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(57) Abréegée/Abstract:

Rear suspension system for a bicycle In which there are two links pivotally interconnecting the front triangle (being, the bicycle
component having the seat and bottom bracket) and the rear triangle (being, the component to which the rear wheel Is mounted),
and the link pivots on the front triangle are located no higher than the location of the instant centre of the rear triangle at the sag
point. Suspension stability may be enhanced by having one of the links oriented horizontally at the sag point and/or by having the
ink pivots on the front triangle in horizontal alignment.
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REAR SUSPENSION SYSTEM FOR A BICYCLE

[0001] This application claims the benefit of US Application No. 62/121,900, filed 27 February
2015; US Application No. 14/719,219, filed 21 May 2015 (now, US Patent No. 9,216,791,
granted 22 December 2015); and US Application No. 62/173,211, filed 9 June 2015.

Field of the Invention

[0002] The present invention relates to bicycle suspension systems, namely rear suspension

systems.

Background of the Invention

[0003] A bicycle frame iIs the main component of a bicycle, on to which wheels and other
components are fitted. The great majority of today's rigid-frame bicycles have a frame with
upright seating. Such upright rigid-frame bicycles generally feature the diamond frame, a truss
consisting of two triangles: the front triangle and the rear triangle. In a conventional diamond
frame, the “front triangle” is not a true triangle because it consists of four tubes: the head tube,
top tube, downtube and seattube. The head tube contains the headset, the set of bearings that
allows the front fork (which supports the front wheel) to turn smoothly for steering and balance.
The top tube connects the head tube to the seat tube at the top, and the down tube connects
the head tube to the bottom bracket. The rear triangle consists of the seat tube and paired

chain stays and paired seat stays. The chain stays run essentially parallel to the chain,

connecting the bottom bracket to the rear fork ends (which support the rear wheel). The seat
stays connect the top of the seat tube (at or near the same point as the top tube) to the rear
fork ends.

[0004] Many modern bicycles do not utilize a diamond frame, for example because: the frame
IS constructed in such a way that it does not consist of tubes attached one to another (for
example, frames made of composite materials); orthe frame involves arear suspension system
permitting rearward components of the bicycle (e.g., the rear wheel) to move relative 1o other

components of the bicycle (e.g., the seat); or both. However, the terms used to describe the

members of a conventional diamond frame (being, head tube, top tube, down tube, seat tube,
chain stays and seat stays) are often used to describe analogous features on non- diamond
frames and are at times so used herein.

[0005] Most bicycles use a chaintotransmit powerto the rearwheel. The drivetrain begins with
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pedals which rotate the cranks, which are attached to a spindle that rotates within the bottom
pracket. With a chaindrive, a chainring attached to a crank drives the chain, which In turn
rotates the rearwheel via a rear sprocket. Most chaindrive systems have some form of gearing,
typically comprising multiple rear sprockets of different sizes, multiple chainrings of different
sizes and user controllable devices (referred to as derailleurs) for moving the chain between
rear sprockets and between the chainrings, so as to selectively vary the gear ratio. In chain
drive systems, the portion of chain extending between the top of a chainring and the top of a
rear sprocket conveys the motive force from the pedals to the rear wheels. When the rider is
pedalling, this top portion of chain is under tension. In a bicycle without a rear suspension, this
chain tension is resisted by the the rear triangle, to which the rear wheel is mounted. However,
In a bicycle with a rear suspension system, some portion of the force of such chain tension may
be imparted to the suspension system. As well, movement of the rear suspension system
relative to the bottom bracket may dynamically tension or slacken the portion of chain extending
between the top of a chainring and the top of a rear sprocket, thereby affecting the pedalling
resistance experienced by the rider. The direction of the force conveyed along the portion of
chain extending between the top of a chainring and the top of a rear sprocket is referred to as
the chain line. A further complication is that bicycles typically have multiple chainrings and
multiple rear sprockets so as to provide rider selectable gear ratios; in the result, most bicycles
would not have a single chain line, but rather would have multiple chain lines.

[0006] A bicycle suspension is the system or systems used to suspend the rider and all or part

of the bicycle In order to protect them from the roughness of the terrain over which they travel.
Bicycle suspensions are used primarily on mountain bikes, but are also common on hybrid
bicycles, and can even be found on some road bicycles. Bicycle suspension can be
Implemented in a variety of ways, including: front-fork suspension and rear suspension. It is not
uncommon for a mountain bike to have front suspension but no rear suspension (such a

suspension configuration is often referred to as a hardtail). However, it iIs uncommon for a

mountain bike to have a rear suspension system but no front suspension system. Thus, rear
suspension systems on mountain bikes are typically part of a full suspension system.

