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POWER ASSISTED STEERING FOR ALL
TERRAIN VEHICLE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

RELATED APPLICATIONS

This application is related to and claims the priority benefit
of U.S. Provisional Patent Application No. 60/299,946, filed
on Jun. 21, 2001, which 1s hereby incorporated by reference
in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to all terrain
vehicles. More particularly, the present invention relates to
recreational all terrain vehicles having power assisted steer-
ing arrangements usetul to facilitate low speed steering and
steering with a locked differential as well as to reduce high-
speed steering kick-back caused by glancing blows to steer-
able wheels.

2. Description of the Related Art

All terrain vehicles currently are undergoing a transforma-
tion. Previously, the vehicles were rather simple 1n design,
relatively low powered and featured few rider comiorts asso-
ciated with larger motor vehicles, such as automobiles.
Recently, however, riders have been demanding more of their
recreational vehicles and manufacturers have been accommo-
dating the rider demands.

One recent modification to all terrain vehicles has been the
increase of horsepower and the associated increase 1n speed.
In the past few years, the displacement size of engines used 1n
all terrain vehicles has increased dramatically. The increase 1n
displacement has been made possible, at least 1n part, by
advances 1n engine design and technology. These advances
cnable the output of the engine to be much higher, sometimes
at the cost of increased vehicle weight. Other changes 1n
vehicle design also have resulted 1n increased vehicle weight.

The increase 1n vehicle weight has several drawbacks that
generally have been considered design tradeoifs for the
advantages. One of these drawbacks 1s the high forces
required to turn the steering wheels while the vehicle 1s sta-
tionary or moving very slowly. The steering system 1n many
recreational all terrain vehicles generally comprises a steer-
ing handle assembly that 1s connected to a steering shaft. The
lower end of the steering shaft carries a pitman arm and the
pitman arm 1s connected to the steering wheels by connecting,
rods. While this simple system 1s easy to manufacture and
maintain, the system becomes increasingly difficult to turn at
low speeds as the vehicle weight increases.

In addition, when an all terrain vehicle features a four
wheel drive transmission having a lockable differential, steer-
ing effort must be increased when the differential 1s locked.
As 1s known, a differential generally allows a pair of driven
wheels to be uncoupled such that one wheel can be driven at
a faster speed than the other wheel. For instance, during
cornering, one wheel will rotate faster than another wheel
when the wheels are connected by a differential. It the differ-
ential 1s locked, however, both wheels attempt to turn at the
same speed. Thus, the effort needed to steer the vehicle 1s
increased because both steerable wheels are attempting to
rotate at the same speed.
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A further 1ssue involving the steering systems of recre-
ational all terrain vehicles 1s steering kickback. Due to the

terrain over which recreational all terrain vehicles are often
operated, the vehicles often have to negotiate rocks, logs and
other relatively immovable barriers or obstacles. When one of
the steerable wheels comes into contact with an obstacle, the
wheel often 1s forced rearward at a rapid rate. The rearward
movement of the wheel then 1s transmitted directly through
the steering arrangement to the operator. The glancing blow to
the wheel, thus, can cause kickback 1n the steering assembly
and can cause a temporary change 1n vehicle direction. Thus,
the kickback can increase the steering effort required from the
operator.

SUMMARY OF THE INVENTION

A need therefore exists for a recreational all terrain vehicle
that 1s outlitted with an appropriate power assisted steering
arrangement. In one arrangement, the power assisted steering
accounts for the lock-state of a lockable differential. Prefer-
ably, the power assisted steering arrangement facilitates slow
speed or stationary turning while also correcting for kickback
at higher speeds. More preferably, the power assisted steering
arrangement accounts for vehicle speed to reduce the amount
of assist at higher speeds. As will be appreciated, providing a
constant level of power assist for turning at low speeds as at
high speeds would likely create a very edgy or twitchy nding
experience.

Thus, one arrangement of the present invention provides a
power assisted steering arrangement that reduces steering
cifort at lower speeds while limiting steering kickback at
higher speeds. Preferably, the power assist 1s provided by an
clectrohydraulic assist system. In one particularly advanta-
geous arrangement, the assist system features a variable
speed, fixed displacement hydraulic pump.

Another arrangement of the present invention involves the
provision of a damper-emulating valving arrangement within
the steering assist system. The damper-emulating valving
allows the steering assist system to damp some of the vibra-
tions and shocks encountered during movement.

In some configurations, the present ivention can feature
speed sensitive steering assist such that more assist 1s pro-
vided at lower speeds and less assist 1s provided at higher
speeds. The present invention also can further compensate 11
a lockable transmission associated with steerable wheels 1s 1n
a locked condition.

