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(57) ABSTRACT 
(76) Inventor: Michael McAndreWs, Capitola, _ _ _ _ _ _ 

CA (Us) A damper for a blcycle, having a pr1mary umt mcludmg a 
damper tube, a piston rod that supports a main piston, a 

Correspondence Address_ reservoir tube that is outside of the compression chamber of 
' the primary tube, and an inertial valve Within the reservoir 

KNOBBE MARTENS OLSON & BEAR LLP tube. The damper also includes a How path connecting the 
2040 MAIN STREET’ FOURTEENTH FLOOR reservoir ?uid chamber and the compression chamber of the 
IRVINE’ CA 92614 (Us) primary tube. The damper also may have a damping valve in 

the reservoir tube. When the inertia valve is open, the damp 
(21) Appl, No.1 11/771,864 ing valve opens before ?oW through the inertia valve is maxi 

miZed. The main piston and the damper tube at least partially 
(22) Filed: Jun 29, 2007 de?ne a compression chamber and a rebound chamber. The 

mam piston is movable Withm the damper chamber of the 
P bl_ _ Cl _? _ primary unit. The reservoir tube includes a reservoir ?uid 
u lcatlon assl canon chamber. The inertial valve is responsive to terrain-induced 

(51) Int, Cl, forces and not responsive to rider-induced forces When the 
F16F 9/34 (200601) shock absorber is assembled to the bicycle. 
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BICYCLE DAMPER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to, and claims priority 
from, Us. Utility patent application Ser. No. 11/500,036, 
?led Aug. 7, 2006. 

INCORPORATION BY REFERENCE 

[0002] The entirety of Us. Utility patent application Ser. 
No. 11/500,036, ?ledAug. 7, 2006, is expressly incorporated 
by reference herein and made a part of the present speci?ca 
tion. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 
[0004] The present invention generally relates to vehicle 
suspension systems. More speci?cally, the present invention 
relates to an improved shock absorber system to be incorpo 
rated into the suspension system of a bicycle. 
[0005] 2. Description of the Related Art 
[0006] Bicycles intended for off-road use, i.e., mountain 
bikes, commonly include a suspension assembly operably 
positioned betWeen the rear Wheel of the bicycle and the 
frame of the bicycle. The suspension assembly typically 
includes a shock absorber con?gured to absorb forces 
imparted to the bicycle by bumps or other irregularities of the 
surface on Which the bicycle is being ridden. HoWever, an 
undesirable consequence of incorporating a suspension 
assembly in a bicycle is the tendency for the shock absorber to 
absorb a portion of the poWer output of a rider of the bicycle. 
In some instances, i.e. When the rider is standing, the propor 
tion of poWer absorbed by the shock absorber may be sub 
stantial and may drastically reduce the ef?ciency of the 
bicycle. 
[0007] Vehicle shock absorbers utiliZe inertia valves to 
sense rapid accelerations generated from a particular part of 
the vehicle. Inertia valves are also used to change the rate of 
damping in the shock absorber depending on the magnitude 
of the acceleration. As an example, the inertia valve assembly 
may be arranged to adjust the damping of the rear shock in 
accordance With accelerations that are generated by the body 
of the vehicle differently than it Would adjust the damping of 
the rear shock for accelerations that are generated by the rear 
Wheel of the vehicle. 
[0008] One example of the type of shock absorber that 
utiliZes an inertia valve to distinguish rider-induced forces 
from terrain-induced forces and is described in Us. Pat. No. 
6,604,751 B2. According to Us. Pat. No. 6,604,751, the 
shock absorber of Us. Pat. No. 6,604,751 is positioned 
betWeen the sWing arm and the main frame to provide resis 
tance to the pivoting motion of the sWing arm. The rear shock 
absorber includes a peripherally located ?uid reservoir that is 
connected to the sWing arm at a distance aWay from the shock 
body, and is hydraulically connected to the main shock body 
by a hydraulic hose. In one embodiment, the reservoir of Us. 
Pat. No. 6,604,751 is connected to the sWing arm portion of 
the bicycle above the hub axis of the rear Wheel. 
[0009] The inertia valve assembly of Us. Pat. No. 6,604, 
751 discloses an inertia valve attempting to overcome the 
effects of external forces and manufacturing defects that 
inhibit the motion of the inertia valve With the use of a laby 
rinth seal having a series of “Bernoulli Steps” on an interior 
surface of the inertia mass. Also, the peripherally located 
reservoir ofU.S. Pat. No. 6,604,751 discloses a bloWoffvalve 
that alloWs for an increased ?oW rate after a minimum thresh 
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old pressure is exceeded inside the bloWoff chamber. Typi 
cally, this Will occur When the bicycle hits a severe bump. 
Further, the re?ll ports and the axial bloWoff passages of the 
shock absorber ofU.S. Pat. No. 6,604,751 are located on the 
top surface of the reservoir. 
[0010] HoWever, the need exists for an improved, light 
Weight rear inertia valve shock. The availability of light 
Weight, high performance inertia valve shocks are critical to 
competition cyclists, Where a reduction of even a feW ounces 
can greatly bene?t the cyclist, and signi?cantly impact the 
desirability of the shock. 

