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DAMPINGAPPARATUS FOR BICYCLE FORKS 

RELATED APPLICATION 

0001. The present disclosure is a continuation of U.S. 
patent application Ser. No. 09/081,157, filed May 18, 1998, 
entitled DAMPINGAPPARATUS FOR BICYCLE FORKS, 
the complete disclosure of which is hereby expressly incor 
porated by reference. 

TECHNICAL FIELD 

0002 The present invention is directed to a damping 
apparatus for use with bicycle forks, the apparatus of the 
type that provides fluid damping. 

BACKGROUND AND SUMMARY 

0.003 Conventional bicycle forks connect a front wheel 
of a bicycle to a bicycle frame So that the rider can rotate the 
front wheel and steer the bicycle. The bicycle fork typically 
includes a fork Steerer tube that is easily rotated by handle 
bars. The steerer tube is coupled to a fork crown that extends 
across the top of the bicycle wheel. Two blades extend from 
opposing ends of the fork crown on opposite Sides of the 
wheel to Securely attach the crown to opposite sides of an 
axle of the front bicycle wheel. 
0004 Bicycle forks are not only used to steer bicycles, 
but they are also used to absorb various loads that are 
experienced by a front wheel of the bicycles. See, for 
example U.S. Pat. No. 5,445,401 to Bradbury. These con 
ventional bicycle forks are known to include inner and outer 
telescoping members that are compressible toward one 
another and expandable away from one another to absorb 
Shock. 

0005. In rough terrain, however, these telescoping 
bicycle forks often rebound too rapidly after hitting a large 
bump. Some bicycle riders have also found that traditional 
telescoping bicycle forks compress too rapidly upon hitting 
small bumps. Therefore, manufacturers of bicycle forks 
have developed damping apparatuses that have damping 
mechanisms for controlling the relative movement between 
the telescoping members. See, for example U.S. Pat. No. 
5,445,401. Although bicycle riders have embraced damping 
bicycle forks, as riders maneuver their bicycles over rougher 
terrain for longer lengths of time heat build-up within the 
damping fluid can cause Some traditional forks to “seize” 
due to pressure buildup in a closed System. This undesirable 
result has led Some riders to use a damping apparatus that 
allows the damping oil to freely circulate between the two 
telescoping legs. Such an apparatus, however adds unnec 
essary weight to the bicycle and is difficult to dissemble. It 
would be beneficial to provide a damping apparatus that is 
incorporated into a bicycle fork that provides individual 
compression damping and rebound damping. 
0006 Accordingly, one illustrative embodiment provides 
a bicycle fork having a damping apparatus. The damping 
apparatus comprises a cylinder, a shaft, damping fluid, and 
a piston. The cylinder defines a chamber within which the 
shaft is disposed. The damping fluid is located in the 
chamber. The piston is also disposed in the chamber and is 
coupled with the shaft. The piston is movable relative to the 
shaft between first and Second positions. The piston also has 
a fluid flow aperture disposed there through and a valve 
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Structure associated with the piston. The valve structure is 
movable between engaged and disengaged positions. The 
fluid flow aperture is occluded when the valve structure is 
engaged and is exposed when the valve Structure is disen 
gaged. The piston is movable from the first position to the 
Second position as a result of an external force being applied 
to the fluid which acts on the piston. When the piston is in 
the Second position, the fluid is caused to move through the 
fluid flow aperture and move the valve structure to the 
disengaged position. Further illustrative embodiments com 
prise a bias member associated with the piston, the shaft 
including first and Second apertures in communication with 
each other with each aperture positioned on opposed sides of 
the piston. The first aperture is occluded when the piston is 
in the first positioned and is exposed when the piston is in 
the Second position. 
0007 Another illustrative embodiment of the bicycle 
fork provides a damping apparatus comprising a cylinder, a 
damping fluid and a floating piston. The cylinder defines a 
chamber. The damping fluid is located in the chamber. The 
floating piston disposed in the chamber and is positioned 
adjacent the fluid. 
0008 Additional features and advantages of the appara 
tus will become apparent to those skilled in the art upon 
consideration of the following detailed descriptions exem 
plifying the best mode of carrying out the apparatus as 
presently perceived. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. The illustrative apparatus will be described here 
inafter with reference to the attached drawings, which are 
given as non-limiting examples only, in which: 
0010 FIG. 1 is a perspective view of a bicycle fork that 
includes the damping apparatus of the present invention; 
0011 FIG. 2 is a cross-sectional view of the damping 
apparatus showing the damping apparatus having an upper 
leg formed for Slidable extension into a lower leg, compres 
Sion piston unit mounted in the upper leg, a rebound piston 
unit mounted on the lower leg and extending into the upper 
leg, and an oil bath Situated in the upper leg between the 
compression and rebound piston units, 
0012 FIG. 3 is an exploded perspective view of a portion 
of the compression piston unit showing a coupler, a Shim 
Stack, a compression piston, a movable valve, a Shaft, and a 
needle formed to extended into the coupler; 
0013 FIG. 4 is an enlarged exploded perspective view of 
a portion of the rebound piston unit showing a coupler, a 
Shim Stack, a rebound piston, a movable valve, a shaft, and 
a needle formed to extend into the coupler, 
0014 FIG. 5 is a cross-sectional view of the rebound 
piston taken along line 5-5 of FIG. 4; 
0015 FIG. 6 is a diagrammatic illustration of the damp 
ing apparatus showing compression of the upper leg into the 
lower leg; 
0016 FIG. 7 is a diagrammatic illustration of the damp 
ing apparatus showing the upper leg as it moves out from the 
lower leg to an extended position; 
0017 FIG. 8 is a cross-sectional view of an alternative 
embodiment of the damping apparatus of the present inven 
tion showing a compression piston unit and an adjustable 
rebound piston unit; 
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0.018 FIG. 9 is another cross-sectional view of an alter 
native embodiment of the damping apparatus of the present 
invention showing a compression piston unit and a rebound 
piston unit; 
0019 FIGS. 10 and 11 are diagrammatic illustrations of 
another embodiment of the damping apparatus of the present 
invention showing the action of the rebound piston blow-off 
Valve on low Velocity and high Velocity compression 
Strokes, 
0020 FIG. 12 illustrates another embodiment of a com 
pression piston unit for a damping apparatus according to 
the present invention; 
0021 FIG. 13 illustrates the compression piston unit of 
FIG. 12 when a compression force is applied to the damping 
apparatuS. 

