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MULTI-PATH FLUID DIVERTER VALVE
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U.S. provisional application serial no. 61/815,251, titled “METHOD AND ACTIVE
SUSPENSION,” filed April 23, 2013, and U.S. provisional application serial no. 61/865,970,
titled “MULTI-PATH FLUID DIVERTER VALVE,” filed August 14, 2013, each of which is

hereby incorporated by reference in its entirety.

BACKGROUND

[0002]  Field

[0003] Aspects relate to hydraulic valves for shock absorbers (dampers) that control fluid
flow.

[0001]  Discussion of Related Art

[0002] Simple passive dampers utilize restrictive valves that produce an exponential
pressure drop as velocity increases. Modern passive dampers use multi-stage disc stacks to
progressively open orifices as pressure increases. This has the effect of linearizing and even
decreasing the slope of force response in the damper as velocity increases.

[0003] More complex semi-active dampers utilize fluid restriction mechanisms such as
solenoid valves or a magnetorheological fluid to change the force response of the damper
based on external inputs. In solenoid-based systems, durability is usually maintained by
utilizing multi-stage blowoff valves in the piston head and base valves, which are commonly
known in the art. These are generally pressure-activated valves that allow fluid flow to
bypass the solenoid based on a fluid pressure.

[0004] Recent advances have led to the development of fully active suspensions that can
push and pull the wheels of a vehicle in addition to providing damping. Such systems
generally provide a substantial improvement in the ride and handling of cars and trucks. One
approach to active suspension is with an electrohydraulic actuator that utilizes a damper body
with a piston and piston head that separates a compression chamber and a rebound chamber.
A hydraulic pump coupled to an electric motor is operatively coupled to the compression and

rebound chambers. In such a system, a high damper velocity due to a wheel event such as a
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pothole hit may lead to extremely high rotational velocity of the hydraulic pump. In some
cases this may be undesirable for durability and ride quality reasons. In the prior art,
pressure-dependent blowoff valves have been used to limit RPM. These valves are relatively
simple to construct and tune; however, they are only moderately effective in an active
suspension because they are pressure activated and not fluid velocity (or volumetric flow
rate) activated. During situations where the active suspension is controlled to be stiff, the
velocity may be low but the pressure high, causing the blowoff to engage prematurely.
Alternatively, where the active suspension is controlled soft, the velocity may be high but the

pressure low, causing the blowoff to not engage while the pump is at high RPM.

SUMMARY

[0005] Aspects of a multi-path fluid diverter valve relate to a device to improve high-speed
control of a hydraulic damper and provide tunable high velocity passive damping
coefficients, herein called a diverter valve (DV).

[0006] According to one aspect, a diverter valve is used with a regenerative active or semi-
active damper. In order to provide active damping authority with reasonable sized electric
motor/generator and hydraulic pump/motor, a high motion ratio is required between damper
velocity and motor rotational velocity. Although this may allow for accurate control of the
damper at low to medium damper velocities, this ratio can cause overly high motor speeds
and unacceptably high damping forces at high velocity damper inputs. To avoid this, passive
valving can be used in parallel and in series with a hydraulic active or semi-active damper
valve. In some embodiments a diverter valve may be used to allow fluid to freely rotate a
hydraulic pump/motor up to a predetermined rotational velocity and then approximately hold
the hydraulic motor at that predetermined rotational velocity, even as fluid flow into the
diverter valve increases. In some embodiments a diverter valve may be used to allow fluid to
freely rotate a hydraulic pump/motor up to a predetermined flow velocity into the hydraulic
motor and then approximately hold the fluid flow velocity into the hydraulic motor at that
predetermined fluid flow velocity, even as fluid flow into the diverter valve increases. The
terms fluid velocity and flow velocity in this disclosure shall also include volumetric flow
rate, which includes the amount of fluid flowing per unit time, given a fluid flow velocity and
passage area.

[0007] According to one aspect, a diverter valve for a damper contains an inlet, a first

outlet port, and a second outlet port. The diverter valve may have two flow modes/stages. In a
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free flow mode, fluid is able to pass freely from the inlet to the first outlet port of the diverter
valve. This first outlet port may be operatively coupled to a hydraulic pump or hydraulic
motor in an active suspension system. In a diverted bypass flow stage, the free flow is
reduced by at least partially closing the first outlet port and at least partially opening the
second outlet port that can operate as a bypass. In an active damper, this diverted bypass flow
stage may allow fluid to flow between the compression and rebound chambers thereby
bypassing the hydraulic pump/motor. According to this aspect, the transition from free flow
mode to diverted bypass flow stage is primarily or completely controlled by the flow velocity
of fluid from the inlet to the first outlet port (in some embodiments there may be a secondary
pressure dependence). That is, in certain embodiments flow is diverted based on a measure of
fluid velocity flowing toward the diverter valve independent of a measure of pressure of the
fluid proximal (e.g. static pressure outside the diverter valve) to the diverter valve. In some
embodiments an additional damping valve such as a digressive flexible disk stack is in fluid
communication with the second outlet port such that fluid flowing through the second outlet
port is then restricted before flowing into the compression or rebound chamber.

[0008] According to another aspect, a diverter valve for a damper comprises of a first port
acting as a fluid flow inlet, a second port acting as a first outlet, and a third port acting as a
second outlet. According to this aspect, a moveable sealing element (such as a valve), such as
a sealing disk or spool valve moves through at least two positions. In a first position the
sealing element provides fluid communication between the first port and the second port, and
in a second position the sealing element provides fluid communication between the first port
and the third port. During rest, a force element (such as a spring) pushes the moveable sealing
element into the first position. In many cases it is desirable to apply a preload to the spring so
that the moveable sealing element activates at a predetermined pressure drop generated by a
predetermined flow velocity (or volumetric flow rate). A fluid restriction such as a small
orifice is placed between the first port (high pressure) and the second port (low pressure) such
that there is a pressure drop from the first port to the second port. The moveable sealing
element may move in an axial direction and it contains a first side and an opposite second
side that are perpendicular to the direction of travel (e.g. pushing on the first side will move
the moveable sealing element into the second position, and pushing on the second side will
move the moveable sealing element into the first position). The moveable sealing element
may be configured such that the higher pressure first port is in fluid communication with the
first side of the moveable sealing element, and the lower pressure second port is in fluid

communication with the second side of the moveable sealing element. Since the pressure
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drop from the first port to the second port is a function of the fluid velocity through the
diverter valve (such as through the moveable sealing element during the first mode), and with
the areas exposed to fluid pressure of the first side and the second side being equal or roughly
equal, the net force acting on the moveable sealing element is a function of fluid velocity
through the valve which causes a pressure differential on the first and second sides of the
moveable sealing element. By selecting a corresponding counteracting force element (such as
a spring force), the valve may be tuned to switch modes at a particular fluid flow velocity (or
volumetric flow rate). Depending on the accuracy of the selected counteracting force,
precision of the particular fluid flow at which the valve switches may be established. As such,
the valve may move into the second position when the pressure differential from the first side
to the second side (the net pressure acting on the first side) of the moveable sealing element
exceeds a first threshold. Furthermore, in some embodiments when the net pressure acting on
the first side of the moveable sealing element drops below a second threshold, the moveable
sealing element moves into a first mode. In many cases it may be desirable for the second
threshold to be below the first threshold for reasons such as creating a hysteresis band to
reduce valve oscillations. In some embodiments it is desirable to not completely cut off flow
to the second port when the moveable sealing element moves to the second position. For
these embodiments, while the diverter valve is in this second position some fluid is allowed
to pass restricted from the first port to the second port. According to some aspects this
diverter valve is used in a damper containing a hydraulic motor, wherein one port of the
hydraulic motor is connected to the second port of the diverter valve, with the third port
bypassing the hydraulic motor to the opposite port of the hydraulic motor. In such situations,
it is sometimes desirable to keep the hydraulic motor spinning when the moveable sealing
element is in the second position, which may be provided from a small restricted fluid path
from the first port to the second port even while the moveable sealing element is in the
second position bypassing the hydraulic motor. According to another aspect, the moveable
sealing element may pass through more than two discrete states, such as a linear regime
where both the first position and the second position are partially activated, allowing partial
fluid flow from the first port to both the second port and the third port generally proportional
to the moveable sealing element’s position. There are several embodiments of a diverter
valve, and these may use several different types of moveable sealing elements including but
not limited to sprung discs/washers, spool valves, poppet valves, and the like.

[0009] According to another aspect a diverter valve uses a moveable disc. A first (inlet)

port and a second and third (outlet) outlet ports communicate fluid with the valve. The
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moveable disc has a first face and a second face and sits within a manifold. The manifold is
configured such that fluid from the first port (the inlet) is allowed to communicate with the
first face of the moveable disc such that a pressure in the first port acts on the first face of the
disc. The diverter valve moves through at least two modes of operation: a first mode and a
second mode. In the first mode, the valve is in a free flow mode such that fluid is allowed to
communicate from the first (inlet) port through a first restrictive orifice at least partially
created by the second face of the disc, and to the second (outlet) port. The restrictive orifice
creates a pressure drop such that pressure on the second face is less than the pressure on the
first face when fluid is flowing through the first restrictive orifice. A spring, optionally
preloaded, creates a counteracting force holding the disc in the first mode unless the pressure
differential from sufficient fluid flow velocity is attained to actuate the disc into the second
mode. In the second mode, the disc at least partially seals the fluid path from the first port to
the second port, and opens a fluid path from the first port to the third port. In some
embodiments an additional second fluid restriction path exists between the first port and the
second port to allow restricted fluid communication in both the first and the second modes. In
some embodiments only part of the second face acts as an orifice or sealing land, with the rest
of the second face area open to the pressure of the second port.

[0010] According to another aspect a diverter valve uses a radially-sealed spool valve as
the moveable sealing element in a manifold. The valve comprises at least three ports: a first
port, a second port, and a third port. A spool valve moves through at least two modes and
contains an orifice through its axis and an annular area on the top and bottom. The orifice
contains a first region comprising a first fluid restriction such as an hourglass taper in the
bore, and may contain a second region with radial openings such as slotted cutouts that
communicate fluid from the orifice to the outside diameter of the spool in a restricted fashion
(the second restriction). This second restriction may be implemented in a number of different
ways and is not limited to notches in the spool valve. For example, it may be implemented
with passages or notches in the manifold. The functional purpose of this optional feature is to
communicate fluid from the first port to the second port in a restricted manner in either the
first or second mode. During the first mode, fluid may escape through the orifice and through
an annular gap about the valve into the second port (a large opening). The spool valve has an
outside diameter (OD) in which at least a portion of the OD surface area acts as a sealing
land. This sealing land may be perpendicular to the axis of travel of the spool, that is, if the
spool moves about the z-axis, the sealing land is on a circumference in the xy plane. In some

embodiments such a sealing configuration prevents fluid from flowing in the z direction. The
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sealing land on the OD of the spool valve substantially creates a seal that blocks flow from
the first port to the third port when in the first mode. A force element such as a spring biases
the spool valve into the first mode. When in the first mode, fluid may flow through the spool
valve orifice, being constricted by the first restriction, and then discharges into the second
port through a large opening. When fluid flow velocity through the first restriction exceeds a
threshold, the pressure differential between the first port acting on the annular area of one
side of the spool valve, and the second port acting on the opposite annular area side of the
spool valve, creates a net force greater than the force element and moves the spool into, or
toward, the second mode. When in the second mode, the radial sealing land may open,
allowing fluid flow from the first port to the third port. Additionally, during the second mode,
restricted fluid may flow through the second restriction from the first port to the second port.
By sealing radially and setting both annular areas to be roughly equal, the valve will switch
from the first mode to the second mode solely based on fluid flow (not ambient system
pressure). In this embodiment, the seal creates a pressure gradient during the first mode from
the first port to the third port, wherein the pressure gradient acts perpendicular to the direction
of valve travel.

[0011] According to another aspect, an active damper is comprised of separate rebound
and compression diverter valves in order to limit high-speed operation of a coupled hydraulic
pump. These diverter valves may be constructed using a number of different embodiments
such as with a face sealing disc, a radially sealing spool valve, or other embodiments that
provide diverter valve functionality. The active damper may contain one or two diverter
valves, and these may be the same or different physical embodiments. Further, diverter valves
can be used in monotube, twin-tube, or triple-tube damper bodies that have either mono-
directional or bidirectional fluid flow. In some embodiments the hydraulic pump is in
lockstep with the damper movement such that at least one of compression or rebound
movement of the damper results in movement of the hydraulic pump. In some embodiments,
the hydraulic pump is further coupled to an electric motor. The hydraulic pump and electric
motor may be rigidly mounted on the damper, or remote and communicate via devices such
as fluid hoses. The diverter valve may be integrated into the damper across a variety of
locations such as in the active valve, in the base assembly, in the piston rod seal assembly, or
in the piston head. In some configurations the damper may be piston rod up or piston rod
down when installed in a vehicle. The damper may further comprise a floating piston
disposed in the damper assembly. In some embodiments the floating piston is between the

compression diverter and the bottom mount of the damper assembly.
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[0012] According to another aspect, a method in an active suspension for transitioning
from a free flow mode where fluid flows into a hydraulic motor or pump, to a diverted bypass
flow mode where fluid is allowed to at least partially bypass the hydraulic motor or pump, is
disclosed. A sealing element moves to switch from the free flow mode to the diverted bypass
flow mode. In some embodiments the diverted bypass flow mode contains an additional flow
path where some fluid still flows into the hydraulic motor or pump. In some embodiments
this transition is controlled by fluid flow velocity. However, the multi-path fluid diverter
valve methods and systems described herein are not limited in this regard and may be
controlled by other parameters such as a hybrid of fluid flow velocity and pressure, digitally
using external electronics, or otherwise.

[0013] According to another aspect, a method comprising controlling a rotational velocity
of a hydraulic motor by diverting fluid driving the motor with a passive diverter valve
between the motor and at least one of a compression and a rebound chamber of an active
suspension damper based on a measure of fluid velocity flowing toward the diverter valve
independent of a measure of pressure of the fluid proximal to the diverter valve.

[0014] Aspects of the multi-path fluid diverter valve methods and systems described herein
are may be beneficially coupled with a number of features, especially passive valving
techniques such as piston-head blowoft valves, flow control check valves, and progressive or
digressive valving. Many of the aspects and embodiments discussed may benefit from
controlled valving such as flexible or multi-stage valve stacks further restricting fluid exiting
the bypass port (herein referred to as the third port).

[0015] A diverter valve for use in improving high-speed control of a hydraulic regenerative
active or semi active suspension system that uses an electric motor to regulate hydraulic
motor RPM, such as described herein may be combined with progressive valving (e.g. multi-
stage valving) with or without flexible discs; a fluid diverter, such as a rebound or
compression diverter or blow-off valve; a baffle plate for defining a quieting duct for
reducing noise related to fluid flow, and the like; flexible disks; electronic solenoid valves;
and the like. In an example, a diverter valve may be configured as depicted at least in FIGs.
1-18.

[0016] The active / semi-active suspension system described throughout this disclosure
may be combined with amplitude dependent passive damping valving to effect diverter valve
functionality, such as a volume variable chamber that varies in volume independently of a
direction of motion of a damper piston. In an example, diverter valve functionality may be

configured as a chamber into which fluid can flow through a separating element that
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separates the variable volume chamber from a primary fluid chamber of the damper. The
variable volume chamber further includes a restoring spring for delivering an amplitude-
dependent damping force adjustment, which facilitates changing the volume of the variable
volume chamber independently of the direction of movement of a piston of the suspension
system.