SUMMARY OF THE INVENTION 

[0011] An aspect of one embodiment is a shock absorber 
for a bicycle comprising a primary unit, a remote unit that is 
substantially entirely outside of the primary unit, and an 
inertial valve Within the remote unit. The primary unit com 
prises a damper tube, a spring chamber, and a piston rod that 
supports a main piston. The main piston is movable Within the 
damper chamber of the primary unit. The main piston and the 
damper tube at least partially de?ne a compression chamber. 
The remote unit comprises a remote ?uid chamber. The iner 
tial valve is preferably responsive to terrain-induced forces 
and preferably not responsive to rider-induced forces When 
the shock absorber is assembled to the bicycle. The shock 
absorber comprises a ?oW path separated from the piston rod 
that connects the remote ?uid chamber and the compression 
chamber of the damper tube. 
[0012] An aspect of one embodiment is a damper for a 
bicycle, comprising a primary unit comprising a damper tube, 
a piston rod that supports a main piston, a reservoir tube that 
is outside of compression chamber of the primary tube, and an 
inertia valve Within the reservoir tube. The damper also com 
prises a ?oW path connecting the reservoir ?uid chamber and 
the compression chamber of the primary tube. The main 
piston is movable Within the damper chamber of the primary 
unit. The main piston and the damper tube at least partially 
de?ne a compression chamber and a rebound chamber. The 
reservoir tube comprises a reservoir ?uid chamber. At a piston 
speed of approximately 4 meters/ second, at least 40% of the 
compression damping in the reservoir tube occurs in a circuit 
Which is not closable by the inertia valve. 
[0013] An aspect of one embodiment is a damper for a 
bicycle, comprising a primary unit comprising a damper tube, 
a piston rod that supports a main piston, a reservoir tube that 
is outside of the compression chamber of the primary tube, 
and an inertial valve Within the reservoir tube. The damper 
also comprises a ?oW path connecting the reservoir ?uid 
chamber and the compression chamber of the primary tube. 
The damper also comprises a damping valve in the reservoir 
tube. When the inertia valve is open, the damping valve opens 
before ?oW through the inertia valve is maximiZed. The main 
piston and the damper tube at least partially de?ne a com 
pression chamber and a rebound chamber. The main piston is 
movable Within the damper chamber of the primary unit. The 
reservoir tube comprises a reservoir ?uid chamber. The iner 
tial valve is responsive to terrain-induced forces and not 
responsive to rider-induced forces When the shock absorber is 
assembled to the bicycle. 
[0014] An aspect of one embodiment is a damper for a 
bicycle, comprising a primary unit comprising a damper tube, 
a piston rod that supports a main piston, a reservoir tube that 
is outside of compression chamber of the primary tube, an 
inertial valve Within the reservoir tube, a ?oW housing Within 
the reservoir tube, and a ?oW path connecting the reservoir 
?uid chamber and the compression chamber of the primary 
tube. The main piston is movable Within the damper chamber 



