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(57) Abstract: A damper (38) for a bicycle (20) having, in one arrange
ment, a primary unit (40) and a remote unit (44). The primary unit (40) 
includes a damper tube (48), a spring chamber (86), and a piston rod 
(78) that supports a main piston (54). The main piston (54) is movable 
within the damper chamber (104, 106) of the primary unit (40). The 
main piston (54) and the damper tube (48) at least partially define a 
compression chamber (104). The remote unit (44) comprises a remote 
fluid chamber (146) and an inertial valve (160) within the remote unit 
(44). The inertial valve (160) is preferably responsive to terrain-induced 
forces and preferably not responsive to rider-induced forces when the 
shock absorber (38) is assembled to the bicycle (20). A fluid flow con
trol arrangement (250) within the remote unit (44) utilizes compression 
fluid flow to delay closing of the inertia valve (160) after acceleration 
forces acting on the inertia valve (160) diminish. In some arrangements, 
the inertia valve (160) and fluid flow control arrangement (250) may re
side in the primary unit (40).
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BICYCLE DAMPER

INCORPORATION BY REFERENCE
[0001] The entireties of U.S. Patent Application No. 12/197,171, filed August 22,

2008, and U.S. Provisional Patent Application Nos. 61/054,091, filed May 16, 2008, and 
61/051,894, filed May 9, 2008, are hereby incorporated by reference herein and made a part 
of the present specification.

BACKGROUND OF THE INVENTION
Field of the Invention

]0002] The present invention generally relates to vehicle suspension systems 
including acceleration-sensitive damping. More specifically, the present invention relates to 
a shock absorber with a fluid flow control arrangement for an acceleration-sensitive damping 
circuit to be incorporated into the suspension system of a bicycle.
Description of the Related Art

]0003] 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 
configured 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 proportion of power absorbed by the shock absorber may be 
substantial and may drastically reduce the efficiency of the bicycle.

[0004] 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. However, 
acceleration forces acting on the inertia valve tend to diminish prior to the completion of the 
surface irregularity that caused the acceleration. Thus, the acceleration force also diminishes 
prior to the completion of the compression or rebound stroke of the shock absorber caused by 
the surface irregularity.
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[0005] 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 U.S. Patent 

No. 5,823,305. The ‘305 patent discloses an inertia valve arrangement incorporating a 

restricted fluid flow path downstream of fluid ports controlled by the inertia valve. The 

restricted fluid flow path is created between the inertia mass and a shoulder of the main 

piston of the shock absorber as shown in Figure 3. Fluid flow through the restricted fluid 

flow path tends to inhibit premature closing of the inertia valve. However, as also apparent 

in Figure 3, fluid flow through the main piston, when the inertia valve is closed, must also 

pass through a restricted flow path between the inertia valve and the piston. As a result, non

inertia valve fluid flow may be undesirably restricted. The entirety of the ‘305 patent is 

hereby incorporated by reference herein.

[0005a] Any discussion of documents, acts, materials, devices, articles or the like 

which has been included in the present specification is not to be taken as an admission that 

any or all of these matters form part of the prior art base or were common general knowledge 

in the field relevant to the present disclosure as it existed before the priority date of each 

claim of this application.

SUMMARY OF THE INVENTION

[0005b] Throughout this specification the word "comprise", or variations such as 

"comprises" or "comprising", will be understood to imply the inclusion of a stated element, 

integer or step, or group of elements, integers or steps, but not the exclusion of any other 

element, integer or step, or group of elements, integers or steps.

[0005c] In a first aspect, the present disclosure provides An acceleration sensitive 

shock absorber, comprising:

a damper tube containing a damping fluid;

a partition in said damper tube separating an interior of said damper tube 

into a first fluid chamber and a second fluid chamber, said partition comprising a 

compression valve that permits damping fluid to flow through said partition from said first 

fluid chamber to said second fluid chamber;

an inertia valve comprising an inertia mass movable along an axis, 

wherein said inertia valve is operable for changing a damping rate of said shock absorber
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when said shock absorber is subjected to an acceleration force above a threshold value in a 

direction of said axis;

at least a first fluid flow port that permits a compression fluid flow from 

said first fluid chamber to said second fluid chamber, said at least a first fluid flow port 

having a first total flow area, wherein said inertia mass is normally biased in a closed 

position, in which an upper end of said inertia mass covers said at least a first fluid flow port, 

and is movable in response to said acceleration force above said threshold value to an open 

position, in which an upper end of said inertia mass uncovers said at least a first fluid flow 

port;

a flow body cooperating with said upper end of said inertia mass;

a restricted flow path between said flow body and said upper end of said 

inertia mass, said restricted flow path being downstream from said at least a first fluid flow 

port and defining a second total flow area that is sized relative to said first total flow area to 

develop a force acting on an upper surface of said inertia mass as a result of said compression 

fluid flow for maintaining said inertia mass in said open position after said acceleration force 

has decreased below said threshold value;

wherein damping fluid flowing through said compression valve of said 

partition is able to move from said first fluid chamber to said second fluid chamber without 

passing through said restricted flow path and said second total flow area of said restricted 

flow path is equal to or greater than said first total flow area of said at least a first fluid flow 

port.

[0005d] In a second aspect, the present disclosure provides acceleration sensitive 

shock absorber, comprising:

a main shock body configured to be operably coupled to a bicycle frame 

assembly, said main shock body comprising a main damper tube containing a damping fluid, 

a main piston coupled to a piston rod and movable within said main damper tube to generate 

a compression fluid flow;

a reservoir damper tube containing a damping fluid and configured to 

receive said compression fluid flow from said main shock body;
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a partition in said reservoir damper tube separating an interior of said 

reservoir damper tube into a first fluid chamber and a second fluid chamber, said partition 

comprising a compression valve that permits damping fluid to flow through said partition 

from said first fluid chamber to said second fluid chamber;

an inertia valve comprising an inertia mass movable along an axis, 

wherein said inertia valve is operable for changing a damping rate of said shock absorber 

when said shock absorber is subjected to an acceleration force above a threshold value in a 

direction of said axis;

at least a first fluid flow port that permits fluid flow from said first fluid 

chamber to said second fluid chamber, said at least a first fluid flow port having a first total 

flow area, wherein said inertia mass is normally biased in a closed position, in which an 

upper end of said inertia mass covers said at least a first fluid flow port, and is movable in 

response to said acceleration force above said threshold value to an open position, in which 

said upper end of said inertia mass uncovers said at least a first fluid flow port;

a flow body cooperating with said upper end of said inertia mass;

a restricted flow path between said flow body and said upper end of said 

inertia mass, said restricted flow path being downstream from said at least a first fluid flow 

port and defining a second total flow area that is smaller than said first total flow area, 

wherein said compression fluid flow between said at least a first fluid flow port and said 

restricted flow path acts on an upper surface of said inertia mass to develop a force for 

maintaining said inertia mass in said open position after said acceleration force has decreased 

below said threshold value;

wherein damping fluid flowing through said compression valve of said 

partition is able to move from said first fluid chamber to said second fluid chamber without 

passing through said restricted flow path.

[0006] A preferred embodiment is a bicycle rear shock absorber, including a 

damper tube having a first end portion, a second end portion and a side wall extending 

between the first end portion and the second end portion. A piston rod carries a first piston. 

The first piston and the piston rod are capable of telescopic movement with respect to the 

damper tube. The first piston cooperates with the damper tube to at least partially define a
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variable volume compression chamber and the piston rod extends out of the first end portion 

of the damper tube. A seal head creates a seal between the first end portion of the damper 

tube and the piston rod. A remote reservoir tube has a first end portion, a second end portion 

and a side wall extending between the first end portion and the second end portion. The 

remote reservoir tube and the damper tube are not within one another. At least a portion of 

the remote reservoir tube defines a reservoir chamber. A fluid passage extends between the 

compression chamber and the reservoir chamber. The damper tube defines a first opening 

that permits fluid communication between the compression chamber and the fluid passage 

and the remote reservoir tube defines a second opening that permits fluid communication 

between the fluid passage and the reservoir chamber. A compression damping circuit within 

the remote reservoir tube regulates compression fluid flow between the compression chamber 

and the reservoir chamber. The compression damping circuit includes a pressure-activated 

valve including a partition and an acceleration-activated valve including an inertia mass. The
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partition is upstream from the inertia mass relative to a flow of compression fluid from the 
second opening to the reservoir chamber.

[0007] Another preferred embodiment is a bicycle rear shock absorber, including 
a damper tube and a piston rod that carries a first piston. The first piston and the piston rod 
are capable of telescopic movement with respect to the damper tube. The first piston 
cooperates with the damper tube to at least partially define a variable volume compression 
chamber. A reservoir tube has a first end portion, a second end portion and a side wall 
extending between the first end portion and the second end portion. A portion of an interior 
space of the reservoir tube defines a reservoir chamber. A fluid passage extends between the 
compression chamber of the damper tube and the reservoir tube, wherein the fluid passage 
communicates with an opening into the reservoir tube. A compression damping circuit 
within the reservoir tube regulates compression fluid flow between the compression chamber 
and the reservoir chamber. The compression damping circuit comprises a pressure-activated 
valve including a partition and an acceleration-activated valve including an inertia mass. An 
extemally-accessible adjustment mechanism permits adjustment of the compression damping 
circuit. Both the opening into the reservoir tube and the extemally-accessible adjustment 
mechanism are located at the first end portion of the reservoir tube.

[0008] Yet another preferred embodiment is a bicycle rear shock absorber, 
including a damper tube and a piston rod that carries a piston. The piston and the piston rod 
are capable of telescopic movement with respect to the damper tube. The first piston 
cooperates with the damper tube to at least partially define a variable volume compression 
chamber. A reservoir tube has a first end portion, a second end portion and a side wall 
extending between the first end portion and the second end portion. A portion of an interior 
space of the reservoir tube defines a reservoir chamber. A fluid passage extends between the 
compression chamber of the damper tube and the reservoir tube. The fluid passage 
communicates with an opening into the reservoir tube. A compression damping circuit 
within the reservoir tube regulates compression fluid flow between the compression chamber 
and the reservoir chamber. The compression damping circuit comprises a pressure-activated 
valve including a first partition and an acceleration-activated valve including an inertia mass. 
A movable second partition within the reservoir tube separates the reservoir chamber from a 
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gas chamber. The inertia mass is located between the first partition and the movable second 
partition along an axis of the reservoir chamber.

[0009] Another preferred embodiment is a bicycle rear shock absorber, including 
a damper tube and a piston rod that carries a piston. The piston and the piston rod are 
capable of telescopic movement with respect to the damper tube. The piston cooperates with 
the damper tube to at least partially define a variable volume compression chamber. A 
portion of an interior space of a reservoir tube defines a reservoir chamber. A fluid passage 
extends between the compression chamber of the damper tube and the reservoir chamber of 
the reservoir tube. A partition is provided within the reservoir tube. A shaft is provided 
within the reservoir tube. An inertia mass is supported on the shaft and is movable relative to 
the shaft in response to an acceleration force above a threshold value acting on the reservoir 
tube. A compression damping fluid circuit that regulates compression fluid flow from the 
compression chamber to the reservoir chamber, includes a first compression damping flow 
path in which damping fluid passes through an acceleration-activated valve that is controlled 
by a position of the inertia mass, a second compression damping flow path in which damping 
fluid passes through a pressure-activated valve of the partition without passing through the 
shaft, and a third compression damping flow path in which damping fluid passes through the 
shaft without passing through the acceleration-activated valve and without passing through 
the pressure-activated valve of the partition.

[0010] Another preferred embodiment is a bicycle rear shock absorber, including 
a damper tube and a piston rod that carries a first piston. The first piston and the piston rod 
are capable of telescopic movement with respect to the damper tube, wherein the first piston 
cooperates with the damper tube to at least partially define a variable volume compression 
chamber. A reservoir body has a first end portion, a second end portion and a side wall 
extending between the first end portion and the second end portion. A portion of an interior 
space of the reservoir tube defines a reservoir chamber. A fluid passage extends between the 
compression chamber of the damper tube and the reservoir body. The fluid passage 
communicates with an opening into the reservoir body. An acceleration-activated damping 
circuit is within the reservoir body and includes an inertia mass movable along an axis. A 
pressure-activated damping circuit within the reservoir body regulates a compression fluid 

-4-



WO 2010/129155 PCT/US2010/031308

flow and a rebound fluid flow between the compression chamber and the reservoir chamber. 
The compression fluid flow within the reservoir body flows alongside the inertia mass and 
imparts a force on the inertia mass tending to move the inertia mass in a first direction along 
the axis and the rebound fluid flow within the reservoir body flows alongside the inertia mass 
and imparts a force on the inertia mass tending to move the inertia mass in a second direction 
along the axis.

[0011] Yet another preferred embodiment is a bicycle rear shock absorber, 
including a damper tube that defines a first diameter and a piston rod that defines a second 
diameter. The piston rod carries a piston. The piston and the piston rod are capable of 
telescopic movement with respect to the damper tube. The piston cooperates with the 
damper tube to at least partially define a variable volume compression chamber and at least 
partially define a variable volume rebound chamber. A reservoir chamber is defined by the 
shock absorber. Fluid is displaced to the reservoir chamber from the compression chamber 
during compression movement of the shock absorber. Fluid returns to the compression 
chamber from the reservoir chamber during rebound movement of the shock absorber. A 
ratio of the first diameter to the second diameter is between about 1.05:1 and about 1.75:1.

[0012] A preferred embodiment is a bicycle rear shock absorber, including a 
damper tube that defines a first diameter and a piston rod that defines a second diameter. The 
piston rod carries a piston. The piston and the piston rod are capable of telescopic movement 
with respect to the damper tube. The piston cooperates with the damper tube to at least 
partially define a variable volume compression chamber and at least partially define a 
variable volume rebound chamber. A reservoir chamber is defined by the shock absorber, 
wherein fluid is displaced to the reservoir chamber from the compression chamber during 
compression movement of the shock absorber, and wherein fluid returns to the compression 
chamber from the reservoir chamber during rebound movement of the shock absorber. The 
first diameter is between about 8mm and about 12mm-14mm and a ratio of the first diameter 
to the second diameter is between about 1.05:1 and about 2.5:1.

[0013] Another preferred embodiment is a bicycle rear shock absorber including a 
main body portion. The main body portion includes a damper tube and a piston rod that 
carries a first piston. The first piston and the piston rod are capable of telescopic movement 
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with respect to the damper tube. A gas spring tube is capable of being coupled to the piston 
rod and wherein the gas spring tube is slidably engaged with an external surface of the 
damper tube. A reservoir body portion is not within the main body portion. A connector 
couples the damper tube and the reservoir body portion, wherein the connector is configured 
such that the gas spring tube can be disconnected from the piston rod and slid along the 
damper tube until the gas spring tube at least partially overlaps the connector without 
disassembling the connector from the damper tube or the reservoir.

[0014] Another preferred embodiment is an acceleration sensitive shock absorber 
including a damper tube containing a damping fluid and a partition in the damper tube 
separating an interior of the damper tube into a first fluid chamber and a second fluid 
chamber. The partition includes a compression valve that permits damping fluid to flow 
through the partition from the first fluid chamber to the second fluid chamber. An inertia 
valve includes an inertia mass movable along an axis. The inertia valve is operable for 
changing a damping rate of the shock absorber when the shock absorber is subjected to an 
acceleration force above a threshold value in a direction of the axis. One or more fluid flow 
ports permits fluid flow from the first fluid chamber to the second fluid chamber, and define 
a first total flow area. The inertia mass is normally biased in a closed position, in which the 
inertia mass covers the at least a first fluid flow port, and is movable in response to the 
acceleration force above the threshold value to an open position, in which the inertia mass 
uncovers the one or more fluid flow ports. A flow body cooperates with the inertia valve to 
create a restricted flow path between the flow body and the inertia valve. The restricted flow 
path is downstream from the one or more fluid flow ports and defines a second total flow 
area that is smaller that the first total flow area. Fluid flow through the restricted flow path 
maintains the inertia valve in the open position after acceleration force has decreased below 
the threshold value. Damping fluid flowing through the compression valve of the partition is 
able to move from the first fluid chamber to the second fluid chamber without passing 
through the restricted flow path.

