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swingable arm, multiple fork joints at least one of which is designed as a two-part fork joint that provides for variable distances
between the steering axis, and a telescopic fork connected to the front wheel and which has at least three parts so that the front
wheel is guided through the entire system whether partly or fully sprung.
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ABSTRACT
~ A suspension system for the front wheel of single wheeled vehicles having a single front
wheel, such as bicycles, tricycles and motorcycles. The suspension system consists of a frame
with a variable arrangement of the steering points using at least one swingable arm, multiple fork
joints at least one of which is designed as a two-part fork joint that provides for variable
distanées between the steering axis, and a teleséopic fork connected to the front wheel and which

has at least three parts so that the front wheel is guided through the entire system whether partly

or fully sprung.
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FRONT WHEEL SUSPENSION SYSTEM FOR VEHICLES HAVING A
SINGLE FRONT WHEEL

This application is a divisional application of Canadian Patent File No. 2,436,022
filed July 28, 2003.

Background of the Invention

The invention relates to a front wheel suspension system and method for the front wheel
of vehicles having a Single front wheel, such as motorcycles, tricycles and bicycles.

Most known front-wheel suspension systems for the vehicles having a single front wheel
have a fixed wheel-elevation curve that is predetermined by the overall vehicle construction.
This fixed wheel-elevation curve is a curve along which the front wheel of the vehicle moves
throughout the range of the Suspension spring system. Thus, the values of the parameters which
determine the driving behaviour of such vehicles, such as the steering-angle and trail, are
determined by the construction of the suspension spring system within the range of the spring.
Usually, the value for trail depends directly and geometrically on any steering-angle
modification, since there is a fixed connection of the distance of the wheel-guidance means, such

as a telescopic fork, to the steering axis.

Thus, for examplé, in a strong braking action of a motorcycle, the steering angle becomes
steeper and the trail becomes shorter, and the motorcycle is therefore destabilized. In the case of
a mountain bike with a large range of spring, the steering angle can become too steep and the
trail too short when the bike is travelling downhill and simultaneously passing over a bump
resulting in the biker having an increased risk of falling. In such a case, modifications in the
setting of the range of spring can usually not achieve any change in the wheel-elevation curve,
since the range of spring usually consists only of a single spring element which allows only for

one elevation movement. Therefore, the telescopic fork is commonly used in front-wheel
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suspension systems for bicycles, tricycles and motorcycles, which systems consist of a frame and
fork joints combined with a telescopic fork.

In the known frames for bicycles and motorcycles which allow for a change of the
steering angle, such change is usually achieved by exchanging inserts providing different bearing
points of a fixed connection of the two bearing points in the frame which determine the steering
angle. Due to the necessary assembly work, this is highly time consuming. The fork joints for
bicycles and motorcycles as known to date achieve such a possibility of changing the steering-
head angle by means of special bearings. For this purpose, bearings such as single ball bearings
or spherical roller bearings are used either in the area of the bearing of the steering axis or in the
area of the connection between at least kone fork leg and the fork joint. The thus achieved changes
of trail are obtained by means of the modifications of the steering-head angle under compression,
the initial value being determined by a fixed fork off-set between steering axis and fork-leg axis.
- Due to their special design, the use of the above described bearings is more expensive than

- conventional bearings such as simple roller bearings or tapered roller bearings, while potential
changes of trail are mainly caused by the modification of the steering-head angle.

The known two-part telescopic forks for bicycles and motorcycles only provide for one
single movement of the two connection elements over the course of compression and rebound of
the springs when passing over bumps or when braking and accelerating. Therefore, in both
driving situations, the same geometrical modifications of steering angle and front-wheel trail are
obtained. This modification of frame geometry, which constantly and always remains the same
even in different driving situations, makes an optimisation of driving behaviour adapted to the

driving situation in the respective vehicles impossible.
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As illustrated in Figures 12 and 13, in this known system, in the rebound position, a fixed
steering angle or rake “R ”is predetermined by means of a frame with a steering head. The trail
“T” is also determined by means of the fixed distance of the steering axis, in relation to which
the telescopic fork is usually disposed in parallel by means of so-called fork joints. Now, in
compression to the maximumi of the range of spring, the values for the steering angle change
linearly in relation to the respective range of spring, and, along with the change of steering angle,
the trail also changes linearly, that is, the steering angle becomes constantly steeper and the trail
becomes constantly shorter.

There is therefore a need for an improved front wheel suspenéion system for the front
wheel of vehicles having a single front wheel, such as motorcycles, tricycles and bicycles, that
will overcome the foregoing described deficiencies of known systems.

Summary of the Invention

The invention is a front-wheel suspension system for vehicles with one single front wheel
sprung by a springing system, and comprises a system which by means of different measures of
adjustment of the individual components can adapt quickly and easily to the respective field of
application and driving situation, especially with regard to the values of steering angle and trail
over the range of spring. It is mainlil applicable for bicycles and motorcycles.