US 2009/0000886 A1 

of the primary unit. The main piston and the damper tube at 
least partially de?ne a compression chamber and a rebound 
chamber. The reservoir tube comprises a reservoir ?uid cham 
ber. The ?oW housing de?nes a ?rst end and a second end, a 
?rst one Way valve positioned at the ?rst end, and a second 
one Way valve positioned at the second end. The inertia valve 
has an open position and a closed position. The inertial valve 
permits a ?oW of the ?uid from the compression chamber of 
the primary tube to the reservoir ?uid chamber of the reser 
voir tube When the inertial valve is in the open position and the 
?oW through the inertia valve is reduced When the inertia 
valve is in the closed position. In one embodiment, the damp 
ing valve opens When there is 25 pounds of force on the 
damping valve. 
[0015] An aspect of one embodiment is a shock absorber 
for a bicycle comprising a primary tube comprising a com 
pression chamber and a spring chamber, a piston rod that 
supports a main piston, a remote tube that is separate from the 
primary tube, an inertial valve Within the remote tube, a ?oW 
housing, and a ?oW path connecting the remote ?uid chamber 
and the compression chamber of the primary tube. The main 
piston is movable Within the compression chamber of the 
primary tube. The remote tube comprises a remote ?uid 
chamber. The ?oW housing de?nes a ?rst end and a second 
end, a ?rst one Way valve positioned at the ?rst end, and a 
second one Way valve positioned at the second end. The 
inertial valve is responsive to terrain-induced forces and not 
responsive to rider-induced forces When the shock absorber is 
assembled to the bicycle. The inertia valve has an open posi 
tion and a closed position and permits a ?oW of the ?uid from 
the compression chamber of the primary tube to the remote 
?uid chamber of the remote tube When the inertial valve is 
open and the ?oW through the inertia valve is reduced When 
the inertia valve is in the closed position. 
[0016] An aspect of one embodiment is a shock absorber 
for a bicycle comprising a primary tube comprising a com 
pression chamber and a spring chamber, a piston rod that 
supports a main piston, a remote tube that is separate from the 
primary tube, an inertial valve Within the remote tube, a shaft 
Within the remote tube de?ning a plurality of ?oW ports and 
an outer annular groove connecting the plurality of ?oW ports, 
and a ?oW path connecting the remote ?uid chamber and the 
compression chamber of the primary tube. The main piston is 
movable Within the compression chamber of the primary 
tube. The remote tube comprises a remote ?uid chamber. The 
inertial valve is responsive to terrain-induced forces and not 
responsive to rider-induced forces When the shock absorber is 
assembled to the bicycle. The inertia valve has an open posi 
tion and a closed position. The inertial valve permits a ?oW of 
the ?uid from the compression chamber of the primary tube to 
the remote ?uid chamber of the remote tube When the inertial 
valve is open and the ?oW through the inertia valve is reduced 
When the inertia valve is in the closed position. 
[0017] An aspect of one embodiment is an inertia valve for 
a bicycle damper comprising a reservoir shaft de?ning a ?rst 
inside surface and an outside surface, a groove formed in the 
outside surface of the reservoir shaft, a plurality of openings 
formed in the reservoir shaft betWeen the inside surface and 
the outside surface, an inertia mass de?ning a second inside 
surface that faces the outside surface of the reservoir shaft, 
and a spring. The inertia valve de?nes a closed position 
Wherein the second inside surface of the inertia mass substan 
tially completely prevents ?uid from ?oWing through the 
plurality of openings. The inertia mass also de?nes an open 
position Wherein the ?uid is permitted to ?oW through any of 
the plurality of openings. The ?uid ?oWing in an outWard 
direction through any of the plurality of openings ?oWs into 
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the groove. The inertia mass is biased toWard the closed 
position by the spring. The second inside surface of the inertia 
mass is preferably spaced apart from the outside surface of the 
reservoir shaft. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] These and other features, aspects and advantages of 
the present bicycle shock absorber are described beloW With 
reference to draWings of preferred embodiments, Which are 
intended to illustrate, but not to limit, the present invention. 
The draWings contain sixteen (l 6) ?gures. Sixteen ?gures are 
described herein. 
[0019] FIG. 1 is a perspective vieW of a bicycle including a 
preferred rear shock absorber; 
[0020] FIG. 2 is a cross-section of the rear shock absorber 
of FIG. 1; 
[0021] FIG. 3 is an exploded perspective vieW of the com 
ponents of the rear shock absorber of FIG. 1; 
[0022] FIG. 4 is an enlarged cross-section of a main portion 
of the shock absorber of FIG. 2, shoWing the piston in an 
uncompressed position; 
[0023] FIG. 5 is an enlarged cross-section of a main portion 
of the shock absorber of FIG. 2, shoWing the piston in a 
partially compressed position; 
[0024] FIG. 6 is perspective vieW of the rebound side of a 
preferred piston component of the rear shock absorber of FIG. 
1; 
[0025] FIG. 7 is perspective vieW of the compression side 
of a preferred piston component of the rear shock absorber of 
FIG. 1; 
[0026] FIG. 8 is an enlarged cross-section of a main portion 
of the shock absorber of FIG. 1, shoWing the ?oW path of 
hydraulic ?uid through the piston during the compression 
motion of the rear shock; 
[0027] FIG. 9 is an enlarged cross-section of a main portion 
of the shock absorber of FIG. 1, shoWing the ?oW path of 
hydraulic ?uid through the piston during the rebound motion 
of the rear shock; 
[0028] FIG. 10 is an enlarged cross-section ofthe reservoir 
of the shock absorber of FIG. 1 shoWing an inertia valve in a 
closed position; 
[0029] FIG. 11 is an exploded perspective vieW of the com 
ponents of the reservoir of FIG. 1; 
[0030] FIG. 12 is an enlarged cross-section ofthe reservoir 
of FIG. 1 shoWing the inertia valve being in a closed position; 
[0031] FIG. 13 is an enlarged cross-section ofthe reservoir 
of FIG. 1 shoWing the ?oW path of hydraulic ?uid through the 
primary valve during the compression motion of the rear 
shock, the inertia valve being in a closed position; 
[0032] FIG. 14 is an enlarged cross-section ofthe reservoir 
of FIG. 1 shoWing the ?oW path of hydraulic ?uid through the 
primary valve during the rebound motion of the rear shock, 
the inertia valve being in a closed position; 
[0033] FIG. 15 is an enlarged cross-section ofthe reservoir 
of FIG. 1 shoWing the inertia valve being in an open position; 
[0034] FIG. 16 is an enlarged cross-section ofthe reservoir 
of FIG. 1 shoWing the ?oW path of hydraulic ?uid through the 
inertia valve during the compression motion of the rear shock, 
the inertia valve accordingly being in an open position; 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0035] Referring to FIG. 1, a bicycle 20 (e.g., a mountain 
bike) having a preferred embodiment of a rear suspension 
assembly, or shock absorber, is illustrated. The bicycle 20 
includes a frame 22, preferably comprised of a generally 
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triangular main frame portion 24 and an articulating frame 
portion, or subframe 26, Which is preferably pivotally con 
nected to the seat post tube 25 of the main frame portion 24. 
The bicycle 20 also includes a front Wheel 28 and rear Wheel 
30. The rear Wheel 30 is connected to the subframe portion 26. 
A seat 32, to provide support to a rider in a sitting position, is 
connected to the seat post tube 25. It is understood that in 
some embodiments, main frame portion 24 may not be gen 
erally triangular or have a seat tube Which extends uninter 
rupted to the bottom bracket. 
[0036] Positioned betWeen the subframe 26 and the seat 
post tube 25 is a preferred embodiment of a rear shock 38. It 
is noted that, While the shock 38 disclosed herein is described 
in the context of its use as a rear shock absorber for an off-road 
bicycle, the applicability of the invention is not so limited. 
Aspects of the invention can be utiliZed in bicycle forks. 
[0037] The rear shock 38 provides resistance to the pivoting 
motion of the subframe 26, providing a suspension spring and 
damping to the motion of the subframe 26. Preferably, the 
spring is an air spring arrangement, but coil springs and other 
suitable arrangements may also be used. Thus, the bicycle 20 
illustrated in FIG. 1 includes a rear shock 38 betWeen the rear 
Wheel 30 and the frame 22. In this con?guration, the rear 
shock 38 substantially reduces the magnitude of the impact 
forces imparted on the rear Wheel 30 by the terrain and felt by 
the operator of the bicycle. Referring to FIG. 2 the rear shock 
38 desirably includes a primary unit or main body portion 39 
and a remote unit or secondary or reservoir body portion 44. 
Note that the reservoir body portion 44 may be located adja 
cent to, or otherWise remote With respect to, the main body 
portion. HoWever, in another embodiment, the reservoir body 
portion may be located Within the main body portion. In some 
embodiments, the ?uid reservoir body portion 44 is directly 
connected to the main body portion 39 external to the main 
body portion 39. 
[0038] As is discussed in detail beloW, the inertia valve 
described herein may advantageously be con?gured to be 
highly responsive to changes in the acceleration of the rear 
shock 38. Further, in some embodiments, the inertia valve 
components described herein are relatively easy and cost 
effective to produce, resulting in loW manufacturing costs and 
feW production errors. As discussed, the rear shock 38 pref 
erably includes an inertia valve 138 that varies the damping 
rate of the rear shock 38 depending upon the direction of an 
acceleration of the inertia valve 138. In this con?guration, the 
inertia valve 138 can distinguish betWeen forces imparted on 
the rear Wheel 30 originating from the rider of bicycle from 
forces imparted on the rear Wheel 30 by bumps in the path of 
travel. Performance of the bicycle is improved When forces 
generated by the rider are more ?rmly damped and forces 
imparted on the rear Wheel 20 by bumps in the road are 
damped more softly. This reduces or prevents shock absorber 
movement resulting from rider-induced forces, such as by 
pedaling, While alloWing the shock absorber to compensate 
for forces imparted on the rear Wheel 20 by uneven terrain. It 
is understood that in some embodiments, the shock absorber 
Will move very little in response to rider induced pedal forces. 