[0015] Yet another preferred embodiment involves an acceleration sensitive 
shock absorber including a damper tube containing a damping fluid and a partition in the 
damper tube separating an interior of the damper tube into a first fluid chamber and a second 
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fluid chamber. The partition includes a compression valve that permits damping fluid to flow 
through the partition from the first fluid chamber to the second fluid chamber. An inertia 
valve includes an inertia mass movable along an axis, wherein the inertia valve is operable 
for changing a damping rate of the shock absorber when the shock absorber is subjected to an 
acceleration force above a threshold value in a direction of the axis. One or more fluid flow 
ports permits fluid flow from the first fluid chamber to the second fluid chamber. The oneo 
or more fluid flow ports have a first total flow area. The inertia mass is normally biased in a 
closed position, in which the inertia mass covers the at least a first fluid flow port, and is 
movable in response to the acceleration force above the threshold value to an open position, 
in which the inertia mass uncovers the at least a first fluid flow port. A flow body cooperates 
with the inertia valve to create a restricted flow path between the flow body and the inertia 
valve. The restricted flow path is downstream from the one or more fluid flow ports and 
defines a second total flow area that is sized relative to the first total flow area for 
maintaining the inertia valve in the open position after acceleration force has decreased below 
the threshold value. Damping fluid flowing through the compression valve of the partition is 
able to move from the first fluid chamber to the second fluid chamber without passing 
through the restricted flow path.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] 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 
eighteen (18) figures.

[0017] Figure 1 is an elevation view of a bicycle including a preferred rear shock 
absorber, which includes an air spring and a damper.

[0018] Figure 2 is a cross-section of the rear shock absorber of Figure 1. The 
shock absorber includes a main body portion and reservoir portion.

[0019] Figure 3 is an enlarged cross-section of a main body portion of the shock 
absorber of Figure 2, showing a main body damping piston in an uncompressed position.

[0020] Figure 4 is a cross-section of the main body damping piston taken along 
line 4-4 of Figure 3.
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[0021] Figure 5 is an enlarged cross-section of the main portion of the shock 
absorber of Figure 2, showing the main body damping piston in a partially compressed 
position.

[0022] Figure 6 is an enlarged cross-section of the main portion of the shock 
absorber of Figure 2, showing the flow path of hydraulic fluid through the main body 
damping piston during the compression motion of the rear shock.

[0023] Figure 7 is an enlarged cross-section of the main portion of the shock 
absorber of Figure 2, showing the flow path of hydraulic fluid through the main body 
damping piston during the rebound motion of the rear shock.

[0024] Figure 8 is a cross-section of the reservoir of the shock absorber of Figure 
1 showing an inertia valve in a closed position.

[0025] Figure 9 is an enlarged cross-section of the reservoir of Figure 8 showing 
the inertia valve in a closed position.

[0026] Figure 10 is a cross-section of a partition of the reservoir of Figure 8 taken 
along line 10-10 of Figure 9.

[0027] Figure 11 is an enlarged cross-section of the reservoir of Figure 8 showing 
the flow path of hydraulic fluid through the primary valve during the compression motion of 
the rear shock, the inertia valve being in a closed position.

[0028] Figure 12 is an enlarged cross-section of the reservoir of Figure 8 showing 
the flow path of hydraulic fluid through the primary valve during the rebound motion of the 
rear shock, the inertia valve being in a closed position.

[0029] Figure 13 is a cross-section of the reservoir of Figure 8 showing the inertia 
valve in an open position.

[0030] Figure 14 is an enlarged cross-section of the reservoir of Figure 8 showing 
the flow path of hydraulic fluid through the inertia valve during the compression motion of 
the rear shock, the inertia valve accordingly being in an open position.

[0031] Figure 15 is an elevation view of the shock absorber of Figure 2 with the 
air sleeve in a partially disassembled state and moved along the damper tube toward the 
reservoir, which permits seal components of the air spring to be replaced without disassembly 
of the damper.
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[0032] Figure 16 is an enlarged cross-section of a reservoir of a modification of 
the shock absorber of Figures 1-15, which includes a fluid flow control arrangement operable 
to influence movement of an inertia mass of the inertia valve.

[0033] Figure 17 illustrates a portion of the reservoir of Figure 16 with the inertia 
mass in an open position.

[0034] Figure 18 is a cross-sectional view of a portion of a damper incorporating 
an inertia valve having a flow control arrangement similar to the flow control arrangement 
illustrated in the shock absorber of Figures 16 and 17.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0035] Referring to Figure 1, a bicycle 20 (e.g., a mountain bike) having a 

preferred embodiment of a rear suspension assembly including a rear suspension element, or 
shock absorber, is illustrated. The bicycle 20 includes a frame 22, preferably comprised of a 
generally triangular main frame portion 24 and an articulating frame portion, or subframe 26, 
which preferably is pivotally connected to the main frame portion 24. In the illustrated 
arrangement, the subframe 26 is an assembly of multiple linkage members pivotally 
connected to one another. The subframe 26 is pivotally connected to the main frame portion 
24 (e.g., to the seat tube 27). The bicycle 20 also includes a front wheel 28 and a rear wheel 
30. The rear wheel 30 is carried by the subframe 26. A saddle or seat 32, to provide support 
to a rider in a sitting position, is connected to the main frame 24 and, in particular, to the seat 
tube 27. In the illustrated arrangement, the seat 32 is connected to the main frame 24 through 
a seat post 33. However, in other arrangements, the seat 32 may be supported by another 
member or structure, such as the seat tube 27 itself, for example. The front wheel 28 is 
supported relative to the frame 22 by a front suspension fork 34. It is understood that in some 
embodiments, main frame portion 24 may not be generally triangular and/or may not have a 
seat tube which extends uninterrupted to the bottom bracket.

[0036] Positioned between the subframe 26 and mainframe 24 (preferably, a top 
tube of the mainframe 24) 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 
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of the invention can be utilized in a front suspension unit, such as the bicycle fork 34, and 
other suitable applications, as well.

[0037] The rear shock 38 influences the pivoting motion of the subframe 26, 
providing a suspension spring force and a damping force in both compression and rebound 
motion. 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 Figure 1 includes 
the rear shock 38 operatively coupled between the rear wheel 30 and the frame 22. 
Advantageously, the rear shock 38 substantially reduces the transmission of impact forces 
imparted on the rear wheel 30 by the terrain to the operator of the bicycle.

[0038] With additional reference to Figure 2, the rear shock 38 desirably includes 
a primary unit or main body portion 40 and a remote unit or secondary or reservoir body 
portion 44. Note that, as illustrated, the reservoir body portion 44 may be located remote 
with respect to the main body portion 40. That is, the reservoir body portion 44 preferably is 
not located within the main body portion 40. In the illustrated arrangement, the main body 
portion 40 and the reservoir portion are coupled for fluid transfer via a tube assembly 46. As 
shown in Figure 1, the main body portion 40 is coupled to the bicycle 20 separately from the 
reservoir body portion 44. The main body portion 40 preferably extends from the main frame 
24 (e.g., the top tube) at one end to the subframe 26 (e.g., the seat stays) at the other end, and 
extends underneath the top tube, along the axis of the top tube. Preferably, the reservoir body 
portion 44 is connected to the bicycle 20 at a location near the rotational axis of the rear 
wheel 30. In the illustrated arrangement, the reservoir body portion 44 is coupled to one of 
the seat stays, near the rearward end portion thereof. Preferably, an upper end of the reservoir 
body portion 44 is coupled to the seat stay, and the reservoir body portion 44 extends below 
the seat stay. In the illustrated arrangement, an axis of the reservoir body portion 44 is 
substantially perpendicular to the seat stay and generally vertical when the bicycle 20 is 
standing upright on a horizontal surface. However, in the illustrated arrangement, the 
reservoir body portion 44 is not exactly vertical.

[0039] Preferably, the tube assembly 46 includes a tube portion 46a and a hose 
portion 46b. The tube portion 46a is constructed from a relatively rigid material and 
generally defines an “S” shape, one end of which is coupled to the main body portion 40 by a 
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bayonet-type connection. Such a connection securely couples the tube portion 46a to the 
main body portion 40 in an axial direction of the connection, but permits relative rotation 
between the tube portion 46a and the main body portion 40. Such an arrangement 
advantageously eases the assembly of the shock absorber 38 to the bicycle 20 by permitting 
relative movement of the main body portion 40 and the tube assembly 46. In addition, the S- 
bend shape of the tube portion 46a advantageously permits partial disassembly of an air 
spring portion of the main body portion 40 for routine servicing, without disassembly of the 
damper portion, as is described in more detail below. The other end of the tube portion 46a is 
coupled to a first end of the hose portion 46b by any suitable connector, such as a bayonet
type connector, for example. Preferably, the hose portion 46b is constructed of a relatively 
flexible hose. The second end of the hose portion 46b is coupled to the reservoir body 
portion 44 by any suitable connector, such as a bayonet-type connector, for example. The 
flexible hose portion 46b accommodates relative movement between the main frame 24 and 
the subframe 26.

[0040] Although such an arrangement is presently preferred, in another 
arrangement, the reservoir body portion may be located within the main body portion, such as 
in a front fork, for example. In some arrangements, the reservoir body portion is directly 
connected to the main body portion external to the main body portion and, in other 
arrangements, the reservoir body portion may be secured to the bicycle separately, although 
relatively close to the main body portion. For example, the reservoir body portion may be 
coupled near the rear wheel axle (or axis of rotation) and the main body portion may extend 
from the main frame 24 to a location near the rear wheel axis of rotation. Furthermore, the 
connection between the main body portion 40 and the reservoir body portion 44 can be 
achieved by any suitable means, such as by, but not limited to, threading or press-fitting the 
reservoir body portion 44 directly into the reservoir body portion 44 or the main body portion 
40. Alternatively, the reservoir body portion 44 can be monolithically formed with the main 
body portion 40.

[0041] As is discussed in more detail below, the shock absorber 38 preferably 
includes an inertia valve within the damping system of the shock absorber 38. The inertia 
valve described herein may advantageously be configured to be highly responsive to changes 
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in the acceleration of the rear shock 38, or certain portions of the rear shock 38, such as the 
reservoir body portion 44, for example. Further, in some embodiments, the inertia valve 
components described herein are relatively uncomplicated and cost-effective to produce, 
resulting in low manufacturing costs and few production errors. In particular, certain 
preferred embodiments are configured to reduce assembly issues associated with tolerance 
stack-ups between the individual components, especially tolerance stack-ups in concentricity 
dimensions. As discussed, the rear shock 38 preferably includes an inertia valve that varies 
the damping rate of the rear shock 38 depending upon the direction of an acceleration of the 
inertia valve. With such an arrangement, the inertia valve can distinguish between forces 
imparted on the shock absorber 38 that originate from the rider of bicycle from forces 
imparted on the shock absorber 38 by bumps in the path of travel. Performance of the bicycle 
is improved when forces generated by the rider are more firmly (or quickly) damped and 
forces imparted on the rear wheel 20 by bumps in the road are damped more softly (or 
slowly). This reduces or prevents shock absorber movement resulting from rider-induced 
forces, such as by pedaling, while allowing the shock absorber 38 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.

[0042] A preferred embodiment of the rear shock 38 is illustrated in Figures 2-14. 
Generally, the rear shock 38 comprises a spring, a main damper assembly, and a reservoir. 
Preferably, the main body portion 40 is generally comprised of a hydraulic fluid body portion 
or damper tube 48, a spring tube or air sleeve 50 closed by a seal head or an end cap 52, a 
main body damping piston 54, and a damper tube cap or spring piston 56.

[0043] The damper tube 48 may be cylindrical in shape and includes an open end 
portion 58 and a lower closed end portion 60. The lower closed end portion 60 has a lower 
eyelet 62 that is used for connecting the shock 38 to a portion of the bicycle 20 of Figure 1, 
such as the subframe portion 26, for example. The closed end portion 60 or lower eyelet 62 
may be referred to herein as the “lower” end or eyelet as a matter of convenience because the 
end portion 60 coupled to the subframe 26 is often relatively lower on the bicycle than the 
other end portion of the shock 38 coupled to the main frame 24. However, the term as used 
herein is not intended to be limiting.
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|0044] The air sleeve 50 may also be cylindrical in shape. The air sleeve 50 
includes an open end 64 and the opposite, upper end is closed by the end cap 52. The end 
cap 52 of the air sleeve 50 includes an upper eyelet 66 that is used to connect the rear shock 
38 to the seat tube 27 (or other suitable portion) of the bicycle 20. The closed end portion 52 
or eyelet 66 may be referred to herein as the “upper” end or eyelet as a matter of convenience 
because the end portion 52 coupled to the main frame 24 is often relatively higher on the 
bicycle than the other end portion of the shock 38 coupled to the subframe 26. However, the 
term as used herein is not intended to be limiting.

[0045] The open end 64 of the air sleeve 50 slidingly receives the damper tube 48. 
In this configuration, the air sleeve 50 and the damper tube 48 are configured for telescopic 
movement relative to one another between the main frame portion 24 and the subframe 
portion 26 of the bicycle 20. Thus, the shock absorber 38 is capable of varying in length to 
accommodate relative movement of the main frame portion 24 and the subframe portion 26 
of the bicycle. Upward movement of the rear wheel 30 (and subframe 26) tending to reduce 
the length of the shock 38 is usually referred to as compression movement or, simply, 
compression. Downward movement of the rear wheel 30 (and subframe 26) tending to 
increase the length of the shock 38 is usually referred to as rebound movement, or rebound, 
of the shock 38.

[0046] Figure 1 illustrates an embodiment of the rear shock 38 mounted in its 
preferred configuration to the main frame portion 24 (using upper eyelet 66) and the 
subframe portion 26 (using lower eyelet 62) of the bicycle 20. With reference to Figures 1 
and 3, in the illustrated arrangement, the mounting axes of the upper eyelet 66 and the lower 
eyelet 62, respectively, are not aligned. The mounting axis of the lower eyelet 62 is rotated 
about the longitudinal axis of the shock 38 with respect to the mounting axis of the upper 
eyelet 66 because, as illustrated in Figure 1, the subframe mounting tab 26a is positioned at a 
different orientation as compared to the mounting axis on the main frame portion 24. 
However, while the orientation of the mounting axis of the lower eyelet 62 is not aligned or 
coplanar with the orientation of the mounting axis of the upper eyelet 66 in the embodiment 
illustrated in Figures 1-3, the respective orientations of the eyelets 52, 58 is not so limited.
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The mounting axes of the eyelet 66, 58 can be positioned at any relative orientation suitable 
for the frame to which the rear shock 38 is mounted.

[0047] In another embodiment, the orientation of the rear shock 38 may be 
changed such that the damper tube 48 is attached to the seat tube 27 or other portion of the 
main frame 24 (at the “lower” eyelet 62) while the air sleeve 50 is attached to the subframe 
26 (at the “upper” eyelet 66). However, such an arrangement is not presently preferred.

[0048] The air sleeve 50 has a seal assembly 68 positioned at the open end 64 
thereof, forming a substantially airtight seal between outer surface of the damper tube 48 and 
the inner surface of the air sleeve 50. With reference to Figure 3, in the illustrated 
embodiment, the seal assembly 68 is comprised of an annular seal body 70 having a 
substantially rectangular cross-section that is located above, or inboard relative to the open 
end 64, of an annular bearing 72. A wiper 74 is located adjacent the open end 64 of the air 
sleeve 50 to prevent dust, dirt, rocks, and other potentially damaging debris from entering 
into the air sleeve 50 as the damper tube 48 moves into the air sleeve 50.

[0049] The main damper piston 54 is positioned within and slides relative to the 
inner surface of the damper tube 48. The piston 54 is connected to the end cap 52 by a piston 
rod 78, fixing the piston 54 for motion within the air sleeve 50.