One aspect of the present invention mvolves an all terrain
vehicle comprising a steerable wheel and a frame supported
by the steerable wheel. A handle bar assembly 1s pivotally
attached to the frame and a tlow control valve 1s connected to
the handle bar assembly. A pitman arm 1s connected to the
flow control valve and a linkage extends between the pitman
arm and the steerable wheel. A hydraulic cylinder extends
between the frame and at least one of the flow control valve,
the pitman arm and the linkage. A fluid tank 1s connected to
the flow control valve with a pressure line and a pump 1s
interposed along the pressure line between the flow control
valve and the tank. The valve also 1s connected to the tank
with a return line. The pump 1s adapted to generate variable
flow rates to the flow control valve.

Another aspect of the present invention involves an all
terrain vehicle comprising a steerable wheel and a frame
supported by the steerable wheel. A handle bar assembly 1s
pwvotally attached to the frame and a flow control valve 1s
connected to the handle bar assembly. A pitman arm 1s con-
nected to the flow control valve and a linkage extends
between the pitman arm and the steerable wheel. A hydraulic
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cylinder extends between the frame and at least one of the
flow control valve, the pitman arm and the linkage. A fluid
tank 1s connected to the flow control valve with a pressure line
and a pump 1s interposed along the pressure line between the
flow control valve and the tank. The valve also 1s connected to
the tank with a return line. A damping valve arrangement 1s
positioned between the pressure line and the return line such
that sudden shocks to the flow control valve can be substan-
tially absorbed.

A Turther aspect of the present invention involves a method
of controlling a power steering system for a recreational
vehicle. The method comprises sensing a first vehicle speed,
operating a pump to provide a first flow rate of fluid within a
closed loop hydraulic path, sensing a second vehicle speed.,
comparing the first vehicle speed to the second vehicle speed.,
operating the pump to provide a second flow rate of fluid
wherein the first flow rate 1s higher than the second flow rate
if the first vehicle speed 1s lower than the second vehicle speed
and the first tlow rate 1s lower than the second flow rate if the
first vehicle speed 1s higher than the second vehicle speed.

An additional aspect of the present invention mvolves a
method of controlling a power steering system for a recre-
ational vehicle. The method comprises sensing a vehicle
speed, operating a pump to provide a first tlow rate of fluid
within a closed loop hydraulic path, comparing the vehicle
speed to a preset vehicle speed, operating the pump to provide
a second tlow rate of fluid if the vehicle speed exceeds the
preset vehicle speed wherein the second flow rate 1s lower
than the first flow rate.

Another aspect of the present invention mvolves a method
of controlling a power steering system for a recreational
vehicle. The method comprises sensing a vehicle speed, com-
paring the sensed vehicle speed to a preset vehicle speed,
decreasing a flow rate of fluid within the power steering
system 11 the sensed vehicle speed exceeds a preset vehicle
speed.

A Turther aspect of the present invention involves a method
of controlling a power steering system for a recreational
vehicle. The method generally comprises sensing a first
vehicle speed, providing a fluid flow at a flow rate within the
power steering system, sensing a second vehicle speed,
increasing the flow rate of fluid tflow within the power steering
system 11 the first vehicle speed 1s greater than the second
vehicle speed and decreasing the flow rate of fluid flow within
the power steering system 1f the second vehicle speed 1s
greater than the first vehicle speed. In one arrangement of this
aspect, the second vehicle speed 1s sampled a preset period of
time after the first vehicle speed 1s sampled. In another
arrangement of this aspect, the first vehicle speed and the
second vehicle speed are preset vehicle speed limats.

Another aspect of the present mvention ivolves an all
terrain vehicle comprising a frame assembly with a pair of
dirigible front wheels connected to the frame assembly. An
engine 1s disposed within a central portion of the frame
assembly and a seat 1s supported by the frame assembly and
positioned generally above the engine. The engine selectively
powers the front wheels through a front wheel drive assembly.
The front wheel drive assembly comprises a lockable differ-
ential. A handle bar assembly 1s positioned forward of the
seat. The handle bar assembly comprises a pair of trans-
versely spaced grips connected to a steering column. The
steering column has a limited rotational range of less than
about 270 degrees. A power steering cylinder comprises a
cylinder body that 1s connected to the frame assembly. The
cylinder body defines a pair of cylinder chambers separated
by a piston. A piston rod extends from the cylinder body, 1s
connected to the piston at one end and 1s operably connected
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to the steering column at another end. The steering column 1s
fixed for rotation with an input shatt of a power steering valve.
The power steering valve forms a portion of a closed loop
power steering fluid system. The power steering valve com-
prises a spool and an output shaft. The mput shaft and the
output shait are connected with a torsion bar. The output shaft
1s adapted for connection to the front wheels. The spool 1s
connected to the output shatit such that rotation of the output
shaft relative to the mput shait results in the power steering
valve opening and flow 1n the closed loop being directed 1nto
or out of the cylinder chambers to eflect movement of the
piston rod. The closed loop power steering system further
comprises a bypass passage that diverts tlow from around the
spool valve. A tlow regulator 1s disposed within the bypass
passage. A controller 1s adapted to control the flow regulator
depending upon a sensed vehicle operating speed and a
sensed differential lock mode.

