The frame segment 34 is 
not flexed in the rest position. As the rear frame portion 14 
rotates clockwise around the third pivot 36, the first pivot 40 
rotates clockwise about the second pivot 42 and the frame 
segment 34 is flexed as seen in FIG. 14. With the rear frame 
portion 14 fully pivoted as depicted in FIG. 15, the first pivot 
40 is linearly aligned with the second pivot 42 and the third 
pivot 36 to reside in a top dead center position. In addition, 
this further flexes the frame segment 34. 
0062 FIG. 17 depicts the spring force versus suspension 
travel for the third embodiment. Curve 17a illustrates the 
spring force applied to the Suspension by the shock absorber 
44 alone. Curve 17b illustrates the spring force applied to the 
rear suspension by the frame segment 34 alone. Curve 17b 
illustrates that even though the frame segment 34 is increas 
ingly flexed as the Suspension travels clockwise about the 
third pivot 36, the spring force applied to the Suspension only 
increases until a midpoint in the Suspension travel at which 
point the first pivot 40 approaches top dead center relative to 
the second and third pivots and the effective spring force 
applied by the frame segment 34 actually decreases until 
reaching Zero as the first pivot reaches the top dead center 
position illustrated in FIG.16 and the rear frame portion 14 is 
fully pivoted. FIG. 17c illustrates the combined spring force 
on the suspension from the shock absorber 44 and the frame 
segment 34. 
0063 FIGS. 18-21 depict a forth embodiment of a bicycle 
frame 1810 having a rear suspension with a flexing frame 
segment 34 having a configuration of the pivots and the frame 
segment 34 which provides a spring force promoting rotation 
of the rear frame portion 14 about the third pivot 36 from a rest 
position to a fully pivoted position. Referring to FIG. 18, in 
the fourth embodiment at a rest position the first pivot 40 is 
linearly aligned with the second pivot 42 and the third pivot 
36. In other words, the first pivot 40 is at top dead center over 
the second pivot 42. The fourth embodiment further includes 
the frame segment 34 being flexed or preloaded to provide a 
negative spring force to the Suspension, or a force promotion 
clockwise rotation of the suspension about the pivot 36. How 
ever, because at the rest position depicted in FIG. 18 the first 
pivot is at top dead center relative to the second pivot 42 and 
the third pivot 36, the effective spring force applied to the 
Suspension system by the frame segment 34 is Zero. As an 
obstacle 54 is encountered by the rear wheel, the rear suspen 
sion is rotated clockwise about the pivot 36 as illustrated in 
FIG. 19. Once moved off top dead center, the frame segment 
serves to promote rotation of the rear frame portion 14 about 
the pivot 36 because its flex begins to diminish. When the rear 
frame portion 14 is fully rotated about the pivot 36 as illus 
trated in FIG. 20, the frame segment 34 is straight (un-flexed) 
and no longer provides a spring force on the rear Suspension. 
0064. The spring force curves of the frame segment 34 and 
the shock absorber 44 as a function of suspension travel for 
the fourth embodiment is illustrated in FIG. 22. Curve 12a 
shows the spring force applied to the rear Suspension by the 
shock absorber 44 alone. Curve 12b shows the spring force 
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applied to the rear Suspension by the frame segment 34 alone. 
Curve 12b illustrates how the frame segment 34 is configured 
to promote rotation of the rear Suspension as soon as the first 
pivot 40 moves offtop dead center of the second pivot 42 with 
that spring force promoting clockwise pivoting until the 
shock absorber 44 is completely compressed and the rear 
frame portion 14 is fully pivoted, at which time the frame 
segment is straight and applies no spring force. Curve 12c 
shows the combined effect of the spring force applied to the 
rear Suspension by the shock absorber 44 and the frame seg 
ment 34 over the course of the suspension travel. 
0065 FIGS. 23-26 depict a fifth embodiment of a bicycle 
frame 2310 having a rear suspension with a frame segment 34 
having a configuration of the pivots and the frame segment 34 
which provides a spring force promoting rotation of the rear 
frame portion 14 about the third pivot 36 from a rest position 
to a fully pivoted position. Referring to FIG. 23, in the fifth 
embodiment 2310, the first pivot 40 in a rest position is 
disposed further clockwise than the first pivot 40 in the first 
embodiment illustrated in FIGS. 1-4, however, the frame 
segment 34 is flexed in the rest position. As the rear frame 
portion 14 rotates clockwise around the third pivot 36, the first 
pivot 40 rotates clockwise about the second pivot 42 and the 
frame segment 34 begins to un-flex as seen in FIG. 24. With 
the rear frame portion 14 fully pivoted as depicted in FIG. 15, 
the first pivot 40 is linearly aligned with the second pivot 42 
and the third pivot 36 to reside in a top dead center position. 
With the first pivot 40 in a top dead center position and the 
frame segment 34 completely un-flexed, the frame segment 
34 no longer applies any spring force to the rear Suspension. 
0.066 FIG. 27 depicts the spring force versus suspension 
travel for the fifth embodiment. Curve 27a illustrates the 
spring force applied to the Suspension by the shock absorber 
44 alone. Curve 27b represents the spring force applied to the 
rear suspension by the frame segment 34 alone. Curve 27c 
represents the combined spring force applied to the rear Sus 
pension by the shock absorber 44 and the frame segment 34 
over the course of the Suspension travel. 
0067 FIGS. 28-31 depict a sixth embodiment of a bicycle 
frame 2810 having a rear suspension with a frame segment 34 
having configuration of the pivots and the frame segment 34 
providing a spring force promoting rotation of the rear frame 
portion 14 about the third pivot 36 from a rest position to a 
select point along the arc 56 and thereafter a spring force 
opposing rotation of the rear frame portion 14. The sixth 
embodiment of the bicycle frame 2810 is identical to the first 
embodiment 10 illustrated in FIGS. 1-4 with the exception 
that the frame segment 34 is flexed in the rest position illus 
trated in FIG. 28. When the first pivot 40 reaches the top dead 
center position illustrated in FIG. 29, the frame segment 34 is 
un-flexed. As the rear frame portion 14 is pivoted further in a 
clockwise direction, the frame segment 34 begins to flex, with 
its maximum flex with the rear frame portion 14 fully pivoted 
as illustrated in FIG. 30. 