[0050] As described above, the damper tube cap 56 is fixed to the open end 
portion 58 of the damper tube 48. The damper tube cap 56 supports the piston rod 78 such 
that the piston rod 78 is able to slide within a central opening in the damper tube cap 56. 
Thus, the damper tube cap 56 functions as a seal head of the damper tube 48. The damper 
tube cap 56 accordingly slides within the inner surface of the air sleeve 50 and, thus, also 
functions as a piston of the air spring. Because the damper tube cap 56 is easier to 
manufacture in two portions, the damper tube cap 56 preferably is comprised of an upper cap 
portion 56a and a lower cap portion 56b (relative to the positions shown in Figure 3). After 
the lower cap portion 56b is inserted over the end of the damper tube 48, the upper cap 
portion 56a is preferably fixed to the damper tube 48 by threading the upper cap portion 56a 
into threads formed on the inside surface of the damper tube 48. The upper cap portion 56a 
and lower cap portion 56b are configured such that, when the upper cap portion 56a is 
attached to the damper tube 48 as described above, the lower cap portion 56b will also be 

-14-



WO 2010/129155 PCT/US2010/031308

firmly attached to the damper tube 48 and relative axial movement therebetween is 
prevented. Annular seals 80 and 82 are preferably used to prevent hydraulic oil from the 
damper tube 48 from leaking into a primary air chamber 86 between the damper tube cap 56 
and the piston rod 78 and between the damper tube cap 56 and the damper tube 48, 
respectively. Similarly, the annular seals 80, 82 also prevent the gas located in the primary 
air chamber 86 from leaking into the damper tube 48.

[0051] A seal assembly 88 is preferably carried by the damper tube cap 56. The 
seal assembly 88 is preferably comprised of a seal member 90, which is preferably an annular 
seal having a substantially square cross-section and is positioned between a pair of bearings 
92, and a bushing 94. Together, the seal member 90 and the bushing 94 create a seal between 
the damper tube cap 56 and the air sleeve 50 and between the damper tube cap 56 and the 
piston rod 78, respectively, while allowing the piston rod 78 to translate relative to the 
damper tube cap 56. Note that the cross-section of the seal member 90 may be any suitable 
shape, such as round or rectangular, for example.

[0052] A bottom-out bumper 96 is desirably positioned near the closed end 
portion 52 of the air sleeve 50 to prevent direct metal to metal contact between the closed end 
portion 52 and the damper tube cap 56 of the damper tube 48 upon full compression of the 
rear shock 38. The bottom-out bumper 96 is preferably formed from a soft, pliable, and 
resilient material, such as rubber. The bottom-out bumper 96 is positioned between two 
washers 98a, 98b, which hold the bottom out bumper 96 in position next to the closed end 
portion 52. Washers 98a, 98b can also be formed from a soft, pliable, and resilient material, 
such as rubber, or by any other suitable material. Similarly, an annular rebound (or top-out) 
bumper (not shown) may be positioned around the outside of the damper tube 48 below the 
damper tube cap 56, but above the bearings 64. If provided, the rebound bumper preferably 
prevents metal to metal contact between the bottom portion of the damper tube cap 56 and 
the air sleeve 50, and buffers the magnitude of the impact between the two components, at 
the end of the rebound motion of the rear shock 38.

|0053] With particular reference to Figures 5 and 6, the space between the damper 
tube cap 56 and the seal assembly 68 defines a secondary air chamber 102, which may be 
referred to as a “negative spring” chamber. Air that fills the secondary air chamber 102
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exerts a pressure that tends to compress the shock 38 or resists the rebound motion of the rear 
shock 38. In conjunction, the primary air chamber 86 and the secondary air chamber 102 
form the suspension spring portion of the rear shock 38.

|0054] The primary air chamber 86 is defined as the space between the closed end 
portion 52 of the air sleeve 50 and the damper tube cap 56. Air held within the primary air 
chamber 86 exerts a biasing force tending to extend the rear shock 38 or resist compression 
motion of the rear shock 38. As will be appreciated, the primary air chamber 86 is primarily 
responsible for the spring characteristics of the shock 38 throughout the majority of the range 
of travel of the shock 38. The secondary air chamber 102 is intended to assist the initial 
compression of the shock 38 to overcome the initial resistance to movement caused by, for 
example, the various seal assemblies of the shock 38.

|0055] The damper assembly of the rear shock 38 is described hereinafter with 
reference to Figures 2-7. The interior space or chamber of the damper tube 48 is divided by 
the piston 54 into two portions. In the illustrated arrangement, the first portion is the 
compression chamber 104 and the second portion is the rebound chamber 106. The 
compression chamber 104 is generally formed by the space between the piston 54 and the 
closed end portion 60 of the damper tube 48. The compression chamber 104 decreases in 
volume during compression motion of the rear shock 38 and increases in volume during the 
rebound motion of the rear shock 38. The rebound chamber 106 is generally formed by the 
space between the piston 54 and the damper tube cap 56. The rebound chamber 106 
increases in volume during the compression motion of the rear shock 38 and decreases in 
volume during the rebound motion of the rear shock 38. In addition, the piston rod 78 is 
present within the rebound chamber 106. As the piston 54 moves further into the damper 
tube 48, the piston rod 78 occupies an increased portion of the interior of the damper tube 48. 
Thus, the rebound chamber 106 does not increase by the same volume as the compression 
chamber 104 decreases during compression, due to the presence of the piston rod 78 within 
the rebound chamber 106. As a result, damping fluid must be displaced to the reservoir body 
portion 44 upon compression and then replaced to the main body portion 40 during rebound. 
As noted above, Figure 3 illustrates an embodiment of the rear shock 38 wherein the piston 
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54 is in an uncompressed state. Figures 5, 6 and 7 illustrate a partially compressed position 
of the rear shock 38.

[0056] As shown in Figure 3, preferably, a hollow threaded fastener or pin 108 
fixes the piston 54 to the piston rod 78. A seal 110, preferably of an annular type having a 
rectangular cross-section, is carried by the piston 54 and seals the piston 54 with the inner 
surface of the damper tube 48.

|0057] In the illustrated embodiment, the piston 54 preferably includes a plurality 
of compression flow passages 112. Each of the compression flow passages 112 pass through 
the piston 54 in the axial direction and, preferably, circular in cross-sectional shape. In one 
preferred arrangement, nine compression flow passages 112 are provided in three groups of 
three passages 112, as shown in Figure 4. Alternatively, each group of compression passages 
112 could comprise a single, arcuate (or kidney-shaped) passage. However, the presently 
illustrated arrangement advantageously provides for a similar amount of fluid flow, while 
permitting the passages 112 to be formed by a simple drilling operation, rather than a more 
time consuming and expensive milling operation, which would be required for an arcuate 
passage.

|0058] In various embodiments, the compression flow passages 112 may 
cumulatively perforate and, hence, allow the passage of hydraulic fluid through 10% to 60%, 
15% to 40%, or 20% to 35% of the working area of the piston 54. As used herein, “working 
area" means the area defined within the periphery of the piston 54 in a plane perpendicular to 
the longitudinal axis. In the illustrated arrangement, the working area substantially 
corresponds to a cross-sectional area of the interior space of the damper tube 48. In the case 
of the piston 54, the longitudinal axis is aligned with the piston rod 78. The compression 
flow passages 112 may cumulatively perforate and allow the passage of hydraulic fluid 
through at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55% and 60% of the 
working area.

[0059] The compression flow passages 112 are covered on the rebound chamber 
106 side of the piston 54 by a shim stack 114. The shim stack 114 can be made up of one or 
more flexible, preferably annular, shims. The shim stack 114 preferably operates as a one
way check valve. That is, the shim(s) 114 deflect to allow a flow path of preferably minimal 
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restriction through the compression flow passages 112 during compression motion of the rear 
shock 38, while preventing flow through the compression flow passages 112 during the 
rebound motion of the rear shock 38. In the illustrated configuration, the shim stack 114 is 
made up of multiple shims having any suitable characteristics (e.g., thicknesses, stiffnesses, 
and diameters) that preferably allow the shim stack 114 to be easily deflected to allow 
hydraulic fluid to flow with minimal restriction through compression flow passages 112 
during compression motion of the rear shock 38. In addition, the relatively large collective 
area of the passages 112, which results in a relatively large fluid force acting on the shim 
stack 114, also assists in allowing flow with minimal restriction. The substantially 
unrestricted flow path of hydraulic fluid (represented by arrows) through the compression 
flow passages 112 and the deflection of the shim stack 114 during the compression motion of 
the rear shock 38 are illustrated in Figure 6.

[0060] In addition to the compression flow through the compression flow 
passages 112, compression flow preferably is also permitted at least through an additional 
compression flow path. For example, in the illustrated arrangement, the piston rod 78 defines 
a central passage 116 therethrough. The central passage 116 is in communication with the 
compression chamber 104 through a passage 118 of the hollow pin 108. Further, the central 
passage 116 is in communication with the rebound chamber 106 through a radial port 120 in 
the piston rod 78. Figure 8 also illustrates the flow of hydraulic fluid from the compression 
chamber 104, through the port 120 in the piston rod 78, into the rebound chamber 106. For 
this flow path, the hydraulic fluid flows from the compression chamber 104 through the 
hollow pin 108 and a central passage 116 of the piston rod 78 before flowing out of the port 
120 and into the rebound chamber 106. This flow path may be referred to as a pressure- 
activated flow path because fluid flow through the flow path will occur in response to a 
pressure differential between the compression chamber 104 and the rebound chamber 106.

|0061] The piston 54 of the illustrated embodiment also comprises a plurality of 
rebound flow passages 122, preferably three, extending in the axial direction through the 
piston 54. Each of the rebound flow passages 122 preferably includes an axial throughhole 
portion 122a and a radial channel portion 122b. The radial channel portions 122b are formed 
on the rebound side of the piston 54 and permit fluid to bypass the compression shim stack 
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114 during the rebound motion of the rear shock 38. As such, the hydraulic oil flows through 
both the radial channels 122b and the axial throughholes 122a during the rebound motion of 
the rear shock 38. A notable advantage of this configuration is that the size of the 
compression flow passages 112 can be increased to permit a very high flow rate of hydraulic 
fluid through the piston 54 during the compression motion without otherwise limiting the 
size of the rebound flow passages 122 and, hence, the amount of fluid that can flow through 
the rebound flow passages 122 that may otherwise be required if the radial channels 122b 
were not present. This also permits the piston 54 to be formed from a single piece of 
material, instead of a multi-piece or cup design.

[0062] In certain embodiments, the rebound flow passages 122 may cumulatively 
perforate and, hence, allow the passage of hydraulic fluid through 2% to 25%, 5% to 15%, or 
5% to 10% of the working area of the piston 54. The rebound flow passages 122 may 
cumulatively perforate and, hence, allow the passage of hydraulic fluid through no more than 
2%, 5%, 10%, 15%, or 25% of the working cross-sectional area of the piston 54.

[0063] A rebound shim stack 124, which can be made up of one or more flexible 
shims, preferably is positioned on the compression side of the piston 54 and covers the 
rebound passages 122. The rebound shim stack 124 deflects to allow, but to control the 
amount of, flow through the rebound flow passages 122 during the rebound motion of the 
rear shock 38. As such, the rebound shim stack 124 provides resistance to the flow of 
hydraulic fluid through the piston 54 during the rebound motion of the rear shock 38. The 
rebound shim stack 124 also prevents flow through the rebound flow passages 122 during the 
compression motion of the rear shock 38, but is preferably configured not to obstruct the flow 
of hydraulic oil through the compression flow passages 112 during compression motion. For 
example, in the illustrated arrangement, the piston 54 includes recesses 126 on the 
compression chamber 104 side that incorporate the openings of the compression flow 
passages 112. The recesses 126 permit compression flow through the compression flow 
passages 112 from the compression chamber 104 even when the rebound shim stack 124 is 
closed.

[0064] Figure 7 illustrates the flow path of hydraulic fluid (represented by arrows) 
from the rebound chamber 106, through the rebound flow passages 122, to the compression 
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chamber 104 during the rebound motion of the rear shock 38. In addition, Figure 7 illustrates 
the deflection of the shim stack 124, which permits flow through the rebound passages 122 
during the rebound motion of the rear shock 38.

[0065] Figure 7 also illustrates the flow of hydraulic fluid from the rebound 
chamber 106, through the port 120, the central passage 116 of the piston rod 78, and the 
passage 118 of the hollow pin 108 into the compression chamber 104 during rebound motion 
of the rear shock 38. The port 120 through the piston rod 78 provides a passage through 
which hydraulic fluid may flow between the central passage 116 and the rebound chamber 
106 when the rear shock 38 is partially to fully compressed. When the rear shock 38 is in its 
substantially uncompressed position, as illustrated in Figure 3, the bushing 94 blocks the port 
120 to substantially prevent the hydraulic fluid from flowing through the port 120 into the 
rebound chamber 106 or central passage 116. However, in some arrangements, the port 120 
may be positioned or otherwise configured such that fluid flow is permitted through the port 
120 even when the rear shock 38 is in the uncompressed position.

]0066] In the illustrated arrangement, an adjustment mechanism is provided that 
permits the flow rate through the port 120 to be varied or adjusted. For example, an 
adjustment rod 128 extends through the central passage 116 of the piston rod 78. The 
adjustment rod 128 preferably is configured to alter the damping force in the rear shock 38 by 
altering the amount of fluid that can flow through the port 120 upon compression motion and 
rebound motion. This is achieved by adjusting the adjustment rod 128 such that a needle 
portion or tip 130 of the adjustment rod 128 partially or, in some cases, fully blocks a valve 
seat portion 132 of the passage 118 of the hollow pin 108, thus restricting or, in some 
arrangements, fully preventing fluid from flowing through the port 120. The tip 130 and 
valve seat 132 include corresponding tapered surfaces and, thus, function as a needle-and- 
orifice-type adjustable valve. However, other suitable types of valves may be used in 
addition or in the alternative.

[0067] Furthermore, because in the configuration of the main body portion 40 
illustrated in Figures 2-7, the compression flow passages 112 allow significantly more flow 
volume therethrough as compared to the rebound flow passages 122, adjustments to the 
volume of fluid that is permitted to flow through port 120 more significantly affects the 
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rebound motion than the compression motion of the rear shock 38. Thus, while adjustment 
of the adjustment rod 128 alters fluid flow from the compression chamber 104 to the rebound 
chamber 106 during both compression motion and rebound motion, the adjustment rod 128 
more significantly adjusts the fluid flow from the compression chamber 104 to the rebound 
chamber 106 during the rebound motion of the rear shock 38. The rebound damping, as 
compared to the compression damping, is more greatly affected by the adjustment of the 
adjustment rod 128 for the following reason. For the sake of example, ignoring the flow 
restriction provided by the various shim stacks, the compression flow passages 112 are 
desirably configured to allow a greater flow rate therethrough as compared to the rebound 
flow passages 122. This is because, as discussed above, the cumulative size of the openings 
comprising the compression flow passages 112 is desirably significantly greater than the 
cumulative size of the openings comprising the rebound flow passages 122. Further, the size 
of the opening comprising the port 120 is preferably much less than the cumulative size of 
the openings comprising the compression flow passages 112. In certain embodiments, the 
size of the opening comprising the port 120 can be 2% to 30%, 5% to 25%, or 10% to 20% of 
the cumulative cross-sectional area of the openings comprising the compression flow 
passages 112. In certain embodiments, the size of the opening comprising the port 120 is no 
more than 30%, 25%, 15%, 10%, or 5% of the cumulative cross-sectional area of the 
openings comprising the compression flow passages 112. Thus, the additional flow through 
the port 120 does not significantly increase the flow from the compression chamber 104 to 
the rebound chamber 106 during the compression motion of the rear shock 38.