The front-wheel suspension system of the invention consists of a frame for bicycles,
tricycles and motorcycles which allows for a modification of the steering angle by shifting the
clamping connections of fork joints on a fork, the steering points of which are connected in at
least one point to a swinging arm through a frame, and at least two fork joints of which at least
one can also be fashioned as a two-part fork joint that allows for a steering-head angle and trail

which is adjustable over the range of spring. In addition, the invention provides a novel spring
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- unit, a telescopic fork. for bicycles and motorcycles which allows for a shifting movement of the
dipping and sliding connecting parts which is variable over the course of the range of spring. On
~ the basis of a suitable setting of the different possibilities of relative adjustment of the frame, the
fork joints and the spring units, the system provides many possibilities of adjustment. Especially
with regard to the desired wheel-elevation curves, as defined by the parameters of stéering angle
and trail, adjustment options are now obtained by reason of the spring units, which differ
substantially from such devices as known to date.

The system according to the invention thus consists of: (1) a frame with a variable
arrangement of the steering points using at least one swingable arm; (2) multiple fork joints at
least one of which can be designed as a two-part fork joint that provides for variable distances
between the steering axis; and (3) a special telescopic fork connected to the front wheel and
which has at least three parts so that the front wheel is guided through the entire system whether
partly or fully sprung.

The invention also includes an embodiment of a frame, the steering-head angle of which
is adjustable, and in which the adjustment can be achieved extremely fast by means of a simple
shifting movement of a clamping connection of a fork joint.

According to the invention, the fork join-t, due to its two-part form, makes a subdivision
of the necessary rotating and swivelling movements. Thus, the fork joint on one hand allows for
the use of less expensive bearings, and, on the other hand, depending on the particular
embodiment, provides for the possibility of an additional change of trail, since it achieves a
change of the fork off-set (that is, of the pivot point of the steering axis in relation to the

geometrically relevant distance of the fork-leg axis in the fork joint) over the swivel area.
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As specially used for motorcycles and bicycles, the construction of the telt;scopic fork of
the invention consists of shidable connections, which are slidable into each other and which
achieve compression and rebound of the front-wheel assembly during braking or acceleration as
well as when passing over bumps. Due to the special form of the telescopic fork in at least three-
parts, a different suitable relative movement of the individual connection parts can be achieved
over the entire range of spring, always depending on the setting of the individual spring and
damping rates of the connecting parts with respect to each other. Thus, in the compression and
braking processes, an additional modification of the front-steering angle can be achieved over the
course of the spring range, such as for example in connection with a variably suspended steering
point, which modification differs from the known steering-angle modification as achieved by the
compression of a conventional telescopic fork.

What is characteristic of the system of the invention is the combination of at least two
spring elements which are adjustable independently from each other, the individual ranges of
spring of the elements being added to one overau range of spring for the front wheel to be
guided. This special arrangement therefore provides for variable frame geometries with regard
to steering angle and trail. At least one of the spring elements needs to be attached in between at
 least one variably hinged steering point, which is supported by means of a swingable arm by the
vehicle frame. Due to this modification of at least one range of spring, the steering axis is
defined in relation to the frame by means of the respective arrangement of the at least one
swingable arm, thus defining the corresponding steering angle of the frame. At least one second
spring clement is attached either directly to the lower fork joint alone, or within a telescopic fork
which has at least a three-part form, the spring element is attached so that it guides the front

wheel throughout its range of spring in relation to at least one swingable arm to which the
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variably hinged steering point is attached. When this second spring element compresses, the
steering angle of the entire vehicle changes in relation to the level of the roadway as such.

Thus, the driving behaviour of the vehicle can be changed by adjusting the individual
spring elements, which will vary the values of the critical parameters of steering angle and trail
of the front-wheel suspension system. In other words, the selective arrangement of the individual
spring elements can provide for respectively different geometrical modifications of the steering
angle and trail which sum up‘ over the overall range of spring of the front-wheel suspension
system.

In the case of a direct connection between é wheel-guiding unit such as a telescopic fork,
the bearings at the variable steering points have to allow for a rotating as well as a swivelling
movement of the steering points through the use of fork joints. The fork joints can be designed as
ball-and-socket joint bearings, spherical roller bearings or so-called uni-ball joints. In a
preferred embodiment of the system of the invention, at least one fork joint, for example the
upper one, is designed as a two-part fork joint, the bearing of which at the steering axis is
designed conventionally such that only a steering movement, but no swivelling movement of this
first part is possible. The second part of this special fork joint is connected to a spring unit by
means of co;lventional clamping connections, for éxample to the upper one of a special
telescopic fork. The two parts of the fork joint again are connected to each other by means of a
swivel axis. During respective movement of at least two parts of a multiple part fork joints
system when compressing, the distance between the special telescopic fork and the steering point
of the fork joint designed in two parts is changed. Depending on the particular embodiment of
the two-part fork joint, and especially with respect to the positioning of the swivel axis, an

additional change of trail is obtained within the steering system, which change is independent
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from the change of trail depending on the steering-angle modification of the overall system in
relation to the roadway level of the vehicle.

In another preferred embodiment of the invention, at least one further existing fork joint
is designed in a two-part form. However, in this case, the swivel axis crosses the conventionally
-designed bearing at the steering-axis bearing point.

In a further preferred embodiment at least one further existing fork joint is designed in a
two-part form, but in this case, the swivel axis crosses the center line of the special telescopic
fork, with the bearing at the steering-axis bearing point being fashioned in a conventional way.