[0017] The methods and techniques of diverter valving may be beneficially combined with
various damper tube technologies including: dual and triple-tube configurations, McPherson
strut; deaeration device for removing air that may be introduced during filling or otherwise
without requiring a dedicated air collection region inside the vibration damper; high pressure
seals for a damper piston rod / piston head; a low cost low inertia floating piston tube (e.g.
monotube); and the like.

[0018] The methods and techniques of diverter valving may be beneficially combined with
various accumulator technologies, including: a floating piston internal accumulator that may
be constrained to operate between a compression diverter or throttle valve and a damper body
bottom; an externally connected accumulator; accumulator placement factors; fluid paths; and
the like.

[0019] The methods and techniques of diverter valving may be beneficially combined with
various aspects of integration technology including: strut mounting; inverted damper
configurations; telescoping hydraulic damper that includes a piston rod axially moveable in a
pressure tube which is axially moveable in an intermediate tube; air spring configurations,
McPherson strut configurations and damper bodies, self-pumping ride height adjustment
configurations, thermally isolating control electronics that are mounted on a damper body to
facilitate operating the control electronics as an ambient temperature that is lower than the
damper body; airstream mounting of electronics; mounting smart valve (e.g. controller,
hydraulic motor, and the like) components on a shock absorber; flexible cable with optional
modular connectors for connecting a smart valve on a standard configuration or inverted
damper to a vehicle wiring harness; direct wiring of power electronics from externally
mounted power switches to an electric motor in the smart valve housing; directly wiring
power electronics within the smart valve housing from internally mounted power switches
disposed in air to an electric motor/generator disposed in fluid; fastening a smart valve
assembly to a damper assembly via bolted connection; and the like.

[0020] An active suspension system, such as the system described herein that incorporates
electric motor control of a hydraulic pump/motor, may benefit from a diverter valve that may

act as a safety or durability feature while providing desirable ride quality during high speed
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damper events. While an active suspension system may be configured to handle a wide range
of wheel events, pressure buildup of hydraulic fluid may exceed a threshold beyond which
components of the suspension system may fail or become damaged. Therefore, passive
valving, such as a diverter valve or a blow-off valve, and the like may be configured into the
hydraulic fluid flow tubes of the suspension system.

[0021] The methods and techniques of diverter valving may be combined with valving
techniques and technologies including progressive valving, disk stacks (e.g. piston head valve
stacks), amplitude-specific passive damping valve, proportional solenoid valving, adjustable
pressure control valve limits, curve shaping, and the like in an active / semi-active suspension
system to provide benefits, such as mitigating the effect of inertia, noise reduction, rounding
off of damping force curves, gerotor bypass, improved blowoff valve operation, and the like.
[0022] In active vehicle suspension systems comprising passive valving schematically
placed in parallel or in series with a hydraulic pump/motor, it may be desirable to use a
common valve that limits the maximum speed at which the hydraulic pump/motor rotates,
regardless of hydraulic flow rate, while it simultaneously limits and/or controls the damping
force at high hydraulic flow rates during high speed suspension events.

[0023] The present multi-path fluid diverter valve methods and systems described herein
are not limited to vehicle dampers. According to another aspect, a diverter valve is used in a
generic hydraulic system with a back-drivable fluid motor or pump. In such a system, the
diverter valve protects the hydraulic motor or pump from rotating faster than specified when
an external input on the system would otherwise cause the motor or pump to be back-driven

too rapidly.

BRIEF DESCRIPTION OF DRAWINGS

[0024] The accompanying drawings are not intended to be drawn to scale. In the drawings,
each identical or nearly identical component that is illustrated in various figures is
represented by a like numeral. For purposes of clarity, not every component may be labeled
in every drawing, and some similar components may have different numbers. In the
drawings:

[0025] FIG. 1A is a spool type diverter valve (DV) assembly in an exploded view to show
its main components - the spool, spool spring, blow off valve (BOV) spring stack, manifold
plate and the valve support.

[0026] FIG. 1B is a spool type DV assembly in an assembled view to show its main
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components: the spool, spool spring, BOV spring stack, manifold plate the valve support, the
BOV cavity and the Spring Cavity.

[0027]  FIG. 2 depicts an active damper with a DV assembly in the compression chamber
that is used to limit the speed of the of the hydraulic pump/motor and electric generator at
high damper compression velocities; wherein the diverter valve comprises of a spool type
valve that uses the spool outer diameter to seal between the compression chamber and the
blow off valve (BOV) cavity.

[0028] FIG. 3 depicts a spool type DV located in the compression chamber of an active
damper in the closed (un-activated) position - such that fluid flow is blocked from the
compression chamber to the BOV chamber.

[0029] FIG. 4 depicts a spool type DV located in the compression chamber of an active
damper in the open (activated) position - such that fluid can flow from the compression
chamber to the BOV chamber by-passing the active valve hydraulic pump/motor.

[0030] FIG. 5 depicts the spool valve to show the flow notches in its outer diameter that
allow flow across the diverter valve to the BOV cavity when the valve is activated.

[0031] FIG. 6 depicts a moveable disk type DV with multi-stage activation.

[0032] FIG. 7 depicts a moveable disk type DV with flexible disc based progressive
damping during DV actuation.

[0033] FIG. 8 depicts a Triple-tube active damper with internal accumulator and DV.
[0034] FIG. 9 is a generic schematic description of a spool type diverter valve embodiment
as depicted in FIG. 1.

[0035] FIG. 10 is an embodiment of a regenerative active/semi active damper that
comprises a hydraulic regenerative, active/semi active damper valve in a monotube damper
architecture with a passive diverter valve placed in the compression and rebound chamber.
[0036] FIG. 11 is an embodiment of a diverter valve mounted in the rebound chamber of a
regenerative active/semi active damper. The diverter valve is shown in cross section and in
the ‘un-activated’ state, to show that there is free flow from the rebound chamber to the
active/semi active damper valve.

[0037] FIG. 12 is an embodiment of a diverter valve mounted in the compression chamber
of a regenerative active/semi active damper. The diverter valve is shown in cross section and
in the ‘un-activated’ state, to show that there is free flow from the compression chamber to
the active/semi active damper valve.

[0038] FIG. 13 is an embodiment of a diverter valve mounted in the rebound chamber of a

regenerative active/semi active damper. The diverter valve is shown in cross section and in
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the ‘activated’ state, to show that there is restricted flow from the rebound chamber to the
active/semi active damper valve.

[0039] FIG. 14 is an embodiment of a diverter valve mounted in the compression chamber
of a regenerative active/semi active damper. The diverter valve is shown in cross section and
in the ‘activated’ state, to show that there is restricted flow from the compression chamber to
the active/semi active damper valve.

[0040] FIG. 15 is an embodiment of a diverter valve mounted in the rebound chamber of a
regenerative active/semi active damper. The diverter valve is shown in cross section and in
the ‘activated’ state, to show the by-pass flow from the rebound chamber to the compression
chamber.

[0041] FIG. 16 is an embodiment of a diverter valve mounted in the compression chamber
of a regenerative active/semi active damper. The diverter valve is shown in cross section and
in the ‘activated’ state, to show the by-pass flow from the compression chamber to the
rebound chamber.

[0042] FIG. 17 is an embodiment of a diverter valve mounted in the rebound chamber of a
regenerative active/semi active damper. The diverter valve is shown in cross section and in
the ‘un-activated’ state, to show that by-pass flow from the rebound chamber to the
compression chamber is blocked.

[0043] FIG. 18 is an embodiment of a diverter valve mounted in the compression chamber
of a regenerative active/semi active damper. The diverter valve is shown in cross section and
in the ‘un-activated’ state, to show that by-pass flow from the compression chamber to the
rebound chamber is blocked.

[0044] FIG. 19 is a curve of force/velocity of a regenerative active/semi active damper
with passive diverter valve curve shaping.

[0045] FIG. 20A is a schematic of a spool type diverter valve (DV) that depicts the
projected fluid pressure areas of the movable sealing element onto a plane perpendicular to
the direction of travel.

[0046] FIG. 20B is a schematic of the stack-up of effective pressure areas of a spool type
diverter valve (DV).

[0047]  FIG. 20C is a schematic of the stack-up of effective pressure areas of a spool type
diverter valve (DV) that shows the projected pressure area of the first side of the moveable
sealing element to be substantially equal in area to the second side of the moveable sealing
element.

[0048] FIG. 21 is a schematic of a spool type diverter valve (DV) that depicts the projected
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fluid pressure areas of the movable sealing element that are not in primary fluid pressure
communication with the flow path between the first and second ports, onto a plane
perpendicular to the direction of travel.

[0049]  FIG. 22 is a schematic of a spool type diverter valve (DV) that shows a variety of
different options for establishing a primary fluid pressure communication path between the
cavity that houses the force element that biases the movable sealing element into the first
mode position, and the flow path between the first and second ports.

[0050] FIG. 23 is a schematic of a section of the movable sealing element of a diverter
valve (DV) and a section of the manifold assembly on which it seals that move with respect
to one another during the transition between first and second modes.

[0051] FIG. 23A is a schematic that depicts a first positional instance during the transition
of the DV between the first and second modes at which the effective fluid flow area between
the two sections is substantially negligible.

[0052] FIG. 23B is a schematic that depicts a second positional instance during the
transition of the DV between the first and second modes at which the effective fluid flow area
between the two sections is substantial.

[0053] FIG. 23C is a schematic that depicts a third positional instance during the transition
of the DV between the first and second modes at which the effective fluid flow area between
the two sections is substantial and greater than the effective fluid flow area of the second
positional instance.

[0054] FIG. 23D is a plot that depicts the effective fluid flow area between a section of the
movable sealing element of a diverter valve (DV) and a section of the manifold assembly as a
function of relative position of the two sections with respect to another.

[0055] FIG. 24 is a schematic of a section of the movable sealing element of a diverter
valve (DV) that shows the interaction of the surfaces that form the first fluid flow restriction
in the fluid flow path between the first and second ports.

[0056] FIG. 25 is a schematic of a section of the movable sealing element of a diverter
valve (DV) and a section of the manifold assembly on which it seals, effectively forming a
fluid cavity that stands in fluid communication with two fluid volumes through two separate
fluid flow paths that move with respect to another during the transition between the first and
second modes.

[0057] FIG. 25A is a schematic that depicts a first positional instance during the transition
of the DV between the first and second modes at which the effective fluid flow area of the

first of the two fluid flow paths between these two sections is substantially negligible and the
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effective fluid flow area of the second of the two flow paths is also substantially negligible.
[0058] FIG. 25B is a schematic that depicts a second positional instance during the
transition of the DV between the first and second modes at which the effective fluid flow area
of the first of the two fluid flow paths between these two sections is substantially negligible
and the effective fluid flow area of the second of the two flow paths is also substantial.

[0059] FIG. 25C is a schematic that depicts a third positional instance during the transition
of the DV between the first and second modes at which the effective fluid flow area of the
first of the two fluid flow paths between these two sections is substantially negligible and the
effective fluid flow area of the second of the two flow paths is also substantial and greater
than the effective fluid flow area of the same flow path of the second positional instance.
[0060]  FIG. 25D is a plot that depicts the effective fluid flow area in the second of the two
fluid flow paths between a section of the movable sealing element of a diverter valve (DV)
and a section of the manifold assembly on which it seals that effectively form a fluid cavity
that stands in fluid communication with two fluid volumes through two separate fluid flow
paths, as a function of relative position of the two sections with respect to another.

[0061] FIG. 26 is a schematic of a section of the movable sealing element of a diverter
valve (DV) and a section of the manifold assembly on which it seals, effectively forming a
fluid cavity that stands in fluid communication with two fluid volumes through two separate
fluid flow paths, that move with respect to another during the transition between the first and
second modes.

[0062] FIG. 26A that depicts a positional instance during the transition of the DV between
the first and second modes at which the effective fluid flow area of the first of the two fluid
flow paths between these two sections is substantially negligible and the effective fluid flow
area of the second of the two flow paths is also substantial and independent of the relative
position of the two sections with respect to another.

[0063] FIG. 26B is a plot that depicts the effective fluid flow area in the second of the two
fluid flow paths between a section of the movable sealing element of a diverter valve (DV)
and a section of the manifold assembly on which it seals on which it seals that effectively
form a fluid cavity that stands in fluid communication with two fluid volumes through two
separate fluid flow paths, as a function of relative position of the two sections with respect to
another.

[0064] FIG. 27 is a schematic of the second flow restriction in the fluid flow path between
the first and second ports of a spool type diverter valve (DV).

[0065] FIG. 27A is a schematic of an embodiment of the movable sealing element with
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radial openings that do not substantially contribute any additional fluid pressure force on the
movable sealing element in its direction of travel.

[0066] FIG. 27B is a schematic of an embodiment of the movable sealing element radial
openings that substantially contribute an additional fluid pressure force on the movable
sealing element in its direction of travel.

[0067] FIG. 28A is a schematic that depicts a spool type DV located in the rebound
chamber of an active damper in the activated position wherein the movable sealing element is
in the second mode.

[0068] FIG. 28B is a schematic that depicts a spool type DV located in the rebound
chamber of an active damper in the un-activated position.

[0069] FIG. 29 is a schematic that depicts a section view of the end of a spool type DV at
the second flow restriction.

[0070] FIG. 29A shows the movable sealing element in the un-activated position, the first
mode, such that the effective flow area at the second flow restriction is substantially large.
[0071]  FIG. 29B shows the movable sealing element in an intermediate position between
the first and second modes such that the effective flow area at the second flow restriction is
substantially smaller than when the movable sealing element is in the first mode.

[0072]  FIG. 29C shows the movable in the fully activated position, the second mode, such
that the effective flow area at the second flow restriction is substantially negligible.

[0073] FIG. 30 is a schematic that depicts a section view of the end of a spool type DV at
the second flow restriction.

[0074] FIG. 30A shows the movable sealing element in the un-activated position, the first
mode.

[0075] FIG. 30B shows the movable sealing element in the activated position, second
mode, wherein the spool end forms a radial seal with the sealing manifold at the second flow

restriction.

DETAILED DESCRIPTION

[0076] Some aspects of the system relate to a passive valve that contains a free flow mode
and a diverted bypass mode in order to protect the hydraulic pump (including hydraulic
motors) in a back-drivable hydraulic system from overspinning. Other aspects relate to
velocity activated flow control valves that redirect fluid at a given flow rate. Other aspects

relate to passive valving for use in an active suspension system for vehicles.
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[0077] Generally, except where context indicates otherwise, references to a first port are
synonymous with a first inlet or inlet port, a second port are synonymous with a first outlet or
free flow port, and a third port are synonymous with a second outlet or bypass port, unless
otherwise specified in particular embodiments herein.

[0078] Furthermore, the following is a list of definitions of relevant terms, specifically
pertaining to but not limited to the descriptions of FIGs. 20 through 30. These definitions are
intended to help the reader understand the terms used in the description of embodiments
herein, and should not be considered to limit the terms. For example, the concept of the pair
of effective projected pressure areas being substantially equal may simply mean that the two
pressure areas are of roughly equal area, or other definitions that may suffice depending on
the embodiment.