0022 FIG. 14 is another alternative embodiment of a 
compression piston unit for a damping apparatus according 
to the present invention; 
0023 FIG. 15 illustrates the embodiment of FIG. 14 
when a compression force is applied to the damping appa 
ratus, and 
0024 FIG. 16 is a diagrammatic illustration of another 
embodiment of a damping apparatus according to the 
present invention. 
0.025 Corresponding reference characters indicate corre 
sponding parts throughout the Several views. The exempli 
fication Set out herein illustrates Several embodiments of the 
apparatus, and Such exemplification is not to be construed as 
limiting the Scope of the apparatus in any manner. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0026. A damping apparatus 10 is formed for use in a 
Suspension bicycle fork 12 mounted between a bicycle 
frame (not shown) and a front wheel axle (not shown). The 
bicycle fork 12 includes a steerer tube 14, a crown 16, two 
parallel fork legs 18, 19 and two brake flanges 20. Each 
brake flange 20 has a brake arch receiver 22 at one end for 
mounting a brake arch (not shown) thereon and a rim brake 
post receiver 24 at the other end for mounting a brake post 
(not shown). Each fork leg 18, 19 has an upper end 26 and 
a lower end 28. The upper ends 26 of the fork legs 18, 19 are 
connected to the crown 16 and the lower ends 28 of each of 
the fork legs 18, 19 form a dropout 34 that has a wheel axle 
catch portion 36 thereon. The damping apparatus 10 of the 
present invention is formed for use with one of the fork legs 
18, 20 and includes an upper leg 30 and a lower leg 32 that 
Slide relative to one another. The damping apparatus 10 also 
includes a compression piston unit 38 coupled to the upper 
leg 30, a rebound piston unit 40 coupled to the both the 
upper and lower legs 30, 32, and an oil bed cartridge 42 
engaging the compression and rebound piston unit 38, 40. 
See FIG. 2. The oil is free to flow in the lower leg between 
the inner and outer ends 46, 44. 
0027. The upper leg 30 of the damping apparatus 10 is 
preferably the upper end 26 of the fork leg 18. The upper leg 
30 has an outer end 44 coupled to the crown 16, an opposite 
inner end 46, and a center portion 48 being formed to define 
a cavity 50 between the opposite ends 44, 46. Illustratively, 
the center portion 48 of the upper leg 30 includes an interior 
face 52 having threads 54 formed at both the outer and inner 
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ends 44, 46. The lower leg 32 of the damping apparatus 10 
is preferably the lower end 28 of the fork leg 18. See FIG. 
1. The lower leg 32 has a top end 56, an opposite bottom end 
58, and a generally cylindrical side wall 60 defining a 
chamber 62 between the top and bottom ends 56,58. The top 
end 56 of the lower leg 32 forms a rim 64 having a diameter 
sized to receive the inner end 46 and the center portion 48 
of the upper leg 30 therethrough. See FIG. 2. The outer 
diameter of the upper leg 30 fits the inner diameter of the 
lower leg 32 so that the upper leg 30 is slidably engaged with 
the lower leg 32. 