In yet another preferred embodiment the upper spring element is designed as a shock
absorber, which bears against the swingable arm and the frame.

In still another embodiment, the system is described in its variations in combination with
three spring clements which are adjustable independently from each other and which are in

connection with each other by way of two swingable arms.
Brief Description of the Drawings

Figure 1 is a schematic view of an embodiment of the invention showing the entire front
wheel éuspension system, Figure 1x being an enlarged plan view that illustrates a conventional
fork joint with a ball-and socket joint at the steering axis;

Figure 1a is a schematic view similar to Figure 1 but showing in Figure 1al a two-part
fork joint at the upper fork joint and in Figure 1a2 a ball and socket joint at the lower fork joint;

Figure 1b is a schematic view similar to Figure 1a but showing in Figure 1bl a ball and

socket joint at the upper fork joint and in Figure 1a2 a two-part fork joint at the lower fork joint;
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Figure 1c is a schematic view similar to Figure 1a but showing in Figure 1c1 a two-part
fork joint at the upper fork joint and in Figure 1c2 a two-part fork joint at the lower fork joint,
the swivel axis of which crosses the steering point;

Figure 1d is a schematic view similar to Figure 1c¢ but showing in Figure 1d1 a two-part
fork joint at the upper fork joint and in Figure 1d2 a two-part fork joint at the lower fork joint,
the swivel axis of which crosses the center line of the lower springing unit.

Figure 2 is a schematic view similar to Figure 1 but now showing the basic adjustment
possibilities of rake and trail of a frame according to the invention through simply changing the
clamping position of the lower fork joint relative to the telescopic fork;

Figure 2A is a schematic view similar to Figure 2 but showing another embodiment of
the vehicle frame comprised of two movable swinging arms for steering head adjustments;

Figure 3 is a plan view of a fork joint or tripie clamp mechanism of the invention shown
as used with a fork having two or three sliding wheel travel units;

Figure 3a is an end elevational view of the triple clamp mechanism of Figure 3;

Figure 4 1s a schematic illustration of a three part telescopic fork;

Figure 4A is schematic view similar to Figure 4 but showing only the lower element
containing a spring Element;

Figure 4B is a schematic view similar to Figure 4 but showing another embodiment of the

fork;

Figure 4B1 is an enlarged elevational view further showing the middle element and the

connection of its two parts;

Figure 4C is a schematic view similar to Figure 4B but showing another embodiment of

the fork with only the lower element containing a spring element;
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Figure 4C1 is an enlarged elevational view further showing the middle element and the

connection of its two parts;
Figure 4D is a schematic view of a four part fork;

Figure 4D1 is an enlarged elevational view further showing the connection of two parts
of two of the elements of the fork of Figure 4D;

Figure 4E is a schematic view of another embodiment of a four part fork with only the
lower and the upper element containing a spring elerﬁent;

Figure 4E1 is an enlarged elevational view further showing the connection of two parts of

two of the elements of the fork of Figure 4E;

Figure 4F is a schematic view of yet another embodiment of a four part fork with only the

lower two elements containing a spring element;

Figure 4F1 is an enlarged elevational view further showing the connection of two parts of

two of the elements of the fork of Figure 4F;

Figure 4G is a schematic view of yet another embodiment of a four part fork with only

the lowest element containing a spring element;

Figure 4G1 1s an enlarged elevational view further showing the connection of two parts

of two of the elements of the fork of Figure 4G;

Figure 5 is a schematic view of the entire front wheel suspension showing use of the fork

of Figure 4B;

Figure 5a is an enlarged elevational view of a portion of Figure 5 and showing the lower

joint of the fork;

Figure 6 is a schematic view of the front wheel suspension showing an embodiment using

a monoshock suspension and showing use of the fork of Figure 4A;

10
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Figure 7 is a schematic view of the front wheel suspension showing an embodiment using
a second swingable arm in the suspension and showing use of the fork of Figure 4D;

Figure 8 is a schematic view of the front wheel suspension showing an embodiment using
the fork of Figure 4 and thus having a rigid element in the fork between the two swingable arms;

Figure 9 is a schematic view of the front wheel suspension showing an embodiment using
a second swingable arm in the suspension combined with a monoshock suspension unit and
showing use of the fork of Figure 4E;

Figure 10 is a schematic view of the front wheel suspension showing an embodiment
similar to the embodiment of Figure 9 but showing a variation thereof using a monoshock
suspension unit and showing use of the fork of Figure 4F;

Figure 11 is a schematic view of the front wheel suspension showing an embodiment
similar to the embodiment of Figures 9 and 10 but showing a variation thereof showing two
spring elements using a monoshock suspension unit and showing use of the fork of Figure 4G;

Figure 12 is a diagram illustrating the relationship of rake and trail and the range of
spring of a regular fork shown in Figure 13; and

Figure 13 is a schematic view of a regular fork illustrating rake and trail geometrically.