[0007] Suspension systems for mountain bikes first appeared in roughly the early 1990's. Over
the ensuing years developers and users of mountain bike suspension systems recognized a
variety of factors affecting suspension performance and general riding performance of
suspension system, which factors are interrelated in dynamic and complex ways. It was soon
realized that the fact that bicycles are powered by human effort means that effects on the drive
train caused by suspension system movement that would, inthe case of engine driven vehicles,

pbe minor or unnoticeable, are significant in bicycles. In particular, rear suspension systems
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involve complicated interactions of multiple connected components and multiple performance
considerations.
[0008] In the field of bicycle suspension systems, the following terms are generally used as
follows:
- Travel generally refers to how much movement a suspension allows, and is usually
guantified based on the available range of movement of the wheel axle.
- Brake jack refers extension of the rear suspension caused by braking (a feature of
some early suspension designs).
- Brake squat refers to compression of the rear suspension caused by braking (which
In moderration, can be beneficial to counteract the normal forward weight transfer
caused by braking).
- Bob, pedal bob, or monkey motion refer to undesirable repeated compression and
rebound with each pedal stroke.
- Squat refers to generally undesirable compression of the rear suspension under
acceleration (and the associated rearward weight shift).
- Pedal feedback (or chainstay lengthening) refers to torque applied to the crankset by
the chain caused by motion of the rear axle relative to the bottom bracket. Pedal
feedback is caused by an increase In the distance between the chainring and rear
sprocket, and it can be felt by the rider as a torque on the crankset in the rotational
direction opposite to forward pedalling.
- Anti-squat refers to chainstay lengthening related to pedalling-induced suspension
extension, which provides resistance to the weight shift of the rider due to acceleration
and resulting compression of the rear suspension. Too much anti-squat or chainstay
lengthening results in resistance to compression of the suspension due to pedal forces
when the rear wheel hits an obstacle.
- Preload refers to the force applied to spring component before external loads, such
as rider weight, are applied. The amount of preload necessary depends on the rider
welght and the parameters of the spring components. More preload makes the
suspension sag less and less preload makes the suspension sag more. Adjusting
preload affects the ride height of the suspension.
- Rebound refers to the rate at which a suspension component returns to its original
configuration after absorbing a shock. The term also generally refers to rebound
damping or rebound damping adjustments on shocks, which vary the rebound speed.

Increasing rebound damping causes the shock to return at a slower rate.

- Sag refers to how much a suspension moves under just the static load of the rider.
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Sag allows the rear wheel to drop into depressions in the terrain, maintaining traction.
- Sag point refers to a design/tuning parameter, being a desired suspension sag for a
rider, which is generally between 20-35% of the total suspension travel depending on
the rider's preference and the suspension design.
- Compression damping refers to systems that slow the rate of compression in a front
fork shock or rear shock. Compression damping is usually accomplished by forcing a
hydraulic fluid (such as olil) through a valve when the shock becomes |loaded and Is
often adjustable.
- Unsprung mass is the mass of the portions of bicycles that is not supported by the
suspension systems.
[0009] One of the simplest and most common bicycle suspension designs is the single-pivot
system, In which the rear wheel of the bicycle Is attached to the front triangle of the bicycle by
a single swingarm (often a generally triangular component and often referred to as the rear
triangle) pivoting about a pivot located on the front triangle. With the single-pivot design, the
rear wheel absorbs bumps from irregular terrain by moving in a simple curve (i.€., a circular arc)
about the pivot.
[0010] More complicated suspension designs use a configuration of linkages that is more
complicated than a mere single pivot and that generally provide for an axle path of travel during
suspension compression and extension that is other than the simple curve about the pivot point

achievable with the single-pivot suspensions. A popular linkage suspension design is shown

inFigure 3in U.S. Pat. No. 5,899,480 (commonly referred to as a Horst Link suspension system
after the inventor, Horst Leitner). Dual short-link designs are a popular type of four-bar linkage
suspension systems comprising two short links interposed between the front triangle and the
rear triangle (i.e. the component to which the rear wheel is mounted). A dual short link design
called the Virtual Pivot Point suspension (or VPP), Is disclosed In U.S. Patent No. 6,206,397

A dual short link design that employs links pivoting in the same direction is disclosed in U.S.
Patent No. 7,128,329 (Weagle).

[0011] Many of the patented dual short link suspension designs featuring two short links
rotating in the same direction emulate the function of \Weagle's or the VPP designs in various
ways, but differ with respect to the placement, length and pivot locations of the two short links.
The chainstay lengthening/anti-squat effects are derived from the placement of the links and
pivot points. Many known designs focus on the designer's version of optimal anti-squat

characteristics, minimizing overall chainstay lengthening to varying degrees, the use of low

speed compression damping on the shock absorber to reduce unwanted suspension

movement, and minimizing the effects of the rear brake on the suspension system.
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[0012] Many known suspension designs endeavour to optimize pedalling efficiency by providing
sufficient anti-squat to balance the rearward weight shift due to acceleration, in selected optimal
gear combinations, which balancing is referred to as 100% anti-squat. The value of anti-squat
depends on acceleration. If there is no acceleration, anti-squat is irrelevant. The greatest rate
of acceleration of a bicycle is achieved when accelerating from a standstill or from a low speed,
with the rate of acceleration (and the amount of anti-squat required to balance squat) quickly
dropping off as one approaches the desired speed of travel.