A Turther aspect of the present mvention involves an all
terrain vehicle comprising a steerable wheel and a frame
supported by the steerable wheel. An engine 1s supported by
the frame. A seat 1s disposed generally above the engine and
a handle bar assembly 1s pivotally attached to the frame. A
flow control valve 1s connected to the handle bar assembly. A
pitman arm 1s connected to the flow control valve and a
linkage extends between the pitman arm and the steerable
wheel. A hydraulic cylinder extends between the frame and at
least one of the flow control valve, the pitman arm and the
linkage. A fluid tank 1s connected to the flow control valve
with a pressure line. A pump 1s interposed along the pressure
line between the flow control valve and the tank. The valve
also 1s connected to the tank with a return line and the flow
control valve 1s connected to the hydraulic cylinder.

An additional aspect of the present invention involves a
method of controlling a power steering system for a recre-
ational vehicle. The method comprises sensing a first vehicle
speed, controlling flow characteristics 1n the power steering
system to provide a first tlow rate of fluid within a closed loop
hydraulic path, sensing a second vehicle speed, comparing
the first vehicle speed to the second vehicle speed, controlling
flow characteristics in the power steering system to provide a
second flow rate of fluid wherein the first flow rate 1s higher
than the second flow rate 1f the first vehicle speed 1s lower than
the second vehicle speed and the first flow rate 1s lower than
the second tlow rate 11 the first vehicle speed 1s higher than the
second vehicle speed.

A Turther aspect of the present invention involves a power
steering system for use on an all terrain vehicle. The power
steering system comprises a power steering cylinder compris-
ing a cylinder body defining a pair of cylinder chambers
separated by a piston. A piston rod extends from the cylinder
body and 1s connected to the piston at one end and 1s operably
connected to a steering column at another end. An input shatt
ol a power steering valve 1s adapted for connection to the
power steering column. The power steering valve forms a
portion of a closed loop power steering fluid system. The
power steering valve further comprises a spool and an output
shaft. The input shait and the output shaft are connected with
a torsion bar. The output shait 1s adapted for connection to a
steerable wheel. The spool 1s connected to the output shait
such that rotation of the output shaft relative to the input shaift
results 1in the power steering valve opening and flow 1n the
closed loop being directed 1nto or out of the cylinder cham-
bers to effect movement of the piston rod. The closed loop
power steering system further comprises a bypass passage
that diverts tlow from around the spool valve. A tlow regulator
1s disposed within the bypass passage and a controller 1s
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adapted to control the flow regulator depending upon a sensed
vehicle operating speed and a sensed differential lock mode.

BRIEF DESCRIPTION OF THE DRAWINGS

These features, aspects and advantages will be described in
turther detail with reference to drawings of a preferred
arrangement of the present imnvention. The drawings contain
cight figures.

FIG. 1 15 a side elevation view of a recreational all terrain
vehicle featuring a power assisted steering arrangement hav-
ing certain features, aspects and advantages of the present
invention.

FIG. 2 1s a top-rear perspective view of a power assisted
steering arrangement having certain features, aspects and
advantages in accordance with the present imvention and
being adapted for use 1n light weight vehicular applications,
such as the vehicle of FIG. 1.

FI1G. 3 1s a top-rear perspective view of the power assisted
steering arrangement of FIG. 2.

FI1G. 4 1s a top-front perspective view ol the power assisted
steering arrangement of FIG. 2.

FIG. 5 1s a schematic illustration of a power assisted steer-
ing arrangement of FIG. 2 having certain features, aspects and
advantages 1n accordance with the present invention.

FI1G. 6 15 a sectioned view of a preferred servo valve assem-
bly used in the power assisted steering arrangement of FI1G. S,

FI1G. 7 1s a block diagram on a control system used with the
power assisted steering arrangement of FIG. 2.

FIG. 8 1s a schematic representation of various control
maps used to control positioning of a flow reduction valve of
the power assisted steering arrangement of FIG. 2.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference mitially to FIG. 1, a recreational all terrain
vehicle, which 1s generally indicated by the reference
numeral 10, has been designed and configured to employ a
power assisted steering arrangement that can be arranged and
configured 1n accordance with certain features, aspects and
advantages of the present invention. While the present power
assisted steering arrangement will be described 1n the context
of a four wheeled recreational all terrain vehicle, 1t 1s antici-
pated that certain features, aspects and advantages of the
present power assisted steering arrangement also can be used
with other light duty vehicles. Certain features, aspects and
advantages of the present invention also can be used 1n
vehicles featuring two or more sets of steerable wheels.

With continued reference to FIG. 1, the i1llustrated vehicle
10 generally comprises a frame assembly 12 that 1s supported
by two sets of wheels. In the 1llustrated arrangement, a pair of
tront wheels 14 are connected to the frame assembly 12 1in any
suitable manner. The front wheels 14 preferably are con-
nected to a steering assembly, which will be discussed in
turther detail below and which imparts steering movement of
the wheels 14 relative to the frame assembly 12.