0068. The spring force curves of the frame segment 34 and 
the shock absorber 44 as a function of suspension travel for 
the sixth embodiment is illustrated in FIG. 32. Curve 32a 
shows the spring force applied to the Suspension by the shock 
absorber 44 alone. Curve 32b shows the spring force applied 
to the rear Suspension by the frame segment 34 alone. Curve 
32b illustrates that at the rest position the frame segment 34 
imparts a spring force promoting rotation of the rear frame 
portion 14 about the third pivot 36. With the first pivot 40 at 
top dead center relative to the second pivot 42 and the third 
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pivot 36, the frame segment 34 is un-flexed and thus imparts 
no spring force to the Suspension for that reason and for the 
additional reason that the first pivot 40 is at top dead center. 
Thereafter as the rear suspension pivots further in the clock 
wise direction, the frame segment 34 flexes opposing clock 
wise rotation of the frame segment 34 until it reaches its fully 
pivoted position. Curve 12c shows the combined effect of the 
spring force applied to the rear Suspension by the shock 
absorber 44 and the frame segment 34 over the course of the 
Suspension travel. 
0069 FIG. 33 is a perspective view of the first embodi 
ment of the bicycle frame 10 having the configuration 
depicted schematically in FIGS. 1-4 showing the rear frame 
portion 14 comprising a pair of spaced seat stays 26 and a pair 
of spaced chain stays 24 configured to receive a bicycle wheel 
30 therebetween. FIG.33 further illustrates the axle housing 
32 for receiving an axle of the wheel 30 and a derailleur 
hanger 60 for attaching a derailleur for shifting the position of 
a chain 62 along a rear cassette 64. FIG.33 also depicts a front 
chain ring 66 which is attached a crank (not shown) that 
rotates about a bottom bracket (not shown) received in the 
bottombracket shell 22. In the embodiment illustrated in FIG. 
33, the link38 comprises a pair of link arms attached to distal 
ends of the seat stays 26 at the first pivot 40 and the shock 
absorber 44 is attached to the first shock pivot 46 by a yoke 68 
bridging the seat tube 20. In this embodiment the flexible 
frame segment 34 is a metal plate fixedly attached to the rear 
frame portion 12 and bolted to a pivoting bracket 70 pivotably 
connected to the seat tube 20 by third pivot 36. Alternatively, 
as discussed above, the flexible frame segment 34 could be 
fixedly attached to the front frame portion 14 and bolted to a 
pivoting bracket pivotably connected to the rear frame portion 
12 near the bottom of the bridge stay. 
0070 FIG. 34 is an alternate embodiment of the first 
embodiment of the bicycle frame 10 having a rear suspension 
with a flexing frame segment depicted schematically in FIGS. 
1-4. In this alternate embodiment the link 38 is in the form of 
a bell crank 70 which is a single integral piece and the shock 
44 is disposed parallel to the seat tube 20, with all like ele 
ments of the embodiment of FIGS. 1-4 having like reference 
numbers in the alternate embodiment of FIG. 34. 
0071. The description of the various embodiments has 
been presented for purposes of illustration and description, 
but is not intended to be exhaustive or limiting of the inven 
tion to the form disclosed. The scope of the present invention 
is limited only by the scope of the following claims. Many 
modifications and variations will be apparent to those of 
ordinary skill in the art. The embodiments described and 
shown in the figures were chosen and described in order to 
explain the principles of the invention, the practical applica 
tion, and to enable others of ordinary skill in the art to under 
stand the invention for various embodiments with various 
modifications as are Suited to the particular use contemplated. 
All references cited herein are incorporated in their entirety 
by reference. 
What is claimed is: 
1. A bicycle frame comprising: 
a Substantially rigid front frame portion; 
a Substantially rigid rear frame portion; 
a link connected to the rear frame portion by a first pivot 