Description of the Preferred Embodiments
System Design

The drawings illustrate the invention primarily in schematic form. Utilization of the
principles of the inventions into the specific construction of two-wheeled vehicles would be
obvious to persons skilled in the art. As shown in the drawings, the front-wheel suspension
system of the invention consists of a frame 50 for bicycles and motorcycles that is supported on

ground engaging wheels, a rear wheel 20 and a front wheel 26. Figure 1 shows schematically the

11
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construction of the entire front-wheel suspension system which includes a frame 50. This novel
type of frame is shown in Figure 2 with a variation thereof in Figure 2A and will be described in
more detail hereinafier. It provides for easy general adjustment options for the basic steering
angle, and thus has a fixed upper steering point 51 and a fixed suspension point 58. At the
suspension point 58, a reversing lever or swingable arm 52 is operatively connected to a lower
steering point 53. The frame 50 is provided with fork joints 54 and 55 at both steering points 51
and 53, which fork joints are disposed to provide both swayable and rotatable motion.

In the embodiment of Figure 1, the bearing of steering points 51 and 53 is provided by
means of a ball-and-socket insert 73, which is maintained within the fork joiﬁts 54 and 55 by at
least one clamped screw connection 74 as shown in Figure 1x. A spring unit 57 is mounted to
the lower fork joint 55 and a spring unit 56 is mounted to the upper fork joint 54 by means of
clamping connection 71 by way of a screw fitting which provides at least one screwed
connection 72. Depending on the respective embodiment of the system, such as in a three-part
telescopic fork with a direct connection for example, the axes of the clampings 71 of the spring
units extend linearly. The fork joints 54 and 55 are connected to a special spring system 59 by
way of clamping connections, which spring system 59 consists of at least two spring units 56 and
57 which are separate from each other. 'i‘he ranges of spring of these spring units 56 and 57 add
up to one overall range of spring of the suspension system. Depending on the adjustment of the
individual setting in each individual spring unit 56 and 57, the system provides different changes
of the values for steering-head angle and trail for the front wheel 26 to be guided.

In the embodiment of Figure 1, the spring system 59 is fashioned as a three-part
telescopic fork which will be further described hereinafier with reference to Figure 4. In

addition, in further preferred embodiments according to Figures la-d, a special two-part fork

12
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joint is used for this purpose which provides for a variable trail. This novel two part fork joint,
or sometimes referred to as a triple clamp, is shown in Figures 3 and 3a and will be described in
more detail hereinafter.

Figure 1a (and Figures 1al and 1a2) show a detailed representation of the use of the two-
part fork joint (shown in detail in Figures 3 and 3a) at the top joint 54 and a conventional fork
joint with a ball-and socket joint at the bottom joint 55.

Figure 1b shows a detailed representation of the use of the two-part fork joint at the
bottom joint 55 and a conventional fork joint with a ball-and-socket joint at the top joint 54.

Figure 1c shows a detailed representation of the use of the two-part fork joint at the top
joint 54 and a two-part fork joint at the bottom joint 55 in which the swivel axis crosses the
steering point.

Figure 1d shows a detailed representation of the use of the two-part fork joint at the top
joint 54 and a two-part fork joint at the bottom joint 55 in which the swivel axis crosses the
center line of the lower springing unit.

Frame Design

Figures 2 and 2A, show the easy adjustment possibilities for rake adjustment of the frame
50. The herewith suggested construction of a frame. now makes it possible to carry out a‘
modification of the steering angle in the shortest amount of time. The movable arrangement of at
least one of the steering points 51 or 53 through a sliding arm 52 at frame 50 allows for the
change of steering angle by way of a shift in longitudinal direction of a fork joint 55 comprising
a clamping connection on a fork or telescopic fork 57 which can be provided in several different

designs. In one embodiment, a bearing point 51 or 53 of the steering axis is provided in a

13
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| movable position. In a further embodiment, both bearing points 53 and 53a of the steering axis
are positionéd movably by means of two swinging arms 52 and 52a.

Thus, as shown in Figure 2, the bearing points 51 and 53 of the steering head which
determine the steering head angle are not both affixed permanently to the frame 50 but at least
one of them is affixed with one moveable steering point 53, e.g., in the axis of the steering head
by the use of the reversing lever or swinging arm 52 which is pivotally connected at one end to
the fixed front suspension point 58 of the frame 50 and at the other end to the steering point 53.
The broken lines in Figure 2 illustrate the change of rake achieved easily by moving the triple
clamps on their clamped connection to any type of fork through the swinging movement of the

arm 52 and the steering point 53 attached to it. In the embodiment of Figure 2A, two bearing or
| steering points 53 and 53a of steering which determine the steering head angle are not affixed
permanently, but are affixed with two moveable steering points 53 and 53a in the axis of the
steering head by the use of two reversing levers or swinging arms 52 and 52a. In this case, fork
joint 54 only takes over a steering function through a fixed steering point 51a.

The change of the steering angle can be achieved independently of the particular fork
design being used. For example, in one embodiment, the change of the steering angle is obtained
by mez;ns of a shift of the clamping connections of a fork joint in an upside-down telescopic fork.
In another embodiment, the steering-angle modification is obtained by means of a shift of the
clamping connections of a fork joint with a rigid fork (conventional front fork of a single
telescoping design). In yet another embodiment, the steering-angle modification is obtained by a
shift of the clamping connections of a fork joint in a three-part telescopic fork (double-
telescoping of a three piece design). The fork joint and telescopic fork of the invention as used

in these various embodiments will now be described.