[0079] transition between modes encompasses, without limitation, the transition regime of
the diverter valve as the movable sealing element moves from its first mode to its second
mode.

[0080] (sealing) manifold assembly encompasses, without limitation, the various elements
of the diverter valve assembly that are not part of the movable sealing element and that do not
move with respect to another during the transition between the first and second modes.

[0081] assembly encompasses, without limitation, a grouping of physically connected
parts. An assembly may include voids or passages that are fully or partially fluid filled and
are created by the interaction of these solid components.

[0082] surface (area) encompasses, without limitation, an area of a part that is at least
partially outlined by physical features of the component such as edges, holes, passages, etc.
[0083] all surfaces encompasses, without limitation, a number of surfaces that combined
make up all the surfaces responsible for forming a volume, such as a solid component, a
cavity, a flow passage, etc.

[0084] section encompasses, without limitation, a portion of a surface area or of a volume
that may not be outlined by any physical features. A section may also refer to entire parts,
surfaces, or assemblies of several parts or surfaces. If a surface or volume is divided into
several sections, each of these sections is unique such that no two sections share part of the
same surface or volume.

[0085] all sections encompasses, without limitation, a number of sections that combined
make up a full surface, or volume, or a combination of unique surfaces or volumes.

[0086] Functionally important sections are sections that may contain features that are at

least partially responsible for forming a fluid passage, for forming an effective sealing surface
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with the movable sealing element, a section of the movable sealing element, a flow restriction
etc. Several elements may share common features.

[0087] axial direction encompasses, without limitation, the direction of travel of the
movable sealing element when transitioning between the first and second modes. In many
embodiments of the diverter valve, the axial direction is collinear with the axis of rotational
symmetry of the movable sealing element.

[0088] axial travel position encompasses, without limitation, the relative position of the
movable sealing element with respect to its sealing manifold assembly. Also referred to
herein as axial spool position for any embodiment of the spool type diverter valve.

[0089] transition stroke encompasses, without limitation, the path the movable sealing
element describes as it travels between its first and second mode.

[0090] facing towards the first port encompasses, without limitation, an area is understood
to face towards the first port if all axial components of the normal vectors of this surface
point from the second to the first mode of the movable sealing element.

[0091] facing towards the second port encompasses, without limitation, an area is
understood to face towards the first port if all axial components of the normal vectors of this
surface point from the first to the second mode of the movable sealing element.

[0092] projected (fluid) pressure area encompasses, without limitation, the projection of a
surface section of a component of the diverter valve assembly that is entirely exposed to fluid
and entirely stands in primary fluid pressure communication with the same flow path, onto a
plane that is perpendicular to the axial direction of travel of the movable sealing element. In
the case where the surface section is entirely in contact with the fluid that entirely stands in
primary fluid pressure communication with the same flow path or pressure level there are two
possible opposing types of projected pressure areas: the first type that accounts for any
surface regions of a given surface section that face towards the first port, and the second type
that accounts for all surface regions of a given surface section that face towards the second
port. Any regions of a surface section for which the axial component of their normal vectors
is zero do not contribute to either of those two types of projected pressure areas. Special care
is preferably taken to properly calculate the projected pressure areas of any surface section
that is partially or fully exposed to any fluid volume that each respectively stand in primary
fluid pressure communication with one or more fluid paths. In such cases, the projected
pressure areas of such surface sections need to be determined separately, independently
considering each of their surface sections that stand in primary fluid pressure communication

with the same fluid path or pressure level. The resulting projected pressure areas cannot be
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easily combined into a single combined projected pressure area, or a pair of opposing
combined projected pressure areas.

[0093] effective (projected) (fluid) pressure area encompasses, without limitation, the net
resultant projected fluid pressure area of all the surface sections on a part in communication
with a discrete flow path or a discrete fluid volume.

[0094] individual (fluid) flow passage encompasses, without limitation, the fluid filled
chamber with a single fluid entry port and a single fluid exit port wherein the volume of fluid
that that enters is equal to the volume of fluid that exits and there are no internal features that
would cause the fluid volume to be split into multiple smaller fluid volumes within the
confines of this chamber. effective (fluid)

[0095] flow passage encompasses, without limitation, a set of individual flow passages that
combine to form a larger flow passage between a single entry flow port and a single exit flow
port such that if a fluid volume was passed through this flow passage, it would split multiple
smaller volumes and then combine into a single fluid volume within the confines of the
chamber before passing through the single exit flow port.

[0096] (fluid) flow path encompasses, without limitation, the path travelled by a fluid
volume through a flow passage that is equal to the set of paths that a substantial portion of the
fluid volume describes as it passes through the set of all individual flow passages between its
entry and exit flow ports of an effective fluid passage.

[0097] main (fluid) flow path encompasses, without limitation, the first path that leads
from the first port to the second port, or the second main flow path that leads from the first
port to the third port. The first main flow path is active in the first mode of the diverter valve
and in some embodiments also in the second mode as well as during the transition between
the first and second modes. The second main flow path is only active during the second mode
and, in some embodiments of the diverter valve, to a varying extent during the transition
between the first and second modes.

[0098] main (fluid) flow passage encompasses, without limitation, the two flow passages
that create the two main flow paths within the diverter valve assembly.

[0099] wetted area encompasses, without limitation, a section of a surface that is fully in
contact with fluid.

[00100] effective (fluid) flow area of an individual flow passage encompasses, without
limitation, the effective flow area of an individual flow passage at any point along the flow
path between its entry and exit ports which is equal to the minimum wetted area projected on

a plane that passes through this point such that the plane is perpendicular to the direction of
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the flow path

[00101] effective (fluid) flow area encompasses, without limitation, the effective flow area
of a flow passage at any point along the flow path between its entry and exit ports which is
equal to the sum of the effective flow areas of the individual flow passages that form the
effective flow passage at this point.

[00102] (fluid) flow restriction encompasses, without limitation, a section of a flow passage
along the flow path wherein the effective flow area of the fluid path is smaller than the
effective flow area of the fluid path in a section immediately before or after this section of the
flow passage. Flow restrictions with smaller effective flow areas, longer sections of flow
constriction, or that experience fluid passing through at higher rates of flow generally affect
more substantial changes in fluid pressure between their entry and exit ports and are called
more restrictive.

[00103] substantial (fluid) flow restriction encompasses, without limitation, a section of a
flow passage along a flow path wherein the flow passage is substantially more restrictive than
the section of the flow passage immediately before or after the section. The change in
pressure across a substantial flow restriction may substantially account for the overall change
in pressure between the entry and exit ports of the flow path.

[00104] fluid chamber encompasses, without limitation, a section of a flow passage that
either lies between two substantial fluid flow restrictions, between the entry port and a first
substantial flow restriction, or between a final substantial flow restriction and the exit port. If
there is no substantial flow restriction along a flow passage, the entire flow passage may also
be considered a fluid chamber.

[00105] fluid (pressure) communication encompasses, without limitation, a flow passage
between a fluid cavity and a main flow passage or a substantial flow restriction within a main
flow path of the diverter valve. In some embodiments it also encompasses, without limitation,
fluid flow passages between functional elements. In such embodiments, the flow path
between the first and second ports can also be referred to as the fluid communication path the
between the first and second ports.

[00106] primary fluid (pressure) communication path encompasses, without limitation, any
fluid chamber or cavity that shares at least one surface section with the movable sealing
element that has at least two fluid pressure communication paths. In some fluids chamber or
cavities of this type, at least one of the fluid pressure communication paths has a substantially
larger effective fluid flow area than the others. Any such fluid pressure communication paths

are also called primary fluid communication paths.
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[00107] first (fluid) flow restriction encompasses, without limitation, an embodiment of a
substantial flow restriction in which, for most embodiments of the diverter valve, it
encompasses, without limitation, the only substantial flow restriction along the main flow
path between the first and second ports during the first mode.

[00108] effective annular (fluid) pressure area encompasses, without limitation,, in several
embodiments of the diverter valve, the main flow path between the first and second ports
includes a central opening at the center of a rotationally symmetric movable sealing element.
In some of these embodiments, the first flow restriction between the first and second ports is
at least partially formed by the surfaces at or near the inner diameter of the movable sealing
element wherein the effective projected pressure area of the movable sealing element is
sometimes referred to as the effective annular pressure area of the spool.

[00109] net (fluid) pressure force encompasses, without limitation, the sum of all fluid
pressure forces acting on all sections of a surface, a combination of sections, the entirety of a
surface of a solid component, or of an element. Generally referring to the sum of fluid
pressure forces acting on at least a small surface section of the movable sealing element in the
direction of travel of the movable sealing element when transitioning between the first and
second modes.

[00110] net (external) force encompasses, without limitation, the sum of all external forces
of a related type acting on all sections of a surface, on a combination of sections, on the
entirety of a surface of a part, or element. Generally referring to the sum of all forces of that
same related type acting on at least a small surface section of the movable sealing element in
the direction of travel of the movable sealing element when transitioning between the first
and second modes.

[00111] net force balance encompasses, without limitation, the sum of all substantial
external forces acting on a part or an assembly within the diverter valve assembly. The types
of external forces considered for this net force balance generally include any net pressure
forces acting on the part or assembly, any biasing forces such as forces due to any number of
compressed spring elements, inertial forces due to acceleration, gravity etc. In most contexts
herein, a net force balance encompasses, without limitation, the sum of all substantial
external forces acting on the movable sealing element in the direction of travel of the
movable sealing element when transitioning between the first and second modes.

[00112] variably damped encompasses, without limitation, the situation where the damping
level of an element experiences varies throughout its motion. In most contexts herein,

variably damped encompasses, without limitation, position dependent damping of the
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movable sealing element such that at any two positions during its transition stroke between
the first and second modes, there can be different levels of damping.

[00113] smooth pressure response encompasses, without limitation, a characteristic change
in the differential pressure between any combination of the three main flow ports of the
diverter valve during the transition between the first and second modes as compared to just
before entering and immediately after exiting that transition mode. A pressure response
between two of these ports can be considered smooth if the change in differential pressure
across these two ports with respect to time during the dynamic transition between the first
and second mode is similar to the change in differential pressure across the same two ports
with respect to time immediately before or immediately after entering the transition mode. In
the case where multiple diverter valves are used in combination with multiple dampers, a
smooth pressure response can refer to a force response of at least one of the dampers during
the transition of any of the diverter valves that are part of that system such that the change in
force with time immediately before and immediately after the transition between modes of
the diverter valve is similar to the change in force with time during the transition of modes of
that diverter valve.

[00114] Regarding FIG. 1A and 1B, a spool type compression diverter valve (CDV)
assembly 1 with radial sealing is disclosed.

[00115] CDV 1 consists of a valve support 8, a spool valve 2, a valve seal plate 3, a
manifold plate 4, a blow off valve (BOV) assembly 5, a valve spring 6, a spring support 7,
and a snap ring 22 (the valve support 8 and the manifold plate 4, collectively a manifold).
The spring support and snap ring can be manufactured as an integral part of the spool valve 2,
and the multi-path fluid diverter valve methods and systems described herein are not limited
in this regard.

[00116] In FIG. 1B the same spool type embodiment of a compression diverter valve 1 is
shown in the assembled state.

[00117] The valve support 8 locates the manifold plate 4, via the bore 29 of the manifold
plate 4, thereby ensuring that the axis of the manifold plate 4 is co-axial with the axis of the
valve support 8. The manifold plate 4 in turn locates the seal plate 3 via the same bore 29,
thereby ensuring that the axis of the manifold plate 4 is co-axial with the axis of the seal plate
3. The manifold plate 4 is axially located against the seal plate 3 by the BOV stack 5 that is
sandwiched between the valve support 8 and the manifold plate 4 with a pre-load. The BOV
stack 5 could be in the form of a damping valve such as a digressive flexible disk stack. The

BOV stack 5 creates a BOV cavity 34. The spool valve 2 is located between the bore 30 of
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the valve support 8 and the bore 24 of the seal plate 3. In the free state, the spool valve 2 is
held in the ‘un-activated’ free flow mode, i.e. the first mode, position with a force element,
here a pre-load by means of the valve spring 6 creating, a closing force against the spring
support 7, and snap ring 22 that is positively held in the spool valve 2. The said spring force
reacts against the valve support 8 so that the snap ring 22 is held firmly against the seal plate
3. The manifold plate 4 contains a plurality of passages 31 disposed around the bore 29 of the
manifold plate 4 that are on fluid communication with a plurality of holes 32 that are placed
in the manifold plate 4, so that there is fluid communication between the bore 29 of the
manifold plate 4 and the faces of the manifold plate 4. The valve spring 6 is located in a
spring cavity 33 in the valve support 8. The spring cavity 33 is in fluid communication with
the bore 29 of the manifold plate 4, and hence the passages 31 and holes 32 in the manifold
plate 4. The BOV assembly 5 blocks fluid flow from the holes 32 in the manifold plate and
the BOV cavity 34 until a predetermined pressure differential is reached, this being the BOV
cracking pressure. The flow/pressure characteristic of the BOV assembly 5 being tuned to a
specific curve, this curve may be a digressive curve. The BOV assembly 5 may act as a check
valve and block fluid flow from the BOV cavity 34 to the holes 32 in the manifold plate 4
regardless of the pressure in the BOV cavity 34. An orifice may be placed between the BOV
cavity 34 and the spring cavity 33 so that the pressure between the BOV cavity 34 and the
spring cavity 33 will equalize, if there is no or little flow between them.

[00118] As the spool valve 2 strokes toward the activated position, the spring support 7
moves in the bore that forms the spring cavity 33 of the valve support 8, displacing fluid from
the spring cavity. The outside diameter of the spring support 7 may be a close fit to the spring
cavity bore to restrict flow of the displaced fluid, thereby damping the motion of the spool
valve. The fluid restriction may be sized so as to dampen any spool valve oscillations that
may occur during its operation while not adversely affecting the response of the spool valve.
The spring support 7 may be a separate component as shown, or may be formed as an integral
part of the spool valve 2. The fluid restriction may be in the form of an annular gap between
the outside diameter of the spring support 7 and the bore of the spring cavity 33, or by a slot
or notch etc. that is formed into the spring support 7.

[00119] In FIG. 2, a regenerative active/semi active damper 9 that consists of a hydraulic
regenerative, active/semi active damper valve 10, and a pressure charged triple-tube damper
assembly 21, containing an embodiment of a compression diverter valve 1, is shown.

[00120] The valve support 8 is held concentric to the damper body 11 and locates the

damper middle tube 12. The seal plate 3 locates the damper pressure tube 13, and creates a
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first annular flow passage 14 that is in fluid communication with the first port 15 of the
hydraulic pump/motor of the hydraulic valve 10 and the rebound chamber 16. The first
annular flow passage 14 is also in fluid communication with the BOV cavity 34. The seal
plate 3 caps off the compression chamber 17. The middle tube 12 seals on the valve support
8, and creates a second annular flow passage 18 that is in fluid communication with the
second port 19 of the hydraulic pump/motor of the hydraulic valve 10 and the compression
chamber 17 via the concentric orifice through its axis 20 in the spool valve 2. While the
orifice is called a concentric orifice, the invention is not limited to orifices that travel through
the center. It may be offset, skewed, and other suitable shapes, sizes, and locations.
Concentric in this disclosure typically means it is contained within a moveable sealing
element irrespective of specific location within.