A pair of rear wheels 16 also are connected to the frame
assembly 12 1n any suitable manner. In the illustrated arrange-
ment, the rear wheels 16 are connected to the frame assembly
12 with a pivotally connected swing arm configuration 17. All
of the wheels 14, 16 preferably are suspended 1n a suitable
manner to cushion and damp relative movement between the
frame assembly 12 and the wheels 14, 16. While the 1llus-
trated arrangement features all wheel drive capabilities, 1t 1s
anticipated that a power assisted steering configuration hav-
ing certain features, aspects and advantages of the present
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imnvention can also be used with two wheel drive vehicles,
whether front wheel drive or rear wheel drive.

The 1llustrated frame assembly 12 generally comprises a
number of frame components that are welded together. Pret-
erably, the frame assembly comprises a left side assembly and
a right side assembly, each of which i1s formed 1n a generally
parallelogram-type configuration. These two side assemblies
then can be connected using a number of cross members.
Because this type of frame assembly 1s well known, further
description of the frame assembly 1s unnecessary.

A forward portion of the illustrated frame assembly 12
comprises a front bumper 18 that extends upwardly and for-
wardly of a lower portion of the frame assembly 12. The front
bumper 18 preferably wraps over a forward portion of the
vehicle 10 and 1s disposed forward of the upwardly extending
uprights of the frame assembly 12. The front bumper 18 can
be formed integrally with the frame assembly 12 or can be a
separate add-on component. In some arrangements, the frame
assembly 12 can have a center beam construction such that a
centrally positioned longitudinally-extending tube forms a
majority of the frame assembly 12.

The frame assembly 12 provides a platform upon which a
variety of other components can be mounted. For instance,
the generally hollow center of the frame assembly 12 defines
an engine compartment 20. The engine compartment 20 gen-
erally 1s defined between the left portion and the right portion
of the frame assembly 12 and generally 1s disposed between
the front wheels 14 and the rear wheels 16. This location
provides a lowered and centralized location for an engine 22,
which lowers the center of gravity of the vehicle.

The engine 22 preferably 1s mounted 1n any suitable man-
ner within the engine compartment 20. In some configura-
tions, engine mounts are provided on the uprights of the frame
assembly and the engine 1s secured to the engine mounts. The
engine 22 can be of any suitable construction.

Preferably, the engine 1s provided with an auxiliary drive
arrangement that can be used to power a hydraulic pump for
the power assisted steering arrangement. Such a construction
1s not 1llustrated, but the hydraulic pump used 1n the power
assisted steering arrangement can be driven by a crankshaft of
the engine 1n a manner similar to that used for a flywheel
magneto or other electrical generator. It 1s also anticipated
that the hydraulic pump could receive power directly or indi-
rectly from a balancer shaft, which 1s used to oppose move-
ment by the crankshait such that engine vibration can be
reduced. Furthermore, 1n some configurations, the hydraulic
pump can be electrically driven. Any suitable technique for
mounting and connecting the hydraulic pump to a motive
member (e.g., crankshatt, balancer shaftt, etc.) can be used.

In one application, the pump 1s housed within a housing
designed to replace a recoil start mechanism for the engine
such that the pump can be driven oif of the crankshatt of the
engine. In a particularly advantageous arrangement, the
pump can be housed within a housing that allows a recoil
mechanism to bolt onto the outside of the pump such that the
recoil starter function 1s maintained. In a further arrangement,
the pump and the recoil starter can be 1integrated into a single
component that incorporates both the pump mechanism and
the recoil starter mechanism. Such an integrated arrangement
helps reduce the overall size of the engine.

In the illustrated arrangement, a cooling pump 24 1s pow-
ered indirectly by the crankshaift through a gear train termi-
nating at a balancer shaft. The cooling pump 24 circulates
coolant through portions of the illustrated engine 22. The
cooling pump 24 also circulates the coolant through a heat
exchanger 30 (i.e., radiator). In particular, the cooling pump
24 supplies the coolant to the heat exchanger 30 through a first
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line 26 and the coolant 1s returned to the engine through a
second line 28. Other constructions and tflow patterns also can
be used.

With continued reference to FIG. 1, a pair of oot pegs 32
preferably extend laterally outward from the frame assembly
12. The foot pegs 32 provide a location for the operator of the
vehicle 10 to position his or her feet during movement of the
vehicle 10. Footboards, nerf bars and other suitable construc-
tions also can be used.

A seat 34 preferably 1s disposed generally above the engine
22 and forward of the rear wheels 16. The illustrated seat 34
1s configured to allow an operator to sit in straddle fashion
with one leg positioned on either side of the engine 22 and
resting on the respective foot pegs 32. The 1llustrated seat 1s
mounted to a set of seat rails 36, which form a portion of the
frame assembly 12. While the seat 34 can be mounted to the
seat rails 36 1n any suitable manner, the seat preferably 1s
mounted such that it can be removed for access to the engine
22 and related components. For instance, the seat 34 can
comprise a portion that 1s pivotally attached to the seat rails 36
such that the seat can be unlatched and raised to access the
engine compartment 20.