[0039] A preferred embodiment of the rear shock 38 is 
illustrated in FIGS. 2-16. Generally, the rear shock 38 com 
prises a spring, a main piston assembly, and a reservoir. In one 
embodiment, the spring comprises an air spring formed by an 
air tube 40 and a spring piston comprising a seal formed on 
the exterior of a hydraulic ?uid body portion 42. In the illus 
trated embodiment, reservoir body portion 44 is external to 
the main body portion 39 but is directly connected to the 
hydraulic ?uid body portion 42 Without long external pas 
sages, hydraulic hoses, or the like. The connection betWeen 
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the reservoir body portion 44 and the main body of the shock 
38 can be achieved by any suitable means, such as by, but not 
limited to, threading or press-?tting the reservoir body por 
tion 44 into the hydraulic ?uid body portion 42. Alternatively, 
the reservoir body portion 44 can be monolithically formed 
With the hydraulic ?uid body portion 42. 
[0040] FIG. 3 is an exploded perspective vieW of the com 
ponents that comprise the main body portion 39 of the rear 
shock 38. Preferably, the main body portion 39 is generally 
comprised of a main piston or hydraulic ?uid body portion 42, 
a spring or air tube 40 closed by an upper cap 50, a piston 68, 
and a hydraulic ?uid body portion cap 72. The hydraulic ?uid 
body portion 42 may be cylindrical in shape and includes an 
open end portion 54 and a loWer closed end portion 56. The 
loWer closed end portion 56 has a loWer eyelet 58 that is used 
for connecting the shock 38 to the subframe portion 26 of the 
bicycle 20 of FIG. 1. 
[0041] FIG. 1 illustrates an embodiment of the rear shock 
38 mounted in its preferred con?guration to the main frame 
portion 24 (using upper eyelet 52) and the subframe portion 
26 (using loWer eyelet 58) of the bicycle 20. With reference to 
FIGS. 1 and 3, it can be seen that the mounting planes of the 
upper eyelet 52 and the loWer eyelet 58, respectively, are not 
coplanar. The mounting plane of the loWer eyelet 58 is 
clocked at a different orientation With respect to the mounting 
plane of the upper eyelet 52 because, as illustrated in FIG. 1, 
the subframe mounting tab 26a is positioned at a different 
orientation as compared to the mounting plane on the main 
frame portion 24. HoWever, While the orientation of the 
mounting plane of the loWer eyelet 58 is not coplanar With the 
orientation of the mounting plane of the upper eyelet 52 in the 
embodiment illustrated in FIGS. 1-3, the respective orienta 
tions of the eyelets 52, 58 is not so limited. The mounting 
planes of the eyelet 52, 58 can be clocked at any orientation 
suitable for the frame to Which the rear shock 38 is mounted. 