14
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Fork Joint Design

Figures 3 and 3a show the prefgrrgd embodiment of the invention of a fork joint,
sometimes referred to as a triple clamp, for the front-wheel suspension system. A triple clamp is
a device especially used for motorcycles and bicycles, and is a mechanical connection between a
steering point axis to at least one fork leg. The fork joints for bicycles and motorcycles as
known to date achieve such a possibility of changing the steering-head angle by means of special
bearings. For this purpose, bearings such as single ball bearings or spherical roller bearings are
used either in the area of the bearing of the steering axis or in the area of the connection between
at least one fork leg and the fork joint. The thus achieved changes of trail are obtained by means
of the modifications of the steering-head angle under compression, the initial value being
determined by a fixed fork off-set between steering axis and fork-leg axis. In other words,
known existing triple clamps for bicycles and motorcycles primarily allow for a change of trail
only by a selection of off-setting devices which change a fixed base value of distance (called
offset) between the vertical steering axis and the vertical centerline of the forkleg. Therefore,
changes of geometric trail occur only as a function of offset to the steering head angle (rake) of
the frame and through wheel travel according to suspension movement within telescoping front
forks. Due to their ~specia1 design, the use of the above d@sc;ribcd bearings is more expensive
than conventional bearings such as simple roller bearings or tapered roller bearings, while
potential changes of trail are mainly caused by the modification of the steering-head angle. In
the now obtained special embodiment of the present construction of a fork joint, such fork joint,
due to its two-part form, makes a subdivision of the necessary rotating and swivelling
movements, and thus, on the one hand allows for the use of less expensive bearings, and, on the

other hand, depending on the respective embodiment, it provides for the possibility of an
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' additional change of trail, since it achieves a change of the fork off-set (that is, of the pivot point
of the steering axis in relation to the gebf;léfri;ally relevant distance of the fork-leg axis in the
fork joint) over the swivel area.

In the embodiment shown in Figures 3 and 3a, a fork joint part member 1, in this case
comprising two clamping seats 71 for attaching the fork legs, is connected, for an angle
modification to part or member 2 of said fork joint by means of at least one bore 6 and at least
one axis bolt 11 on the swivel axis 8. Member 2 comprises one location hole 4 for connection
with a pivoting point of the steering axis as well as at least one bearing seat 5 for receiving a
conventional bearing (here, as an example, a tapered roller bearing) around swivel axis 8.

In parallel position of the axis of fork legs 9 (point 15 geometrically relevant) in relation
to the steering axis 10 (point 14 supposed pivoting point), the geometrically fork off-set 7 is
- obtained by adding the distances of off-set 7' of the fork joint member 1 of the fork legs in
relation to swivel axis 8 plus the off-set 7" of the fork joint member 2 of the swivel axis 8 in
relation to steering axis 10. Thus, the fork joint of the invention is designed in a two-part form
that allows for an angle modification between the steering axis and fork-leg axis by means of a
swivel axis disposed between the two.

Owing to the now pbssible swivel movement around swivel axis 8, now the resulting
distance of the geometrically relevant point 15 in relation to 15' of member 1 of the fork joint
changes, such that the geometrically relevant portion of the fork offset 7" (geometrical
connection of point 15' with the center of rotation of the steering axis 14) is obtained depending
on the respective angle modification between fdrk-leg axis 9' and steering axis 10. Therefore,

the wheel trail of a wheel guided by the inventive fork joint is changed in addition to the angle

16
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modification of trail obtained by the mere change of the steering-head angle when compression
takes place.

In two embodiments, the modification of the angle between the steering axis and fork-leg
axis can result in the swivel axis 8 crossing either the vertical centreline of the steering axis or
the fork leg axis. While these embodiments allow for the above described change of steering-
head angle, the effect of additional change of trail however is limited.

| In another embodiment, the swivel axis 8 can be disposed at an optional distance in
between the geometrically relevant connection line of the steering axis and the resulting fork-leg
axis.

In yet other embodiments, the swivel axis 8 can be disposed either: (1) behind the
steering axis, at an optional distance outside the geometrically relevant direct connection line of
the steering axis and the resulting fork-leg axis; or (2) in front of the fork-leg axis, at an optional
distance outside the geometrically relevant direct connection line of steering axis and the
resulting fork-leg axis. Depending on the position of the swivel axis 8, these embodiments can
provide a more important change of trail than the possible embodiments described in the

preceding paragraph.

In yet another embodiment, it possible to use flexible materials for the change of angle to

take place.

The unique fork joint or triple clamp design of the invention allows an adjustment of
length of the distance 7' for adjusting the trail-changing effect of the fork joint construction by
using at least one adjustment plate 12 and also allows an adjustment of length of the distance 7”
for adjusting the trail-changing effect of the fork-joint construction by using at least one

adjustment plate 13. Thus, the triple clamp of the invention divides the necessary rotating and
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i ﬁexing movements to allow for changesifi T4ke “dnd trail through its design of two jointed parts,
and permits the use of inexpensive beanngs within. It also permits two static changes of
geometric steering trail, one according to adjustment of the steering angle, and the other
according to the constant flexible movement within the steering angle during flexing of the two
joined parts of the triple clamp.