[00121] A piston 37 is disposed in the pressure tube so as to create a first chamber and a
second chamber, wherein the first chamber is the rebound chamber 16 and the second
chamber is the compression chamber 17.

[00122] Referring to FIG. 3, a compression diverter valve in the ‘un-activated” position is
shown.

[00123] In the position shown in figure 3, the spool valve 2 is held in the ‘un-activated’ first
mode position by the pre-load of the valve spring 6, and when in this position the full
uninterrupted outside diameter 23 of spool valve 2 is located within the bore 24 of the seal
plate 3, the diametrical clearance between the full outside diameter 23 of spool valve 2 and
the bore 24 of the seal plate 3 is such that any appreciable fluid flow from the compression
chamber 17 is blocked from passing through the bore 24 of the seal plate 3. Fluid can flow
from the compression chamber 17 through a first port that is defined by the bore 24 of the
seal plate 3, through the concentric orifice 20 of spool valve 2, through a second port, the
annular gap 25 that exists between the end of the spool valve 2 and the damper body 11, into
the second annular flow passage 18 and hence into the second port 19 of the hydraulic
pump/motor of the hydraulic valve 10, and vice versa as shown by flow arrows 26. Whereby
the concentric orifice 20 creates a first fluid restriction.

[00124] As fluid flows from the compression chamber 17 through the concentric orifice 20
of spool valve 2 to the second port 19 of the hydraulic pump/motor of the hydraulic valve 10,
a pressure drop is created that acts upon the projected area 27 of the spool valve 2 to create a
net axial force on the spool that opposes the force from the valve spring 6. The force
generated by the said pressure drop is proportional only to the said fluid flow from the

compression chamber 17 to the second port 19 of the hydraulic pump/motor of the hydraulic
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valve 10, and is unaffected by any pressure differential that may exist between the
compression chamber 17 and the rebound chamber 16. The spool valve 2 will remain in the
un-activated first mode position until the said net axial force acting on the spool valve 2 from
the said pressure drop generated by the fluid flow from the compression chamber 17 to the
second port 19 of the hydraulic pump/motor of the hydraulic valve 10, is equal to that of the
force from the said pre-load from the valve spring 6. Once the said net axial force becomes
greater than the force from the said pre-load, then the spool valve will move away from the
seal plate 3 toward the valve support 8, thereby reducing the annular gap 25.

[00125] If there is no flow from the compression chamber 17 to the second port 19 of the
hydraulic pump/motor of the hydraulic valve 10, then no said net axial force will occur,
regardless of any pressure differential that may exist between compression chamber 17 and
the rebound chamber 16, and the valve will remain in the un-activated first mode position.
This is due to the fact that with no flow, the force from fluid pressure acting on both sides of
the moveable spool valve 2 may be configured to be approximately equal and opposite.
[00126] When there is fluid flow from the second port 19 of the hydraulic pump/motor of
the hydraulic valve 10 to the compression chamber 17 via spool valve 20, then a pressure
drop is created that acts upon the projected area 26 of the spool valve 2 to create a net axial
force on the spool that is complimentary to the force from the valve spring 6 and will ensure
that the spool valve 2 will remain in the un-activated first mode position.

[00127] The diametrical clearance between the full outside diameter 23 of spool valve 2 and
the bore 30 of the valve support 8§ is such that any appreciable fluid flow from the spring
chamber 33 to the annular gap 25, and vice versa, is blocked.

[00128] Referring to FIG. 4, a CDV in the ‘activated’, second mode, diverted bypass
position is shown.

[00129] When there is sufficient flow from the from the compression chamber 17 to the
second port 19 of the hydraulic pump/motor of the hydraulic valve 10, the said pressure drop
will generate a sufficient net axial force to move the spool valve 2 toward a second mode
position so that fluid flows from the first port to a third port that is created by the flow
notches 28, that are disposed around the outside of the valve spool diameter 23. This will
generate a fluid passage from the compression chamber 17 through the bore 24 in the seal
plate 3 to the spring cavity 33, as shown by flow arrows 35. Fluid can now flow from the
compression chamber 17 through the bore 24 in the seal plate 3 to the spring cavity 33 into
the passages 31 and holes 32 in the manifold plate 4. If the differential between the pressure
in the holes 32 and the pressure BOV cavity 34 is greater than the said predetermined
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cracking pressure of the BOV assembly 5, then there will be fluid flow from the holes 32, and
hence the compression chamber 17, and the BOV cavity 34, and hence the rebound chamber
16, creating a by-pass flow. As the valve spool 2 moves to the second mode position, the
annular gap 25 will decrease and the flow from the compression chamber 15 to the second
annular flow passage 18, and hence the second port 19, will become restricted. A
predetermined flow rate from the from the compression chamber 17 to the second port 19 of
the hydraulic pump/motor of the hydraulic valve 10, will generate a sufficient net axial force
to move the spool valve fully to the activated state (a diverted bypass second mode) whereby
the annular gap 25 is fully closed, then flow from the compression chamber 17 to the second
port 19 of the hydraulic motor will be forced to flow through the small passages 36 that exist
in the end of the valve spool 2. In some embodiments the annular gap 25 may only partially
close during the activated state in order to allow additional flow from the compression
chamber 15 to the second port of the hydraulic motor 19. The passages 36 will then create a
second fluid restriction from the compression chamber 17 to the second port 19. The flow
restriction of the passages 36 and the pressure/flow characteristic being such that when the
said predetermined flow rate from the compression chamber 17 to the second port 19 is
reached and the valve spool fully activates to the second mode, the flow from the
compression chamber 17 to the second port 19 will remain mostly constant at this
predetermined value, and any additional fluid flow from the compression chamber 17 will
now pass through the valve spool 2 via the notches 28, through the BOV assembly 5 and
hence to the rebound chamber 16, by-passing the second port 19 of the hydraulic
pump/motor of the hydraulic valve 10. In this state, the pressure differential between the
compression chamber 17 and the rebound chamber 16 is now a function of the flow through
the BOV assembly 5, and the pressure/flow curve of the BOV assembly 5. In some
embodiments, this BOV functionality may be eliminated to allow free passage or an
alternative restriction to the rebound chamber 16.

[00130] In this activated second mode state, the CDV will now limit the flow to, and hence
the speed of, the hydraulic regenerative, active/semi active damper valve 10, and the damping
force generated being controlled passively by the pressure/flow curve of the BOV assembly
5, thereby protecting the regenerative, active/semi active damper valve 10 from overspeeding
during high speed compression damper events.

[00131] Although this embodiment refers to a compression diverter valve it is anticipated
that the damper may have a similar valve in the rebound chamber so as to offer protection

from overspeeding during high speed rebound damper events, and the multi-path fluid
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diverter valve methods and systems described herein are not limited in this regard.

[00132] Referring to FIG. 5, the spool valve 2 is shown in detail to show the flow notches
28 and the flow passages 36.

[00133] The flow notches 28 in the spool valve 2 can be positioned and sized so that fluid
flow can only occur between the compression chamber 17 and the spring cavity 33 once a
predetermined annular gap size 25 is achieved. The rate at which fluid can flow between the
compression chamber 17 and the spring cavity 33 with reference to spool position can be
accurately controlled by the shape of the notches and/or by staggering the number of notches
that become active with spool position, so as to modulate and smooth the action of the spool
valve 2 as it transitions from the un-activated first mode state to the activated state second
mode. This will smooth out any force spikes that may occur due to the transition between
these states.

[00134] FIG. 6 shows a diverter valve arrangement with multistage activation. FIGs. 6A
through ¢ show diverter valve operation that is comparable to FIGs. 6D through 6E, however,
via a different embodiment. The basic diverter operation of the embodiment of Fig. 6 is
substantially the same as described previously, however, the operation from free-flow mode
to diverted mode occurs in stages.

[00135] In FIG. 6C and 6F the diverter valve 28 is in the first mode and flow from either the
compression chamber (or rebound chamber) flows through the first port, opening 31, into a
second port (a first outlet port) 32. The opening 31 creates a first fluid restriction.

[00136] In FIG. 6B and 6E when a predetermined flow rate is reached, the net force from
the flow-induced pressure drop on the first stage valve 29 forces it closed against the spring
31. When the first stage valve 29 closes, flow can no longer pass through the first port,
opening 31, and is forced through a second fluid restriction, orifice 33. This will limit the
flow that can go to the second port.

[00137] In FIG. 6A and 6D, after the first stage valve 29 is closed, the pressure in the
compression chamber (or rebound chamber) will increase due to the restriction offered by the
second restriction of orifice 33. This pressure will act upon the second stage valve 30, until
the force generated by this pressure overcomes the force of the spring 32. The second valve
stage will then open a third port (a second outlet port) 34 and the diverter valve will be in the
second mode. This will allow bypass flow to go directly to the rebound chamber from the
compression chamber (or vice versa) via the third port 34 bypassing the hydraulic
pump/motor.

[00138] The force of springs 32 will determine at what pressure the second stage activates

25



WO 2014/152482 PCT/US2014/027389

and can therefore be tuned to give the desired bypass damping force. Here, the second stage
valve may comprise of a stack of flex discs arranged so that the pressure/flow curve can be
further tuned to give the desired damping force curve. Several blowoff-valving techniques are
known in the art beyond flex disks, and any may suffice. It is oftentimes desirable to have
passive damping control over these flow/pressure characteristics in order to perform
functional tasks such as smoothing force slope transitions.

[00139] By selection of the correct spring forces and spring rates of the springs 31 and 32, it
is possible for the second stage valve to slightly open as the first stage closes to give a more
progressive transition from the first to second stage operation if so desired.

[00140] It is also possible to use more valves and springs, in series or parallel, so as to offer
three or more stages of operation.

[00141] FIG. 7 shows a diverter valve arrangement with flex disc activation. FIGs. 7A
through ¢ show DV operation that is comparable to FIGs. 7D through 7E, however via a
different embodiment. The basic diverter operation of the embodiments in Fig. 7 is
substantially the same as described in FIG. 6, however, the operation from free-flow mode to
diverted mode now occurs in in a smooth transition due to the flexure of the flex discs 35.
[00142] FIG. 8 shows a triple-tube active damper with an internal accumulator and face
sealed disc embodiment of a diverter valve arrangement.

[00143] The triple-tube active damper consists of a damper assembly 9 and valve assembly
10 that is rigidly attached to damper assembly 9. The valve assembly 10 may contain an
electric motor/generator controller that is rigidly attached to it so as to form an electronically
controlled “smart valve.”

[00144] The damper assembly 9 contains a rebound diverter assembly 39 and a compression
diverter valve assembly 1. The accumulator floating piston (FP) 40 is located behind the
compression diverter valve assembly 1, and the accumulator gas volume 41 is located behind
the FP 40 ahead of the damper bottom mount.

[00145] Referring to FIG. 9, the embodiment of a diverter valve is shown schematically.
This shows the first port (the inlet), second port (the first outlet port) and third port (the
second outlet port), the moveable valve 2 (such as a spool valve), the BOV assembly 5, the
pre-load spring 6, the first fluid restriction 20, the pressure acting on the annular area 27a
(pressure at first port), 27b (pressure at second port), the second fluid restriction 36, and the
first mode and second mode. The embodiment shows a “free flow” first mode wherein fluid
flows through the first port, through the diverter 37, and into a second port (optionally

coupled to a hydraulic pump/motor). This fluid path contains a first restriction 20 such that
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there is a pressure drop from the first port to the second port. When the pressure drop across
the fluid restriction 20 creates a pressure differential between the opposing annular areas 27a
and 27b to overcome the pre-load spring 6, the valve 2 switches to a diverted bypass second
mode. This pressure drop is partially or wholly fluid flow velocity dependent, making the
actuation point flow velocity dependent. In some embodiments the first fluid restriction 20
may be in the fluid path during the first mode only (i.e. the restriction 20 would move to the
left double arrowed straight line 37). The first fluid restriction may also be variable based on
parameters such as valve mode. In a second mode, fluid is able to pass from the first port to
the third port via a fluid path 38. Additionally, in some embodiments fluid may pass from the
first port through a second fluid restriction 36, to the second port. Optionally, a blowoft valve
5 or progressive valve stack may be operatively coupled to the output of the third port.
[00146] Referring to FIGs. 10, 11, 13, 15 & 17 the rebound diverter valve (RDV) 39
comprises a throttle body 49, a sealing disc 2 and a seal body 3. The seal body 3 is held
concentric to the damper body of 11 and locates the damper pressure tube 17. The seal body 3
also locates and seals off a middle tube 12. This may provide a first annular flow passage 14,
between the pressure tube and middle tube that is in fluid communication with the first port
of the hydraulic pump/motor of the hydraulic valve 10, via a connector tube 43. A second
annular flow passage 18, is generated between the middle tube 12 and the damper body of 11
that is in fluid connection to the second port of the hydraulic pump/motor of the hydraulic
valve 10. A first port in the diverter valve is created via a bore in the center of the sealing disc
2

[00147] In a first mode, the sealing disc 2 is held against the seal body 3 by springs 6,
(shown in FIG. 17), exposing a first side of the sealing disc to the pressure in the rebound
chamber 16. A first fluid restriction is generated via the relatively small circular flow passage
20 between the second side of the sealing disc 2 and throttle body 49. The seal body 3 also
may contain flow orifices 75 that are in fluid communication with the first annular passage
14, and when the sealing disc 2 is held against the seal body 3 by springs 6, the sealing disc 2
blocks off the flow orifices 75, so that no flow exists between the rebound chamber 44 and
the first annular passage 14.

[00148] A second port is created by flow passages 72 in the throttle body 49 that is in fluid
communication with the second annular flow passage 18, and hence the second port of the
hydraulic pump/motor of the hydraulic valve 10. Via the first port, the rebound chamber 16 is
in fluid communication with the circular flow passage 20, and the flow passages 72 in the

throttle body 49, as shown by the flow arrows, 35. Therefore, when the damper is in rebound,
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fluid flows from the rebound chamber 16, through the first port, through the circular flow
passage 20, through the second port of flow passages 72 in the throttle body 49, and to the
second port of the hydraulic pump/motor of the hydraulic valve 10, via the second annular
flow passage 18, as shown by flow arrows 44 and 26. The relatively small circular flow
passage 20 offers a first fluid restriction to this flow, and may cause a pressure drop on the
second side of the sealing disc 2 that is proportional to the flow, this may generate a force
imbalance across the sealing disc 2, counteracting the preload on the sealing disc from the
springs 6. As the rebound flow increases, the pressure drop and hence the force imbalance
across sealing disc 2 also increases, until the force imbalance becomes greater than the spring
preload, whereby, the sealing disc 2 may start to close toward the throttle body 49. As the
sealing disc 2 closes toward the throttle body 49, the circular flow passage 20 decreases in
size and hence increases the pressure drop and the force imbalance thereby, causing the
sealing disc 2 to close even further, until it becomes fully closed against the throttle body 49,
whereby the RDV is in a second mode. The circular flow passage 20 may now be completely
closed, as shown in FIG. 13. The RDYV is therefore flow activated, and since rebound flow is
proportional to rebound damper velocity, the RDV is activated at by rebound damper
velocity. By adjusting the preload on the springs 6 and/or the size of the circular flow passage
20, the velocity at which the valve activates can be readily tuned.