[0042] The air tube 40 may also be cylindrical in shape. The 
air tube 40 includes an open end 48. The opposite end is 
closed by an upper cap 50. The upper cap 50 of the air tube 40 
has an elongated portion 51 and an upper eyelet 52. The upper 
eyelet 52 is used to connect the rear shock 38 to the seat post 
tube 25 of the bicycle 20. The open end 48 of the air tube 40 
slidingly receives the hydraulic ?uid body portion 42. In this 
con?guration, the air tube 40 and the hydraulic ?uid body 
portion 42 are con?gured for telescopic movement betWeen 
the main frame portion 24 and the subframe portion 26 of the 
bicycle 20. 
[0043] In another embodiment, the orientation of the rear 
shock 38 may be changed such that the hydraulic ?uid body 
portion 42 is attached to the seat post tube 25 (at the loWer 
eyelet 58) While the air tube 40 is attached to the subframe 26 
(at the upper eyelet 52). HoWever, this is not preferred. 
[0044] The air tube 40 has a seal assembly 60 positioned at 
the open end 48 thereof, forming a substantially airtight seal 
betWeen the hydraulic ?uid body portion 42 and the air tube 
40. In the illustrated embodiment, the seal assembly 60 is 
comprised of an annular seal body seal 62 having a substan 
tially square cross-section that is located betWeen a pair of 
bearings 64.A Wiper 66 is located adjacent the open end 48 of 
the air tube 40 to prevent dust, dirt, rocks, and other poten 
tially damaging debris from entering into the air tube 40 as the 
hydraulic ?uid body portion 42 moves into the air tube 40. A 
piston member 68 is positioned Within and slides relative to 
the inner surface of the hydraulic ?uid body portion 42. The 
piston member 68 is connected to the upper cap 50 by a shock 
shaft 70, ?xing the piston member 68 for motion Within the air 
tube 40. 




