10013] Numerous bicycle systems and variations of same are known. For example, as
described in the following US patents: US 5,553,881, BICYCLE REAR SUSPENSION
SYSTEM, Klassen et al., 10 September 1996; US 5,628,524, BICYCLE WHEEL TRAVEL
PATH FOR SELECTIVELY APPLYING CHAINSTAY LENGTHENING EFFECT AND
APPARATUS FOR PROVIDING SAME, Klassen etal., 13 May 1997; US 6,206,397, BICYCLE
WHEEL TRAVEL PATH FOR SELECTIVELY APPLYING CHAINSTAY LENGTHENING
EFFECT AND APPARATUS FOR PROVIDING SAME, Klassen et al., 27 March 2001; US
6,843,494, REAR SUSPENSION 'SYSTEM FOR TWO-WHEELED VEHICLES,
PARTICULARLY BICYCLES, Lam, 18 January 2005, US 6,969,081, BICYCLE REAR
SUSPENSION, Whyte, 29 November 2005; US 7,128,329, VEHICLE SUSPENSION
SYSTEMS, Weagle, 31 October 2006; US 7,240,912, BICYCLE REAR SUSPENSION, Whyte,
10 July 2007; US 7,828,314, VEHICLE SUSPENSION SYSTEMS, Weagle, 9 November 2010;
US 7,934,739, BICYCLE REAR SUSPENSION, Domahidy, 3 May 2011; US 2008/0,054,595
BICYCLE FRAME WITH A COUNTER-ROTATING FOUR BAR LINKAGE SYSTEM, Lu, 6
March 2008; US 2008/0,277,900, BICYCLE WITH A COMMON PIVOT SHOCK ABSORBER,
|, 13 November 2008; US 7,048,292, BICYCLE SUSPENSION SYSTEMS, Weagle, 23 May
2006; and US 2014/0,042,726, SUSPENSION SYSTEM FORWHEELED VEHICLES, Canfield
et al., 13 February 2014.

Summary of the Invention

[0014] Excluding single-pivot rear suspension systems, most bicycle rear suspension systems
feature an instant centre. An instant centre, also called the instantaneous centre or instant
centre of rotation, is the point around which all points in a body undergoing planar movement
that is neither a pure displacement (i.e., not merely linear) nor a pure rotation (i.e., not merely
rotation about a fixed centre), are rotating at a specific instant in time. As the planar movement
is not a pure rotation, there is a different instant centre for each instant in time/position of the
body. The different instant centres define a curve, referred to as the moving centrode and at

times referred {o herein as the path, or path of movement, of the instant centre. In the case of
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a body subjectto constrained reciprocating movement, the instant centre follows a constrained
reciprocating path.

[0015] In a bicycle rear suspension system in which the “rear triangle” (being the component
to which the axle of the rear wheel iIs mounted) I1s connected to the front triangle by two links,
the rear triangle has an instant centre. The instant centre of the “rear triangle” and the path of
movement of the instant centre can readily be visualized from the two links connecting the rear
triangle to the front triangle. The instant centre is |located at the intersection of an imaginary
straight line passing through the first link rear triangle pivot axis (being the axis of the pivotal
couple of the first link to the rear triangle) and the first link front triangle pivot axis (being the
axis of the pivotal attachment of the first link to the front triangle); and an imaginary straight line
passing through the second link rear triangle pivot axis (being the axis of the pivotal couple of
the second link to the rear triangle) and the second link front triangle pivot axis (being the axis
of the pivotal attachment of the second link to the front triangle).

[0016] Embodiments of the present invention are directed to reducing instabilities and
imbalances in the "balance of torques” between the rear triangle and the front triangle. The
following explanation of balance of torques ignores the effects of terrain and greatly simplifies

the dynamic interaction of the components of a bicycle with a rear suspension system when

iIn use. However, this simplified characterization of a rear suspension system is understood to
be sufficiently correct for an understanding of balance of torques.

[0017] In a bicycle in use, force is transferred from the front triangle to the rear triangle through
tension applied to the chain; and force is transferred from the rear triangle to the front triangle
through the link attachment points. Viewed from the perspective of the rear triangle, the force
applied to the front triangle through the link attachment points creates a torque on the front
triangle.

[0018] It is useful to consider the mechanical efficiency of a bicycle rear suspension from a
‘statics” perspective, that is, assuming there is no acceleration. This is a useful assumption
because with a bicycle In use there are situations where there is high chain tension but only
a small rate of acceleration, for example: when climbing a grade; or when pushing big/hard
gears to maintain speed.

[0019] When applied to a bicycle with a rear suspension, a statics perspective may be modeled
using a simple beam, where there are two supports and one pivot. The "beam” is the front
triangle, the rear suspension link attachment points (pivot points) to the front triangle are the
supports, and the instant center of the rear triangle is the pivot. Taking this simplified modeling
one step further, the instant centre may be notionally moved horizontally to lie on the "beam”,

..., on a line intersecting the front triangle pivot axes, i.e. the pivot axis of each of the link
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attachment points to the front triangle.

[0020] In considering this model, it is understood that if there is a lower link attachment point
located a distance (DL) below the notional instant centre and an upper link attachment point

located a distance (DU) above the notional instant centre, with DL not equal to DU (typically,

in conventional suspension systems the distance DU may be multiples of the distance DL), then
the application of a horizontal force (i.e., along the chain line) at the notional instant centre
creates moment arms between the instant centre and the two link attachment points, becoming
moments rotating about the instant centre.