With continued reference to FIG. 1, a fuel tank 38 prefer-
ably 1s disposed generally forward of the 1llustrated seat 34. In
some arrangements, the fuel tank 38 can extend rearward
under a portion of the seat 34 such that the weight of the fuel
can be positioned lower 1n the vehicle 10. The fuel tank 38 can
be mounted 1n any suitable manner and can be made from any
suitable material.

Forward of at least a portion of the fuel tank 38, the frame
assembly 12 carries a steering assembly 40. The steering
assembly 40 generally comprises handle bars 42 that are
positioned for easy grasping by an operator of the vehicle.
The handle bars 42 can be secured to an upper flange of a
steering column 44 using a set of upper and lower holders 46,
48.

Preferably, an upper portion of the steering column 44 1s
secured to a cross member of the frame assembly 12. In some
arrangements, o1l seals are mounted over the steering column
and the o1l seals are positioned adjacent outer ends of a split
plane bearing assembly (not shown). The split plane bearing
assembly comprises two halves that are secured together
using pins and threaded fasteners. The plane bearing 1s
secured to a lower steering bracket 1n any suitable manner. A
mid portion of the steering column 44 also can be secured to
a cross member of the frame assembly 12 using bearings to
reduce binding.

With reference now to FIGS. 2-4, a presently preferred
mechanical linkage between the steering column 44 and the
front wheels 14 (or the associated hubs) will be described 1n
more detail. As illustrated, the steering column 44 extends
downward toward a rotational servo valve arrangement 50.
The servo valve arrangement 50 preferably 1s supported by
the frame assembly 12. In the illustrated arrangement, the
servo valve arrangement 50, which will be described 1n more
detail below, 1s secured to a cantilevered post 52. As best
shown 1n FIG. 3, a pair of upstanding tlanges 54, which are
mounted to a plate attached to the frame assembly 12, straddle
a Torward end of the post 52. A threaded fastener 56 secures
the post 52 between the flanges 54. Preferably, the threaded
fastener 56 1s tightened to secure the post 52 in position. In
some advantageous configurations, the post 52 actually forms
a portion of the welded up frame assembly 12. In other advan-
tageous configurations, the post 52 can be replaced by a
mounting tlange or the like, which can extend from any of the
down tubes, cross tubes or other frame components.
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A mounting plate 58 extends to the side of the illustrated
post 52. The mounting plate 58 can be used to mount any of a
variety of hardware components. For instance, in some con-
figurations using an electric pump for the power assisted
steering arrangement, the pump can be mounted to the mount-
ing plate 58. In test vehicles, the mounting plate 58 can be
used to secure complicated sensors and other circuitry that
can be used for tuning and evaluating various equipment
associated with the vehicle. For instance, while developing
the present power assisted steering arrangement, pressure
sensors, flow meters and the like were mounted to the mount-
ing plate 58.

The servo valve arrangement 50 preferably attaches to a
mounting fixture 60 that 1s secured to the post 52 1n any
suitable manner. The mounting fixture 60 can include a num-
ber of threaded fasteners 62 and can be attached to a flange 64,
which 1s formed on a housing 66 of the servo valve arrange-
ment 50. In one arrangement, the mounting fixture 60 com-
prises a stub shaft (not shown) which 1s recerved and secured
within an end of the post 52. Other suitable mounting arrange-
ments for the servo valve arrangement 30 also can be used.

With continued reference to FIGS. 2-4, the servo valve
arrangement 50 comprises an input shait 68 and an output
shaft 70. The input shatt 68 preferably 1s secured to the lower
end of the steering column 44. The mput shait 68 can be
integrated with the steering column 44, if desired. In some
arrangements, the two components are splined together to
reduce or eliminate relative rotational movement between the
two components. In the illustrated arrangement, a coupling
sleeve 72 1s used to connect the two components. Preferably,
the coupling sleeve 72 provides internal splines that cooper-
ate with external splines formed on the respective ends of the
steering column 44 and the input shaft 68. Any other joining
technique also can be used.

With reference to FIG. 2, a coupling sleeve 76 1s used to
jo1n the lower end of the output shatit 70 to a stub shaft, which
1s secured to the pitman arm 74. In some arrangements, the
output sleeve can be directly connected to the pitman arm 74.
The 1llustrated coupling sleeve 76 also comprises a mounting
flange 78. The mounting tflange 78 extends out to one side of
the coupling sleeve 76 1n the illustrated arrangement. It 1s
anticipated that the tlange 78 or any other suitable mounting
fixture can extend outward i1n any desired direction. The
mounting flange 78 preferably is sized and oriented to receive
the outer end of a ram 80 of a cylinder 82 used in the illus-
trated power assisted steering arrangement.