[0068] Similarly, the size of the opening comprising the port 120 is preferably 
less than the cumulative cross-sectional area of the openings comprising the rebound flow 
passages 122. In certain embodiments, the cross-sectional area of the opening comprising the 
port 120 can be approximately 15% to approximately 35% of the cumulative cross-sectional 
area of the openings comprising the rebound flow passages 122. In certain embodiments, the 
cross-sectional area of the opening comprising the port 120 is no more than 25% of the 
cumulative cross-sectional area of the openings comprising the rebound flow passages 122. 
In sum, because the ratio of the size of the port 120 to the size of the openings comprising the 
rebound flow passages 122 is greater than the ratio of the size of the port 120 to the size of 
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the openings comprising the compression flow passages 112, allowing flow through the port 
120 will more significantly affect the net overall flow during the rebound motion of the rear 
shock 38 as compared to the compression motion of the rear shock 38. Therefore, 
adjustments to the adjustment rod 128 will preferably have a greater effect on rebound 
damping as compared to compression damping of the rear shock 38.

[0069] As such, the adjustment rod 128 provides the user of the rear shock 38 
with the ability to adjust the rebound damping of the rear shock 38. An adjustment knob 134, 
which is attached to the end of the rebound adjustment rod 128, allows a user to adjust the 
adjustment rod 128 and, hence, the rebound damping rate of the rear shock 38. The 
adjustment knob 134 is located on the outside of the rear shock 38. Thus, it is easily and 
externally accessible by the user to allow for damping adjustments without requiring 
disassembly of the rear shock 38. A ball detent mechanism 136 provides a plurality of 
distinct adjustment positions of the adjustment knob 134. It is noted that the tip 130 of the 
adjustment rod 128 may or may not completely prevent flow through the port 120 in the fully 
closed, or downward-most, position. That is, a fluid-tight seal may not be created between 
the tip 130 of the adjustment rod 128 and the valve seat 132 even in the fully closed position. 
Thus, some fluid may flow through the port 120 in its “closed” position. Such fluid flow is 
often referred to as “bleed flow” and, preferably, is limited to a relatively small flow rate. 
Some amount of bleed flow may be intentionally permitted, or may result from normal 
manufacturing variations in the sizes or shapes of the tip 130 and valve seat 132. A seal 
member, such as an O-ring 138, inhibits or prevents fluid from moving beyond the tip 130 
portion of the adjustment rod 128 and into an upper portion of the central passage 116.

[0070] As described above, the rear shock 38 also includes a reservoir body 
portion 44 that is coupled to the main body portion 40. The interior chamber of the reservoir 
body portion 44 communicates with the compression chamber 104 through a passage 140a 
that extends through the closed end portion 60 of the damper tube 48 of the main body 
portion 40. This permits hydraulic fluid to move between the reservoir body portion 44 and 
the compression chamber 104. In a rear shock 38 such as that illustrated herein, in which the 
piston rod 78 occupies a varying volume of the interior of the damper tube 48 as the shock 38 
compresses and extends, damping fluid moves from the main body portion 40 to the reservoir 

-22-



WO 2010/129155 PCT/US2010/031308

body portion 44 to accommodate the increasing volume of the piston rod 78 within the 
damper tube 48 during compression and moves from the reservoir body portion 44 to the 
main body portion 40 to replace the increased volume within the damper tube 48 caused by 
the evacuation of the piston rod 78 from the damper tube 48 during rebound. Thus, the 
reservoir body portion 44 acts as a reservoir, or accumulator, for the damping fluid within the 
rear shock 38.

|0071] With reference to Figures 2 and 8-14, the reservoir body portion 44 
includes a reservoir tube 142. The reservoir tube 142 is closed on both ends thereof. A 
partition, such as a floating reservoir piston 144, is positioned inside of the reservoir tube 142 
and divides the interior space of the reservoir tube 142 is divided into a reservoir chamber 
146 and a gas chamber 148. In the illustrated arrangement, the floating reservoir piston 144 
is in sealed, sliding engagement with an inside surface of the reservoir tube 142. A 
substantially fluid-tight seal between the interior surface of the reservoir tube 142 and the 
reservoir piston 144 is provided by a seal member 150. Although other suitable seals may 
also be used, the seal member 150 is preferably a substantially round cross-section, annular 
seal. Although a floating piston 144 is presently preferred due to the relatively simple 
construction and reliable performance, other types of partitions may be used, such as a 
bladder arrangement, for example. In addition, a compressible member, such as a closed-cell 
foam member, may be positioned in the reservoir tube 142 and configured to collapse to 
enlarge the size of the reservoir chamber 146 and to expand to reduce the size of the reservoir 
to accept damping fluid from the main body 40 and return (or encourage the return of) 
damping fluid to the main body 40, respectively.

]0072] An end cap 152 closes the reservoir chamber 146 portion of the reservoir 
tube 142. In the illustrated arrangement, the end cap 152 is located at an upper end of the 
reservoir tube 142. As discussed above, the tube assembly 46 is attached to the end cap 152 
and allows the reservoir body portion 44 to interface with the closed end portion 60 of the 
damper tube 48 so that hydraulic fluid can flow from the passage 140 in the closed end 
portion 60 of the damper tube 48 to the reservoir chamber 146 of the reservoir body portion 
44. In particular, preferably, the end cap 152 defines a fluid passage 153 that permits fluid to 
be transferred between the tube assembly 46 and the interior of the reservoir tube 142.
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|0073] A second end cap 154 closes the gas chamber 148 end of the reservoir tube 
142, which in the illustrated arrangement is lower end of the reservoir tube 142 (both in 
Figure 8 and as assembled to the bicycle 20). The cap 154 includes a valve assembly 156 to 
add or remove gas, such as nitrogen, for example, to or from the gas chamber 148. The 
positive pressure exerted on the floating reservoir piston 144 by the pressurized gas within 
the gas chamber 148 causes the floating reservoir piston 144 to exert a pressure on the 
hydraulic fluid in the reservoir chamber 146. With such an arrangement, the positive 
pressure causes the gas chamber 148 to expand to include any space made available when 
hydraulic fluid flows from the reservoir chamber into the compression chamber. It also 
improves the flow of fluid from the reservoir body portion 44 into the compression chamber 
104 during the rebound motion of the rear shock 38.

[0074] A pressure-activated valve assembly and an inertia-activated (or 
acceleration-activated) valve assembly are positioned within the reservoir body portion 44. 
The inertia valve assembly 160 includes an inertia mass 162 slidably supported by a reservoir 
shaft 164. The inertia mass 162 is lightly biased to a closed position by a biasing member, 
such as a spring 166. In the illustrated arrangement, the closed position is upward relative to 
an open position of the inertia mass 162. When in the open configuration, the inertia valve 
assembly 160 permits communication between the reservoir chamber 146 and the 
compression chamber 104. Stated another way, when the inertia valve assembly 160 is in the 
open configuration, hydraulic fluid is permitted to flow from the compression chamber 104 
through the passage 140 and an internal passage 168 of the reservoir shaft 164, and out 
through reservoir shaft fluid ports 170 into the reservoir chamber 146.

|0075] Preferably, the pressure-activated valve assembly includes a primary valve 
assembly 172 and a two-way or bleed valve assembly 174. The primary valve assembly 172 
is positioned above the inertia valve assembly 160, or upstream of the inertia valve assembly 
160 relative to a compression fluid flow direction within the reservoir body portion 44. The 
primary valve assembly 172 includes a piston or partition 180 that is fixed within the 
reservoir tube 142 and defines a partition between the reservoir chamber 146 and an upper 
portion of the interior of the reservoir tube 142 that communicates with the compression 
chamber 104 (referred to herein as the primary valve chamber 182). In the illustrated 
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arrangement, the partition 180 is carried by the end cap 152 and, preferably, includes external 
threads that engage with internal threads of the end cap 152. The partition includes a 
centrally-located opening, which supports the reservoir shaft 164. In the illustrated 
arrangement, the opening includes internal threads that mate with external threads of the 
reservoir shaft 164. A shoulder portion 184 is defined where the reservoir shaft 164 reduces 
in diameter. The shoulder 184 supports an annular washer 186. The annular washer 186 
supports a compression flow shim stack 188 of the primary valve assembly 172 against a 
lower face of the piston 180. The washer 186 also defines an upper stop for the inertia mass 
162 to define a closed position of the inertia mass 162.

[0076] As illustrated, the partition 180 has one or more axial compression flow 
passages 190 and one or more axial refill ports 192. The compression flow shim stack 188 
regulates the flow rate of hydraulic fluid through the compression flow passages 190. In one 
embodiment, between 50 lbs and 75 lbs of force is required to be exerted on the compression 
flow shim stack 188 in order to deflect the compression flow shim stack 188 enough to allow 
the hydraulic fluid to flow through the compression flow passages 190 at a rate that allows 
the piston 54 to move within the damper tube 48 at a rate of approximately 0.05 m/s. In 
another embodiment, between 251bs and 501bs of force is required to be exerted on the 
compression flow shim stack 188 in order to allow the piston 54 to move within the damper 
tube 48 at a rate of approximately 0.05 m/s.

[0077] In certain embodiments, when there is at least about 251bs, 351bs, 451bs, 
551bs, 651bs or 751bs of force exerted on the compression flow shim stack 188, the shim stack 
188 deflects thereby opening the damping valve. Specifically, the compression flow shim 
stack 188 deflects enough to allow the piston 54 to move within the damper tube 48 at a rate 
of approximately 0.05 meters/sec.

[0078] However, to regulate the flow rate of hydraulic fluid through the 
compression flow passages 190, a flow element having a series of ports may be substituted 
for the shim stack 188. In general, any of the shim stacks described herein may be replaced 
or augmented with a flow element having a series of ports for the purpose of regulating the 
flow rate of hydraulic fluid through the various components comprising the rear shock 38. In 
addition, other suitable arrangements may also be used. For example, a check plate (with or 
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without a biasing member), an elastomer member, or other suitable methods for controlling 
damping fluid flow through a passage may also be used.

[0079] The axial compression flow passages 190 may cumulatively perforate and, 
hence, allow the passage of hydraulic fluid through, 10% to 50%, or 25% to 35%, of the 
working surface area of the partition 180, which may be defined as the area bounded by a 
peripheral edge of the partition 180. In the illustrated arrangement, the working area 
substantially corresponds to a cross-sectional area of the interior space of the reservoir tube 
142. The axial refill ports 192 may cumulatively perforate and, hence, allow the passage of 
hydraulic fluid through, 10% to 50% or more of the working surface area of the partition 180. 
The axial refill ports 192 may cumulatively perforate and allow the passage of hydraulic fluid 
through 2% to 25% of the working surface area of the partition 180. The axial refill ports 
192 may cumulatively perforate and allow the passage of hydraulic fluid through the partition 
180 at a flow rate approximately equal to the amount of flow of hydraulic fluid that is 
flowing through passage 140, i.e., approximately equal to the amount of flow of hydraulic 
fluid that is flowing from the reservoir body portion 44 to the main body portion 40.

[0080] In one embodiment, the compression flow shim stack 188 is configured to 
deflect to allow, but damp the flow rate of, hydraulic fluid through the compression flow 
passages 190 at normal operating pressures of the rear shock 38. In certain embodiments, 
each of the shims comprising the compression flow shim stack 188 is preferably a bendable 
disc made from a metallic alloy. In one embodiment, five shims that are approximately 16 
mm in diameter and 0.15 mm thick, stacked together, would produce a compression damping 
force of approximately 75 - 80 lbs at a rate of fluid flow that allows the piston 54 to move 
within the damper tube 48 at a rate of approximately 0.05 m/s. In another embodiment, four 
shims that are approximately 16 mm in diameter and 0.15 mm thick, stacked together, would 
produce a compression damping force of approximately 65 - 70 lbs at a rate of fluid flow that 
allows the piston 54 to move within the damper tube 48 at a rate of approximately 0.05 m/s. 
In another embodiment, three shims that are approximately 16 mm in diameter and 0.15 mm 
thick, stacked together, would produce a compression damping force of approximately 55 - 
60 lbs at a rate of fluid flow that allows the piston 54 to move within the damper tube 48 at a 
rate of approximately 0.05 m/s. In another embodiment, two shims that are approximately 16 
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mm in diameter and 0.15 mm thick, stacked together, would produce a compression damping 
force of approximately 45 - 50 lbs at a rate of fluid flow that allows the piston 54 to move 
within the damper tube 48 at a rate of approximately 0.05 m/s, and so on. In another 
embodiment, three shims having approximately a 21mm OD, an 8mm ID and a 0.24mm 
thickness are positioned on an approximately 0.7mm dished piston and pinched on an 
approximately 12mm OD pivot shim generating approximately 250-300 pounds of force at 
shaft speeds between approximately 1 in/s and 10 in/s. Shim stack configurations that 
include a lesser or greater number of shims and that produce less damping force or greater 
damping force than recited above may also be used.

|0081] The compression flow shim stack 188 of the present invention operates to 
damp the compression motion of the rear shock 38 and, accordingly, can be configured to 
deflect to allow hydraulic fluid to flow through the compression flow passages 190 at low or 
regular operating pressures within the primary valve chamber 182. In one embodiment, 
approximately 90% or more of the compression motion damping of the rear shock is 
accomplished by the compression flow shim stack 188 located in the reservoir body portion 
44, whereas the remainder of the compression motion damping of the rear shock is 
accomplished by other components of the rear shock (e.g., the compression shim stack 114 
located in the main body portion 40). In another embodiment, approximately 80% or more of 
the compression motion damping of the rear shock is accomplished by the compression flow 
shim stack 188 located in the reservoir body portion 44. In yet another embodiment, 
approximately 70% or more of the compression motion damping of the rear shock is 
accomplished by the compression flow shim stack 188 located in the reservoir body portion 
44. In yet another embodiment, approximately 50% or more of the compression motion 
damping of the rear shock is accomplished by the compression flow shim stack 188 located 
in the reservoir body portion 44.

|0082] As described above, the pressure-activated valve assembly also includes a 
two-way valve, or bleed valve 174, which selectively permits fluid flow between the primary 
valve chamber 182 and the reservoir chamber 146 in both the compression and rebound 
directions. The bleed valve 174 may be referred to as a pressure-activated valve (as opposed 
to an acceleration-activated valve, for example) because the valve 174 is responsive to 
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pressure differentials between the primary valve chamber 182 and the reservoir chamber 146. 
In the illustrated arrangement, the bleed valve 174 is a needle-and-orifice-type valve. In 
particular, preferably, an adjustment rod 194 extends downwardly from the end cap 152. An 
upper end of the adjustment rod 194 includes external threads that mate with interior threads 
of a central opening of the end cap 152. The reservoir adjustment rod 194 preferably is in 
rotational communication with an adjustment rod driver 196, which is supported for relative 
rotation by the end cap 152. An adjustment knob 198 is coupled for rotation with the driver 
196. The adjustment knob 134 is located externally of the reservoir tube 142 such that a user 
can access the adjustment knob 134 without disassembly of the shock 38. The adjustment 
rod 194 and the driver 196 are configured such that rotational motion is transmitted 
therebetween, but such that translational motion is permitted, such as by a splined 
connection, for example. Thus, rotation of the driver 196 (via rotation of the knob 134) 
causes rotation of the adjustment rod 194. As a result of the threaded engagement between 
the adjustment rod 194 and the end cap 152, rotation of the adjustment rod 194 results in 
simultaneous translation, or axial movement, of the adjustment rod 194 relative to the end 
cap 152, which allows the fluid flow through the bleed valve 174 to be adjusted, as described 
below. A ball detent mechanism 136 located between the knob 134 and end cap 152 
provides distinct adjustment positions of the adjustment knob 134.

[0083] Further, the adjustment rod 194 includes a tip portion 194a that preferably 
adjustably regulates the flow of hydraulic fluid through a metering rod flow port 202 located 
within the reservoir shaft 164. The tip 194a preferably defines a tapered surface that tapers to 
a smaller cross-sectional diameter toward the bottom end of the tip 194a (i.e., the end closest 
to the port 202). The largest diameter of the conical portion preferably is greater than the 
diameter of the cylindrical metering rod flow port 202, and the smallest diameter of the 
conical portion preferably is smaller than the diameter of the cylindrical metering rod flow 
port 202. With such an arrangement, the flow of hydraulic oil through the metering rod flow 
port 202 can be reduced by advancing the tip 194a of the adjustment rod 194 into the 
metering rod flow port 202. In some arrangements, the flow of hydraulic oil through the 
metering rod flow port 202 can be substantially prevented by fully engaging the tip 194a of 
the bleed valve plug 182 with the metering rod flow port 202. However, some amount of 
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flow may occur through a clearance space between the tip 194a and the metering rod flow 
port 202, which may occur by design or due to normal manufacturing variations in the size or 
shape of the tip 194a and the port 202, possibly among other components.