0028. The ability of the upper leg 30 to slide into the 
lower leg 32 is affected by the compression piston unit 38. 
In contrast, the ability of the upper leg 30 to slide out of the 
lower leg 32 is affected by the rebound piston unit 40. The 
compression piston unit 38 includes a compression shaft 66 
and the rebound piston unit 40 includes a rebound shaft 68. 
The shafts 66, 68 each have opposite ends 78,80, an internal 
face 70 defining a passage 72, and an external face 74. 
Threads 75 extend about the internal face 70 at the second 
end 80 and threads 76 extend about the external face 74 at 
the first end 78. See FIGS. 2 and 3. As shown in FIG. 2, the 
shaft 66 of the compression piston unit 38 has a length 
suitable to position its second end 80 within the cavity 50 of 
the upper leg 30. In addition, the compression piston unit 38 
includes a compression coupler 82 coupled to the Second 
end 80 of the shaft 66. The shaft 68 of the rebound piston 
unit 40 has a length that is less than the length of the 
compression shaft 66, but Sufficient to position its Second 
end 80 within the cavity 50. The rebound piston unit 40 
includes a rebound coupler 84 coupled to the second end 80 
of the rebound shaft 68 situated within the cavity 50. 
0029. As shown in FIG. 2, the compression piston unit 
38 includes a fork cap 86 coupled to the first end 78 of the 
shaft 66 opposite the coupler 82. This cap 86 includes a 
threaded aperture 88 therethrough that corresponds with the 
threads 76 on the external face 74 of the shaft 66. The fork 
cap 86 also includes an exterior Surface 90 with threads 92 
extending about the circumference of the surface 90. The 
threads 54 at the outer end 44 of the upper leg 30 correspond 
with the threads 92 formed on the exterior Surface 90 of the 
fork cap 86. Thus, the compression piston unit 38 is securely 
mounted in the cavity 50 of the upper leg 30. 

0030. An end plug 94 is secured in the inner end 46 of the 
upper leg 30. The end plug 94 is sized for extension into the 
cavity 50 of the upper leg 30 and includes a side wall 96 
having threads 98 thereon that correspond to the threads 54 
on the interior face 52 of the upper leg 30. In addition, the 
end plug 94 includes an aperture 100 therethrough that is 
sized for slidable extension of the rebound shaft 68 there 
through. Moreover, individual tubular seals 102 are situated 
on the fork cap 86 and at the bottom end 58 of the lower leg 
32. Each seal 102 is formed to have an aperture 104 
therethrough that is sized to Snugly receive the respective 
shafts 66, 68 therein. 

0031. The couplers 82, 84 of the respective compression 
and rebound piston units 38, 40 are formed similarly to one 
another. Each coupler 82, 84 is barbell-shaped when 
assembled and has opposite disc-shaped ends 106, 108 and 
a cylindrical hollow post 110 extending between the disc 
shaped ends 106, 108. See FIGS. 3 and 4. The outer disc 
106 of each of the barbell-shaped coupler 82, 84 is mounted 
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on the second end 80 of the respective shafts 66, 68 and the 
opposite inner disc 108 extends into the cavity 50 of the 
upper leg 30. The outer and inner discs 106, 108 are shallow 
in width and circular in plan view. The outer disc 106 of each 
coupler 82, 84 has a first circle 112 engaging the Second end 
80 of the respective shafts 66, 68 and a second circle 114 
engaging the hollow post 110. The inner discs 108 each have 
a third circle 116 engaging the hollow post 110 and a fourth 
opposite circle 118. A radially outer peripheral surface 120 
extends between the first circle 112 and the second circle 114 
and a radially outer sidewall 122 extends between the third 
circle 116 and the fourth circle 118 respectively. 
0032. As best shown in FIG. 2, the outer and inner discs 
106, 108 are each formed to include a central oil flow 
aperture 124 extending through the first and Second circles 
112, 114 and the third and fourth circles 116, 118 respec 
tively. The central oil flow apertures 124 in each disc 106, 
108 are in fluid communication with one another via the 
hollow post 110 extending between the outer and inner discs 
106, 108. In addition, the sidewall 122 of the inner discs 108 
are each formed to include four Spaced-apart peripheral oil 
flow apertures 126, each in communication with the central 
oil flow aperture 124. The hollow post 110 includes dual 
apertures 127 extending therethrough generally perpendicu 
lar to the central oil flow aperture 124. In addition, the outer 
discs 106 each include two oil flow slots 128 in communi 
cation with the central oil flow aperture 124. The oil flow 
slots 128 are generally aligned with the dual apertures 127 
and are positioned in a linear relation to one another through 
the fourth circle 118 and the sidewall 122 of the outer discs 
106. 