The cylinder 82, 1n turn, 1s mounted to the frame assembly
12 1n any suitable manner. In the illustrated arrangement, the
cylinder 82 i1s mounted to the same plate that includes the
upstanding tlanges 54. By mounting the cylinder 82 to the
frame assembly 12 and the ram 80 to the steering column 44,
the heavier component 1s advantageously supported by the
frame assembly 12 rather than the steering assembly 40. The
components can be reversed, 1f desired. It should also be
noted that the cvlinder 82 and the ram 80 preferably are
capable of pivotal movement while mounted. In the 1llus-
trated arrangement, the ram 80 extends generally longitudi-
nally within the forward portion of the vehicle. Such a con-
figuration make advantageous use of available space 1n the
vehicle. In addition, by placing the cylinder 82 1n a central
position, component balancing 1s simplified. In some
arrangements, the cylinder 82 could extend inward from an
outer side of the vehicle and could be inclined or declined as
desired or as necessitated by the particular vehicle.

The pitman arm 74 (see FIG. 2) supports a {irst universal
joint 84 and a second universal joint 86. The first universal
joint 84 connects a first tie rod 88 to the pitman arm 74 while
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the second universal joint 86 connects a second tie rod 90 to
the pitman arm 74. The first tie rod 88 and the second tie rod
90 extend laterally outward to a third universal joint (not
shown) and a fourth universal joint (not shown), respectively
in a well-known manner. The third and fourth universal joints
connect the tie rods 88, 90 to carrier hubs (not shown) respec-
tively. Thus, movement of the universal joints 84, 86, which 1s
caused by movement of the pitman arm 74, results in steering
movement of the wheels that are carried by the carrier hubs.
Details regarding the connections between the tie rods 88, 90
and the steerable wheels 14 have been omitted because such
connections are well-known and any suitable connection can
be used.

With continued reference to FIGS. 2-4, a reservoir 92 pret-
erably 1s mounted to the frame assembly 12 in any suitable
manner. While the 1llustrated reservoir 92 1s disposed forward
of the steering assembly 40, other configurations also can be
used. Preferably, however, the reservoir 92 1s positioned
within a flow of air during movement of the vehicle. More
preferably, the reservoir 92 1s mounted in a protected or
semi-protected location. For instance, the reservoir 92 can be
positioned rearward of the front bumper 18, generally below
the radiator 30. In some advantageous configurations, an
accumulator can assume the responsibilities of the reservoir
92. It1s also anticipated that, in some applications, frame rails
or tubing can form holding tanks and and for the fluid (i.e.,
hollow tubing 1s filled with tluid) to reduce the space occupied
by the reservoir 92.

With reference now to FIG. 5, the steering arrangement 40,
which employs a power assist arrangement 100 that 1s con-
figured 1in accordance with certain features, aspects and
advantages of the present mvention, 1s schematically 1llus-
trated. The 1llustrated arrangement 40 generally comprises an
clectrical portion 102, the reservoir 92, a pumping portion
104, and a steering actuator portion 105 (e.g., the servo valve
50 and the cylinder/ram 80, 82).

The electrical portion 102 1n the illustrated arrangement
supplies an energy input to the pumping portion 104. Thus,
the 1llustrated electrical portion 102 comprises a battery array
106 and a pulse width modulator chopper circuit 108. The
present battery array 106 pretferably supplies 24 volts of direct
current to the circuit 108; however, the voltage required can
vary from application to application depending upon the
pump requirements. The power from the circuit 108 1s sup-
plied to an electric positive displacement pump 110, which 1s
a component of the pumping portion 104. In one application,
as little as 150 W to 200 W of power 1s required to operate the
power assist system. Other types of pumps can be used, i
desired.

The pumping portion 104 generally comprises the pump
110 and an adjustable pressure relief valve 112. The pressure
relietf valve 112 limits that maximum level of pressure that
can be generated within the system 100. Thus, the pressure
may be advantageously limited to a level that will not endan-
ger the operability of the components. The pump 110, which
1s recerving electrical power from the electrical portion 102 1n
the illustrated arrangement, draws fluid from the reservoir 92
and supplies the fluid at a substantially constant tlow rate to
the servo valve assembly 50. Preferably, the pump 110 pro-
vides a flow of about 1 gpm. In some arrangements, the
system prelferably will operate with a pressure of between
about 200 psi and about 600 psi. In such arrangements, the
flow rate preferably will be between about 0.25 gpm and
about 1.5 gpm. In other arrangements, to the system will
operate with a pressure of between about 300 ps1 and about
500 psi1. In such arrangements, the flow rate preferably will be
between about 0.5 gpm and about 1.2 gpm. In one advanta-
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geous arrangement, the pressure 1s about 330 psi1 and the flow
rate 1s between about 0.75 gpm and 1.0 gpm.

In some advantageous arrangements, the pump 110 1s a
gerotor o1l pump. The gerotor pump can be packaged 1n a
purpose built housing that includes both a hydraulic flow
control valve and an electrically actuated flow control valve.
The hydraulic flow control valve can be used to maintain a
near constant flow rate over a wide range of engine speeds.
The electrically actuated flow control valve can be used to
increase or decrease the flow rate within the system.