[00149] When the RDV 39 is in second mode, (as shown in FIG. 13), flow to the second
port of the hydraulic pump/motor of the valve assembly 10 is severely restricted, forcing fluid
through a second fluid restriction via small orifices 36 in the sealing disc 2, as shown by flow
arrows 35. This may limit the speed at which the pump/motor of the assembly 10 rotates
when the RDV is activated.

[00150] As the sealing disc 20 closes toward the throttle body 49, it moves away from the
seal body 3, opening a third port via the small flow orifices 75 that are in fluid
communication with the first annular passage 14. This may now allow fluid flow from the
rebound chamber 44 to the first annular passage 14, via the small flow orifices 75. As well as
being in fluid communication the second port of the pump/motor of the hydraulic valve 10,
the first annular passage 14 is also in fluid communication with the compression chamber 17,
via flow passages 74 in the CDV throttle body 73, as shown in FIG. 12.

[00151] Therefore, when the RDV 39 is in the second mode, it may allow flow from the
rebound chamber 44 to two distinct flow paths; the first flow path is to the second port of the
pump/motor of the hydraulic valve 10, via the second fluid restriction of orifices 36 in the

sealing disc 2, and the second flow path is to compression chamber, via the first annular
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passage 14, and flow passages 74 in the CDV throttle body 73. Therefore, when in the second
mode, the RDV 39 bypasses some flow from the primary flow path - the second port of the
pump/motor of the hydraulic valve 10, to a secondary flow path — the compression chamber
17. This has the effect of limiting flow to the pump/motor of the hydraulic valve 10, whilst
bypassing flow from the rebound chamber 16 to the compression chamber 17 simultaneously
controlling the pressure drop that is generated.

[00152] Since the flow to the compression chamber 17 is via the small flow orifices 75 in
the seal body 3, the pressure/flow characteristic of this flow path can be readily controlled to
provide the desired passive damping coefficient when the damper velocity is at a high enough
speed to activate the diverter valve. As well as varying the orifice flow coefficient, the
distance that the sealing disc 2 moves away from the seal body 3 can be varied to vary the
flow coefficient. Also, the sealing disc 2 may constructed of a stack of flex washers (as
opposed to one, stiffer, washer) that can vary the opening to the small flow orifices 75, due to
flexure of the flex washer stack under increasing pressure in the rebound chamber. These
types of valves are well known in the art and the multi-path fluid diverter valve methods and
systems described herein are not limited in this regard. Due to the flexibility of how the
passive damper coefficient can be tuned, the passive damper coefficient can be higher than
the maximum damper force generated by the hydraulic regenerative, active/semi active
damper valve 10, or lower than the minimum damper force generated by the hydraulic
regenerative, active/semi-active damper valve 10, or anywhere in between, as shown in FIG.
19.

[00153] When the sealing disc 2 is held against the seal body 3 by springs 6, the small flow
orifices 75 in the seal body 3 present an area on the second side of the sealing disc 2, and any
pressure differential that exists between the first annular passage 14 and the second annular
passage 18 (due to the pressure differential between the rebound and compression chambers
due to the damper force), may generate a force on the sealing disc due to the area presented
on the second side of the sealing disc. This force may act in parallel to the force imbalance on
the sealing disc 2 from the flow through the first fluid restriction, and by controlling the
pressure differential between the first annular passage 14 and the second annular passage 18,
the force imbalance, and hence the activation point, on the RDV can be controlled. Since the
differential between the first annular passage 14 and the second annular passage 18 is
controlled by the hydraulic regenerative, active/semi-active damper valve 10, the damper
velocity at which the RDV activates from the first mode to the second mode can now be

controlled by varying the damper force via the hydraulic regenerative, active/semi -active
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damper valve 10. The loading on the hydraulic regenerative, active/semi active damper valve,
10 can be accurately controlled so as to smooth out the transition to passive damping when
the RDV activates, thereby improving the ride quality of the damper.

[00154] Since the passive damper coefficient after the RDV has been activated can be
readily tuned to be either greater or lower than the maximum damper force, and the damper
velocity at which the RDV activates can be controlled by the hydraulic regenerative,
active/semi active damper valve, a broad damper force curve, similar to that shown in FIG.
19 can be achieved, whereby; the activation velocity at max damper force is shown by point
76, the activation velocity at min damper force is shown by point 79, and the curve 77
represents the maximum tuned passive damping coefficient after the RDV has activated, and
the curve 78 represents the minimum tuned passive damping coefficient after the RDV has
activated. The area 79 between the maximum and minimum tuned passive damping
coefficient curves 77 and 78 respectively, is the broad range to which the passive damping
coefficient can be tuned, to suit any particular application. One method for tuning this damper
force-velocity characteristic at damper velocities larger than the activation velocity 80, within
the tuning range of maximum and minimum passive damping coefficient curves 77 and 78, is
by tuning the pressure-flow characteristic of the diverter valve BOV 5, in this case of the
RDV.

[00155] When the damper is in compression, fluid may flow from the second port of the
hydraulic pump/motor of the hydraulic valve 10, through the second annular flow passage 18
into the rebound chamber 44. Fluid may be in communication from the compression chamber
17 to the first annular passage 14, via the CDV 1. The pressure in the compression chamber
17 may be proportional to the compression damping force, and this pressure may be present
at the small flow orifices 75. Due to the area exposed on the sealing disc 2 from the small
flow orifices 75, the compression chamber pressure may generate a separating force on the
sealing disc, counter-acting the preload placed on the sealing disc 2 from the springs 6. Once
the separating force becomes greater than the preload force, the sealing disc 2 may start to
move away from the seal body 3, allowing fluid to flow from the first annular passage 14
(and hence the compression chamber 17) to the rebound chamber 16. This may limit the
pressure that can be achieved in the compression chamber, and thereby the RDV may now act
as a compression BOV, when the damper is in compression. Although the diverter valve
offers blow-off functionality, it might be desirable to use another BOV acting with, or instead
of, the diverter valve BOV. This other BOV could be in several forms, and the patent is not

limited in this regard.
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[00156] Referring to FIGs. 12, 14, 16 & 18; the compression diverter valve (CDV) 1
operates in a similar manner to that of the RDV 39, and operates to limit the pump/motor
speed of the hydraulic valve 10 when the damper is at high compression damper velocities,
and to provide a broad passive compression damper coefficient after the CDV has been
activated, as well as to act as a rebound BOV limiting the maximum rebound pressure when
the damper is in rebound.

[00157] Although the damper architecture shown in the above figures is that of a monotube
arrangement, the valving described above can be used in a hydraulic regenerative,
active/semi-active damper valve that is incorporated in a twin tube or triple tube damper
architecture, and the multi-path fluid diverter valve methods and systems described herein are
not limited in this regard.

[00158] For purposes of clarity, the following is a list of figure elements and their respective
references in this disclosure and the figures, specifically pertaining to but not limited to
Figures 20 through 30:

[00159] 2 — designates the movable sealing element.

[00160] 6 - designates a force element that biases the movable sealing element into the first
mode position, such as a spring.

[00161] 20 - designates a surface section(s) on the movable sealing element, at least
partially forming the first fluid flow restriction in the fluid path between the first and second
ports.

[00162] 26 - designates fluid flow arrow(s) along the main fluid flow path between the first
and second ports.

[00163] 27a - designates the projected effective fluid pressure area of the movable sealing
element onto a plane perpendicular to the direction of travel of the movable sealing element
during the transition between the first and second modes, of any surface sections that stand in
primary fluid pressure communication with the flow path between the first and second ports,
facing towards the first port.

[00164] 27b - designates the projected effective fluid pressure area of the movable sealing
element onto a plane perpendicular to the direction of travel of the movable sealing element
during the transition between the first and second modes, of any surface sections that stand in
primary fluid pressure communication with the flow path between the first and second ports,
facing towards the second port.

[00165] 27c - designates the projected pressure area onto a plane normal the direction of

travel of the movable sealing element of an area on the movable sealing element that stands
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in primary fluid pressure communication with flow path between the first and second ports.
[00166] 27d - designates the projected pressure area onto a plane normal to the direction of
travel of the movable sealing element that does not stand in primary fluid pressure
communication with the flow path between the first and second ports.

[00167] 33 - designates a fluid cavity comprised of at least one surface section of the
movable sealing element.

[00168] 36 - designates the second fluid restriction(s) in the fluid path between the first and
second ports that is generally substantially negligible during the first mode. During the
transition between modes, in some embodiments, this second flow restriction may consist of
two distinct flow restrictions:

[00169] 36a - a first flow restriction that becomes more restrictive during the transition
between the first and second modes and less restrictive in the reverse transition as a function
of axial stroke position of the movable sealing element

[00170] and:

[00171] 36b - designates a second flow restriction that behaves in reverse manner to the first
flow restriction 36a by becoming less restrictive during the transition between the first and
second modes and more restrictive in the reverse transition as a function of axial stroke
position of the movable sealing element.

[00172] 36a - designates the second fluid restriction(s) in the fluid path between the first and
second ports that is generally substantially negligible during the first mode.

[00173] 45 - designates a pressure level near the first port of the diverter valve assembly.
[00174] 46 - designates a pressure level near the second port of the diverter valve assembly.
[00175] 47 - designates a pressure level near the third port of the diverter valve assembly.
[00176] 48 - designates a pressure level primarily in communication with pressure levels
somewhere along the flow path between the first and second ports.

[00177] 50 - designates a primary fluid pressure communication passage between a fluid
cavity and a fluid flow path.

[00178] 51 - designates label(s) for an effective fluid pressure area acting on the movable
sealing element projected onto plane that is perpendicular to the direction of travel of the
movable sealing element during the transition between first and second modes.

[00179] 52 - designates the axis of rotational symmetry of the movable sealing element and,
in many embodiments, the sealing manifold assembly.

[00180] 53 - designates the sealing manifold assembly that houses the movable sealing

element, the first, second, and third ports, any fluid flow paths, fluid flow restrictions and/or
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fluid flow valves between the first and second ports or between the first and third ports.
[00181] 54 - designates motion arrow(s) indicating direction of travel of the movable sealing
element when transitioning between the first and second modes.

[00182] 55 - designates secondary sealing interface(s) between the movable sealing element
and the manifold assembly on which it seals, at least partially restricting pressure and flow
communication between the first and second ports during the second mode.

[00183] 56 - designates sealing interface(s) between the movable sealing element and the
manifold assembly on which it seals, substantially restricting pressure and flow
communication between the first and third ports in the first mode.

[00184] 57a - designates a system pressure level in a first fluid chamber of the diverter valve
assembly.

[00185] 57b - designates a system pressure level in a second fluid chamber of the diverter
valve assembly.

[00186] S7c - designates a system pressure level in a fluid cavity.

[00187] 58 - designates a shaped insert that is a part of the sealing manifold assembly 53 of
the diverter valve, at least partially responsible for forming the second flow restriction 36
along the flow path between the first and second ports.

[00188] 59 - designates fluid flow arrow(s) indicating a primary fluid flow path passing
through a primary fluid pressure communication path between a fluid cavity and a fluid flow
path.

[00189] 60 - designates label(s) for a primary fluid pressure communication passage
between a fluid cavity and a fluid flow path.

[00190] 61 - designates an effective fluid flow area of a flow passage between two fluid
chambers of the diverter valve assembly.

[00191] 61a - designates the effective fluid flow area of the second flow restriction 36 along
the flow path between the first and second ports.

[00192] 61b - designates the effective fluid flow area of the primary pressure
communication feature between the spring cavity and another fluid volume within the
diverter valve assembly.

[00193] 62a - designates an element of the diverter valve assembly that is either part of the
movable sealing element or part of its sealing manifold assembly.

[00194] 62b - designates an element of the diverter valve assembly, separate from element
62a, that is either part of the movable sealing element or part of its sealing manifold

assembly. If element 62a is a representation of its first embodiment, 62b is a representation of
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its second embodiment, and vice versa.

[00195] 63 - designates a reference measurement scale indicating travel position of movable
sealing element, fixed with respect to element 62b.

[00196] 64 - designates a sealing flow-gap between the movable sealing element and the
manifold assembly on which it seals.

[00197] 65 - designates surface section(s) on an element of the diverter valve assembly, at
least partially forming a variable fluid flow restriction between two separate elements of the
diverter valve assembly that varies as a function of the relative position of these two elements
with respect to another.

[00198] 66 - designates a qualitative characteristic curve showing the effective primary fluid
flow area between two fluid chambers as a function of travel position of the movable sealing
element with respect to the manifold assembly on which it seals.

[00199] 67 - designates a coordinate axis with units of displacement showing the relative
travel position of the movable sealing element with respect to the manifold assembly on
which it seals.

[00200] 68 - designates a coordinate axis with units of area showing the effective primary
fluid flow area between two fluid chambers.

[00201] 69 - designates fluid flow arrow(s) indicating a primary fluid flow path through a
primary fluid pressure communication passage between two fluid chambers.

[00202] 70 - designates fluid flow arrow(s) indicating leakage fluid flow path through a
sealing gap between two mating fluid sealing surfaces.

[00203] 71a - designates pressure force arrow(s) representing the component of the net fluid
pressure force acting on a surface, that is directed along the direction of travel the movable
sealing element, towards the first port of the diverter valve assembly.

[00204] 71b - designates pressure force arrow(s) representing the component of the net fluid
pressure force acting on a surface, that is directed along the direction of travel the movable
sealing element, towards the second port of the diverter valve assembly.

[00205] Referring to FIG. 20A, a schematic of a spool type diverter valve is shown in or
near the first mode position of the spool type movable sealing element 2. The direction of
travel of the spool during the transition between the first and second modes is indicated by
motion arrow 54. The spool 2 is rotationally symmetric about its axis of symmetry 52. The
internal bore of the spool 20 forms the first flow restriction in the flow path between the first
and second ports, indicated by fluid flow arrows 26. In the first mode position, the spool

valve seals radially 56 on its outer diameter with the sealing manifold assembly 53 allowing
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negligible flow and pressure communication between the first and third ports. In the second
mode the spool valve seals at least partially with the sealing manifold assembly on secondary
sealing surface 55 which is perpendicular to the axis of symmetry of the spool, at least
partially sealing the flow path between the first and second ports. In this embodiment, any
fluid communication between the first and second ports when the spool 2 is in the second
mode position, passes through the secondary flow restriction along the flow path between the
first and second ports 36. In this embodiment, the pressure level near the inlet of the spool 45
is close to the pressure at the first port. The pressure level after the secondary flow restriction
along the flow path between the first and second ports 46 is close to the pressure level at the
second port. The pressure level just after the primary sealing interface 56 between the spool 2
and the sealing manifold 53 along the flow path between the first and third ports 47 is either
similar to the pressure level at the third port, or similar to the pressure level in the BOV
cavity. For these conditions to be met during all modes, any other changes in pressure along
sections of flow paths within the diverter valve assembly due to elements not explicitly
detailed in this schematic (other than a BOV) are assumed to be substantially negligible.
Therefore, it is sufficient to interchangeably refer to pressure 45 the pressure at or near the
first port, pressure 46 the pressure at or near the second port, and pressure 47 the pressure at
or near the third port. The force element that biases the movable sealing element into the first
mode position 6 sits in a fluid cavity 33 which stands in primary fluid pressure
communication with a pressure level 48 at a point along the flow path between the first and
second ports, through a pressure communication element 50. The respective projected
pressure areas 27c of a particular set of surface sections of the spool 2 onto a plane
perpendicular the axial direction of the spool 2 are labeled 51. A unique capital letter A
through E is assigned to each surface, as well as a sign (+ or -) depending on whether the
respective projected pressure area faces towards the first port (-) or towards the second port
(+).