0033. The hollow post 110 of the barbell-shaped couplers 
82, 84 is preferably integral with the inner disc 108. The end 
of the hollow post 110 extending away from the inner disc 
108 preferably includes threads 130 that are sized for 
engagement with the threads 75 on the internal face 70 of 
each shaft, 66, 68. A stationary compression piston 134 and 
a moveable rebound piston 136 are press-fit on the hollow 
post 110 between the discs 106, 108. The compression piston 
134 and the rebound piston 136 each include a mounting 
aperture 138 that is sized for extension of the hollow post 
110 therethrough. The hollow posts 110 each extend through 
the mounting aperture 138 of the respective pistons 134, 
136. A spacer 132 is positioned on the post 110 to securely 
fasten the respective pistons 134, 136 in place. The spacer 
132 on the post 110 of the coupler 82 mounts the piston 134 
adjacent the outer disc 106. See FIGS. 2 and 3. The spacer 
132 on the post 110 of the coupler 84 mounts the piston 136 
adjacent the inner disc 108. See FIGS. 2 and 4. 
0034. The compression and rebound pistons 136, 138 
have the same configuration and each have a first face 140 
more proximal to the inner disc 108 and an opposite face 142 
more proximal to the outer disc 110 in the assembled damper 
apparatus 10. A radially outer peripheral Surface or Sidewall 
144 of each piston 136, 138 extends between the opposite 
faces 142. The diameter of the peripheral Surface 144 is 
sized to fit the inner diameter of the upper leg 30. See FIG. 
2. Thus, oil 42 is substantially blocked from flowing 
between the side wall 144 of the pistons 136, 138 and the 
interior face 52 of the upper leg 30 during compression or 
extension between the upper and lower legs 30, 32. The 
pistons 136, 138 are each formed to include three spaced 
apart slots 146 extending through the opposing faces 140, 
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142. See, for example FIG. 5. In addition, three angled 
apertures 148 are Situated through the opposing faces 140, 
142 in a Spaced-apart relationship to one another between 
the three slots 146. The apertures 148 are defined by 
opposite mouths 150, 152. The apertures 148 are angled in 
a manner that positions the first mouth 150 through the first 
face 140 of the pistons 136, 138 adjacent the mounting 
aperture 148 and the opposite step-up mouth 152 in a 
position that overlaps the Second face 142 and the outer 
periphery 144. It is understood that greater than or less than 
three slots 146 or apertures 148 may extend through the 
pistons 134, 136 so long as there is at least one slot or 
aperture therethrough. 

0035. As best shown in FIG. 3, the compression piston 
134 is formed to be mounted on the hollow post 110 of the 
coupler 82 adjacent the outer disc 106. A movable valve 154 
is positioned on the hollow post 110 between the face 142 of 
the piston 134 and the inner disc 108. A spring 156 normally 
biases the valve 154 against the first face 140 of the piston 
134. The movable valve 154 preferably has a diameter 
substantially equivalent to the diameter of the inner disc 108. 
Thus, the diameter of the movable valve 154 is Sufficient 
only to cover the mouths 150 of the three apertures 148. A 
shim 158 is positioned on the hollow post 110 between the 
second face 142 of the piston 134 and the outer disc 106 of 
the coupler 82. The shim 158 has a diameter that is slightly 
less than the diameter of the piston 134. Thus, the shim 158 
Substantially covers the Spaced-apart slots 146, but leaves 
the step-up mouths 152 of the apertures 148 open. Preferably 
the apparatus 10 includes a shim stack 159 between the 
piston 134 and disc 106. The stack 159 includes shims 158, 
161,163, 169 that decrease in size as they are stacked from 
the piston 134 to the outer disc 106. It is understood that the 
number, order, and size of shims in the stack 159 may be 
varied to accommodate riders of different weight and to alter 
the compression damping of the apparatus 10. 

0036) The shim 158 is not movable and although the 
moveable valve 154 does not cover the three slots 146, the 
shim 158 permanently blocks three spaced-apart slots 146 
extending through the piston 134 from oil flow therethrough. 
Importantly, the mouth 152 of the three apertures 148 
remains open through the Second face 142. The three aper 
tures 148 are opened through the first face 140, of the piston 
134, however, only when the fluid flow pressure is such that 
the valve 154 is moved against the spring 156 toward disc 
108. 

0037 Referring now to FIG.4, the rebound piston 136 is 
mounted on the hollow post 110 of the coupler 84 adjacent 
the outer disc 106. A movable valve 160 is positioned on the 
hollow post 110 between the outer disc 106 and the piston 
136 and is normally biased against the second face 142 of 
the piston 136 by a spring 162. This movable valve 160 has 
a diameter that is slightly less than the diameter of the piston 
136. Thus, the moveable valve 160 selectively covers the 
three spaced-apart slots 146. Ashim 164 is positioned on the 
hollow post 110 between the first face 140 of the piston 136 
and the inner disc 108 of the coupler 84. The shim 164 has 
a diameter that is Substantially equivalent to the diameter of 
the inner disc 108. Thus, the shim 164 only covers the 
mouths 150 of the three apertures 148. The shim 164 is 
pressed against the piston 136 and therefore covers the 
mouths 150 of the three angled apertures 148. In preferred 
embodiments, a shim stack 165 is situated between the 
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piston 136 and the disc 108. The shim stack 165 includes 
shim 164 and shim 167. Shim 167 has a diameter that is less 
than shim 164. It is understood that the number, order, and 
Size of Shims in Stack 165 may be changed to manipulate the 
stiffness of the rebound. 