[0021] For example, consider a suspension system in which the link pivot attachments are
located such that DU equals 3DL. If a unitless force of 100 is applied horizontally at the notional
instant centre, the force at the upper link pivotal attachment point is 25, and the force at the

lower link pivotal attachment point is 75, and the forces become moments rotating about the

instant centre (i.e., torques). The two moments/torques act in opposition, and the forces
palance each other, resulting in a force of 100 acting horizontally on the notional instant centre.
To understand how this balance of torques impacts the stability and efficiency of the rear
suspension, it is useful to visualize two people leaning against each other. When two people

lean against each other, they exert equal but opposing forces. However, the forces are

dynamic because each person moves around a little bit to retain balance. The dynamic nature
of the forces they exert upsets the balance between the two people, causing movement as they

attain new equilibriums. The instability of this dynamic movement between two people leaning

against each other is akin to efficiency reducing dynamic movement in a rear suspension
system, for example, pedal bob.

[0022] By contrast, the inventor understands that a bicycle rear suspension system in which,
when the suspension Is at the sag point, the link pivotal attachment points are no higher than,
or below, the instant centre, may be visualized as akin to one person leaning against a wall.
The wall and person exert equal but opposing forces, as with the two people leaning against
each other. However, since the wall is rigid, the forces are not dynamic, and it is easier for the
person to maintain stability.

[0023] For example, consider a configuration in which, with the suspension at the sag point,
a first link pivotal attachment point is in substantial horizontal alignment with the instant centre
and a second link pivotal attachment point is at a lower location than the first link pivotal

attachment. |If a unitless force of 100 is applied horizontally at the instant centre, the force at

the first pivotal attachment point is 100 (or substantially 100), and the force at the second
attachment point is O (or substantially 0), such that substantially no moment arms are created

about the instant centre. Because there are no moment arms, there is no balance of torque
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transmitted through the front triangle. It is understood that as there is no balance of forces to
upset, the bicycle rear suspension system is more stable. It is understood that if the link pivotal
attachments that connect the rear suspension to the front triangle are both at or below the
iInstant centre at the sag point, no opposing moments are balanced against each other and only
the moment arm that creates the anti-squat torque is applied to the front triangle.

[0024] Some embodiments ofthe present invention are configured such that at least one ofthe
links Is substantially horizontal at the sag point, as this is understood to contribute to a hard talil
pedal feel. It is understood that the hard tail feel occurs when a link is horizontal at the sag point
because of how the forces are transferred from the rear triangle to the front triangle. If a link
IS horizontal, that link is iIn compression. There are no, or only minor, bending moments applied
to the link. Those bending moments, if they exist, cause the link to flex/bend to some extent,
SO0 some energy Is "wasted"” bending components of the frame. From that, it Is understood that
the more parts of the linkage that are horizontal, or nearly horizontal, the less frame flex will
occur under hard pedaling efforts, and the more efficient the suspension will be. If the
attachment points for both links are at the same height, it is understood that the forces applied
through the links would be the same. However, it may be preferable to configure the link with
the better bracing angle so that it is oriented horizontally at the sag point.

[0025] Further, in some embodiments, the instant centre is located roughly vertically below the
centre of mass of the rider and the bike. It is understood that this may be desirable because it

IS understood to equally distribute the pedal bob forces between the front and rear suspension,

thus Increasing inherent resistence to pedal bob. For example, when the instant centre is
forward of vertical alignment with the rider's centre of mass, the rear suspension has to deal
with more pedal bob forces than the front suspension.

[0026] Because the locations of the front triangle pivot axes are at or below the instant centre,
the 'moment arm’ forthe 'less than 100% anti-squat’ portion ofthe pedaling force is non-existent
or short. By contrast, in most suspension designs, the highest pivot point attaching the upper
link to the front triangle 1s much closer to the seat, resulting in a longer moment arm. Such a
longer moment arm "amplifies"” the "less than 100% anti-squat” force, causing more pedal bob
and decreasing efficiency. This is the same reason it is easier to tighten or loosen a bolt with
a wrench than it is with fingers. The wrench Is a lever. The "lever” in a bicycle suspension that
acts on the "less than 100% anti-squat” portion of the chain tension force vector is the front
triangle. The length of the lever is the distance between the pivot connecting the suspension’s
upper link to the front triangle, and the instant centre.