and connected to the front frame portion by a second 
pivot; and 

a frame segment rigidly connected at a first end to one of 
the rear frame portion or the front frame portion and 
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pivotably connected at a second end to the other of the 
rear frame portion and the front frame portion by a third 
pivot, the frame segment being flexible proximate the 
second end. 

2. The bicycle frame of claim 1 wherein the frame segment 
comprises a leaf spring proximate the second end. 

3. The bicycle frame of claim 1 wherein the substantially 
rigid rear frame portion comprises a seat stay, a chain stay and 
a bridge stay, the seat stay and the chain stay being Substan 
tially rigidly connected together at their proximal ends and 
each being Substantially rigidly connected to the bridge stay, 
and the frame segment being Substantially parallel and 
aligned with an imaginary line between the junction between 
the seat stay and the chain stay and the third pivot. 

4. The bicycle frame of claim 3 wherein the seat stay and 
the chain stay comprise forked stay pairs configured to 
receive a bicycle wheel therebetween. 

5. The bicycle frame of claim 1 further comprising a shock 
absorber pivotably connected between the link and the front 
frame portion to oppose pivoting of the rear frame portion 
relative to the front frame portion in a clockwise direction 
about the third pivot. 

6. The bicycle frame of claim 1 wherein the first pivot floats 
in an arc about the second pivot which is fixed relative to front 
frame portion as the rear frame portion pivots relative to the 
front frame portion about the third pivot, and wherein the 
frame segment flexes to enable the first pivot to move in the 
arc about the second pivot as the frame segment pivots about 
the third pivot between a rest position and a fully pivoted 
position. 

7. The bicycle frame of claim 6 wherein the frame segment 
behaves as a leaf spring as it flexes, the pivots and the frame 
segment being configured so that the frame segment provides 
a spring force that varies between opposing and promoting 
pivoting of the rear frame portion about the third pivot as the 
rear frame portion is pivoted about the third pivot from a rest 
position to a fully pivoted position. 

8. The bicycle frame of claim 6 wherein the frame segment 
behaves as a leaf spring as it flexes, the pivots and the frame 
segment being configured so that the frame segment provides 
a spring force opposing rotation of the rear frame portion 
about the about the third pivot from a rest position to a fully 
pivoted position. 

9. The bicycle frame of claim 6 wherein the frame segment 
behaves as a leaf spring it flexes, the pivots and the frame 
segment being configured so that the frame segment provides 
a spring force promoting rotation of the rear frame portion 
about the about the third pivot from a rest position to a fully 
pivoted position. 

10. The bicycle frame of claim 7 wherein the frame seg 
ment is disposed between rear and front frame portions to 
provide a spring force opposing rotation of the rear frame 
portion about the about the third pivot from a rest position to 
a point along the travel of the arc of the first pivot about the 
second pivot and to thereafter provide a spring force promot 
ing rotation of the rear frame portion about the third pivot to 
a fully pivoted position. 

11. The bicycle frame of claim 7 wherein the frame seg 
ment is disposed between rear and front frame portions to 
provide a spring force promoting rotation of the rear frame 
portion about the about the third pivot from a rest position to 
a point along the travel of the arc of the first pivot about the 
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second pivot and to thereafter provide a spring force opposing 
rotation of the rear frame portion about the third pivot to a 
fully pivoted position. 

12. The bicycle frame of claim 1 wherein the frame seg 
ment is integrally formed with the one of the rear frame 
portion or the front frame portion to which it is rigidly con 
nected. 

13. The bicycle frame of claim 1 wherein the frame seg 
ment comprises a leaf spring configured to be substantially 
laterally rigid. 

14. The bicycle frame of claim 13 wherein the leaf spring is 
made of a metal. 

15. The bicycle frame of claim 13 wherein the leaf spring is 
made of composite material. 

16. The bicycle frame of claim 13 wherein the leaf spring is 
integrally formed with the one of the rear frame portion or the 
front frame portion to which it is rigidly connected. 

17. The bicycle frame of claim 1 wherein the frame seg 
ment is attached by a fastener to the one of the rear frame 
portion or the front frame portion to which it is rigidly con 
nected. 

18. The bicycle frame of claim 1 wherein the rear frame 
portion and the front frame portion are made of composite 
material and the frame segment is made of composite material 
integrally formed with the one of the rear frame portion or the 
front frame portion to which it is rigidly connected. 
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