[0084] Advantageously, the overall structure of the illustrated reservoir body 
portion 44 facilitates the provision of damping adjustment features in shock absorber 38 that 
can be manufactured in a cost-effective manner. For example, preferably, the partition 180 is 
provided on the same end portion of the reservoir tube 142 in which the damping fluid is 
delivered from the main body portion 40 (via the passage 153). Thus, extemally-accessible 
adjustment features (e.g., the adjustment rod 194 and associated components) may be 
incorporated without adding unnecessary complexity. For example, in the illustrated 
arrangement, because the adjustment rod 194 extends from the same end of the reservoir 
body portion 44 from which the damping fluid is delivered to the reservoir body portion 44, 
the damping fluid is easily accessible and the adjustment rod does not need to be excessively 
long. In particular, it is advantageous that the adjustment rod 194 enters the reservoir body 
portion 44 on the reservoir chamber 146 side of the floating piston 144 and, thus, does not 
need to extend through the floating piston 144. In an arrangement in which an adjustment 
rod needs to pass through the floating piston, it is necessary to provide a seal between the 
adjustment rod and floating piston, which increases the frictional drag on the floating piston. 
Moreover, the dimensional tolerances (especially concentricity dimensions) must be tightly 
controlled to allow assembly and smooth operation of the components over a reasonable 
lifespan. Such tightly controlled tolerances increase the cost of manufacturing the shock 
absorber. In addition to the adjustment rod 194, which permits adjustment of the bleed valve 
174, the primary valve 172 and/or inertia valve 160 are conveniently accessible from the end 
of the reservoir body portion 44 into which the damping fluid is delivered from the main 
body portion 40 such that additional extemally-accessible adjustment mechanisms could be 
provided, such as by being incorporated into the end cap 152, for example.

[0085] As described above, the partition 180 also includes refill ports 192, which 
permit rebound fluid flow through the partition 180. A rebound flow shim stack 204 covers 
the refill ports 192 on an upper face of the partition 180. In the illustrated embodiment, the 
rebound flow shim stack 204 is comprised of a single shim that preferably is biased to a 
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closed position by a biasing mechanism, such as a spring. Thus, as used herein, a “shim 
stack’’ may include one shim or multiple shims. In the illustrated embodiment, the biasing 
mechanism is at least one and preferably multiple wave washers 206 positioned between the 
shim 204 and the end cap 152. Preferably, the wave washers 206 lightly bias the shim 204 to 
the closed position, but permit the shim 204 to open in response to a relatively small opening 
force. In the illustrated arrangement, four wave washers 206 are provided, with a single flat 
washer 208 interposed between the wave washers 206 and the shim 204. Thus, the rebound 
flow shim 204 substantially prevents fluid from flowing from the primary valve chamber 182 
to the reservoir chamber 146 through refill ports 192, while not significantly inhibiting fluid 
flow from the reservoir chamber 146 into the primary valve chamber 182 through the refill 
ports 192. Although preferred, the rebound flow shim stack 204 is not limited to the 
illustrated arrangement. The rebound flow shim stack 204 can be comprised of multiple 
shims, similar to the compression flow shim stack 188 described above.

|0086] In the illustrated embodiment, the damping control of the rebound motion 
of the rear shock 38 is advantageously at least primarily located in the main shock body of the 
rear shock 38, as opposed to being located in the reservoir body portion 44. Because the 
rebound flow restriction, or rebound damping, is primarily located in the main shock body of 
the rear shock 38, the flow of hydraulic fluid into the compression chamber 104 is not 
disturbed by cavitation or other flow disrupting effects that can result when the hydraulic 
fluid is sucked or pulled through the flow restriction devices or shim stacks that are located in 
the reservoirs of other, conventional designs. In the illustrated embodiment, during the 
rebound motion of the rear shock, a compressive force pushes the hydraulic fluid located in 
the rebound chamber 106 through the rebound flow passages 122, thus avoiding cavitation 
and other flow efficiency effects that may otherwise result. Another benefit of having the 
compression damping primarily occur in the reservoir body portion 44 and the rebound 
damping primarily occur in the main body portion 40 is that the heat generated by each is 
transferred to separate portions of the damping fluid within the overall system.

[0087] In certain embodiments, at least 90%, at least 80%, at least 70%, at least 
60% or at least 50% of the rebound motion damping of the rear shock 38 is accomplished in 
the main body portion 40, whereas the remainder of the rebound damping of the rear shock is 
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accomplished by other components of the rear shock (preferably in the reservoir body portion 
44). In one embodiment, this rebound damping in the main body portion 40 can be 
substantially accomplished by the rebound shim stack 124 located in the main body portion 
40.

[0088] Figure 12 illustrates the flow of hydraulic fluid from the reservoir chamber 
146, through the rebound flow passages 192 and port 202, as well as the corresponding 
preferred deflection of the rebound flow shim stack 204, when the inertia valve 160 is in the 
closed position. As shown, preferably, the rebound flow travels along a side of the inertia 
mass 162 along an axis of motion and in a closing direction of the inertia mass 162. Thus, 
advantageously, the rebound fluid flow can exert a fluid force on the inertia mass 162 tending 
to close it more quickly when the shock 38 changes from compression motion to rebound 
motion.

[0089] As described previously, the inertia valve assembly 160 is positioned 
within the reservoir tube 142 and includes the inertia mass 162 slidably supported on the 
reservoir shaft 164. As illustrated in Figures 13 and 14, the plurality of radially extending 
reservoir shaft fluid ports 170, each preferably having a generally cylindrical geometry, 
extend radially through the reservoir shaft 164. The reservoir shaft fluid ports 170 connect 
the passage 168 to the reservoir chamber 146. The inertia mass 162 is normally biased to an 
upward position by a biasing mechanism, such as the spring 166, to normally close the ports 
170. The spring 166 is supported by a stop 210 that is secured to a lower end of the reservoir 
shaft 164, such as by a threaded connection or other suitable arrangement. In response to a 
suitable acceleration force, the inertia mass 162 slides in a downward direction relative to the 
reservoir shaft 164 to open the ports 170, as is discussed in greater detail below.

[0090] The diameter of each reservoir shaft fluid port 170 may be between 0.5 
mm and 5.0 mm. As illustrated, the reservoir shaft 164 preferably has a total of six equally 
spaced reservoir shaft fluid ports 170, each with a diameter equal to approximately 1.0 mm. 
In another embodiment, the diameter of each reservoir shaft fluid port 170 is approximately
1.5  mm or more. In another embodiment, the diameter of each reservoir shaft fluid port 170 
is approximately 2.0 mm or more. In another embodiment, the diameter of each reservoir 
shaft fluid port 170 is approximately 3.0 mm or more. In yet another embodiment, the 
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diameter of each reservoir shaft fluid port 170 is approximately 4.0 mm or more. In another 
embodiment, the diameter of each reservoir shaft fluid port 170 is approximately 5.0 mm or 
more. In another embodiment, the reservoir shaft 164 may have two, four or more reservoir 
shaft fluid ports 170, regardless of the diameter of the reservoir shaft fluid ports 170. In 
certain embodiments, the total cross-sectional area of the reservoir shaft fluid ports 170 is 2 
square millimeters to 100 square millimeters, 2 square millimeters to 80 square millimeters, 2 
square millimeters to 60 square millimeters, 2 square millimeters to 40 square millimeters, 2 
square millimeters to 20 square millimeters, 2 square millimeters to 10 square millimeters, or 
2 square millimeters to 5 square millimeters. In certain embodiments, the total cross
sectional area of the reservoir shaft fluid ports 170 is no more than 12 square millimeters, no 
more than 10 square millimeters, no more than 8 square millimeters, no more than 6 square 
millimeters, or no more than 5 square millimeters.

[0091] Furthermore, in one embodiment, when an upward acceleration force is 
applied to the reservoir body portion 44 of the rear shock 38 (such as when the bicycle 20 
encounters a bump) that causes the inertia valve 160 to open and causes the piston 54 to 
move within the damper tube 48 at a rate of approximately 1.0 m/s, the components 
comprising the inertia valve 160 will preferably be configured such that virtually all of the 
hydraulic fluid flows into the reservoir chamber 146 via the reservoir shaft fluid ports 170 
and, accordingly, such that only a small volume of hydraulic fluid, if any, flows through the 
compression flow passages 190 at that rate of piston 54 movement. However, the inertia 
valve 160 of that same embodiment will preferably be configured such that, when the rear 
shock 38 encounters a more severe bump that causes the piston 54 to move within the damper 
tube 48 at a rate of approximately 4.0 m/s, the components comprising the inertia valve 160 
will preferably be configured such that approximately 20% or more of the total flow of 
hydraulic fluid flowing into the reservoir chamber 146 will flow through the reservoir shaft 
fluid ports 170 and approximately 80% or less of the total flow of hydraulic fluid flowing 
into the reservoir chamber 146 will flow through the compression flow passages 190.

[0092] In certain embodiments, when the rear shock 38 encounters a more severe 
bump that causes the piston 54 to move at a rate of approximately 4.0 m/s, the components 
comprising the inertia valve 160 will preferably be configured such that at least 80%, at least 
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70%, at least 60%, at least 50%, at least 40%, or at least 35% of the total flow of hydraulic 
fluid flowing into the reservoir chamber 146 will flow through passages other than passages 
closable by the inertia mass 162 (e.g., in the illustrated embodiment, the compression flow 
passages 190 and the bleed valve port 202).

|0093] In certain embodiments, the inertia valve 160 will preferably be configured 
such that, when the rear shock 38 encounters a more severe bump that causes the piston 54 to 
move at a rate of approximately 4.0 m/s, the components comprising the inertia valve 160 
will preferably be configured such that no more than 10%, no more than 20%, no more than 
30%, no more than 40%, no more than 50% or no more than 60% of the total flow of 
hydraulic fluid flowing into the reservoir chamber 146 will flow through the passages 
closable by the inertia mass (e.g., in the illustrated embodiment, the reservoir shaft fluid ports 
170).

]0094] The inertia mass 162 preferably is made from a relatively dense material, 
for example a dense metal such as brass, and preferably has a mass less than approximately 
two ounces. In another embodiment, the inertia mass 162 preferably has a mass less than 
approximately one and one-half ounces. In another embodiment, the inertia mass 162 has a 
weight of approximately 32 grams, or 1.13 ounces. In another embodiment, the inertia mass 
162 preferably has a mass less than approximately one ounce. In yet another embodiment, 
the inertia mass 162 preferably has a mass less than or equal to approximately one-half 
ounce. The inertia mass 162 preferably is relatively free of any axial passages or other 
sophisticated internal features or contours other than the main, cylindrical passage through 
the longitudinal center of the inertia mass 162, and also the annular groove 212 on the inside 
surface of the inertia mass 162. Without such passages and sophisticated internal features 
and contours, the inertia mass 162 is advantageously easier to manufacture, does not require 
substantial deburring on the internal surfaces, and is less likely to bind or stick to the 
reservoir shaft 164 as compared to other, conventional designs. The annular groove 212 is 
preferably formed on the inside surface of the inertia mass 162 to limit the amount of surface 
area on the inside surface of the inertia mass 162 that may come into contact with the outer 
surface of the reservoir shaft 164 and, hence, limit the amount of drag between the two 
components. Preferably, the inertia mass 162 has a streamlined geometric configuration such 
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that the mass to fluid resistance ratio is increased. In addition, the lower end of the inertia 
mass 162 includes a recess 214 that accommodates an upper end of the biasing spring 166 
and defines a spring seat that is contacted by one end of the biasing spring 166. In the 
illustrated arrangement, the inertia mass 162 includes one or more, and preferably a pair, of 
axial ports 216 that pass radially through the inertia mass 162 and open into the recess 214. 
The ports 216 may assist in evacuating fluid from between the inertia mass 162 and the stop 
210 as the inertia mass 162 moves downward such that movement of the stop 210 is not 
inhibited. In some embodiments, the inertia mass 162 may also have an annular groove (not 
shown) around the exterior of the inertia mass 162.

[0095] As discussed previously, the spring 166 biases the inertia mass 162 into an 
upward, or closed, position wherein the inertia mass 162 covers the openings of the reservoir 
shaft fluid ports 170 to substantially prevent fluid flow from the passage 168 to the reservoir 
chamber 146. Preferably, when the inertia mass 162 is in a closed (upward) position, flow to 
the reservoir chamber 146 primarily occurs through the compression flow passages 190 in the 
partition 180. Figure 11 illustrates the flow of hydraulic fluid from the passage 168 through 
the compression flow passages 190 in the partition 180 and into the reservoir chamber 146, as 
well as the corresponding preferred deflection of the compression flow shim stack 188, when 
the inertia valve 160 is in the closed position. However, the flow path, but not necessarily the 
flow volume, of hydraulic fluid through the compression flow passages 190 in the partition 
180 and into the reservoir chamber 146 may be as illustrated in Figure 11 even if the inertia 
valve 160 were in an open position.

[0096] As discussed, the inertia mass 162 is also movable into a downward, or 
open, position against the biasing force of the spring 166. In the open position, which is 
illustrated in Figures 13 and 14, the inertia mass 162 uncovers at least a portion of the 
reservoir shaft fluid ports 170 to allow fluid to flow therethrough, and a reduced compression 
damping rate is achieved. The stop 210 preferably operates as the lowermost stop surface for 
the inertia mass 162. With the illustrated arrangement, preferably, hydraulic fluid flows from 
the passage 168 through the reservoir shaft fluid ports 170, and around and along the inertia 
mass 162 into the reservoir chamber 146. Note that, while the inertia mass 162 is in the open 
position, hydraulic fluid may still flow from the passage 168 through the compression flow 
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passages 190 in the partition 180 and into the reservoir chamber 146, as illustrated in Figure 
11, in addition to flowing through inertia valve.

[0097] It is noted that, while the inertia mass 162 may be described as having an 
open and a closed position, the inertia mass 162 likely does not completely prevent flow 
through the reservoir shaft fluid ports 170 in the closed position. That is, a fluid-tight seal is 
not typically created between the inertia mass 162 and the reservoir shaft 164 on which it 
slides. Thus, some fluid may flow through the inertia valve 160 in its closed position. Such 
fluid flow is often referred to as “bleed flow" and, preferably, is limited to a relatively small 
flow rate. To create a fluid-tight seal between the inertia mass 162 and the reservoir shaft 
164 would require precise dimensional tolerances, which would be expensive to manufacture, 
and may also inhibit movement of the inertia mass 162 on the reservoir shaft 164 in response 
to relatively small acceleration forces.

[0098] With reference to Figures 9-12, another advantageous feature of the 
illustrated inertia valve 160 is a circumferential groove 218 around the exterior of the 
reservoir shaft 164. The center plane of the groove 218 preferably aligns with the axial 
centerlines of each of the reservoir shaft fluid ports 170. The groove 218 functions as a flow 
accumulator, equalizing the pressure of the hydraulic fluid emanating from the reservoir shaft 
fluid ports 170.

[0099] The groove 218 preferably may comprise an upper chamfer portion, an 
arcuate portion, and a lower chamfer portion. The width of the groove 218 (i.e., the 
combined width of the upper chamfer portion, the arcuate portion, and the lower chamfer 
portion) is preferably greater than the diameter of each of the reservoir shaft fluid ports 170 
such the groove 218 extends both above and below each of the reservoir shaft fluid ports 170 
and such that a significant amount of fluid can accumulate in the groove 218. In another 
embodiment, the groove 218 could be smaller than the diameter of the ports 170. The groove 
218 allows the fluid pressure to be distributed evenly over the inner circumference of the 
inertia mass 162. The even distribution of fluid pressure preferably creates a force tending to 
center the inertia mass 162 around the reservoir shaft 164, thus partially or fully 
compensating for any inconsistencies in fluid pressure that would otherwise occur due to the 
locations or orientations of, or variations in size between, the individual reservoir shaft fluid 
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ports 170. Such a feature helps to prevent binding of the inertia mass 162 on the reservoir 
shaft 164. The prevention of binding of the inertia mass 162 on the reservoir shaft 164 is 
beneficial in a bicycle application because it is desirable that the inertia valve be very 
sensitive to any terrain features which may only transmit relatively small acceleration forces 
to the inertia valve 160.