[0027] In one aspect, the present invention provides a bicycle suspension system for attaching

a rear wheel with a rear wheel axle defining a rear wheel axis of rotation, to a front triangle,
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being the component of a bicycle, equipped with the suspension system, having a bottom
bracket defining a bottom bracket axis of rotation, the bicycle having a right side being on the
right hand side when the bicycle is viewed from the rear, the bicycle suspension system
iIncluding: a rear triangle to which the rear wheel axle is mounted; a first link: pivotally connected
to a front triangle at a first link front triangle pivot defining a first link front triangle pivot axis; and
pivotally connected to the rear triangle at a first link rear triangle pivot defining a first link rear
triangle pivot axis; a second link: pivotally connected to the front triangle at a second link front
triangle pivat defining a second link front triangle pivot axis; and pivotally connected to the rear
triangle at a second link rear triangle pivot defining a second link rear triangle pivot axis; and
a shock absorber device directly or indirectly interconnected between two of the front triangle,
rear triangle, first link and second link, for resiliently impeding relative movement of the
suspension system from an unloaded at-rest position; wherein: the suspension system has a
sag point; the rear triangle defines an instant centre; and with a bicycle equipped with the
suspension system, resting on a horizontal surface, with the suspension system at the sag
point, the first link front triangle pivot axis and the second link front triangle pivot axis are no
higher than a horizontal line passing through the instant centre.

[0028] Withthe bicycle equippedwiththe suspension system, resting onthe horizontal surface,
with the suspension system at the sag point, a first link line passing through the first link front
triangle pivot axis and the first link rear triangle pivot axis may be substantially horizontal.
[0029] Withthe bicycle equipped withthe suspension system, resting on the horizontal surface,
with the suspension system at the sag point, a second link line passing through the second link
front triangle pivot axis and the second link rear triangle pivot axis may be substantially
horizontal.

[0030] Withthe bicycle equippedwiththe suspension system, resting on the horizontal surface,
with the suspension system at the sag point, a front triangle pivot line passing through the first
link front triangle pivot axis and the second link front triangle pivot axis may be substantially
horizontal. A rear triangle pivot line passing through the first link rear triangle pivot axis and the
second link rear triangle pivot axis may be substantially horizontal, and the front triangle pivot
line and the rear triangle pivot line may be different lines. One, but not both, of: a first link line
passing through the first link front triangle pivot axis and the first link rear triangle pivot axis; and
a second link line passing through the second link front triangle pivot axis and the second link

rear triangle pivot axis; may be substantially horizontal.

summary of the Drawings

[0031] The drawings are schematic right-side elevation views of rear suspension system
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embodiments of the present invention shown as if supported by a flat horizontal surface. In
what follows, the descriptive terms used for the embodiments consist of, or contain, shorthand
references to the general direction of projection and pivotal movement of the first link (generally,
the rearward link) and the general direction of projection and pivotal movement of the second

link, In that order.

[0032] Figure 1 shows a rearward-clockwise-rearward-clockwise embodiment of the present
invention with the bicycle not loaded (i.e., with the suspension system at its uncompressed "at-
rest” position).

[0033] Figure 2 shows the embodiment of Figure 1 with the suspension system under
compression.

[0034] Figure 3 shows a forward-counterclockwise-forward-counterclockwise embodiment of
the present invention in the at-rest position.

[0035] Figure 4 shows the embodiment of Figure 3 with the suspension system at an illustrative
sag point.

[0036] Figure 5 shows a rearward-clockwise-rearward-clockwise embodiment of the present
invention in the at-rest position.

[0037] Figure 6 shows the embodiment of Figure 5 with the suspension system at an illustrative
sag point.

[0038] Figure 7 shows a rearward-clockwise-forward-clockwise embodiment of the present
invention in the at-rest position.

[0039] Figure 8 shows the embodiment of Figure 7 with the suspension system at an illustrative
sag point.

[0040] Figure 9 shows a forward-counterclockwise-rearward-clockwise embodiment of the
present invention in the at-rest position.

[0041] Figure 10 shows the embodiment of Figure 9 with the suspension system at an
illustrative sag point.

[0042] Figure 11 shows a quasi-Horst-link rearward-clockwise-forward-clockwise embodiment
of the present invention in the at-rest position.

[0043] Figure 12 shows the embodiment of Figure 11 with the suspension system at an
llustrative sag point.

[0044] Figure 13 shows a long-second-link rearward-clockwise-rearward-clockwise embodiment
of the present invention in the at-rest position.

[0045] Figure 14 shows the embodiment of Figure 13 with the suspension system at an

llustrative sag point.
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[0046] Figure 15 shows a forward-counterclockwise-rearward-counterclockwise embodiment
of the present invention in the at-rest position.
[0047] Figure 16 shows the embodiment of Figure 15 with the suspension system at an

llustrative sag point.

Detailed Description with Reference to the Drawings

[0048] In the drawings, the schematic representations of the bicycle embodiments of the
present invention show conventional bicycle features Iin a simplified manner that for current
purposes ignores the possible variations in configurations and details of these features. For
example, it is well known that modern materials permit configurations considerably different
from the simple "triangle” composed of tubes, suggested by the schematic representations.
[0049] In the drawings, there is shown a bicycle 100 including a front triangle 110. The front
triangle 110 is schematically represented as having a seat tube 112, atop tube 114 and a down
tube 116. A bottom bracket 118 is located at the juncture of the seat tube 112 and the down
tube 116. A chainring 124 is mounted at the bottom bracket 118. Crank arms 126 (left side
crank arm not shown in the drawings) are also mounted at the bottom bracket 118. Mounted
to the front triangle 110 there are front forks 120, to which the front wheel 122 is mounted. The
pbicycle 100 includes a rear wheel 130, attached to the front triangle 110 via a rear suspension
system embodiment of the present invention.