Altering the tlow rate can be used to decrease the available
steering assist at higher vehicle speeds. Preferably, the tlow
rate 1s controllably and continuously variable. In some pre-
terred arrangements, the flow rate 1s generally inversely con-
trolled relative to vehicle speed, as will be discussed below. In
other preferred arrangements, the flow rate can be mapped to
vehicle speed over three or more different vehicle speed
ranges. For instance, a first map of flow rates versus vehicle
speed can be used for slower speed operation, a second map
for middle speed operation and a third map for high speed
operation. FEach map can comprise curves reflecting desired
flow rates to achieve a desired level of steering sensitivity at
cach vehicle speed.

The pump 110 provides fluid to the servo valve assembly
50. The servo valve assembly 50, in turn, selectively supplies
fluad at continuously vanable tlow rates and 1n both directions
to a pair of chambers 118, 120 of the cylinder 82 to produce
bidirectional movement of the ram 80. Fluid expelled from
the chambers 118, 120 of the cylinder 82, along with fluid
simply passing through the servo valve assembly 50 without
being passed into the cylinder 82, 1s returned to the reservoir
92 such that a closed loop steering system 1s defined.

A minimum steering system pressure, which i1s a product of
the pump output flowrate and the servo valve configuration,
determines, at least in part, the feel of the steering system.
Increasing the minimum pressure increases the responsive-
ness of the system from the neutral position.

In the 1llustrated arrangement, a pressure transducer 114 1s
provided. The pressure transducer 114 1s configured to mea-
sure the pressure within the system 100. The illustrated
arrangement also features a flow transducer 116 that 1s con-
figured to measure the flow rate within the system 100. These
transducers 114, 116 are included for experimental purposes
and may be removed 1n production equipment.

Preferably, the servo valve assembly 50 1s an open center
rotary servo valve. One example of such a servo valve 1s
provided with a steering system available from Umque Metal
Products in Santee, Calif. The steering system features a
Stage 11 Control Valve and 1s part number 84000. The servo
valve assembly 50 preferably 1s modified 1n manners dis-
cussed below to reduce the available angular travel such that
the percerved play at the handlebars can be reduced. In addi-
tion, the present power steering system 1s also unique relative
to an automotive system employing the Stage I1 Control Valve
because the present system accommodates a rather small
range of total handlebar movement. As can be appreciated,
handlebars have a lock-to-lock range of movement that 1s
substantially less than a steering wheel arrangement 1n which
the steering wheels rotates more than one single revolution.
For instance, one arrangement of the present invention has a
lock-to-lock sweep of between about 30 degrees and 180
degrees while an automotive application typically has a
sweep of more than about 540 degrees.

With reference now to FIG. 6, the presently preferred servo
valve assembly 50 will be described 1n more detail. The servo
valve assembly 50 generally comprises an outer housing (not
shown) that contains four hose barbs ornipples 115,117, 119,
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121. These hose nipples allow connection to a pressure line
115 (from pump), a return line 117 (to tank), a left line 119 (to
cylinder) and a right line 121 (to cylinder). The flmd is routed
to the desired location through these lines by the servo valve
in known manners.

A valve spool 120 1s positioned within the outer housing.
While not shown 1n the simplified drawing of FIG. 6, the
spool 120 typically includes a number of through holes and
outer grooves. One group of the grooves contain the through
holes which pass from each groove to the open center of the
spool 120 while the other group of grooves are configured to
receive o-rings. In short, one groove of the first group forms a
portion of a fluid passage defined between the spool and the
housing while the two adjacent grooves of the second group
host o-rings that seal the tfluid passages from each other. The
fluid passages from the nipples to the center of the spool 120
are “opened” and “closed” by cooperation of the mput shaft
68 and the spool 120 1n manners that will be discussed below.

The mput shait 68 extends through the spool 120 and 1s
connected to the output shait 70, which 1s positioned on the
other end of the spool 120. The spool 120 1s connected to the
output shatt. Both the iput shait 68 and the output shatt 7
extend at least partway into the housing that contains the
spool 120. A torsion bar 122 extends through the input shaft
68 (and therefore the spool 120) and at least a portion of the
output shatt 70. Preferably, the torsion bar 122 1s pinned to the
input shait 68 and the output shait 70. The torsion bar 122 1s
s1zed to flex (1.e., twist) slightly when the input shaft 68 and
the output shaft 70 rotate relative to each other. Preferably, the
connection allows a greatly reduced degree of play between
handlebar movement and wheel movement.

The servo valve assembly 50 1s used to sense the applica-
tion of torque to the steering shait (1.e., from either end—Dby
the driver or by the front wheels) and to proportionally direct
hydraulic fluid to overcome or neutralize the forces opposing,
the driver. The torsion bar 122 connects the input shait 68 and
the output shatt 70. With one end restrained, relative rota-
tional movement at the other end will cause the torsion bar
122 to take a twist of a few degrees to the right or the left.
When released, the torsion bar 122 will spring back to a
centered position.