[0100] The preferred configuration of the groove 218 provides a nearly uniform 
(i.e., simultaneous) cutoff of hydraulic fluid flow emanating from each of the reservoir shaft 
fluid ports 170 as the inertia mass 162 reverts to its closed position. This is beneficial to 
ensuring that the inertia mass is not pushed off-center by the reservoir shaft fluid ports 170. 
As discussed, the preferred configuration of the groove 218 also advantageously ensures that 
the inertia mass 162 is not pushed off-center by a non-uniform flow of hydraulic fluid 
through the reservoir shaft fluid ports 170, or by non-uniform forces exerted by the hydraulic 
fluid flowing through the reservoir shaft fluid ports 170, during the compression motion of 
the rear shock 38.

[0101] Additionally, the chamfers may advantageously provide for a progressive 
shut off of hydraulic fluid flow through the reservoir shaft fluid ports 170 as the inertia mass 
162 reverts to its closed position. In particular, as the acceleration causing the inertia mass 
162 to move downward relative to the reservoir shaft fluid ports 170 is reduced, causing the 
inertia mass 162 to move upward, the inertia mass 162 first blocks the flow of hydraulic fluid 
flowing away from the lower chamfer portion, thus blocking only a portion of the hydraulic 
fluid flow going through the reservoir shaft fluid ports 170 in this position. The hydraulic 
fluid flowing from the lowest portion of the lower chamfer portion is less than the hydraulic 
fluid flowing from the upper portion of the lower chamfer portion. Thus, as the hydraulic 
mass 162 continues to move upward, it progressively blocks a greater amount of the 
hydraulic fluid flowing away from the lower chamfer portion. As the hydraulic mass 162 
continues to move upward, it progressively blocks a greater portion of the arcuate portion 
and, finally, the upper chamfer portion, until substantially all of the hydraulic fluid flowing 
through the reservoir shaft fluid ports 170 is stopped.

[0102] Although the illustrated reservoir body portion 44 includes an inertia valve 
160, in other arrangements, the inertia valve 160 may be omitted or may be replaced with, or 
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supplemented with, other compression or rebound fluid flow valves. However, the inertia 
valve 160 is preferred because it operates to distinguish terrain-induced forces from rider- 
induced forces. Terrain-induced forces are generally upwardly directed (compression) forces 
caused by the vehicle (such as a bicycle) encountering a bump. Rider-induced forces, in the 
case of a bicycle application, typically are short duration, relatively large amplitude forces 
generated from the pedaling action or other aggressive movements of the rider. The inertia 
valve may alternatively be configured to operate in response to rebound forces, rather than 
compression forces.

[0103] The illustrated embodiment includes multiple features that enhance the 
performance, durability, longevity adjustability and manufacturability, among other features, 
aspects and advantages of the shock absorber 38. For example, the direction of fluid flow 
within the reservoir chamber 146 tends to pass alongside the inertia mass 162 in both 
compression and rebound motion of the shock absorber 38. In addition, the flow tends to be 
generally aligned with the axis of movement of the inertia mass 162. Thus, advantageously, 
the flow of fluid within the reservoir chamber 146 tends to assist in opening the inertia mass 
162 during compression and assist in closing the inertia mass 162 during rebound. 
Accordingly, in addition to the features described above, such an arrangement further 
enhances the sensitivity of the inertia valve 160 in comparison to arrangements in which the 
flow is isolated from the inertia mass in one or both of compression and rebound movement.

]0104] In addition, as discussed above, the compression damping attributes of the 
shock absorber 38 preferably are primarily influenced by the compression damping valves 
(e.g., primary valve assembly 172 and bleed valve assembly 174) within the reservoir body 
portion 44. Accordingly, the larger the volume of damping fluid displaced from the main 
body portion 40 to the reservoir body portion 44, the greater the possibility for manipulating 
the flow of damping fluid to create the desired damping effect. For example, a greater 
volume of damping fluid introduced into the reservoir body portion 44 (or wherever the 
primary damping valves are located) allows for more separate damping circuits to be utilized 
and/or allows for more adjustable damping valves to be provided.

[0105] Advantageously, the damper components (e.g., damper tube 48 and piston 
rod 78) of the illustrated main body portion 40 are configured such that the main damper 
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functions substantially as a pump during compression of the shock absorber 38. That is, the 
damper components of the main body portion 40 are configured to move a large portion of 
the total available fluid volume of the damper tube 48 from the main body portion 40 to the 
reservoir body portion 44 during compression. In the illustrated arrangement, such pumping 
action is achieved primarily by providing a large outside diameter piston rod 78 relative to 
the inside diameter of the reservoir tube 48. Accordingly, the piston rod 78 tends to displace 
a significant volume of the total fluid within the damper tube 48 to the reservoir body portion 
44 during a complete compression stroke. The particular percentage of the fluid displaced 
can be calculated for any of the possible combinations of component or shock absorber 38 
dimensions or characteristics as described immediately below. For example, a total volume 
of the damper tube 48, total volume of the piston rod 78 and, thus, the displacement 
percentage could be calculated or reasonably estimated based on, for example, each of the 
possible shock lengths, piston rod 78 diameters, reservoir tube 48 diameters, clearances or 
ratio’s, described below. Preferably, at least about 30% of the damping fluid within the 
damper tube 48 is displaced by the piston rod 78 during a complete compression stroke. In 
some arrangements, at least about 40, 45, 50, 60, 70 80 or 90% of the damping fluid within 
the damper tube 48 is displaced by the piston rod 78 during a complete compression stroke. 
In one presently preferred arrangement, approximately 46% of the damping fluid within the 
damper tube 48 is displaced by the piston rod 78 during a complete compression stroke. 
Displacement of a significant percentage of the total fluid within the damper tube 48 could 
also be accomplished by not allowing any fluid flow through the main body damping piston 
54 (i.e., a piston displacement arrangement). However, preferably, as discussed above, fluid 
flow is permitted through the main body damping piston 54 during compression to be used 
during subsequent rebound motion of the shock absorber 38. Piston displacement 
arrangements require some method of filling the rebound chamber, which would be difficult 
to accomplish in an integrated rear shock absorber arrangement (i.e., both spring and 
damping functions) while maintaining a reasonable manufacturing cost and weight. In 
addition, with the illustrated arrangement, the main body portion 40 and reservoir body 
portion 44 may be described as having a master/slave relationship. For example, during 
compression motion, the damping action of the shock absorber 38 preferably is primarily 
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controlled by the compression damping circuit(s) within the reservoir body portion 44. Thus, 
the reservoir body portion 44 is the master to the main body portion 40 slave because the 
reservoir body portion 44 controls the motion and the main body portion 40 moves as 
permitted by the damping action within the reservoir body portion 44. On rebound, the roles 
may be reversed. For example, the rebound damping preferably is controlled primarily by the 
rebound damping circuit(s) of the main body portion 40, which acts as the master to control 
rebound fluid flow. The flow within the rebound circuit(s) of the reservoir body portion 44 is 
controlled by the main body portion 40 rebound damping circuit(s) and, thus, acts as the slave 
to the rebound damping circuit(s) of the main body portion 40.

[0106] In a preferred arrangement, in the context of a bicycle rear shock absorber 
38, the piston rod outer diameter is between about 6mm and about 20mm and, more 
preferably, between about 8mm and about 20mm. However, the piston rod outer diameter 
maybe about 9mm, 10mm, 11mm, 12mm, 13mm, 14mm, 15mm 16mm, 17mm, 18mm or 
19mm. In one particularly preferred arrangement, the piston rod outer diameter is about 
12mm. Furthermore, in other arrangements, taking into account other factors or applications, 
the piston rod outer diameter may be larger or smaller than the above-described dimensions. 
In a preferred arrangement, the damper tube inner diameter is between about 8.4mm and 
about 35mm. More preferably, the damper tube inner diameter is between about 14mm and 
about 21mm. A presently preferred embodiment of the damper tube inner diameter is about 
17.7mm. However, the damper tube inner diameter may be about 9mm, 10mm, 11mm, 
12mm, 13mm, 14mm, 15mm 16mm, 17mm, 18mm, 19mm, 20mm, 21mm, 22mm, 23mm, 
24mm, 25mm, 26mm, 27mm, 28mm, 29mm, 30mm, 31mm, 32mm, 33mm or 34mm, 
preferably taking into account the outer diameter of the piston rod 78 and providing a 
desirable amount of clearance between the two to accommodate an appropriate sealing 
arrangement. Preferably, the minimum diametrical clearance totals at least about 1,5mm (i.e., 
about 0.75mm of radial clearance). In a preferred arrangement, the clearance totals between 
about 1,5mm and about 9.5mm. More preferably, the total clearance is between about 1,5mm 
and about 8mm. However, the total clearance may be about 2mm, 3mm, 4mm, 5mm, 6mm, 
7mm, 8mm or 9mm, among other possibilities depending on the size, application or other 
relevant factors of the shock absorber 38.

-39-



WO 2010/129155 PCT/US2010/031308

[0107] In a preferred arrangement, a ratio of the damper tube 48 inside diameter 
to the piston rod 78 outside diameter is between about 1.05:1 and about 1.75:1. In a presently 
preferred arrangement the ratio is about 1.5:1 and, more specifically, about 1.48:1. However 
the ratio maybe about 1.05:1, 1.1:1, 1.2:1, 1.3:1, 1.4:1, 1.5:1, 1.6:1, 1.7:1, or 1.75:1. With a 
shock absorber 38 having a piston rod outer diameter and damper tube inner diameter sized 
substantially within the ranges described above (preferably, a piston rod outer diameter 
between about 6-20mm and a damper tube inner diameter of about 8-35mm and, more 
specifically, with a piston rod outer diameter of about 12mm and a damper tube inner 
diameter of about 17.7mm and/or within about any combination of the length, travel and 
leverage ratio ranges discussed below), the ratio of the damper tube 48 inside diameter to the 
piston rod 78 outside diameter may be as much as about 2.0:1 or about 2.5:1.

[0108] A preferred shock absorber 38 has a length (usually measured between the 
centers of the eyelets 62 and 66) of between about 6.5 and about 10.25 inches and, more 
preferably, between about 6.5 and about 9.5 inches. A particularly preferred embodiment has 
a length of about 7.36 inches. The total travel of the shock absorber 38 preferably is between 
about 1 and about 5 inches, between about 1 and about 4 inches, or between about 1 and 
about 3.5 inches. A particularly preferred embodiment of the shock absorber 38 has a total 
travel of about 47mm (or about 1.85 inches). A particularly preferred embodiment of the 
shock absorber 38 has a leverage ratio when installed on a bicycle of about 4:1 and, more 
specifically, about 3.98:1. The leverage ratio is the ratio of the travel of the wheel axis 
compared to the travel of the shock absorber. Thus, the wheel tends to travel about 4 times as 
far as the shock travel on average throughout the complete travel range of the wheel. 
However, the leverage ratio may vary at any particular portion of the full range of travel.

[0109] The operation of the rear shock 38 is discussed with reference to Figures 
1-14. As discussed above, the rear shock 38 preferably is operably mounted between 
movable portions of the bicycle frame 22, such as between the main frame 24 (e.g., the seat 
tube 27) and the subframe portion 26 of the bicycle 20. Preferably, the damper tube 48 
portion of the rear shock 38 is connected to the subframe portion 26 and the air sleeve 50 
(and, thus, the piston rod 78 and piston 54) is connected to the seat tube 27. As shown in 
Figure 1, the reservoir body portion 44 is preferably connected to the subframe portion 26 of 
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the bicycle 20 near the rear axle. The rear shock 38 is capable of both compression and 
rebound motion.

[0110] When the rear wheel 30 of the bicycle 20 is impacted by a bump, the 
subframe portion 26 rotates with respect to the main frame portion 24, tending to compress 
the rear shock 38. The inertia mass 162 is biased by the force of the spring 166 to remain in 
the closed position. In order for the inertia mass 162 to overcome the force of the spring 166 
and move to an open position such that fluid flows from the passage 168 through the 
reservoir shaft fluid ports 170 and into the reservoir chamber 146, the acceleration 
experienced by the reservoir body portion 44 along its longitudinal axis must exceed a 
threshold value.

10111] For compression motion of the rear shock 38 (i.e., for the piston 54 to 
move into the damper tube 48), the fluid that is displaced by the piston rod 78 must flow into 
the reservoir chamber 146. However, when the inertia mass 162 is in a closed position with 
respect to the reservoir shaft fluid ports 170, fluid flow into the reservoir chamber 146 
preferably is substantially impeded. When the inertia valve 160 is in the closed position, the 
rear shock 38 preferably remains substantially rigid. As noted above, some amount of fluid 
flow from the compression chamber 104 to the reservoir chamber 146 preferably is permitted 
through the bleed valve 174. However, preferably, the fluid flow through the bleed valve 174 
is restricted to a level such that the bleed valve 174 is primarily effective for permitting 
settling or sag of the shock 38 over a (relatively short) period of time. The flow through the 
bleed valve 174 preferably is insufficient to permit the shock 38 to be responsive to bumps in 
response to fluid flow solely through the bleed valve 174.

[0112] However, even if the inertia valve 160 remains in the closed position, fluid 
can still transfer from the compression chamber 104 into the reservoir chamber 146 if the 
compressive force exerted on the rear shock 38 is of a magnitude sufficient to increase the 
fluid pressure within the primary valve chamber 182 to a pressure threshold level that will 
cause the compression flow shim stack 188 to open and allow fluid to flow from the primary 
valve chamber 182 through the compression flow passages 190 and into the reservoir 
chamber 146.
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[0113] In the configurations described herein, the positive or extension spring 
force of the rear shock 38 is produced by the pressure of the gas in the primary air chamber 
86. The damping rate in compression is determined mainly by the flow through the 
compression flow passages 190 in the reservoir body portion 44, as well as the less 
significant damping effects produced by the compression shim stack 114 in the main body 
portion 40.

|0114] If a sufficient magnitude of acceleration is imposed along the longitudinal 
axis of the reservoir body portion 44 (i.e., the axis of travel of the inertia mass 162), the 
inertia mass 162 will overcome the biasing force of the spring 166 and move downward 
relative to the reservoir shaft 164 into an open position. With the inertia valve 160 in the 
open position, hydraulic fluid is able to be displaced from the compression chamber 104 
through the reservoir shaft fluid ports 170 and into the reservoir chamber 146. Thus, the rear 
shock 38 is able to be compressed and the compression damping preferably is determined 
primarily by flow through the compression flow passages 190 in the reservoir body portion 
44, as well as the reservoir shaft fluid ports 170.

[0115] The mass of the inertia mass 162, the spring rate of the spring 166, and the 
preload on the spring 166 determine the minimum threshold for the inertia mass 162 to 
overcome the biasing force of the spring 166 and move to the open position. The spring rate 
of the spring 166 and the preload on the spring 166 are preferably selected such that the 
inertia mass 162 is biased by the spring 166 into a closed position when no upward 
acceleration is imparted in the axial direction of the reservoir body portion 44. However, the 
inertia mass 162 will preferably overcome the biasing force of the spring 166 when subject to 
an acceleration that is between 0.1 and 3 times the force of gravity (G’s). Preferably, the 
inertia mass 162 will overcome the biasing force of the spring 166 upon experiencing an 
acceleration that is between 0.25 and 1.5 G's. However, the predetermined threshold maybe 
varied from the values recited above.

|0116] With reference to Figures 13 and 14, when the inertia mass 162 is in the 
open position, the spring 166 exerts a biasing force on the inertia mass 162 which tends to 
move the inertia mass 162 toward the closed position. Advantageously, with the exception of 
the spring biasing force and fluid resistance, the inertia mass 162 moves freely within the 
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body of fluid contained in the reservoir chamber 146 to increase the responsiveness of the 
inertia valve 160 and, hence, the rear shock 38 to forces exerted on the rear wheel 30. The 
inertia valve 160 differentiates between bumpy surface conditions and smooth surface 
conditions, and alters the damping rate accordingly. During smooth surface conditions, the 
inertia valve 160 remains in a closed position and the damping rate is desirably firm, thereby 
inhibiting suspension motion due to the movement of the rider of the bicycle 20. When the 
first significant bump is encountered, the inertia valve 160 opens to advantageously lower the 
damping rate so that the bump may be absorbed by the rear shock 38.