Telescopic Fork

With reference now to Figures 4, and 4A to 4C, the various embodiments of the three-
part telescopic fork of the invention which allows an adjustable stroke of the moving parts will
be descnibed.

Currently known two-part telescopic forks for bicycles and motorcycles have been
created for the vertical movement of compression and rebound only, without enough
consideration for horizontal deflection and the ensuing constant alteration of rake and trail
geometry. Therefore, the inability to alter the frame geometry during riding motion precludes
the optimization of transgression during certain situations of acceleration, braking, or encounters
with road/trail irregularities.

The known two-part telescopic forks for bicycles and motorcycles only provide for one
single movement of the two connection elements over the course of compression ar;d rebound of
the springs when passing over bumps or when braking and accelerating. Therefore, in both
driving situations, the same geometrical modifications of steering angle and front-wheel trail are
obtained. The construction of the present telescopic fork consists of a slidable connection as
specially used for motorcycles and bicycles, which is slidable into each other and which achieves
compression and rebound of the front-wheel assembly during braking or acceleration as well as

when passing over bumps. Due to the special form in at least three-parts, a different suitable
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relative movement of the individual connection parts can be achieved over the entire range of
spring, always depending on the setting of the individual spring and damping rates of the
connecting parts with respect to each other. Thus, in the compression and braking processes, an
additional modification of the front-steering angle can be achieved over the course of the spring
range, such as for example in connection with a variably suspended steering point, which
modification differs from the known steering-angle modification as achieved by the compression
of a conventional telescopic fork.

During the overall stroke of the telescopic front fork of the invention, there now exists the
opportunity to constantly chénge the front steering angle of a two-wheeled vehicle, especially
when this front fork is used in conjunction with a fork joint that provides for non-rigid
connection between the frame unit and the steering unit of the vehicle.

Moreover, through the design of the three-piece telescopic fork of the invention, the
benefits of flexible steering and frame geometry can be achieved with linked adjustments
between the frame and the fork. And the additional benefit of increased strength is realized due
to the overall increased rigidity of significantly overlapped pieces.

In a general embodiment of Figure 4, the lower connecting part 21 of the telescopic fork, ‘
which is connected to the guidable front wheel 26 over an axle, is slid into or around the middle
connecting element 22, which in turn is slid into or around the upper connecting element 23. In
this embodiment, the enhanced flexural strength is mainly achieved due to a larger overlapping
of the individual connecting elements with each other.

In a further embodiment, the lower connecting part 21 is supported by a spring 24 which
fits closely against the partition wall 27 of connecting element 22, which connecting element 22

in turn 1s supported by a spring 25 at connection element 23. Since the lower connecting part 21
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Y

1s supported by the middle connecting element 22 by means of spring 24, the lower connecting
part 21 will shift depending on a respective load, while the middle connecting element 22 which
is supported by the upper connecting element 23 also by means of a spring 25, will also shift
according to the load. Depending on the adjustment of the individual spring rates in springs 24
and 25, different relative movements of the connecting elements 21, 22 and 23 to each other are
obtained over the entire course of the spring range.

In a special emﬁodiment, the working chambers 28 and 29 of the telescopic fork are
separated from each other not only with respect to spring action but also regarding the damping
effect produced by controlled damping devices with adjustments for flow rates. Tﬁis provides
for further additional adjustment options. This embodiment provides two separate wbrking
chambers for springing and damping action, which, owing to different adjustments in the
respective spring rates and damping rates, cause a different amount of dipping movement in the
respective tubes over the entire range of spring of the telescopic fork to take place

In yet another embodiment, instead of conventional springs a pressurized gas is used as a
spring.

In a further embodiment shown in Figure 4A, only the lower element 21of the three-part
telescc;pic fork is designed as a spring element,‘ the upper element 23 being designed only as a
guiding element without a spring. In this embodiment, a working chamber 29 is formed between
the middle element 22 and the upper element 23 and is used for damping purposes, while a
working chamber 28 is formed between the lower element 21 and the middle element 22 and is
used for both damping and springing action.

Figure 4B illustrate another embodiment of a three-part telescopic fork, and Figure 4C

shows a variation of the embodiment of Figure 4B. In the embodiment according of Figure 4B,
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| the middle connection element 22A is fashioned in a two-part form. Its parts 22B and 22C are,
for example, connected with each other by means of a bali-and-socket joint 80 (See Figure 4B1).
Here, connection element 22B and lower connection element 21 form the first spring element 57,
while connection element 22C and upper connection element 13 form the second such spring
element 56.

In the embodiment according to Figure 4C, the middle connection glement 22A 1s
fashioned in a two-part form. Its parts 22B and 22C are, for example, connected with each other
by means of a ball-and-socket joint 80 (See Figure 4C1). In this embodiment, connection
element 22B and lower connection element 21 form a spring unit, and connection element 22C
and upper connection element 23 form a slidable guiding unit.

In figures 4D to 4G four embodiments of a four-part telescopic fork are described. These
embodiment are used in embodiments of the overall front-wheel suspension system according to
Figures 7 to 11.