[00206] Referring to FIG. 20B, shown is a stack of all projected pressure areas 27c¢ A
through E with the corresponding relative magnitudes preserved.

[00207] Referring to FIG. 20C, shown is the stack of all projected pressure areas 27c¢ A
through E, as shown in FIG. 20B, grouped by corresponding directional vectors (+) and (-), to
form the pair of effective pressure areas 27a and 27b for the set of all fluid immersed
effective pressure areas on the movable sealing element 2 that stand in primary pressure
communication with the flow path between the first and second ports. For the embodiment of

the diverter valve shown in FIG. 20, these two resulting opposing effective pressure areas 27a
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and 27b are substantially equal in magnitude.

[00208] FIGs. 20A through 20C present a method to determine one of the possible unique
pairs of effective projected pressure areas, for one of the unique sets of all surface sections
that stand in pressure communication with the same unique flow path or pressure level, for
any arbitrary spool type embodiment of the movable sealing element 2. This same or any
analogous methods can be used to determine all unique effective projected pressure area pairs
for any other embodiment of the movable sealing element 2, as well as for fluid cavities 33.
[00209] A unique feature of the spool type embodiment of the diverter valve as shown in the
schematic of FIG. 20A, is that any complete sets of all possible fluid-submerged projected
pressure areas of all surface sections of this embodiment of movable sealing element, that are
not negligible, 27c A through E, are entirely only exposed to the pressure levels along a
single unique flow path: pressure levels along the flow path between the first and second
ports 48. For other embodiments of the diverter valve, the movable sealing element may have
any number of unique sets of projected pressure areas that each stand in pressure
communication with different unique flow paths or pressure levels. For these different types
of movable sealing elements, the pairs of effective projected pressure areas for any of these
unique flow paths or pressure levels, need to be evaluated separately.

[00210] For a unique set of embodiments of the diverter valve where all possible sets of
projected pressure areas from only one pair of effective projected pressure areas, as is the
case with the embodiment shown in FIG. 20, the following are preferably true:

e The primary sealing interface 56 between the movable sealing element 2 and
its sealing manifold assembly 53 should establish a radial seal (perpendicular
to the direction of travel of the movable sealing element)

¢ any fluid cavities 33 that each share at least a small surface section with the
movable sealing element 2, each either stand in primary fluid pressure
communication with the flow path between the first and second ports, or each
is directed only in the radial direction with respect to the movable sealing
element 2, perpendicular to the direction of projection.

[00211] For any embodiments of the diverter valve that meet these requirements, the net
fluid pressure force acting on the respective movable sealing element 2, depends only on the
fluid flow rate passing between the first and second ports and is not substantially impacted by
pressure levels that exists elsewhere in the hydraulic system of the diverter valve.

[00212] Referring to FIG. 21; shown is a schematic of a spool type embodiment of a
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diverter valve. The figure elements and descriptions detailed in this schematic are similar to
those shown in the schematic of FIG. 20A with some key differences. The fluid cavity 33
which houses the spring element 6 that biases the movable sealing element 2 into the first
mode position is not in primary fluid pressure communication with the flow path between the
first and second ports, but rather is in primary fluid pressure communication with the flow
path between the first and third ports. Due to the radial primary sealing interface 56 between
the movable sealing element 2 and its sealing manifold assembly 53, there is substantially
negligible flow and pressure communication between the first and third ports during the first
mode. The pressure level 47 inside the fluid cavity 33 is substantially equal to the pressure
level near the third port 47 or near the effective pressure level inside a BOV cavity. This is
because any number of elements, acting as an effective blowoff valve (BOV) along the flow
path between the first and third ports during the second mode, may be placed between the
primary sealing interface 56 and the flow features that constitute the third port, establishing a
substantially different pressure level inside the BOV cavity than may exist at or near the
features that constitute the third port of the diverter valve.

[00213] In this embodiment of the diverter valve, the two effective projected pressure areas
that constitute the pair of effective projected pressure areas that is in pressure communication
with the flow path between the first and second ports, are substantially equal in size. Unlike
in the schematic of FIG. 20A, these two effective pressure areas 27a & 27b are not explicitly
shown. Instead, all pairs of effective projected pressure areas 27d of surface sections that do
not stand in primary fluid pressure communication with the flow path between the first and
second ports are shown. Each of the individual effective projected pressure areas that
constitute these pairs of effective projected pressure areas is labeled 51 with a unique capital
letter A & B and a sign indicating the direction each is facing: effective projected pressure
area A is facing towards the second port (+), and effective projected pressure area B is facing
towards the first port (-), forming a unique pair of effective projected pressure areas that
stands in primary pressure communication with a pressure level 47, and is not in primary
pressure communication with the flow path between the first and second ports.

[00214] If the two areas that constitute a unique pair of effective projected pressure areas are
substantially equal in size, the fluid pressure force acting on the part due to those areas in the
direction normal to the projection plane is only dependent on effective pressure variations
along the section of the fluid path or fluid volume that stands in primary pressure
communication with any of the projected pressure areas that substantially contribute the this

pair of effective projected pressure areas. If all of these effective pressure variations along
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this section of a flow path or volume are substantially a function of the volumetric fluid flow
passing along this section of a flow path or fluid volume, substantially all effective pressure
force acting on the part due to this unique pair of effective pressure areas is substantially only
a function of this volumetric fluid flow.

e The following is a general set of rules relating a unique effective fluid pressure
force acting on a fluid submerged part or assembly due to system pressures
acting on any one of the unique pairs of effective projected pressure areas, to
the relative sizes of the two effective pressure areas constituting this unique
pair of effective projected pressure areas and the respective effective pressures
acting over these two effective projected pressure areas: Any substantially
equal pair of effective pressure areas that are fully in primary fluid pressure
communication with a unique flow path on a fully fluid immersed part, will
only generate a pressure force on the part in the direction normal to the
projection plane. The pressure force is entirely dependent on the fluid flow
rate along the corresponding flow path.

® Any pair of effective pressure areas that are fully in primary fluid pressure
communication with a unique flow path on a fully fluid immersed part that are
not substantially equal will generate a pressure force on the part in the
direction normal to the projection plane. The pressure force is partially
dependent on the fluid flow rate along that flow path, and partially dependent
on the absolute system pressure at some point along that flow path.

® Any pair of effective pressure areas on a fully fluid immersed part that are
fully in primary fluid pressure communication, are substantially equal, and are
at substantially the same pressure level, will generate a pressure force on that
part that is substantially negligible.

® Any pair of effective pressure areas on a fully fluid immersed part that are
fully in primary fluid pressure communication, are not substantially equal, and
are at substantially the same pressure level, will generate a pressure force on
the part. The pressure force is fully dependent on the pressure level that the
effective pressure areas stand in communication with.

[00215] For any fully fluid-immersed part or assembly whose surface sections stand in
primary fluid pressure communication with any unique flow path and pressure level, any

combination of these effects can combine to effectively impart any combination of possible
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flow and pressure dependencies on the net fluid pressure force acting on the part or assembly.
[00216] In most embodiments of the diverter valve, it is desirable to achieve a net fluid
pressure force acting on the movable sealing element 2 along its direction of travel during the
transition between the first and second modes that substantially depends solely on the fluid
flow rate along the flow path between the first and second ports. It is also desirable for the net
fluid force acting on the movable sealing element 2 to be independent of other pressure forces
within the hydraulic system.

[00217] In order for the net fluid pressure force on the movable sealing element, in its axial
direction, to be solely dependent on the fluid flow rate between the first and second ports, the
pair of effective pressure areas of the movable sealing element that are in primary fluid
pressure communication with the flow path between the first and second ports that are
projected onto a plane perpendicular to the axial direction of the movable sealing element,
should be substantially equal in size. Furthermore, any pairs of effective projected pressure
areas of the movable sealing element that are in primary fluid pressure communication with
other unique flow paths that each are not sections of the flow path between the first and
second ports, such as pressure levels along the flow path between the first and third ports,
should be substantially negligible in size. The pressure forces generated by the fluid acting on
these areas does not contribute to the net pressure force balance on the movable sealing
element in its axial direction. Any remaining pairs of effective projected pressure areas on the
movable sealing element that are in primary fluid pressure communication with other unique
pressure level that each are not sections of any of the flow paths that have already been
accounted for, such as a unique pressure level along the flow path between the first and third
ports, should be substantially equal in size, such that they do not contribute to the net pressure
force balance on the movable sealing element in its axial direction.

[00218] The first embodiment of a spool type diverter valve detailed in the schematic FIG.
20A has a single pair of effective projected pressure areas that are fully in primary fluid
pressure communication with the flow path between the first and second ports. The second
embodiment of a spool type diverter valve detailed in schematic FIG. 21 has two unique pairs
of effective projected pressure areas, one of which is fully in primary fluid pressure
communication with the flow path between the first and second ports, the other of which is in
primary pressure communication with a unique pressure level along the flow path between
the first and third ports and is therefore not in primary fluid pressure communication with the
flow path between the first and second ports. The first pair is exposed to an effective range of

pressure levels 47 along the flow path between the first and second ports, the second pair is
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exposed to a unique pressure level 48. The second pair of effective projected pressure areas is
represented as B(-) and A(+). The effective pressure force acting on the movable sealing
element due to this second pair is substantially negligible.

[00219] In order to achieve a flow dependent activation of the diverter valve wherein the
transition from the first to the second mode is due solely to the effect of the fluid flow along
the flow path between the first and second ports, the net external forces acting on the
movable sealing element 2, other than the net pressure force and the opposing force from the
effective force element, are preferably kept to substantially negligible levels. These net
external forces include but are not limited to inertial forces due to acceleration. Movable
sealing element optimized for low effective density and size are preferable for use in
environments exposed to substantial acceleration levels, such as certain types of suspension
systems.

[00220] Referring to FIGs. 20A & 21; in the first mode position of both embodiments of a
spool type diverter valve as detailed in the two schematics, the normal vectors of all effective
sealing interfaces 56 between the movable sealing element and its sealing manifold assembly
are substantially perpendicular to the direction of travel of the movable sealing element 54 in
the axial direction.

[00221] Referring to FIG. 21; a unique aspect of the specific embodiment of the spool type
diverter valve as shown in the schematic is that when the movable sealing element 2 is in the
second mode position, the normal vectors of all effective sealing interfaces 55 between the
movable sealing element 2 and the manifold assembly on which it seals 53 are substantially
perpendicular to the direction of travel of the movable sealing element 54 in the axial
direction. Radially sealing interfaces in the second mode position are also possible to achieve
with some embodiments of the disc type diverter valve.

[00222] Another unique aspect of the specific embodiment of the spool type diverter valve
as shown in FIG. 21 is that only the first flow restriction along the path between the first and
second ports contributes substantially to the net pressure force balance on the spool during
the second mode. This is due to the fact that during the second mode, the normal vectors of
the effective sealing interfaces 55 between the movable sealing element 2 and the manifold
assembly on which it seals 53 are substantially perpendicular to the direction of travel of the
movable sealing element 54.In addition, the secondary flow restriction 36 along the path
between the first and second ports becomes active during the second mode. The secondary
flow restriction 36 does not contribute to the net pressure force balance on the movable

sealing element 2 because the effective change in pressure that is created by the fluid passing
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through this substantial flow restriction does not act on any effective pressure areas of the
spool.

[00223] The embodiment of a spool type diverter valve detailed in FIGs. 1A through 4 is
substantially similar to the embodiment of a spool type diverter valve as detailed in the
schematic of FIG. 21.

[00224] FIG. 22 is a schematic of an embodiment of a spool type diverter valve. The figure
elements and descriptions shown in this schematic are substantially similar to those shown in
the schematic of FIG. 20A. There are several key differences between the two schematics.
The schematic shown in FIG. 22 does not show any projected pressure areas. Instead, various
possible embodiments of primary pressure communication features 50 are shown. These
features communicate pressure between all of any number of unique fluid cavities 33 that
each may house spring elements 6 and the main flow path between the first and second ports.
For ease of understanding, FIG. 22 depicts a single effective cavity 33 housing a single
effective spring element 2. Fluid flow arrows 59 indicate the direction of fluid flow out of the
cavity during the transition between the first and second modes. This fluid evacuation or
inflow (depending on direction of travel) is caused by the motion of the movable sealing
element 2 as it transitions between its first and second mode positions. In this embodiment,
the movable sealing element 2 acts to effectively decrease the volume of the spring cavity 33
during the transition from the first mode to the second mode. Conversely, during the
transition from the second mode to the first mode, the volume of the spring cavity 33
increases to return its original size.

[00225] Some embodiments of the spool type diverter valve shown in FIG. 22 may use
several primary fluid pressure communication channels 50 to communicate pressure between
the effective spring cavity 33 and the flow path between the first and second ports have at
least one channel that is substantially different from the others. This difference can either be
in size, position, length, shape, or the pressure level along the flow path between the first and
second ports that it communicates the spring cavity 33 with. Those trained in the art may
recognize that any combination of fluid communication passages 50 can be functionally
replaced by a single flow passage that generates substantially similar transition behavior of
the of the movable sealing element 2 with respect to the performance metrics discussed
herein.

[00226] In the embodiment of the spool type diverter valve detailed in the schematic of FIG.
22 a number of possible fluid pressure communication channels 50 between the spring cavity

33 and the main flow path between the first and second ports are shown. Each is functionally
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different. Also shown are corresponding fluid flow arrows 59 and labels 60. Each pressure
communication channel 50 is uniquely labeled by a capital letter A through D that refers to
the effective pressure level at the point along the flow path between the first and second ports
that it connects the spring cavity with. Each label 60 also has a value associated with it that
represents an angle in units of degrees. Each of these angles refers to the approximate angle
that each of the corresponding flow paths of flow entering or exiting the spring cavity 33
through a pressure communication channel 50 describe when joining or diverging from the
main flow path between the first and second ports. For example, the flow exiting the spring
cavity 33 through flow channel B(90) describes a 90 degree angle in order to align with the
main flow path. The flow exiting the spring cavity 33 through flow channel C(0) is already
aligned with the main flow path at the point of exit. In the schematic, channels C(90) and
C(0) are functionally equivalent since both channels should describe 90 degree angles to
align with the main flow path, C(0) internally and C(90) just after exiting the spring cavity
33, and both exit at substantially the same point along the main flow path. The shape and size
of channel C(0) is arbitrary at all points along the channel prior to the exit into the main flow
path between the first and second ports.

[00227] It is assumed that flow paths C(0) and C(90) are referencing substantially equal
pressure levels along the main flow path. It is also assumed that any number of spring
cavities 33 and spring elements 6 can be combined into an effective single spring element 6
and single spring cavity 33 with a single pressure communication channel 50. The effective
spring cavity 33 and effective spring elements 6 are assumed to produce substantially similar
transition behavior to an embodiment with multiple spring cavities 33, spring elements 6, and
primary fluid pressure communication channels 50, of additively similar design.