0.038. The damping apparatus 10 of the present invention 
further includes a compression adjustment mechanism 166 
and a rebound adjustment mechanism 168. The mechanisms 
166, 168 each cooperate with the respective couplers 82, 84. 
Each of the adjustment mechanisms 166, 168 include a 
needle 170 having a pointed end 172, an opposite end 174, 
a cylindrical side wall 176 extending between the ends 172, 
174, and a knob 178 coupled to the opposite end 174 of the 
needle 170. Illustratively, the pointed end 172 of the needle 
170 is positioned adjacent the respective coupler 82, 84 and 
the knob 178 is coupled to the opposite end 174 of the needle 
170 by a screw 180. It is understood, however that pins, 
rivets, Staples, adhesives, and other well known attachment 
means may be used to coupled the knob 178 to the needle 
170. Illustratively, spaced-apart seals 183 are situated on the 
side wall 176 threads 181 extend about the cylindrical side 
wall 176 of the needle 170. 

0039. The passage 72 in each of the shafts 66, 68 of the 
compression and the rebound units 38, 40 is sized to receive 
the needle 170 therein. The passage 72 is formed to include 
a first section 182 having a first diameter sized to receive the 
side wall 176 of the needle 170 therein and a second section 
188 extending from the first section 182. In preferred 
embodiments, grease or oil is provided in the passage 72 to 
provide lubrication for manipulating the needle 170 in the 
first section 182 of the passage 72. The third section 188 is 
formed to have a diameter that is greater in size than the 
diameter of the first section 182. The third section 188 is 
sized to receive the knob 178 therein and includes threads 
190 about its periphery that are formed to correspond with 
the threads 181 on the needle 170. 

0040. The compression piston unit 38 allows a user to 
adjust the stiffness of the bicycle fork 12. This adjustment is 
achieved by turning the knob 178 of the compression 
adjustment mechanism 166. The knob 178 selectively drives 
the needle 170 up or down in the passage 72 to adjust the 
positing of the pointed end 172 of the needle 170 in the 
hollow post 110 of the coupler 82. This relative positioning 
alters the flow diameter of the oil flow aperture 124 and thus 
the ability of the oil 42 to flow through the piston 134. 
0041 Adjustment of the knob 178 reduces the flow of 
fluid through the compression piston 134 for small bumps 
and thus Stiffens the compression response of the bicycle 
fork 12. The oil flow aperture 148 remains open, however, 
So with large bumps, the upward pressure of the lower leg 32 
as shown by arrow 192 forces the flow through the apertures 
127 and past the compression piston 134 as shown by arrows 
202. See FIG. 6. Thus, the upper leg 30 moves into the outer 
leg 32 and thus absorbs the Shock of the large bump. 
0042. The rebound piston 136 beneficially allows the user 
to individually adjust the speed/stiffness of the rebound of 
the bicycle fork 12. This adjustment is achieved by turning 
the knob 178 of the rebound adjustment mechanism 166. 
Turning the rebound assembly knob 178 drives the needle 
170 up or down in the passage 72 to adjust the positioning 
of the pointed end 172 of the needle 170 in the hollow post 
110 of coupler 84. The extent to which the needle 170 is 
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positioned in the post 110 alters the flow diameter of the 
aperture 124 and thus the rate of fluid flow through the 
coupler 84. Therefore, as the needle 170 is adjusted to 
reduce the diameter of the aperture 124, fluid slowed as it 
passes into the two oil flow slots 128 in the outer disc 106 
of the coupler 84 thus slowing the rebound of the fork 12. 
0043. The relative positioning of the compression cou 
pler 82 and the rebound coupler 84 within the cavity 50 of 
the upper leg 30 in the assembled damping apparatuS 10 
creates three flow Zones within the cavity 50. The first 
normal Zone 194 is situated in the cavity 50 between the 
inner disc 108 of the compression coupler 82 and the inner 
disc 108 of the rebound coupler 84. The second compression 
Zone 196 is situated between the second face 142 of the 
piston 134 and the fork cap 86 mounted in the outer end 44 
of the upper leg 30. The third rebound Zone 198 is situated 
between the second face 142 of the rebound piston 136 and 
the inner end 46 of the upper leg 30. It is understood that the 
volumetric size of the second compression Zone 196 is 
constant, but the volumetric size of the first normal Zone 198 
and the third rebound Zone 198 vary depending upon the 
relative positioning of the upper leg 30 within the chamber 
62 of the lower leg 32. 
0044) In operation, when the bicycle fork 12 encounters 
a bump force, the lower leg 32 is forced upwardly as shown 
by arrow 192. This upwardly movement forces the upper leg 
30 into the chamber 62 of the lower leg 32, causing the 
rebound piston 136 to move toward the stationary compres 
sion piston 134 within the cavity 50 of the upper leg 30. 
Movement of the rebound piston 136 toward the compres 
sion piston 134 reduces the volumetric size of the first 
normal Zone 194, forcing the oil bath 42 to displace to make 
room for the rebound shaft 68. The oil 42 is displaced 
through the peripheral and central oil flow apertures 126, 
124 in the inner disc 108 and out from the aperture 127 into 
the Second compression Zone 196, creating compression 
damping as shown by arrows 202. 
004.5 The rebound piston 136 does not substantially 
effect this compression damping. On a compression Stroke 
of the fork leg 18, as shown by arrow 192, the rebound 
piston 136 and the movable valve 160 cooperate to act as a 
blow-off valve to eliminate a vacuum effect within the cavity 
50. The piston 136 and valve 160 serve to minimize the 
effect of the rebound piston 136 on the compression damp 
ing. As shown in FIG. 6, oil flow into the spaced-apart slots 
146 in the first face 140 of the rebound piston 136 forces the 
movable valve 160 to move against spring 162 away from 
the second face 142 of the piston 136. Oil is free to flow, as 
shown by arrow 200 into the third rebound Zone 198 as the 
upper leg 30 moves into the chamber 62 of the lower leg 32. 
0046) When compression force is relieved, a compression 
Spring (not shown) in the opposite fork leg 19 presses on the 
lower leg 32 away from the crown 16. This movement is 
transferred to the first fork leg 18 through the dropouts 34 
that are commonly mounted on a bicycle wheel (not shown). 
The speed at which the compression Spring (not shown) is 
able to press the lower leg 32 away from the crown 16 is 
adjusted by the rebound adjustment mechanism 168 in the 
lower leg 32 of fork leg 18. 
0047 Rebound damping is achieved by oil transferring 
from one side of the rebound piston unit 40 to the other. See 
arrows 205. The movable valve 160 is pressed against the 
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second face 142 of the piston 136 during the expansion 
stroke. See FIG. 7. During expansion an stroke the com 
pression piston 134 and the movable valve 154 cooperate to 
act as a blow-off valve and permit rapid fluid flow through 
the spaced-apart apertures 148 in the piston 134. Oil flow 
into the apertures 148 in the second face 142 of the com 
pression piston 134 forces the movable valve to move 
against spring 156 away from the first face 140 of the piston 
134. Oil is free to flow as shown by arrow 203 back in to the 
first flow Zone 194 as the upper leg 30 moves out of the 
chamber 62 of the lower leg 32. 