[0050] The rear suspension system embodiments all include a rear triangle 142, being the

component to which the rear wheel 130 is mounted at the rear wheel mount 144 so as to define

the rear wheel axis of rotation 132. To be clear, in some of the embodiments described herein
and shown In the drawings, the component to which the rear wheel 130 1s mounted is not in the
shape of a triangle. However, the term rear triangle 142 is used throughout for conceptual
consistency.

[0051] The rear suspension system embodiments all also include two links interconnecting the
front triangle 110 and the rear triangle 142, being: a first link 150 having a first link front triangle
pivot axis 152 and a first link rear triangle pivot axis 154; and a second link 156 having a second
link front triangle pivot axis 158 and a second link rear triangle pivot axis 160.

[0052] The rear suspension system embodiments all also include a shock absorber 170 having
a shock front-triangle mount end 172 and a shock suspension mount end 174. The shock front-
triangle mount end 172 is mounted to the front triangle 110, although, reflective of the
schematic nature of the drawings, in some of the drawings, a connection between the shock

front-triangle mount end 172 and the front triangle 110 is not indicated.

[0053] The following approach Is used herein for providing numerical information for the

11
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position of components and pivots/couples with respect to a typical bicycle wheel size with the
bicycle not loaded (i.e., with the suspension system at its uncompressed "at-rest” position) and
with a flat surface supporting both wheels of the bicycle: an XY coordinate system with the X
axis parallel to the flat surface, with the intersection of the X axis and Y axis aligned with the
axis of rotation within the bottom bracket, and with the units in millimetres (mm).

[0054] Inthe embodiments shown inthe drawings, the rear wheel axis of rotation 132 is located
at X=-435mm, Y= 10.0mm.

[0055] In what follows, negative X values for pivot locations may be bounded by the radius
of the rear wheel 130. However, It Is understood that it Is possible to have pivot and couple
locations that intrude into the radius of the rear wheel.

[0056] In the drawings, bicycle embodiments are shown viewed from the right side. Related
to this, movement of components is generally described herein as if viewed from the right side
of the bicycle. For example, pivotal movement of the first link 150 and second link 156 is
described as "clockwise"” or "counterclockwise" relative to the front triangle 110 (i.e., about the
first link front triangle pivot axis 152 and second link front triangle pivot axis 158, respectively)
as viewed from the right side of the bicycle.

[0057] The drawings, In some Instances, show suspension system embodiments: at
uncompressed "at-rest” positions; at an illustrative sag point (in the range of 30% - 33% of the
total suspension travel); and at full compression.

[0058] The suspension system embodiments disclosed herein may be characterized in terms
of: whether each of the first ink 150 and second link 156 projects generally rearward or forward
(from the first link front triangle pivot axis 152 and second link front triangle pivot axis 158,
respectively), with the suspension system in the at-rest position; and whether pivotal movement
of each of the first link 150 and second link 156 is clockwise or counterclockwise as the
suspension system moves from the at-rest position to the sag point. To be clear, In this
context, projecting generally rearward or projecting generally forward, does not mean pure
horizontal projection, and each such projection may include an upward or downward
component.

[0059] Following the above approach to characterizing suspension systems, embodiments are
at times referred to herein in a shorthand manner, comprising the projection and pivotal
movement of the first link 150 and second link 156, In that order. For example, In the
embodiment shown in Figures 1 and 2, the first link 150 projects rearward and pivots clockwise
and the second link 156 also projects rearward and pivots clockwise. Thus, the embodiment
shown In Figures 1 and 2 is at times referred to herein as rearward-clockwise-rearward-

clockwise embodiment 180.

12
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[0060] In the rearward-clockwise-rearward-clockwise embodiment 180 shown Iin Figures 1 and
2, the pivot locations are:
first link front triangle pivot axis 152: X=-2.3mm, Y= 36.9mm

first Ink rear triangle pivot axis 154: X=-36.6mm, Y=2.9mm

second link front triangle pivot axis 158: X= 50.1mm, Y=63.7mm

second link rear triangle pivot axis 160: X= -16.6mm, Y= 57.7mm
[0061] Tobeclear, inthe forward-counterclockwise-forward-counterclockwise embodiment 200
shown in Figures 3 and 4, the second link initially pivots counterclockwise for about the first
34% of its pivot travel and pivots clockwise for the remaining about 66% of its pivot travel. In
the forward-counterclockwise-forward-counterclockwise embodiment 200 shown in Figures 3
and 4, the pivot locations are:

first link front triangle pivot axis 152: X=-23.4mm, Y= 29mm

first link rear triangle pivot axis 154; X= 7.9mm, Y= 32.3mm

second link front triangle pivot axis 158: X= 35.1mm, Y= 62.5mm

second link rear triangle pivot axis 160: X= 71.6mm, Y= 60.1Tmm
[0062] Inthe rearward-clockwise-rearward-clockwise embodiment 210 shown in Figures 5 and
6, the pivot locations are:

first link front triangle pivot axis 152: X= -14.5mm, Y= 34.4mm

first link rear triangle pivot axis 154: X=-46.5mm, Y= 5.6mm

second link front triangle pivot axis 158: X= 45.4mm, Y= 62mm

second link rear triangle pivot axis 160: X= 8.5mm, Y= 59.6mm
[0063] To be clear, in the rearward-clockwise-forward-clockwise embodiment 220 shown In
Figures 7 and 8, the second link Initially pivots counterclockwise for about the first 9% of its
pivot travel and pivots clockwise for the remaining about 91% of its pivot travel. In the rearward-
clockwise-forward-clockwise embodiment 220 shown in Figures 7 and 8, the pivot locations are:

first link front triangle pivot axis 152: X=-2.3mm, Y= 58.7mm

first link rear triangle pivot axis 154: X=-42.3mm, Y= 44.8mm

second link front triangle pivot axis 158: X=61.8mm, Y= 59.2mm

second link rear triangle pivot axis 160: X= 100./mm, Y= 82.8mm
[0064] Inthe forward-counterclockwise-rearward-clockwise embodiment 230 shown in Figures
9 and 10, the second link initially pivots clockwise for about the first 43% of its pivot travel and
pivots counterclockwise for the remaining about 57% or its pivot travel. In the forward-
counterclockwise-rearward-clockwise embodiment 230, the pivot locations are:

first link front triangle pivot axis 152: X=-32.0mm, Y= 59./mm

first link rear triangle pivot axis 154: X=9.5mm, Y= 52.8mm

13
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second link front triangle pivot axis 158: X= 92.4mm, Y= 44.3mm

second link rear triangle pivot axis 160: X= 64.9mm, Y= 63.2mm
[0065] In the quasi-Horst-link rearward-clockwise-forward-clockwise embodiment 240 shown
In Figures 11 and 12, the pivot locations are:

first link front triangle pivot axis 152: X=-29.9mm, Y= 46.0mm

first link rear triangle pivot axis 154; X=-352.4mm, Y= 3.omm

second link front triangle pivot axis 158: X= 91.7/mm, Y= 46.0mm

second link rear triangle pivot axis 160: X= 122.2mm, Y= 71.3mm
[0066] Inthe long-second-link rearward-clockwise-rearward-clockwise embodiment 250 shown
in Figures 13 and 14, the pivot locations are:

first link front triangle pivot axis 152: X=-0.7mm, Y= 52.8mm

first link rear triangle pivot axis 154: X= 51.2mm, Y= 28.2mm

second link front triangle pivot axis 158: X= 91.8mm, Y= 52.6mm

second link rear triangle pivot axis 160: X= -356.0mm, Y= 12.8mm
[0067] Inthe forward-counterclockwise-rearward-counterclockwise embodiment 260 shown in
Figures 15 and 16, the pivot locations are:

first link front triangle pivot axis 152: X=-29.8mm, Y= 40.9mm

first link rear triangle pivot axis 154: X=-0.1mm, Y= 50.3mm

second link front triangle pivot axis 158: X= 115.6mm, Y= 40.3mm

second link rear triangle pivot axis 160: X= 82.0mm, Y= 59.1Tmm
[0068] In the embodiments described herein and shown in the drawings, the shock absorber
170 1s mounted at its proximal end to the front triangle 110 and coupled at its distal end to
another component of the rear suspension (mainly, but not always, the rear triangle 142). To
be clear, multiple other configurations of the shock absorber 170 are possible. For example,
the shock absorber 170 could be interconnected between other components (for example,
between a link and the front triangle 110). As well, the shock absorber 170 need not be directly
connected to another component of the rear suspension or the front triangle 110, in that there
may be intervening connectors or linkages between the shock absorber 170 and another
component. Various configurations and arrangements for devices for absorbing shocks are
known In the art. For example, in some cases, particularly in long travel downhill designs, it
may be advantageous to use a linkage (not shown) between the shock absorber 170 and the
rear triangle 142 so as to permit adjustments or specific shock rates not readily achievable
when the shock absorber 170 is directly coupled to the rear triangle 142.
[0069] As Is well known In bike rear suspension design, flexible members could be used to

provide functionality akin to a pivot or couple described herein.
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[0070] Aspects of embodiments of the present invention may have application Iin other
suspension systems, for example in motorcycles or other vehicles with suspensions.
[0071] The scope of the claims should not be limited by the embodiments set forth in the

examples, but should be given the broadest interpretation consistent with the description as a

whole.
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Claims
1. A bicycle suspension system for attaching a rear wheel with a rear wheel axle defining
a rear wheel axis of rotation, to a front triangle, the front triangle being a component of a bicycle
equipped with the suspension system, the front triangle having a bottom bracket defining a
bottom bracket axis of rotation, the bicycle having a right side being on the right hand side when
the bicycle is viewed from the rear, the bicycle suspension system comprising:

a rear triangle to which the rear wheel axle is mounted;

a first link: '

pivotally connected to a front triangle at a first link front triangle pivot defining