In the embodiment of Figure 4D, a four-part telescopic fork is shown in which a
third connection element 23a is designed in two parts. These second and third parts 23b and 23¢
are connected to each other by means of a ball-and-socket joint 80 as illustrated in Figure 4D1.
Part 23b and connection element 22 form a second, middle spring unit, connection element 23c
and the fourth connection element 30 form a third, upper spring unit. Thus, between the lower
connecting element 21 and the second connection element 22 as well as between the connecting
element 22 and the second part 23b and also between the third part 23c and the fourth connecting
element 30, three different working chambers are formed for springing and damping effects,

which by means of different adjustment measures of the respective spring rates and damping
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\ >rﬁtes provide for a different degree of dipping of the respective tubes over the overall range of
spring.

In the embodiment according to Figure 4E, in the working chamber between the
connection elements part 23b and second connection element 22, which are slidable into each
other, there is formed only a guiding unit without providing any springing effect there being no
spring in this working chamber,

In the embodiment according to Figure 4F, the third connection element 23a is comprised
of two parts. These second and third parts 23b and 23c are connected to each other by means of
a ball—and—socket joint 80 as illustrated in Figﬁre 4F1. The third part 23c and the fourth
connection element 30, which are respectively slidable into each other, form a guiding unit only
without providing any springing effect.

In the embodiment according Figure 4G, the second part 23b and the second connection
element 22 and the third part 23c and fourth connection element 30, which are slidable
respectively into each other, merely represent guiding units without providing any springing
effect.

In any of the foregoing embodiments, the springing units can use a pressurized gas as a
spring, insteaid of conventional springs.

Combinations of Components of the System

Figure 5 shows a schematic of an embodiment of the system providing a connection of
ﬂ1e spring units 56 and 57 by way of a ball-and socket joint 80 (Figure 5a) and a telescopic fork
arranged according to Figure 4B. Here, the ball-and-socket joint 80 is mounted inside the spring
unit 57 and is screwed down with the spring unit 56 by means of the screw fitting 81. Here, it is

of no importance that the ball-and-socket connection 80 is disposed within the fork joint 55. It is
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‘crucial, however, that the spring unit 57, which preferably can be a telescopic fork of any type of
embodiment, is connected and mechanically fixedly to the fork joint 55.

In Figure 6, an embodiment of the system is shown, in which the spring unit 56 is a

monoshock suspension, which bears against the frame 50 through attachment point 56a and

against the swingable arm 52 through attachment point 56b. In this case, unit 56c is a guiding
unit consists of two tubes which are slidable into each other and which do not perform any
springing function (e.g., the telescopic fork c;f Figure 4A). The tubes of guiding unit 56¢ serve
solely to transmit the steering forces from the handlebar (not shown) of the vehicle to the front
wheel 26. Here, a direct connection can exist between guiding ﬁnit 56¢ and spring unit 57. The
guiding unit 56c however, can also be connected to spring unit 57 through a ball-and-socket
joint, as described in Figure 5a (e.g., the telescopic fork of Figure 4C).

Figure 7 shows an embodiment of a spring system 59, which beyond the existing
swingable arm 52 provides a second swingable arm 52a which is pivotally connected to frame 50
through a suspension point 58a. At the other end of the swingable arm 52a the steering point 53a
is provided, which together with steering point 53 of swingable arm 52 now represents the
steering axis of the suspension. Extending over a third fork joint 55a, the overall springing of the
spring system 59 is subdiw;ided into three spring units 56d, 56e a;1d 57 and thus allows for
additional wheel elevation curves for the eﬁtire front-wheel suspension system with reference to
the steering-head angle and the trail. In this embodiment, fork joint 54 only takes over a steering
function through steering point 51a. The structure of this fork joint 54 can be designed as
described in Figure 3. The connection of springing units 56e and 57 can be carried out by means
of a telescopic fork system as described in Figure 4D, for example. Then, the attachment of the

spring unit 56d to spring unit 56e has to correspond to that shown in Figure 5a.
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In the system as shown in Figure 8, the unit 56f is designed rigidly without providing for
any springing effect. The telescopic fork used thus corresponds to a three-part telescopic fork
such as that shown in the embodiment of Figure 4B. In this embodiment, the changes in relation
to the steering angle and trail are obtained from an adjustment of the lengths of the swingable
arms 52 and 52a and their suspension points 58 and 58a. The overall range of spring of the front
wheel 26 within the front-wheel suspension system is then defined by means of the resulting
ranges of spring of the spring units 56d and 57.

In a variation of the system according to Figure 9, the spring unit 56e can also be
designed as a monoshock suspension unit and can bear against swingable arm 52 through
coupling point 56b and can bear against swingable arm 52a through coupling point 56g. In that
case, the connection parts 23b and 22 of the telescopic fork merely take on guiding functions
within the system, but do not provide for any springing effect, as described in the embodiment of
Figure 4E.

In another variation of the system shown in Figure 10, the spring unit 56d can also be
designed as a monoshock suspension unit and can bear against swingable arm 52a through a
coupling point 56g and against the frame 50 through coupling point 56h. In that case, the
connection parts 23c and 30 of the telescopic frame only take on guiding functions within the
system, but do not provide any springing effect, as described in the embodiment of Figure 4F.