0.048. In an alternative embodiment of the present inven 
tion, a damping apparatus 210 is provided that includes an 
upper leg 230 that is formed for slidable extension into the 
lower leg 32. See FIG. 8. The upper leg 230 includes 
opposite ends 244, 246, a center portion 248 that is formed 
to include an interior face 252 that defines a cavity 250 and 
that forms a valve Seat 253 thereon. The damping apparatus 
210 also includes a compression piston unit 238 situated 
within the cavity 250 of the upper leg 230 and the adjustable 
rebound piston unit 40 illustrated in FIGS. 2. The unit 40 is 
coupled to the lower leg 32 and formed to extend into the 
cavity 250 of the upper leg 230. 

0049. The cavity 250 of the upper leg 230 is formed in 
three Zones 252,254, 256 that correspond generally with the 
normal first flow Zone 194, the second compression Zone 
196, and the third rebound Zone 198 respectively of the 
apparatus 10. The compression piston unit 238 is Semi-press 
fit against the valve seat 253 in the first Zone 252 and the 
rebound piston unit 40. The compression unit 238 includes 
a compression coupler 282 having a compression piston 240 
and Shim stack (not shown) mounted thereon. The compres 
Sion coupler 282 is formed in the same manner as coupler 
82, except that coupler 82 has threads 130 for secure 
engagement with the Shaft 66. 
0050. In operation, upon experiencing the force of a 
bump, the lower leg 32 moves over the center portion 244 
of the upper leg 230. This movement forces the rebound 
shaft 68 into the cavity 250 toward the valve seat 253 and the 
oil 42 to flow through the compression piston unit 238 as 
previously described into the compression Zone 254. Since 
the apparatuS 210 lacks a compression adjustment mecha 
nism, the amount of compression damping cannot be 
adjusted by the bicycle rider. The apparatus 210 does, 
however, include the rebound adjustment mechanism 168. 
Thus, the oil freely flows through the slots 146 formed in the 
rebound piston 136 as previously described into the third 
Zone 256 during compression of the apparatus 210. During 
expansion movement, however, the oil 42 must flow Sub 
stantially through the central oil flow aperture 124 of the 
coupler 84. The speed of this flow is altered by driving the 
needle into and out of the passage 72 of the shaft 68. 