a first link front triangle pivot axis; and |
pivotally connected to the rear triangle at a first link rear triangle pivot defining
a first link rear triangle pivot axis;
a second link:
pivotally connected to the front triangle at a second link front triangle pivot
defining a second link front triangle pivot axis; and
pivotally connected to the rear triangle at a second link rear triangle pivot
defining a second link rear triangle pivot axis; and
a shock absorber device directly or indirectly interconnected between two of the front
triangle, rear triangle, first link and second link, for resiliently impeding relative movement of the
suspension system from an unloaded at-rest position;
wherein:
the suspension system has a sag point;
the rear triangle defines an instant centre; and
with a bicycle equipped with the suspension system, resting on a horizontal surface, with
the suspension system at the sag point:

the first link front triangle pivot axis and the second link front triangle pivot axis are no
higher than a horizontal line passing through the instant centre; and

a front triangle pivot line passing through the first link front triangle pivot axis and the
second link front triangle pivot axis is substantially horizontal.

2. The bicycle suspension system of claim 1, wherein a rear triangle pivot line passing
through the first link rear triangle pivot axis and the second link rear triangle pivot axis is

substantially horizontal, and the front triangle pivot line and the rear triangle pivot line are

different lines.
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3. The bicycle suspension system of claim 2, wherein one, but not both, of:

a first link line passing through the first link front triangle pivot axis and the first link rear
triangle pivot axis; and

a second link line passing through the second link front triangle pivot axis and the
second link rear triangle pivot axis;

Is substantially horizontal.

4. The bicycle suspension system of claim 1, wherein, with the suspension system in the
unloaded at-rest position, in terms of an X,Y coordinate system with the X axis parallel to the
horizontal surface and with the intersection of the X axis and Y axis aligned with the bottom
bracket axis of rotation, the coordinates are about as follows:

rear wheel axis of rotation: X=-435mm, Y= 10.0mm;

first link front triangle pivot axis: X=-2.3mm, Y= 58.7mm;

first link rear triangle pivot axis: X=-42.3mm, Y= 44.8mm;
second link front triangle pivot axis: X=61.8mm, Y= 59.2mm; and

second link rear triangle pivot axis 160: X= 100.7mm, Y= 82.8mm.

5. The bicycle suspension system of claim 1, wherein, with the suspension system in the
unloaded at-rest position, in terms of an X,Y coordinate system with the X axis parallel to the
horizontal surface and with the intersection of the X axis and Y axis aligned with the bottom
bracket axis of rotation, the coordinates are about as follows:

rear wheel axis of rotation: X=-435mm, Y= 10.0mm:

first link front triangle pivot axis: X=-32.0mm, Y= 59.7mm;

first link rear triangle pivot axis: X=9.5mm, Y= 52.8mm;

second link front triangle pivot axis: X=92.4mm, Y= 44.3mm; and

second link rear triangle pivot axis: X= 64 .9mm, Y= 63.2mm.

6. The bicycle suspension system of claim 1, wherein, with the suspension system in the
unioaded at-rest position, in terms of an X,Y coordinate system with the X axis parallel to the

horizontal surface and with the intersection of the X axis and Y axis aligned with the bottom
bracket axis of rotation, the coordinates are about as follows:

rear wheel axis of rotation: X=-435mm, Y= 10.0mm;

first link front triangle pivot axis: X=-29.9mm, Y= 46.0mm;

first link rear triangle pivot axis: X=-352.4mm, Y= 3.6mm;

second link front triangle pivot axis: X=91.7mm, Y= 46.0mm, and
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second link rear triangle pivot axis: X= 122.2mm, Y= 71.3mm.

7. The bicycle suspension system of claim 1, wherein, with the suspension system in the
unloaded at-rest position, in terms of an X,Y coordinate system with the X axis parallel to the
horizontal surface and with the intersection of the X axis and Y axis aligned with the bottom
bracket axis of rotation, the coordinates are about as follows:

rear wheel axis of rotation: X=-435mm, Y= 10.0mm;

first link front triangle pivot axis: X=-0.7mm, Y= 52.8mm);

first link rear triangle pivot axis: X= 51.2mm, Y= 28.2mm,;

second link front triangle pivot axis: X= 91.8mm, Y= 52.6mm; and

second link rear triangle pivot axis: X=-356.0mm, Y= 12.8mm.

8. The bicycle suspension system of claim 1, wherein, with the suspension system in the
unloaded at-rest position, in terms of an XY coordinate system with the X axis parallel to the
horizontal surface and with the intersection of the X axis and Y axis aligned with the bottom
bracket axis of rotation, the coordinates are about as follows:

rear wheel axis of rotation: X=-435mm, Y= 10.0mm;

first link front triangle pivot axis: X=-29.8mm, Y=40.9mm;

first link rear triangle pivot axis: X=-0.1mm, Y= 50.3mm;

second link front triangle pivot axis: X= 115.6mm, Y= 40.3mm; and

second link rear triangle pivot axis: X= 82.0mm, Y= 59.1mm.

9. The bicycle suspension system of claim 1, wherein the shock absorber device is

interconnected between the rear triangle and the front triangle.

10. A bicycle comprising the bicycle suspension system of claim 1.
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