[00228] The relative placement, size, and angle with respect to the main flow path of the
primary pressure communication channels 50 can substantially affect the transition behavior
of the valve.

[00229] In general, the pressure level along the main flow path that any such primary
pressure communication channel 50 communicates to can be manipulated in design to set the
activation flow rate of the valve. For any otherwise substantially equivalent embodiment of
the diverter valve with a different relative placement of the primary pressure communication
channel 50 between the spring cavity 33 and the main flow cavity can have a different
activation flow rate. By referencing different projected pressure areas with different pressure
levels along the main flow path between the first and second ports, the net biasing force

acting on the movable sealing element can be substantially different.
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[00230] For example, pressure near the second port 46 is assumed to be significantly smaller
than pressure near the first port 45 when the flow is going from the first to the second port.
Channel A(180) communicates the pressure in the spring cavity 33 with the pressure in the
main flow path near the first port 45. Channel D(90) communicates the pressure in the spring
cavity 33 with the pressure in the main flow path near the second port 46. A spool 2 with
channel A(180) will produce a higher pressure in the spring cavity 33 than a spool 2 with
channel D(90). This higher pressure acting on the spool 2 will contribute to the net pressure
force the spool 2 experiences and will activate at a higher flow rate.

[00231] The pressure at various points in the system is expected to change due to the
transition of the valve from the first mode to the second mode. In some embodiments, these
pressure changes can be predicted. By communicating the pressure in the spring cavity 33 to
a point of predictable pressure change the valve can be tuned to produce a slower, smoother
transition from the first mode to the second mode. Fast transitions may be undesirable
because they could cause the pressure response of the diverter valve to be drastic. This could
produce fluttering of the spool or other undesirable harshness within the system the diverter
valve is substantially interacting with.

[00232] Another method for setting the desired effective biasing force acting on the
movable sealing element 2 is by adjusting the design of the pressure communication channel
50, particularly the angle which it describes in order to join the main flow path. Depending on
the point along the main flow path to which the pressure is communicated, a substantial range
in exit angles can be achieved by design. For example, channels C(90) and C(0) both exit at
substantially the same point along the main flow path, but describe substantially different
angles in order to align with the main flow along the flow path between the first and second
ports.

[00233] A pressure communication channel 50 between the first and second ports can be
used to add damping to the transition motion of the spool 2 in order to achieve a smoother
pressure response during the transition. This damping is caused by the fluid being displaced
from the spring cavity 33 into the main flow path through any numbers of channels 50. The
smaller the effective flow area of these effective primary pressure communication features
50, the greater is their damping effect on the movable sealing element during the transition of
the spool. The channels 50 are sized to effectively act as flow restrictions. For example,
during the transition between the first and second modes, the faster the spool moves, the
faster fluid is forced to pass through the effective primary pressure communication channel

50, out of the cavity 33 to join the main flow path between the first and second ports, causing
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the pressure inside the spring cavity to rise substantially above the pressure level at the exit of
the channel. This increased pressure acts on the effective projected pressure area on the
surface section of the movable sealing element 2 that is exposed to the spring cavity 33,
effectively introducing a pressure force, biasing the movable sealing element into the first
mode position, thereby acting to slow its motion towards the second mode position.
[00234] These damping effects can be designed to vary as a function of spool 2 position
during the transition of modes by letting the effective flow area of the effective primary
pressure communication channel 50 vary as a function of the transition stroke position of the
movable sealing element.
[00235] Another method for achieving a smooth pressure response of the diverter valve
during the transition between the first mode and the second mode may involve active
elements that are used to control the overall changes in pressure across any combination of
flow paths between the three ports of the diverter valve. For example, such an active element
could be used to actively control the amount of fluid passing between the first and third ports,
thereby controlling the flow passing through the main flow path between the first and second
ports. Another such an active element could be a variable flow restriction that replaces the
second flow restriction along the flow path between the first and second ports.
[00236] Referring to the schematics of FIGs. 23A through 23D, shown are two solid
sections of components of the diverter valve assembly 62a and 62b. One of the two sections
is part of the movable sealing element 2 and the other part is part of the sealing manifold
assembly 53. It is unimportant which element refers to which feature because the only
relevant topic is the width of the effective flow gap between the two elements. Elements 62a
and 62b act to at least partially vary an effective fluid flow area along a flow path as a
function of axial travel position of the movable sealing element 2 as it transitions between the
first and second modes. Such functional elements may include but are not limited to:
¢ the radial sealing interface that seals against the flow path between the first
and third ports during the first mode of the spool type embodiment of the
diverter valve (Also see FIGs. 3 through 5).
¢ primary pressure communication channels 50 that communicate the pressure

in a fluid cavity that is at least partially formed by sharing surface sections

with the movable sealing element 2 with pressure levels either along the flow

path between the first and second ports, or any other system levels, the first

flow restriction along the flow path between the first and second ports.
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¢ the second flow restriction along the first and second ports.
[00237] Referring again to FIGs. 23A through 23D; shown is a variable effective flow area
61 between the two parts 62a and 62b. This area varies as a function 66 of the relative axial
54 position 63 of the two parts 62a and 62b with respect to one another. The shape of the
surface section 65 describes the effective flow area between the two parts and defines an
effective sealing gap 64
[00238] Position dependent features of the diverter valve assembly that allow for flow
restrictions to vary as a function of the transition stroke position of the movable sealing
element 2 with respect to the manifold assembly on which it seals 53, allow for several types
of settable features that can be designed to achieve desirable transition behavior and can be
applied to many types of diverter valve embodiments.
[00239] One embodiment of a position dependent feature of this type can be features of the
primary sealing interface between the movable sealing element and the manifold assembly
56. These features of the primary sealing interfaces can be implemented as any combination
of craved channels, holes, and other types of angled or sculpted surfaces, to let the effective
flow area of the flow path between the first and second ports, at the primary sealing interface,
change as any function of the axial position of the movable sealing element with respect to
the sealing manifold assembly. The flow path between the first and third ports can be made
up of any number of unique flow passages and flow features that all serve the same function
of directing at least a significant portion of flow entering the diverter valve through the first
port to the third port, during the second mode.
[00240] Referring to FIG. 24; a schematic of the first fluid restriction 20 is shown along the
fluid path between the first and second ports. Motion arrow 54 indicates the axial direction of
the movable sealing element 2. For the purposes of discussing this schematic, the movable
sealing element 2 may be understood to be of the spool type or of a similar type such as the
disc type. This schematic illustrates an example of the relative shapes of the surface sections
making up the first flow restriction between the movable sealing element 2 and on the
manifold assembly on which it seals 53. The restriction can be formed in such a way that the
effective flow area between these surfaces sections varies as a function of the relative
transition stroke position of the movable sealing element 2 with respect to the manifold
assembly on which it seals.
[00241] Referring to FIGs. 25A through 25D; shown are schematics of substantially similar
elements and functionality to those detailed in FIGs. 23A through 23D. A substantial
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difference between these two sets of schematics is that one of the two solid parts, 62b,
surrounds the other solid part 62a on enough sides to effectively form a fluid cavity between
the two parts. The geometry produces a distinct pressure communication passage at each
interface of the two parts. Parts 62a and 62b could, but do not necessarily, represent the
movable spool element 2 and the manifold on which it seals 53, irrespectively.

[00242] In the first position shown in FIG. 25A, the two parts are positioned with respect to
one another such that both pressure communications passages have substantially negligible
effective fluid flow areas 61. Therefore, these surface interfaces act as effective sealing
interfaces between the fluid cavity 33 and the two fluid volumes at respective pressure levels
57a and 57b.

[00243] Due to the substantial difference in the respective effective lengths of each of the
sealing flow restrictions as depicted, the sealing interface on the right side of part 62b is
substantially less restrictive than the sealing interface to the left side of part 62b. Therefore,
even in this first sealing position, the right sealing flow passage may be understood to be the
primary pressure communication feature between the fluid cavity 33 and other system
pressure levels. It is therefore reasonable to assume that the change in fluid pressure across
the right flow passage is substantially lower at any flow rate than the change in fluid pressure
over the left flow passage at the same flow rate.

[00244] As the two parts 62a and 62b move with respect to one another along the axial
direction 54 of the movable sealing element 2 to other positions shown in FIGs. 25B and
25C, the effective flow area of the right flow path varies as a function 66 while the effective
flow area of the sealing interface 64 that makes up the left flow passage 70 remains
substantially constant and negligible.

[00245] As the two parts move with respect to another, the volume of the fluid cavity varies
linearly, forcing fluid to enter or exit through the two flow passages, depending on the
direction of relative motion of the two parts with respect to another. It is clear that due to the
variable, position dependent nature of the effective flow restriction formed by the right flow
passage, the resistive damping effect the two parts have on each other also varies in a similar
manner as a function of the relative position of the two parts with respect to another along the
axial direction 54.

[00246] Referring to FIGs. 26A through 26B, a schematic is shown of substantially similar
elements and functionality as previously detailed in FIGs. 25A through 25D. This schematic
shows a specific embodiment of a position dependent damping feature wherein the effective

fluid flow area 61 and the effective restriction length of the primary pressure communication
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path 69 between the fluid cavity 33 and another fluid volume do not vary substantially as a
function 66 of the relative position 63 of parts 62a and 62b with respect to another. This
embodiment results in a substantially constant, positionally independent damping effect of
one part with respect to the other part, 62a & 62b, respectively.

[00247] Referring to FIGs. 27A and 27B; shown is a schematic of two different
embodiments of the second flow restriction 36 along the flow path 26 between the first and
second ports. The movable sealing element 2 is shown in the second mode position of a spool
type diverter valve. In the second mode positions of the embodiments of the diverter valves
shown in FIG. 27A & 27B, the ends of both spools 2 establish partial axial seals 54 with the
sealing manifold assembly 53 at the sealing interface 55. Pressure levels 57a, 57b, and 57c
are all pressure levels along the flow path between the first and second ports. As the fluid
flow following the flow path between the first and second ports passes through the second
flow restriction, an effective separation fluid pressure force acts on the surface sections
forming the flow restriction. Since the effective flow area of the restriction is substantially
less than the effective flow areas of the flow passages just before and just after the restriction,
by design, the result is an equal and opposite pressure force acting on the pair of projected
pressure areas of the second flow restriction, shown by the pair of pressure force arrows 71a
& 71b.

[00248] In embodiments of this second flow restriction where all surface sections that form
the restriction are part of the same part or assembly, such as in FIG. 27A, the effective
separating pressure forces experienced by this part or assembly are only experienced
internally and do not contribute to the overall net force balance acting on this part or
assembly. This is the case for the movable sealing element 2 during the second mode, in the
embodiment as shown in FIG. 27A.

[00249] In the case of the embodiment shown in FIG. 27B, the surface sections forming the
second flow restriction along the flow path between the first and second ports are shared
between both the movable sealing element 2 and its sealing manifold assembly 53. In this
case, the net pressure separating forces acting on the surface sections forming this second
flow restriction are shared between the movable sealing element and its sealing manifold
assembly. Therefore, the separating pressure force generated by flow passing through the
second flow restriction acts to substantially contribute to the overall net force balance acting
on the shown type of embodiment of the movable sealing element during the second mode.
[00250] Referring to FIGs. 28A and 28B; shown is an embodiment of a spool type rebound
diverter valve (RDV). FIG. 28A shows the spool 2 in its second mode (activated) position.
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FIG. 28B shows the spool 2 in its first mode (de-activated) position. A remarkable feature of
these embodiments that should explicitly be pointed out is the damper rod 42, along with the
spool type movable sealing element 2, is partially responsible for forming the first flow
restriction 20 along the flow path between the first and second ports of the diverter valve
assembly, as indicated by fluid flow arrows 26. The axial direction of motion of the movable
sealing element 2 is indicated by motion arrows 54. The force element 6 that biases the spool
2 into it first mode position is shown as a closed ground spring in order to distribute the
spring force relatively evenly over the entire spring support 7 surface. The spring sits in the
spring cavity 33 that, during the first mode, is in primary pressure communication with the
flow path between the first and second ports via several radial holes situated near the end of
the spool such that during the transition stroke between the first and second modes, these
holes gradually close off the primary pressure communication channels 50 with between
spring cavity 33 and the flow path between the first and second ports until substantially all
pressure communications paths between cavity 33 and other fluid volumes are along sealing
interfaces as the movable sealing element transitions to its second mode position.

[00251] This is one embodiment of a spool feature designed to variably dampen the motion
of the movable sealing element 2 during its transition between the first and second modes.
These radial holes serve as primary pressure communication channels 50 between the spring
cavity 33 and the flow path between the first and second ports during the first mode They
serve as a second flow restriction 36 between the first and second ports during the second
mode, such that this second flow restriction 36 is substantially greater than the first flow
restriction 20 along that same path.

[00252] In FIG. 28A, fluid flow arrows 38 are shown that follow along the flow path
between the first and third ports of the diverter valve. As the spool transitions between the
first and second modes, flow features 28 in the primary radial sealing interface 56 between
the spool 2 and the sealing manifold 53 gradually vary the effective fluid flow area between
the first and third ports as a function of axial travel position of the spool 2. A progressive
valve stack 5 is designed to add an additional effective fluid restriction to the flow path
between the first and third ports during the second mode as well as during the transition
between modes.

[00253] Referring to FIGs. 29A through 29C; shown is a schematic of an embodiment of a
spool type diverter valve at the second flow restriction along the flow path between the first
and second ports. FIG. 29A shows the second flow restriction in the first mode position. FIG.

29B shows that second flow restriction at an arbitrary point in the transition stroke position.
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FIG. 29C shows the second flow restriction in the second mode position. According to this
embodiment, in the first mode position, the primary pressure communication channel 50
between the spring cavity 33 and the flow path 26 between the first and second ports is
represented as several radial holes near the end of the spool (similar to as shown in the
schematics of FIGs. 28A and 28B). During the transition stroke of the spool, the effective
flow area 50 of these radial holes with respect to the spool cavity 61b decreases substantially
without becoming an effective sealing interface before reaching the second mode position.
These radial holes act as variable damping elements on the movable sealing element 2 during
its transition between modes. In this embodiment, the primary pressure communication
channel 50 between the spring cavity 33 and the port with which it communicates is still
substantial during the second mode.

[00254] Another feature of the spool type diverter valve detailed in FIGs. 29A through 29C
is the way in which the secondary flow restriction 36a that exists in the first mode, transforms
into the secondary flow restriction 36b as it exists in the second mode, by fully sealing off the
original flow path 36a while simultaneously opening up a new flow passage 36b. A shaped
insert 58 that is part of the manifold assembly 53 is used to define the way in which the
effective flow area 61a of the secondary flow restriction, as it exists during the first mode,
varies as a function of the axial stroke position of the movable sealing element 2.
Simultaneously, sections of the radial holes 36b that form the primary pressure
communication channels 50 between the spring cavity 33 and the flow path between the first
and second ports 26 become gradually uncovered (refer to FIG. 29B), proportional to the
axial stroke position of the spool. These sections fully form the second fluid flow restriction
36b during the second mode (refer to FIG. 29C), or, depending on the shape of the insert, can
already contribute to the secondary flow restriction 6la prior to the spool 2 reaching the
second mode position (refer to FIG. 29B).