0051. In yet another alternative embodiment of the 
present invention, a damping apparatuS 310 is provided that 
includes the upper leg 230 that is formed for slidable 
extension into the lower leg 32. See FIG. 9. The upper leg 
230 is formed as previously described and the compression 
piston unit 238 is semi-press fit against seat 253 within the 
first Zone 252 of the cavity 250. The damping apparatus 310 
also includes a rebound piston unit 340 coupled to the lower 
leg 32 and formed to extend into the cavity 250 of the upper 
leg 230. 
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0052 The rebound piston unit 340 includes the coupler 
40, the rebound shaft 68, and the rebound piston 136 as 
previously described. In preferred embodiments, the shaft 68 
is Solid. It is understood however that the central oil passage 
124 through the outer disc 108 could also be sealed to 
prevent oil therethrough. Since the apparatus 310 lacks a 
compression adjustment mechanism and a rebound adjust 
ment mechanism, the bicycle rider will not have the ability 
to adjust the amount of compression damping or rebound 
damping without dissembling the apparatus or changing the 
weight of the oil. 
0053 Ideally, the damping system of the present inven 
tion is designed with the compression Spring (not shown) in 
one leg of the fork 19 and the damping apparatus 10 in the 
other leg 18, but a fork 12 can be designed to work with 
Springs on both legs 18, 19 by mounting an external Spring 
(not shown), Similar to a rear Shock, or by mounting the 
springs underneath the inner leg 30, inside the chamber 62 
outer leg 32. 

0054 FIGS. 10 and 11 illustrate the operation of the 
rebound piston unit when a flexible valve 160 is utilized. As 
shown in FIG. 10, when a compression force, indicated by 
arrow 192, causes a relatively low velocity movement of 
lower leg 32 on a compression Stroke, damping fluid will 
pass through slots 146 and push Valve 160 against Spring 
162. For these low velocity movements, valve 160 will not 
fully compress Spring 162, as moving valve 160 part way 
along post 110 of coupler 84 provides sufficient blow-off on 
the compression Stroke. 

0055. On high velocity movements of lower leg 32 on the 
compression Stroke, damping fluid will flow through slots 
146 as shown and press valve 160 against extended walls 
106a, which have been added to disc 106. As the pressure of 
the damping fluid against valve 160 increases, valve 160 will 
fleX as shown, thereby providing Smoother compression 
damping. 

0056 FIGS. 12 and 13 show another embodiment of a 
compression piston unit. In this embodiment, a shaft 366b is 
disposed within shaft 366a. Shaft 366b terminates in a first 
stop 366c. A passage 366d extends along the interior of shaft 
366b and includes a lower aperture 366e and an upper 
aperture 366f. The longitudinal axis of passage 366d is 
generally parallel to and generally coincident with the 
longitudinal axis of shaft 366a and 366b. Apertures 366e and 
366f are generally transverse to the longitudinal axis of 
passage 366d. Needle 370 extends down through shaft 366b 
and is adjustable with respect to aperture 366f in a manner 
similar to that described above for needle 170 in the embodi 
ment of FIG. 2. A second stop 366g is attached to the lower 
end of shaft 366a. Stop 366g can be secured to shaft 366a 
in any number of ways, including threading it into shaft 
366a. A spring 356b is disposed about stop 366g. Piston 334 
includes slots 346 (not shown) and apertures 348 (also not 
shown) corresponding to slots 146 and apertures 148 in the 
embodiment of FIG. 3. A central bore is provided through 
lock nut 306, disk 308, post 310, piston 334, valve 354 and 
the various shims in shim stack 359 to accommodate shaft 
366b. Note that disk 308 includes a tapered inner area 308a. 
Disk 308 may be provided with oil flow apertures corre 
sponding to apertures 126 of the embodiment of FIG. 3. An 
o-ring or similar seal 334a is provided in piston 334 and 
rides along shaft 366b, as described below. 
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0057. In its initial, uncompressed state, piston 334 is at 
the lower end of shaft 366b such that disk 308 rests on stop 
366c. As a compression force, as indicated by arrow 192, is 
applied to the lower leg (not shown), the lower leg and its 
rebound shaft will enter upper leg 330 thereby displacing 
damping fluid upwardly. AS this occurs, piston 334 and the 
other components joined by coupler 382 begin to rise along 
shaft 366b. As this occurs, the tapered area 308a within disk 
308 slowly exposes aperture 366e, thereby allowing damp 
ing fluid to flow within passage 366d and through aperture 
366f. Note that as piston 334 rises, valve 354 remains against 
piston 334 and seals off apertures 348 (not shown). Like 
wise, the members of shim stack 359 remain disposed over 
slots 346. As the damping fluid continues to rise, piston 334 
will eventually raise to the point where lock nut 306 abuts 
Stop 366g. At this point, an increase in the damping fluid 
pressure will cause damping fluid to flow through slots 346 
and past the shims in stack 359, as shown. Note that 
damping fluid also continues to flow in aperture 366e, 
through passage 366d and out aperture 366f. The compres 
Sion damping can be controlled in various ways, as by 
adjusting needle 370. Similarly, compression damping can 
be adjusted by Shortening or lengthening Stop 366g Such that 
lock nut 306 engages it earlier or later in the compression 
stroke. Alternatively, shafts 366b of various lengths can be 
utilized, thereby again effectively controlling when in the 
compression stroke lock nut 306 will engage stop 366g. 
0.058 FIGS. 14 and 15 show yet another embodiment of 
the present invention. This embodiment differs from that of 
FIGS. 12 and 13 in that a stop 466a is attached to the lower 
end of Shaft 366a and Supports a Stationary compression 
piston 434 and its associated components. A passage 410a 
extends through disk 408, post 410 and disk 406. Passage 
410a has an aperture 410b at one end thereof and an aperture 
410c at the other end. Disk 408 may be provided with 
openings corresponding to oil flow apertures 126 in the 
embodiment of FIG. 3. Piston 434 includes slots 446 (not 
shown) and apertures 448 (not shown). A needle or set screw 
410e is provided in disk 406 transverse to the axis of passage 
410a. Needle or set screw 410e may be used to adjust the 
amount of bleed through aperture 410c in a manner similar 
to the use of needle 370. 