[0117] Once the rear shock 38 has been compressed, either by fluid flow through 
the primary valve assembly 172 or the inertia valve 160, or both, the spring force generated 
by the combination of the primary air chamber 86 and the second air chamber 102 tends to 
bias the damper tube 48 away from the air sleeve 50. In order for the rear shock 38 to 
rebound, a volume of fluid equal to the volume of the piston rod 78 exiting the reservoir tube 
142 must be drawn from the reservoir chamber 146 and into the compression chamber 104. 
Fluid flow is allowed in this direction through the refill ports 192 in the primary valve 
assembly 172 against a desirably light resistance offered by the rebound flow shim stack 204. 
Gas pressure within the gas chamber 148 exerting a force on the floating reservoir piston 144 
may assist in this refill flow. Thus, the rebound damping rate is determined primarily by 
fluid flow through the rebound flow passages 122 of the primary piston 54 against the biasing 
force of the rebound shim stack 124.

[0118] As discussed, the present rear shock 38 includes an inertia valve 160 
comprising an inertia mass 162 and a reservoir shaft 164 having a circumferential groove 218 
in the reservoir shaft 164 aligned with the reservoir shaft fluid ports 170 to create an even 
distribution of fluid pressure on the inertia mass 162 and, hence, substantially inhibit or 
prevent the inertia mass 162 from binding on the reservoir shaft 164. The off-center 
condition of the inertia mass 162 may cause it to contact the reservoir shaft 164 causing 
friction, which tends to impede motion of the inertia mass 162 on the reservoir shaft 164. 
Due to the relatively small mass of the inertia mass 162 and the desirability of having the 
inertia mass 162 respond to small accelerations, any friction between the inertia mass 162 and 
the reservoir shaft 164 seriously impairs the performance of the inertia valve 160 and may 
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render it entirely inoperable. The off-center condition may result from typical variations 
associated with the manufacturing processes needed to produce the components of the inertia 
valve 160. Further, the binding effect of the inertia mass 162 may result from burrs located 
on the inner surface of the inertia mass 162 or the outer surface of the reservoir shaft 164. 
Because the inertia mass 162 advantageously has a generally smooth inner surface, the 
deburring operations on the inside surface of the inertia mass 162 are substantially simplified 
and the risk of binding is substantially reduced.

[0119] With reference to Figures 2 and 15, preferably, the shock absorber 38 is 
configured to permit at least partial disassembly of the suspension spring portion without 
disassembly of the damper portion. Thus, routine servicing of the suspension spring is made 
possible, without necessitating draining of the damping fluid from the damper. Accordingly, 
the routine servicing of the suspension spring is much more convenient. The servicing of the 
suspension spring usually involves replacement and/or lubrication of one or more seals (e.g., 
seal 90, seal 70) of the suspension spring. However, access to the interior of the air sleeve 50 
for any purpose is enhanced.

[0120] In the illustrated arrangement, the air sleeve 50 can be uncoupled from the 
end cap 52 and slid towards the closed end 60 of the damper tube 48. The tube assembly 46 
is configured such that the air sleeve 50 can pass over the tube portion 46a of the tube 
assembly 46 a sufficient distance to pennit servicing of the air spring. As illustrated, 
preferably, the tube portion 46a exits the damper tube 48 at less than a 90 degree angle 
relative to a longitudinal axis of the damper tube 48. More preferably, the tube portion 46a 
exits the damper tube 48 at less than 75 degrees, less than 60 degrees or less than 45 degrees 
relative to the longitudinal axis of the damper tube 48. In one preferred arrangement, the 
angle is approximately 45 degrees relative to the longitudinal axis of the damper tube 48. In 
addition, the tube portion 46a preferably has a maximum width (dimension in a direction 
generally perpendicular to a line connecting the centers of the openings at the end portions) 
that is less than the diameter of the interior space of the air sleeve 50. Thus, the air sleeve 50 
preferably can pass partially or completely over the tube portion 46a. One or more of the exit 
angle, shape or size of the tube portion 46a assists in permitting the air sleeve 50 to pass 
partially or completely over the tube portion 46a of the tube assembly 46.
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[0121] Preferably, the air sleeve 50 can pass over the tube portion 46a a sufficient 
distance such that the seal 90 of the air spring piston 56 is exposed or accessible. In at least 
one arrangement, the air sleeve 50 can pass over the tube portion 46a a sufficient distance 
such that the seal 70 passes beyond the closed end 60 of the damper tube 48. In at least one 
arrangement, the air sleeve 50 can pass completely over the tube portion 46a. If necessary or 
desired, new seals (e.g., seals 70 and/or 90) can be passed over reservoir body portion 44 or 
over the end cap 52 and assembled to the air sleeve 50 or piston 56, respectively. In some 
arrangements, the end cap 52 may be removable from the piston rod 78, without releasing 
damping fluid from the damper, and the replacement seals can be passed over the piston rod 
78 and assembled to the air sleeve 50 or piston 56.

[0122] Figures 16 and 17 illustrate a portion of another embodiment of the 
reservoir 44 of Figures 1-15, in which features are referred to using the reference number of 
the same or similar feature in the shock absorber of Figures 1-15. The portion of the shock 
absorber not illustrated in Figures 16 and 17 may be the same as or similar to the shock 
absorber described with reference to Figures 1-15, or may be of any suitable construction 
apparent to one of skill in the art in view of the disclosure herein. The reservoir of Figures 16 
and 17 includes a fluid flow control arrangement 250 that guides fluid flow through the 
inertia valve assembly 160 in a manner to enhance the operation of the inertia valve assembly 
160 at least for certain applications of the shock absorber 38, such as for use on an off-road 
bicycle (e.g., the bicycle 20 of Figure 1). In particular, a preferred fluid flow control 
arrangement 250 operates, in at least certain circumstances, to produce a force tending to urge 
the inertia mass 162 toward an open position (downward in the orientation of Figure 16) once 
the inertia mass 162 has moved sufficiently toward the fully open position. The force 
produced by the fluid flow control arrangement 250 can maintain the inertia mass 162 in an 
open position after the acceleration force acting on the mass 162 has fallen below the point 
necessary to maintain the inertia mass 162 in an open position via the acceleration force 
alone. As is known, the acceleration force usually is reduced below the point necessary to 
maintain the inertia mass 162 in an open position prior to the completion of the compression 
stroke of the shock absorber 38. Accordingly, a preferred fluid flow control arrangement 250 
can extend the period of time in which the inertia mass 162 remains in an open position 
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beyond the point at which the acceleration force diminishes and, preferably, until 
substantially the end of the compression stroke. In certain arrangements, the fluid flow 
control arrangement 250 can inhibit the inertia mass 162 from opening in response to 
acceleration forces below a desired actuation threshold.

[0123] The illustrated fluid flow control arrangement 250 includes a flow body or 
fluid deflection cap 252 positioned between the partition 180 and the inertia mass 162. The 
fluid deflection cap 252 desirably is a generally cap-like or bowl-like structure surrounding 
the reservoir shaft 164 and, preferably, surrounding an upper end portion of the inertia mass 
162 when the inertia mass 162 is in a fully closed position (uppermost position in Figure 16). 
The fluid deflection cap 252 is supported on the shoulder 184 of the reservoir shaft 164 and, 
in turn, supports the compression shim stack 188 against the lower face of the partition 180.

[0124] The illustrated fluid deflection cap 252 includes a neck portion 254 and a 
base portion 256, which together provide the function of the annular washer 186 of the 
embodiment of Figures 1-15. That is, the neck portion 254 abuts the shoulder 184 of the 
reservoir shaft 164 and secures the shim stack 188 against the partition 180. The base portion 
256 defines an upper stop for the inertia mass 162. The stop surface of the base portion 256 
may include a groove 256a that reduces the contact area between the inertia mass 162 and the 
base portion 256 to reduce the suction effect of fluid trapped between the surfaces, which 
tends to inhibit the inertia mass 162 from separating from the base portion 256. 
Alternatively, the inertia mass 162 or the base portion 256 may be provided with protrusions 
that serve a similar purpose. However, the groove 256a is preferred because it is more 
convenient to manufacture.

[0125] The fluid deflection cap 252 also includes a sidewall portion 258 that 
extends in an axial direction from the base portion 256 toward the inertia mass 162 
(downward in Figure 16) and, as described above, preferably overlaps an upper end portion 
of the inertia mass 162 along a longitudinal axis of the reservoir shaft 164 when the inertia 
mass 162 is in a fully closed position. Preferably, a lip 260 extends radially inward from the 
free or lower end of the sidewall portion 258 toward the inertia mass 162, but is sized to 
define an annular flow passage or clearance space C (Figure 17) with the inertia mass 162 
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such that the inertia mass 162 can freely move up and down on the reservoir shaft 164 
without contacting the lip 260.

[0126] The upper end portion of the illustrated inertia mass 162 desirably defines 
a smaller outer diameter, or maximum cross-sectional dimension, than an intermediate 
portion of the inertia mass 162, which preferably is about the same cross-sectional size as the 
inertia mass 162 of Figures 1-15. In addition, the outer diameter, or maximum cross
sectional dimension, of the sidewall portion 258 of the fluid deflection cap 252 preferably is 
about the same as the outer diameter of the intermediate portion of the inertia mass 162. 
Thus, the cap 252 and the inertia mass 162 have a substantially similar outer size and shape 
such that damping fluid is able to flow relatively smoothly alongside the fluid deflection cap 
252 and the inertia mass 162 without substantial changes in pressure or velocity.

[0127] The outer surface of an intermediate portion 262 of the inertia mass 162 
below the upper end portion of the inertia mass 162 is generally aligned with the lip 260 of 
the fluid deflection cap 252 when the inertia mass 162 is in the fully-closed position. The 
intermediate portion 262 may define a recess that extends beyond the lip 260 on each side 
(see Figure 18) or may be generally the same or similar in cross-sectional size and shape as 
the upper end portion as shown in Figures 16 and 17.

[0128] The upper end portion of the inertia mass 162 defines a lip portion or lip 
264, which defines a radially outward-facing surface. The lip portion 264 is positioned at an 
uppermost end of the inertia mass 162. However, in other arrangements, the lip portion 264 
may be spaced from the uppermost end. The lip portion 264 desirably has an outer size and 
shape that is capable of passing through the space defined by the lip 260 of the fluid 
deflection cap 252, as described above. Thus, in the illustrated arrangement, the lip 260 of 
the fluid deflection cap 252 and the lip portion 264 of the inertia mass 162 define the 
clearance space C therebetween. The clearance space C can define a linear distance (in a 
direction perpendicular to the axis of movement of the inertia mass 162) between the lip 260 
of the fluid deflection cap 252 and the lip portion 264 of the inertia mass 162. However, in 
other arrangements, the clearance space C may be defined by other portions of the fluid 
deflection cap 252 (or an equivalent structure) and any suitable portion of the inertia mass 
162. Moreover, the clearance space C may define a linear distance in a direction offset from
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perpendicular the axis of movement of the inertia mass 162. In a general sense, the clearance 
space C can be created by any cooperating surfaces of the movable inertia mass 162 and a 
structure (e.g., the flow body) that is stationary relative to the inertia mass 162 that are 
adjacent one another when the inertia mass 162 is in an open or partially open position. In 
the illustrated arrangement, the lips 260 and 264 become adjacent one another (as the inertia 
mass 162 is moving upward in Figures 16 and 17) generally at about the same time, or just 
prior to, when the upper end of the inertia mass 162 starts to block the ports 170.

[0129] In the illustrated arrangement, the clearance space C defines a linear 
dimension between the lip 260 and the lip portion 264 that may be sized relative to other 
portions of a damping fluid flow path of the shock absorber 38 to create localized fluid flow 
dynamics that influence the behavior of the inertia mass 162. For example, the clearance 
space C in the illustrated arrangement is sized relative to the collective area of the port or 
ports 170 in the reservoir shaft 164 to slow the return of the inertia mass 162 from an open 
position to a closed position. In particular, the total flow area of the clearance space C, which 
is substantially annular in the illustrated arrangement, can be sized relative to the collective 
area of the ports 170 to create a localized flow restriction. The collective area of the ports 
170 is the total area available for fluid flow that is controlled by the inertia mass 162. The 
flow restriction causes a pressure increase within the interior of the fluid deflection cap 252 
which, in turn, applies a force to the inertia mass 162 tending to inhibit the inertia mass 162 
from entering the interior chamber 266 of the fluid deflection cap 252 and returning to a 
closed position. The increased pressure within the fluid deflection cap 252 may be present 
during a substantial entirety of a compression stroke of the shock absorber 38 (the entire time 
that compression fluid flow is present) at a level sufficient to retain the inertia mass 162 in an 
open or at least partially open position during substantially the entire compression stroke. 
Alternatively, the increased pressure situation may occur for a duration that is shorter than the 
duration of an individual compression stroke. In such an arrangement, the inertia mass 162 
may move to a closed or partially closed position prior to the end of an individual 
compression stroke. However, preferably, the fluid flow control arrangement 250 is 
configured such that the inertia mass 162 is retained in an open or partially open position 
beyond the point at which the acceleration force acting on the inertia mass 162 alone is 
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sufficient to maintain the inertia mass 162 in an open position. Moreover, the fluid flow 
control arrangement 250 is operable to inhibit the inertia mass 162 from closing due to 
momentum of the mass 162 that may be imparted by certain terrain-induced forces. 
Similarly, the provision of the clearance space C can inhibit the inertia mass 162 from 
opening in response to acceleration forces below a desired threshold by creating a pressure 
differential between the chamber 266 and the portion of the reservoir chamber 146 outside of 
the chamber 266.

[0130] In one arrangement, the area defined by the clearance space C is less than 
or equal to the collective area of the ports 170. For example, the area defined by the 
clearance space C can be between about 25% and about 100% of the collective area of the 
ports 170. Preferably, the area defined by the clearance space C is between about 50% and 
about 90% of the collective area of the ports 170 and, more preferably, between about 75% 
and about 85% of the collective area of the ports 170. In general, if the area of the clearance 
space C is sized as a greater percentage of the collective area of the ports 170, the fluid force 
tending to hold the inertia mass 162 open will be reduced and if the area of the clearance 
space C is sized as a lesser percentage of the collective area of the ports 170, the fluid force 
tending to hold the inertia mass 162 open will be increased.

[0131] Alternatively, it has been discovered by the present inventor/s) that it is 
not necessary for the area defined by the clearance space C to be less than or equal to the 
collective area of the ports 170 to provide benefits in some embodiments. The fluid flow 
control arrangement 250 can still influence the movement of the inertia mass 162 when the 
area defined by the clearance space C equal to or greater than the collective area of the ports 
170. Preferably, the area defined by the clearance space C is not significantly greater than to 
the collective area of the ports 170. In such an arrangement, the area defined by the clearance 
space C can be between about 100% and about 110% of the collective area of the ports 170. 
Preferably, the area defined by the clearance space C is between about 100% and about 105% 
of the collective area of the ports 170 and, more preferably, between about 100% and about 
102% of the collective area of the ports 170.

[0132] It is noted that, although the clearance space C is sized relative to the ports 
170 in the illustrated arrangement, the clearance space C may be sized relative to other 
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portions of the damping fluid flow path upstream or downstream from the clearance space C 
in order to create the desired fluid flow dynamics to influence movement of the inertia mass 
162 as desired. In the illustrated arrangement, the ports 170 of the reservoir shaft 164 feed 
the interior chamber 266 of the fluid deflection cap 252 above the inertia mass 162. Thus, 
the collective area of the ports 170 provides a convenient portion of the compression fluid 
flow path for relative sizing of the area defined by the clearance space C. However, it would 
also be possible to size the clearance space C relative to another portion of the compression 
fluid flow path.