[00255] Referring to FIGs. 30A and 30B; shown is a schematic of an embodiment of a spool
type diverter valve. This embodiment is substantially similar to the embodiment shown in
FIGs. 29A through 29C, the main difference being the geometry of the shaped insert 58 that
is part of the manifold assembly 53 and determines how the effective flow area 61a of the
second flow restriction varies as a function of the axial stroke position of the movable sealing
element. In embodiment shown in FIGs. 30A and 30B, the shaped insert 58 is designed such
that it creates an effective radial sealing interface 55 with the inner diameter of the end of the
movable sealing element 2 at some point during the axial transition stroke between the first

and second modes, such that, in the second mode, all sealing surfaces on the spool are purely

49



WO 2014/152482 PCT/US2014/027389

oriented in the radial direction (perpendicular to the direction of travel of the spool 2 during

the transition between the first and second modes).
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CLAIMS
We claim:

1. A diverter valve for a damper, comprising:

a free flow mode of fluid flow wherein fluid from either a compression or
rebound chamber of the damper flows through a first outlet port of the diverter

valve to a hydraulic pump/motor; and

a diverted bypass flow stage that, in response to an increase in fluid flow
velocity above a predetermined velocity, a reduction in free flow is caused by

at least partially closing the first outlet port and opening a second outlet port;

where the second outlet port is a bypass, allowing fluid to flow between

the compression and rebound chambers thereby bypassing the hydraulic pump.

2. The system of claim 1, wherein the damper is a passive damper.
3. The system of claim 1, wherein the damper is a semi-active damper.
4. The system of claim 1, wherein the damper is a fully active damper.

5. The system of claim 1, wherein during the diverted bypass flow stage the first

outlet port is only partially closed.

6. The system of claim 1, wherein during the diverted bypass flow stage the first

outlet port is completely closed.

7. The system of claim 1, further comprising a damping valve in fluid
communication with the second outlet port such that fluid flowing through the
second outlet port is then restricted before flowing into the compression or

rebound chamber.

8. The system of claim 7, wherein the damping valve comprises one of a digressive

valve and a flexible disk stack.

9. The system of claim 7, wherein the damping valve is tuned to provide a smooth
pressure response when the diverter valve switches from the free flow mode to the

bypass diverter flow stage.
10. The system of claim 7, wherein the damping valve is tuned to provide a specified
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damper force-velocity characteristic when the diverter valve is operating in the

diverted bypass flow stage.

11. The system of claim 1, wherein the diverted bypass flow stage activates in

response to a volumetric flow rate.
12. A diverter valve for a damper, comprising:

a first port comprising an inlet for fluid flow;
a second port comprising a first outlet for fluid flow;
a third port comprising a second outlet for fluid flow;

a moveable sealing element that moves through at least two modes,
wherein a first mode of the sealing element provides fluid communication
between the first port and the second port, and a second mode of the sealing
element provides fluid communication between the first port and the third

port;

a force element that biases the moveable sealing element into the first

mode; and

a fluid restriction between the first port and the second port such that there

is a drop in fluid pressure from the first port to the second port;

wherein at least part of a first side of the moveable sealing element is in
fluid communication with the first port, and at least part of a second side of the
moveable sealing element is in fluid communication with the second port,
such that net pressure above a first threshold acting on the first side moves the

sealing element into the second mode,

13. The diverter valve of claim 12, wherein net pressure below a second threshold,
acting on the first side of the moveable sealing element, moves the sealing
element into the first mode.

14. The diverter valve of claim 12, wherein the second mode additionally provides a
substantial flow path between the first and second ports such that during the second
mode fluid from the first port is in communication with both the second and third

ports.

15. The diverter valve of claim 14, wherein during the second mode the flow path
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16.

17

18.

19.

20.

21.

22.

23.

24.

between the first and second ports is more restrictive than the flow path between

the first and second ports during the first mode.

The diverter valve of claim 14, wherein the second port is in fluid communication

with a hydraulic pump.

. The diverter valve of claim 12, wherein the moveable sealing element moves from

the first mode to the second mode through an intermediate tunable transition
mode, wherein fluid flows from the first port to both the second port and the third
port in a restricted manner as a function of the moveable sealing element’s axial

travel position relative to the first mode position.

The diverter valve of claim 12, wherein the effective projected pressure area of the
first side of the moveable sealing element is substantially equal in area to the

second side of the moveable sealing element.

The diverter valve of claim 12, wherein the pair of effective projected pressure
areas of the movable sealing element that stand in primary fluid pressure
communication with the flow path between the first and second ports onto a plane

normal to the axial direction of the sealing element, are of substantially equal size.

The diverter valve of claim 12, wherein the net fluid pressure force acting on the
moveable sealing element in its axial direction resultant from all surface sections
not in primary fluid pressure communication with the flow path from the first port

to the second port is substantially negligible.

The diverter valve of claim 12, wherein the moveable sealing element comprises a

disc or multistage disc.

The diverter valve of claim 12, wherein the moveable sealing element comprises a

spool valve.

The diverter valve of claim 12, further comprising a damping valve in fluid
communication with the third port such that fluid flowing through the third port is

then restricted.

The diverter valve of claim 12, wherein the damping valve comprises a digressive

valve or flexible disk stack.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

The diverter valve of claim 12, wherein the damping valve is tuned to provide a
smooth pressure response when the moveable sealing element moves from the

first mode to the second mode.
The diverter valve of claim 12, wherein the force element comprises a spring.

The diverter valve of claim 12, wherein the damper includes at least one element
that can be controlled to regulate an additional change in pressure across this
element to substantially alter the change in pressure over least one of the fluid

paths connecting any combination of the three fluid ports of the diverter valve.

The diverter valve of claim 27, wherein at least one element can be controlled to
provide a smooth pressure response when the moveable sealing element moves

from the first mode to the second mode.

The diverter valve of claim 12, wherein forces experienced by the movable
sealing element due to acceleration that act along its direction of travel are

substantially negligible.

The diverter valve of claim 12, wherein in the first mode, the normal vectors of all
sealing surfaces are substantially perpendicular to the direction of travel of the

movable sealing element.

The diverter valve of claim 12, wherein in the second mode, the normal vectors of
all sealing surfaces are substantially perpendicular to the direction of travel of the

movable sealing element.

The diverter valve of claim 12, wherein the primary fluid restriction between the
first port and the second port varies as a function of the travel position of the

movable sealing element between the first and second modes.

The diverter valve of claim 12, wherein during the transition between the first and
second modes, the flow path between the first and third ports is variably restricted

as function of travel position of the movable sealing element.

The diverter valve of claim 14, wherein the flow path between the first and second
ports that exists during the first mode transforms into the additional substantial flow

path between the first and second ports that exists during the second mode, during
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35.

36.

37.

38.

39.

the transition between the first and second modes, as a function of the travel

position of the movable sealing element.

The diverter valve of claim 12, wherein movement of the movable sealing

element is variably damped as a function of axial spool position.

The diverter valve of claim 14, wherein during the second mode the flow path
between the first and second ports includes at least two substantial flow

restrictions.

The diverter valve of claim 36, wherein only the first flow restriction along the
path between the first port and the second port contributes substantially to the

net pressure force balance on the spool during the second mode.

The diverter valve of claim 12, wherein the drop in fluid pressure is caused from a

fluid flow velocity.
A hydraulic valve, comprising:

a first port, a second port, and a third port;
a disc that moves through at least two modes;

the disc containing a first face and a second face, wherein the first face is

in fluid communication with the first port;
a force element biasing the disc into a first disc mode;

the first disc mode wherein the second face of the disc creates a first fluid
restriction from the first port to the second port creating a lower pressure
acting on the second face than the first face, and wherein the lower pressure
acting on the second face presents a net force to counteract the force element
bias so that the disc moves into a second disc mode at a predetermined flow

rate;

a second fluid restriction that is in fluid communication from the first port

to the second port during the second disc mode; and

the second disc mode wherein fluid flows from the first port to the third
port, and from the first port to the second port through the second fluid

restriction.
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40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

The hydraulic valve of claim 39, wherein a substantial area of the second face of

the disc is at the pressure of the second port.
The hydraulic valve of claim 39, further disposed for operation with a damper.
The hydraulic valve of claim 41, wherein the damper is a fully active damper.

The hydraulic valve of claim 39, wherein the second port is in fluid

communication with a hydraulic motor.

The hydraulic valve of claim 39, further comprising of a damping valve in fluid
communication with the third port such that fluid flowing through the third port is

restricted before flowing into a compression or rebound chamber of a damper.

The hydraulic valve of claim 44, wherein the damping valve comprises one of a

digressive valve and a flexible disk stack.

The hydraulic valve of claim 44, wherein the damping valve is tuned to provide a
smooth pressure response when the disc moves from the first disc mode to the

second disc mode.

The hydraulic valve of claim 39, wherein the second fluid restriction is more

restrictive than the first fluid restriction.

The hydraulic valve of claim 39, wherein movement of the disc is variably

damped as a function of the travel position of the disc.

The hydraulic valve of claim 39, wherein the second flow restriction along the
path between the first port and the second port contributes substantially to the

net force balance on the disc during the second mode.

The hydraulic valve of claim 39, wherein the second flow restriction along the
path between the first port and the second port does not substantially contribute

to the net force balance on the disc during the second mode.
The hydraulic valve of claim 39, wherein the force element is a pre-loaded spring.
A hydraulic valve, comprising:

a first port, a second port, and a third port into a manifold;
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a spool valve that moves through at least two modes, where the spool
valve contains an orifice through its axis, the orifice containing two regions: a
first region containing a first fluid flow restriction, and a second region
containing radial openings that create a second fluid flow restriction to
communicate fluid from the orifice to the outside diameter of the spool along

the flow path between the first and second ports;

the spool valve further comprising at least a portion of the outside diameter
that acts as a sealing land that is perpendicular to the axis of movement and
substantially blocks flow from the first port to the third port when in a first

mode;
a force element biasing the spool valve into the first mode;

the first mode wherein fluid flows through the first port, into the spool
valve orifice to the second port, wherein fluid flow from the first port to the
second port through the first fluid restriction creates a pressure drop that

moves the spool to a second mode at a predetermined fluid flow rate;

the spool valve or manifold further containing passages that allow fluid

flow from the first port to the third port when in a second mode; and

the second mode wherein fluid flows from the first port to the second port

through the second fluid restriction and from the first port to the third port.

53. The hydraulic valve of claim 52, wherein the spool valve comprising a pair of
effective projected pressure areas, a first projected pressure area that faces towards
the first port and a second projected annular pressure area that faces toward the
second port , the pair of effective projected pressure areas in primary fluid pressure
communication with pressure levels from anywhere along the flow path between

first and second ports, and that are substantially equal.

54. The hydraulic valve of claim 52, wherein any pairs of effective projected pressure
areas of the spool valve that are not in primary fluid pressure communication
with the flow path between the first and second ports, are each at substantially

equal pressure levels and of substantially equal size.

55. The hydraulic valve of claim 52, wherein the spool valve has a pair of effective
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56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

projected annular pressure areas exposed to pressure levels along the flow path

between the first and second ports that are substantially equal.
The hydraulic valve of claim 52, further disposed for operation with a damper.

The hydraulic valve of claim 56, wherein the damper comprises a fully active

damper.

The hydraulic valve of claim 52, wherein the second port is in fluid

communication with a hydraulic motor.

The hydraulic valve of claim 52, further comprising of a damping valve in fluid
communication with the third port such that fluid flowing through the third port is

restricted before flowing into at least one of a compression and rebound chambers.

The hydraulic valve of claim 59, wherein the damping valve comprises one of a

digressive valve and a flexible disk stack.

The hydraulic valve of claim 59, wherein the damping valve is tuned to provide a
smooth pressure response when the spool valve moves from the first mode to the

second mode.

The hydraulic valve of claim 52, wherein the second fluid restriction in the second
mode along the flow path between the first and second ports is more restrictive than

the first fluid restriction along that same fluid path.
The hydraulic valve of claim 52, wherein the force element is a pre-loaded spring.

The hydraulic valve of claim 52, wherein the net pressure force produced by fluid
pressure acting on the spool surfaces that share the same fluid chamber as the
force element, is balanced by a substantially equal and opposing pressure force
acting on other surfaces of the spool and does not substantially contribute to

the overall force balance of the force element.

The hydraulic valve of claim 52, wherein movement of the spool is variably

damped as a function of axial spool position.

The hydraulic valve of claim 52, wherein during the transition stroke between the

first and second modes, the effective flow area between the first and third ports
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varies as a function of position of travel of the spool.

67. The hydraulic valve of claim 52, wherein the second flow restriction along the
path between the first port and the second port contributes substantially to the

net force balance on the spool during the second mode.

68. The hydraulic valve of claim 52, wherein the second flow restriction along the
path between the first port and the second port does not substantially contribute

to the net force balance on the spool in the second mode.

69. The hydraulic valve of claim 52, wherein the second flow restriction along the
path between first and second ports adds variable fluid damping to the spool as

a function of spool position.
70. An active damper comprising:

a damper assembly comprising a rebound diverter and a compression

diverter; and
an assembly coupled to the damper comprising a hydraulic pump.

71. The active damper of claim 70, wherein the damper assembly is a triple tube

containing three concentric tubes.

72. The active damper of claim 70, wherein in at least one of compression or rebound

movement of the damper results in movement of the hydraulic pump.

73. The active damper of claim 70, further comprising an electric motor operatively

coupled to the hydraulic motor.

74. The active damper of claim 70, wherein the assembly comprising a hydraulic

pump is rigidly attached to the damper.

75. The active damper of claim 70, further comprising a floating piston disposed in
the damper assembly, wherein the floating piston is between the compression
diverter and a bottom mount of the damper assembly, and it operates to adjust an

accumulator gas volume between the floating piston and the bottom mount.

76. The active damper of claim 70, wherein the damper assembly is inverted and the

bottom mount becomes the top mount.
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7.

78.

79.

80.

81.

82.

A method of transitioning from a free flow mode to a diverted bypass flow mode
of an active suspension damper wherein a diverter of the active suspension
damper comprises a sealing element that moves to at least partially divert fluid

from a hydraulic pump/motor thereby bypassing the pump/motor.
The method of claim 77, wherein the transition occurs at a preset flow velocity.

The method of claim 77, wherein the transition occurs at a preset volumetric flow

rate.

A method comprising controlling a rotational velocity of a hydraulic motor by
passively diverting fluid driving the motor so that a first portion of the fluid flows
to the motor and a second portion of the fluid flows to at least one of a
compression and a rebound chamber of an active suspension damper based on a

measure of fluid velocity flowing toward the hydraulic motor.

A method comprising controlling a rotational velocity of a hydraulic motor by
adjusting a rate of fluid driving the motor with a passive diverter that distributes
the fluid among the motor and at least one of a compression and a rebound
chamber of an active suspension damper in response to fluid velocity flowing into

the diverter exceeding a threshold.

A method comprising controlling a rotational velocity of a hydraulic motor by
adjusting a pressure of fluid driving the motor with a passive diverter that
distributes the fluid between the motor and at least one of a compression and a
rebound chamber of an active suspension damper in response to fluid velocity

flowing into the diverter exceeding a threshold.
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