In yet another variation of the system shown in Figure 11, the two spring units 56d and
56¢ also can be designed as monoshock suspension units and can bear against swingable arm 52a
through coupling point 56g and against frame 50 through coupling point S6h as well as against
swingable arm 52 through coupling point 56b and against swingable arm 52a through coupling

point 56g. In this case, the connecting parts 23c and 30 and connecting parts 23b and 22 of the
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telescopic fork only take on guiding' functions within the system, but do not provide for any
spring effect, as described in the embodiment of .F igu.re 4G.
Summary

The unique suspension system of the invention for bicycles and motorcylces allows for
an adjustable change of steering angle through its componensts, especially by dividing the
springing movement of a front wheel during suspension action into at least two partly springing
movements.- Those are adjustable and at least one of them is located in between the steering
triple clamp brackets while at least the other one must be connected below the lower steering
-triple clamp bracket. When thé steering points of said brackets are connected to the frame by a
swing arm in at least one location of the frame, an additional and adjustable changé of rake
occurs. The construction of the frame is a solution for the design of a frame utilizing an
adjustable steering head, whose adjustment may be performed quickly and easily, through
selective positioning of steering triple clamp brackets. The construction of the frame allows for a
change of the steering head angle in a very short time frame. By the use of variable steering
points in conjunction with a swing arm to a frame, the steering triple clamp bracket is able to be
moved along the axial centerline of a fork or telescopic fork of any design, to achieve a change
of steering angle.

The construction of a flexing, two-part triple clamp as described herein allows for the
increased stability of a bicycle or motorcycle. By allowing articulating movement within the
triple clamp, an additional resultant changing geometric function of trail occurs. When used in
conjunction with the steering-to-frame link system, a change of geometrically relevant rake is
offered, and increased stability of the vehicle is achieved during braking or going over bumps.

Additionally, the use of inexpensive bearings is possible, as opposed to. bearings commonly used
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n the steering components of motorcycles and bicycles using conventional one-piece rigid triple
clamps allowing these changes.

In addition, the construction of a multiple-piece telescopic fork and its variations as
described herein allows for a significant number of chosen resistances between the movement of
its connected parts. These inter-related parts, when used in conjunction with linked arms,
provide increased stabilization of steering during acceleration and‘deceleration, and ir;creased
control during moving encounters with road irregularities.

The foregoing disclosure of various preferred embodiments is considered as illustrative
only of the principles of the invention. Further, since numerous modifications and changes will

| readily occur to those skilled in the art, it is not desired to limit the invention to the exact
construction and operation shown and described, and accordingly, all suitable modifications and
equivalents evident to those skilled in the art shall be considered to that fall within the scope of
the invention as defined in the following claims. It is also important that the claims be regarded

as including such equivalent constructions insofar as they do not depart from the spirit and scope

of the present invention.
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WHAT IS CLAIMED IS:

1. A four-part telescopic fork for use with the front-wheel suspension system for the
guidance and springing of the front wheel of wheeled vehicles having a single front wheel,
such as bicycles, tricycles, the telescopic fork comprising:

a lower first connection element connected to the front wheel of the vehicle;

a second connection element;

a third connection element, the third connection element having two parts connected to
each other by a ball and socket joint; and

an upper fourth connection element, the first connection element being slidable relative
to the second connection part in a first working chamber, the second connection element being
slidable relative to the first part of the third connection in a second working chamber, and the
‘second part of the third connection element being slidable relative to the upper fourth

connection element within a third working chamber.

2. The four-part fork of claim 1 in which the first connection element is supported by the
second connection element by a spring in the first working chamber, the second connection
element is supported by the first part of the third connection element by a spring in the second
working chamber, and the second part of the third connection element is supported by the

upper fourth connection element by a spring in the third working chamber.

3. The four-part fork of claim 1 in which the second working chamber does not contain
a spring but serves only as a guide for the second connection element within the first part of

the third connection element for damping purposes.

4. The four-part fork of claim 1 in which the first connection element is supported by the
second connection element by a spring in the first working chamber, the second connection
element is supported by the first part of the third connection element by a spring in the second

working chamber, and the second part of the third connection element is slidable in the third
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working chamber within the upper fourth connection element, the third working chamber

serving only as a guide for damping purposes.

5. The four-part fork of claim 4 in which the second working chamber does not contain

a spring but serves only as a guide for the second connection element within the first part of

the third connection element for damping purposes.

6. The four-part fork of claims 1, 2, 3, 4 or 5 in which a pressurized gas within each of

the working chambers is the spring.

7. A three-part fork, for use with the front-wheel suspension system for the guidance and
springing of the front wheel of wheeled vehicles having a single front wheel, such as bicycles,
tricycles, the telescopic fork comprising:
a lower connection element connected to the front wheel of the vehicle;
a middle connection element;
‘an upper connection element; and
the middle connection element being formed in two parts, a lower part and an upper
part connected by a ball and socket joint;
the lower connection element being slidable relative to the first part of the middle
connection element in a first working chamber, and the second part of the middle connection
element being slidable relative to the upper connection element within a second working

chamber, each working chamber containing a spring.

8. The three-part fork of claim 7 in which the second working chamber contains no spring

and serves only as a guiding element for damping purposes.

9. The three-part fork of claims 7 or 8 in which a pressurized gas within each of the

working chambers is the spring.
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