0059. In this embodiment, as a compression force, indi 
cated by arrow 192, is applied, the damping fluid will rise 
within leg 330 and flow from aperture 410b through passage 
410a and out aperture 410c. Likewise, damping fluid will 
flow past the shims in stack 459. As fluid flows to the same 
side of piston 434 as piston 334, piston 334 will rise along 
shaft 366a in the manner described with respect to the 
embodiments of FIGS. 12 and 13. As this occurs, aperture 
366e will be exposed and damping fluid will flow from that 
aperture through passage 366d and out aperture 366f. When 
piston 334 has reached its maximum range of travel (FIG. 
15), oil will flow through piston 334 and past the shims in 
Stack 359, as described above. Again, by adjusting the length 
of shaft 366a and the lengths of stops 366g and 466a, the 
point in the compression Stroke at which the various pistons, 
passageways and apertures come into play can be controlled. 
Note that the embodiment of FIGS. 14 and 15 could also be 
modified such that both compression piston assemblies 334 
and 434 are stationary. This is schematically shown in FIG. 
16. 
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0060 Although the apparatus has been described with 
reference to particular means, materials and embodiments, 
from the foregoing description, one skilled in the art can 
easily ascertain the essential characteristics of the illustrative 
apparatus and various changes and modifications may be 
made to adapt the various uses and characteristics without 
departing from the Spirit and Scope of the present invention 
as described by the claims which follow. 

What is claimed is: 
1. A bicycle fork having a damping apparatus, the damp 

ing apparatus comprising: 
a cylinder defining a chamber; 
a shaft disposed in the chamber; 
a piston disposed in the chamber and coupled with the 

shaft and being movable relative to the shaft between 
first and Second positions, the piston having a fluid flow 
aperture disposed there through and a valve structure 
asSociated with the piston, the valve structure being 
movable between engaged and disengaged positions, 
the fluid flow aperture being occluded when the valve 
Structure is engaged and the fluid flow aperture being 
exposed when the valve structure is disengaged; 

damping fluid located in the chamber; 
the piston being movable from the first position to the 

Second position as a result of an external force being 
applied to the fluid which acts on the piston; and 

when the piston is in the second position, the fluid is 
caused to move through the fluid flow aperture and 
move the valve structure to the disengaged position. 

2. The damping apparatus of claim 1, further comprising 
a bias member associated with the piston. 

3. The damping apparatus of claim 1, wherein the Shaft 
further comprises first and Second apertures in communica 
tion with each other, and each aperture positioned on 
opposed sides of the piston. 

4. The damping apparatus of claim 3, wherein the first 
aperture is occluded when the piston is in the first positioned 
and exposed when the piston is in the Second position. 

5. The damping apparatus of claim 1, wherein the piston 
is a floating piston. 

6. A bicycle fork having a damping apparatus, the damp 
ing apparatus comprising: 

a cylinder, 
a damping fluid located in the cylinder; and 
a floating piston disposed in the cylinder and positioned 

adjacent the fluid. 
7. The damping apparatus of claim 6, further comprising 

a bias member associated with the floating piston. 
8. The damping apparatus of claim 7, wherein a shaft is 

disposed within the cylinder and asSociated with the piston. 
9. The damping apparatus of claim 6, further comprising 

a Second piston located within the chamber. 
10. The damping apparatus of claim 9, further comprising 

a Second shaft located in the cylinder and associated with the 
Second piston. 