[0133] As described above with reference to Figures 1-15, the pressure-activated 
valve assembly of the reservoir 44 includes the primary valve assembly 172 and the bleed 
valve assembly 174. Advantageously, in the illustrated arrangement of Figures 16 and 17, 
fluid flow through the primary valve assembly 172 and the bleed valve assembly 174 does 
not pass through the clearance space C. Thus, although the clearance space C is effective to 
influence movement of the inertia mass 162, it does not restrict flow through the primary 
valve assembly 172 and the bleed valve assembly 174. Accordingly, fluid flow through the 
primary valve assembly 172 and the bleed valve assembly 174 can be optimized because 
fluid flow is not restricted by the clearance space C. At the same time, the clearance space C 
can be optimized to influence the inertia mass 162 as desired, without negatively affecting the 
fluid flow through the primary valve assembly 172 and the bleed valve assembly 174.

[0134] The operation of the rear shock 38 incorporating the reservoir 44 of 
Figures 16 and 17 is substantially similar to the operation of the rear shock 38 discussed with 
reference to Figures 1-14. The rear shock 38 is operably mounted between movable portions 
of the bicycle frame 22, such as between the main frame 24 (e.g., the seat tube 27) and the 
subframe portion 26 of the bicycle 20. The reservoir 44 preferably is connected to the 
subframe portion 26 of the bicycle 20 near the rear axle. When the rear wheel 30 of the 
bicycle 20 is impacted by a bump, the subframe portion 26 rotates with respect to the main 
frame portion 24, tending to compress the rear shock 38. The inertia mass 162 is biased by 
the force of the spring 166 to remain in the closed position and moves to an open position 
only if the acceleration experienced by the reservoir body portion 44 along its longitudinal 
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axis exceeds a threshold value. During compression motion of the rear shock 38, fluid is 
displaced by the piston rod 78 from the damper tube 48 into the reservoir chamber 146.

[0135] When the inertia valve 160 is in the closed position, fluid flow from the 
compression chamber 104 to the reservoir chamber 146 occurs through the bleed valve 174 
and/or the primary valve 172. Compression fluid flow through the bleed valve 174 passes 
through the internal passage 168 of the reservoir shaft 164, without passing through the 
clearance space C. Compression fluid flow through the primary valve 172 passes through the 
compression flow passages 190 of the partition 180, past the compression shim stack 188, 
and around the fluid deflection cap 252, without passing through the clearance space C.

[0136] If a sufficient magnitude of acceleration is imposed along the longitudinal 
axis of the reservoir 44 (i.e., the axis of travel of the inertia mass 162), the inertia mass 162 
will overcome the biasing force of the spring 166 and move downward relative to the 
reservoir shaft 164 into an open position. With the inertia valve 160 in the open position, 
hydraulic fluid is able to be displaced from the compression chamber 104 through the 
reservoir shaft fluid ports 170 and into the reservoir chamber 146. As discussed above, after 
passing through the reservoir shaft fluid ports 170, the compression fluid flow passes through 
the clearance space C prior to entering the portion of the reservoir chamber 146 outside of the 
interior chamber 266 of the fluid deflection cap 252.

[0137] When the inertia mass 162 is in the open position, the spring 166 exerts a 
biasing force on the inertia mass 162 which tends to move the inertia mass 162 toward the 
closed position (upward in Figures 16 and 17). Advantageously, the restriction of 
compression damping fluid flowing through the clearance space C creates a high pressure 
region in the interior chamber 266 that applies a force to the inertia mass 162 tending to 
counteract the force of the spring 166 and inhibiting the inertia mass 162 from moving past 
the lip 260 of the fluid deflection cap 252 to a closed position. Once the compression fluid 
flow stops, or slows to a significant extent, the force of the spring 166 overcomes any force 
created by the restriction of fluid flow through the clearance space C and moves the inertia 
mass 162 to the closed position. Thus, advantageously, the inertia mass 162 remains open 
after the acceleration force has diminished and until compression fluid flow has slowed 
significantly or stops. As discussed, the clearance space C can be sized to maintain the 
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inertia mass 162 in an open position, against the closing force of the spring 166, at a desired 
level of compression fluid flow. In addition, compression fluid flow alongside the inertia 
mass 162 tends to urge the inertia mass 162 towards an open position (downward in Figures 
16 and 17).

[0138] Once the shock absorber 38 has been compressed, either by fluid flow 
through the primary valve assembly 172, bleed valve 174 or the inertia valve 160, or any 
combination of these, the spring force generated by the combination of the primary air 
chamber 86 and the second air chamber 102 tends to bias the damper tube 48 away from the 
air sleeve 50. When the rear shock 38 rebounds, a volume of fluid equal to the volume of the 
piston rod 78 exiting the reservoir tube 142 moves from the reservoir chamber 146 to the 
compression chamber 104. Fluid flow is allowed in this direction through the refill ports 192 
(Figure 9 - not shown in Figures 16 and 17) in the primary valve assembly 172 against a 
desirably light resistance offered by the rebound flow shim stack 204. The rebound flow 
passing alongside the inertia mass 162 tends to urge the inertia mass 162 toward the closed 
position so that the inertia mass 162 closes quickly at the completion of the compression 
stroke of the shock absorber 38.

[0139] Figures 16 and 17 illustrate the fluid flow control arrangement 250 within 
a remote reservoir 44 of a shock absorber 38. While this has significant benefits, the fluid 
flow control arrangement 250 can also be applied to other applications, as well. For example, 
the reservoir 44 may be incorporated into the main body of a shock absorber, such as being 
positioned within a front suspension fork assembly. In addition, it is not necessary that the 
partition 180 be fixed relative to the damper tube within which it resides. For example, 
Figure 18 illustrates a fluid flow control arrangement 250 as a portion of a movable piston (or 
partition) 180 within a damper tube 300. The damper tube 300 may be a damper tube similar 
to the damper tube 48 of Figures 1-15, which is operably coupled to a portion of the bicycle 
20. The damper tube 300 is telescopically engaged with a piston rod 302, which carries the 
piston 180, and may be similar to the piston rod 78 of Figures 1-15. The piston rod 302 is 
coupled to another portion of the bicycle 20. In the illustrated arrangement, the damper tube 
300 preferably is coupled to a main frame portion of a bicycle and the piston rod 302 is 
coupled to a subframe portion or wheel support portion (e.g., lower fork leg) of a bicycle. In 
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other respects, the fluid flow control arrangement 250 of Figure 18 preferably is substantially 
similar to the fluid flow control arrangement 250 of Figures 16 and 17. Accordingly, the 
reference numbers of Figures 16 and 17 are used to indicate the same or similar components 
in Figure 18 and a detailed description of the fluid flow control arrangement 250 is omitted. 
However, the basic structure of the shock absorber is described below.

[0140] The partition or main piston 180 is movable within the damper tube 300 
and divides the damper tube 300 into a compression chamber 304 above the piston 180 and a 
rebound chamber 306 below the piston. The pressure-activated valve assembly includes the 
primary valve assembly 172 and the bleed valve assembly 174. Both the primary valve 
assembly 172 and the bleed valve assembly 174 permit fluid flow from the compression 
chamber 304 to the rebound chamber 306. Compression flow through the bleed valve 
assembly 174 passes from the interior of the piston rod 302 to the rebound chamber 306 
through ports 308. Compression flow through each valve assembly 172 and 174 bypasses the 
inertia valve assembly 160 and the clearance space C defined between the inertia valve 
assembly 160 and the flow body, or fluid deflection cap 252. In response to an appropriate 
acceleration force, the inertia valve assembly 160 also permits fluid flow from the 
compression chamber 304 to the rebound chamber 306. Fluid flow through the inertia valve 
assembly 160 also flows through the fluid flow control arrangement 250. Rebound fluid flow 
occurs through the bleed valve 174 and through one or more refill ports 192 in the piston 180, 
which are normally closed by a lightly-biased shim 204. Other features of the shock absorber 
38 and fluid flow control arrangement 250 not explicitly described may be assumed to be the 
same or substantially similar to the same or similar features described above with reference to 
Figures 1-15 or Figures 16 and 17, or may be of an otherwise suitable construction apparent 
to one of skill in the art.

[0141] As the accompanying figures show, the shock absorber 38 has other 
features and components such as seals which will are shown but not described herein that are 
obvious to one of ordinary skill in the art. Accordingly, a discussion of these features has 
been omitted.

[0142] Although the present invention has been explained in the context of 
several preferred embodiments, minor modifications and rearrangements of the illustrated 
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embodiments may be made without departing from the scope of the invention. For example, 
but without limitation, although the preferred embodiments described the bicycle damper for 
altering the rate of compression damping, the principles taught may also be utilized in 
damper embodiments for altering rebound damping, or for responding to lateral acceleration 
forces, rather than vertical acceleration forces. In addition, although the preferred 
embodiments were described in the context of an off-road bicycle application, the present 
damper may be modified for use in a variety of vehicles, or in non-vehicular applications 
where dampers may be utilized. Furthermore, the pressure and flow equalization features of 
the inertia valve components may be applied to other types of valves, which may be actuated 
by acceleration forces or by means other than acceleration forces. Accordingly, the scope of 
the present invention is to be defined only by the appended claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. An acceleration sensitive shock absorber, comprising:
a damper tube containing a damping fluid;

5 a partition in said damper tube separating an interior of said damper tube into a first
fluid chamber and a second fluid chamber, said partition comprising a compression valve that 
permits damping fluid to flow through said partition from said first fluid chamber to said 
second fluid chamber;

an inertia valve comprising an inertia mass movable along an axis, wherein said 
10 inertia valve is operable for changing a damping rate of said shock absorber when said shock 

absorber is subjected to an acceleration force above a threshold value in a direction of said 
axis;

at least a first fluid flow port that permits a compression fluid flow from said first 
fluid chamber to said second fluid chamber, said at least a first fluid flow port having a first 

15 total flow area, wherein said inertia mass is normally biased in a closed position, in which an 
upper end of said inertia mass covers said at least a first fluid flow port, and is movable in 
response to said acceleration force above said threshold value to an open position, in which 
an upper end of said inertia mass uncovers said at least a first fluid flow port;

a flow body cooperating with said upper end of said inertia mass;
20 a restricted flow path between said flow body and said upper end of said inertia mass,

said restricted flow path being downstream from said at least a first fluid flow port and 
defining a second total flow area that is sized relative to said first total flow area to develop a 
force acting on an upper surface of said inertia mass as a result of said compression fluid flow 
for maintaining said inertia mass in said open position after said acceleration force has 

25 decreased below said threshold value;
wherein damping fluid flowing through said compression valve of said partition is 

able to move from said first fluid chamber to said second fluid chamber without passing 
through said restricted flow path and said second total flow area of said restricted flow path is 
equal to or greater than said first total flow area of said at least a first fluid flow port.

30 2. The shock absorber of Claim 1, wherein said flow body comprises a fluid deflection
cap surrounding said upper end of said inertia mass.
3. The shock absorber of Claim 2, wherein said restricted flow path is defined between 
said fluid deflection cap and said inertia mass.
4. The shock absorber of Claim 2, wherein a sidewall of said fluid deflection cap is 

35 substantially similar in outer size and shape as a sidewall of said inertia mass.
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5. The shock absorber of Claim 1, wherein said second total flow area of said restricted 
flow path is between about 25% and 100% of said first total flow area of said at least a first 
fluid flow port.
6. The shock absorber of Claim 1, wherein said second total flow area of said restricted

5 flow path is between about 50% and 90% of said first total flow area of said at least a first 
fluid flow port.
7. The shock absorber of Claim 1, wherein said second total flow area of said restricted 
flow path is between about 75% and 85% of said first total flow area of said at least a first 
fluid flow port.

10 8. The shock absorber of Claim 1, wherein said damper tube is a remote damper tube,
said shock absorber additionally comprising a main shock body configured to be operably 
coupled to a bicycle frame assembly, said main shock body comprising a main damper tube, a 
main piston coupled to a piston rod and movable within said main damper tube.
9. The shock absorber of Claim 8, wherein said partition is fixedly positioned within said 

15 remote damper tube.
10. The shock absorber of Claim 1, wherein said at least a first fluid flow port comprises a 
plurality of fluid flow ports together defining said first total flow area.
11. An acceleration sensitive shock absorber, comprising:

a main shock body configured to be operably coupled to a bicycle frame assembly,
20 said main shock body comprising a main damper tube containing a damping fluid, a main 

piston coupled to a piston rod and movable within said main damper tube to generate a 
compression fluid flow;

a reservoir damper tube containing a damping fluid and configured to receive said 
compression fluid flow from said main shock body;

25 a partition in said reservoir damper tube separating an interior of said reservoir_damper
tube into a first fluid chamber and a second fluid chamber, said partition comprising a 
compression valve that permits damping fluid to flow through said partition from said first 
fluid chamber to said second fluid chamber;

an inertia valve comprising an inertia mass movable along an axis, wherein said
30 inertia valve is operable for changing a damping rate of said shock absorber when said shock 

absorber is subjected to an acceleration force above a threshold value in a direction of said 
axis;

at least a first fluid flow port that permits fluid flow from said first fluid chamber to 
said second fluid chamber, said at least a first fluid flow port having a first total flow area, 

35 wherein said inertia mass is normally biased in a closed position, in which an upper end of 
said inertia mass covers said at least a first fluid flow port, and is movable in response to said
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acceleration force above said threshold value to an open position, in which said upper end of 
said inertia mass uncovers said at least a first fluid flow port;

a flow body cooperating with said upper end of said inertia mass;
a restricted flow path between said flow body and said upper end of said inertia mass,

5 said restricted flow path being downstream from said at least a first fluid flow port and 
defining a second total flow area that is smaller than said first total flow area, wherein said 
compression fluid flow between said at least a first fluid flow port and said restricted flow 
path acts on an upper surface of said inertia mass to develop a force for maintaining said 
inertia mass in said open position after said acceleration force has decreased below said 

10 threshold value;
wherein damping fluid flowing through said compression valve of said partition is 

able to move from said first fluid chamber to said second fluid chamber without passing 
through said restricted flow path.
12. The shock absorber of Claim 11, wherein said flow body comprises a fluid deflection

15 cap surrounding said upper end of said inertia mass.
13. The shock absorber of Claim 12, wherein said restricted flow path is defined between 
said fluid deflection cap and said inertia mass.
14. The shock absorber of Claim 12, wherein a sidewall of said fluid deflection cap is 
substantially similar in outer size and shape as a sidewall of said inertia mass.

20 15. The shock absorber of Claim 11, wherein said second total flow area of said restricted
flow path is between about 25% and 100% of said first total flow area of said at least a first 
fluid flow port.

16. The shock absorber of Claim 11, wherein said second total flow area of said restricted 
flow path is between about 50% and 90% of said first total flow area of said at least a first

25 fluid flow port.

17. The shock absorber of Claim 11, wherein said second total flow area of said restricted 
flow path is between about 75% and 85% of said first total flow area of said at least a first 
fluid flow port.

18. The shock absorber of Claim 11, wherein said partition is fixedly positioned within 
30 said reservoir damper tube.

19. The shock absorber of Claim 11, wherein said at least a first fluid flow port comprises 
a plurality of fluid flow ports together defining said first total flow area.
20. The shock absorber of Claim 1, wherein said flow body defines a third fluid chamber 
and said compression fluid flow moving from said at least a first fluid flow port to said

35 second fluid chamber of said damper tube passes through said third fluid chamber.
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21. The shock absorber of Claim 11, wherein said flow body defines a third fluid chamber 
and said compression fluid flow moving from said at least a first fluid flow port to said 
second chamber of said reservoir damper tube passes through said third fluid chamber.
22. An acceleration sensitive shock absorber substantially as hereinbefore described with 

5 reference to any one embodiment and the accompanying drawings.
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