The 1input shaft 68 and the output shaft 70 form a part of the
servo valve assembly 50 and also are capable of directly
transferring torque between each other 1n the event that the
servo valve fails or does not operate as needed. In one pre-
terred arrangement, the two shaifts 68,70 are capable of about
8 degrees of relative movement before engaging each other
directly. In a more preferred arrangement, the two shaits are
capable of about 5 degrees of relattive movement before
engaging each other directly. In a most preferred arrange-
ment, the two shalts are capable of about 4 degrees of relative
movement (1.e., about 2 degrees in each direction) before
engaging each other directly.

The servo valve 50 opens during relative rotation of the
shafts in direct proportion to the degree of twist applied to the
torsion bar 122. Thus, the more twist, the more the valve 50
opens and the higher the rate of fluid flow until a sufficient
pressure builds up 1n the cylinder 82 to overcome the resis-
tance to movement of the output shaft 70. I the twist 1n the
torsion bar 122 1s released (1.e., the steering wheels move as
desired or the handlebars are released), then the fluid being
pumped through the valve 50 1s routed directly to the reservoir
92.

Changing to a stiffer torsion bar 122 reduces the degree of
twist resulting from a given torque of the handlebars 42 and,
consequently, reduces the degree of valve opening. This, 1n
turn, reduces the rate of tflow through the valve 50 into the
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cylinder chamber and, therefore, the rate at which pressure
can build up 1n the respective cylinder chambers to overcome
the steering resistance. The result 1s a weaker response to
driver demand (1.e., a heavy feel). Stmilarly, using a more
limber torsion bar will increase the response to driver demand
(1.e., a light feel). One consideration involved 1n selecting the
torsion bar, however, 1s that the same outcome results whether
the mput to the steering system 1s from the operator (1.e.,
movement of the handle bars) or from the ground (1.e., an
obstacle contacting a single wheel).

In accordance with the above, the stiffened torsion bar 122
(1.., the largest diameter that would fit within mput shait 68)
was desired for the present steering arrangement 40. The
stiffer torsion bar 122 typically included a ring groove that
accommodated an o-ring to seal against an inner surface of
the input shaft 68. This groove disadvantageously presented a
stress riser and provided a weakened portion of the torsion bar
122 which was prone to breakage. To resolve this problem, a
groove has been formed on an 1nner surface of the input shaft
68 to accommodate the o-ring and the groove on the torsion
bar 122 has been removed such that the seal could be main-
tamned but the stress riser in the torsion bar 122 could be
removed.

While not shown 1n the illustrated arrangement, a damper-
emulating valve configuration can be positioned within the
steering assembly 40. The damper-emulating valve advanta-
geously allows the steering assist components (1.e., the
damper-emulating valve/servo/cylinder combination) to act
as a passive damper at higher vehicle speeds while maintain-
ing desired steering assistance at lower vehicle speeds. Pret-
erably, the valve is integrated 1nto the servo valve, the cylinder
housing, the ram or 1n between the components. In one con-
figuration, the valve 1s an accumulator mounted between a
pair of check valves that are positioned between the pump 110
and the servo valve assembly 50 and between the tank 92 and
the servo valve assembly 50, respectively.

Inuse, an operator would turn the handle bars 42 toward the
desired direction of travel. The movement of the handle bars
42 would cause rotation of the steering shait 44 in the desired
direction. The rotation of the steering shait 44 1s conveyed to
the input shait 66 of the servo valve assembly 50. The input
shaft 66 and the torsion bar 122 would rotate relative to the
output shaft 70 and the spool 120. The relative movement
between the mput shaft 66 and the spool 120 would cause a
slight misalignment in the passages formed between the out-
side of the input shaft 66 and the inside of the spool 120. As
discussed above, fluid 1s continuously circulating within the
steering system at a generally constant tlow rate. The mis-
alignment 1n the passages within the servo valve assembly 50
would create a differential flow to the passages connecting the
two chambers of the cylinder 82. The ram 80 within the
cylinder 82 would move due to the pressure differential
caused by the flow rate differences. The movement of the ram
80 causes movement of the steering linkage in the desired
direction. The movement returns the passages within the
servo valve assembly to a neutral position. The 1nitial move-
ment and the response are almost instantaneous and the
movement and response cycle 1s generally continuous and
dynamic during use.

As also discussed above, 1n one arrangement of the present
power assisted steering system, the flow rate 1s varied depend-
ing upon vehicle speed and/or differential lock position. Such
an arrangement 1s 1llustrated 1n FIGS. 5 and 7. With reference
to FIG. 7, the vehicle 10 preferably comprises a controller
130. The controller 130 can be an ECU, a CPU, a dedicated

processor, or the like.
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The controller 130 1s connected to a vehicle speed sensor
132. The vehicle speed sensor 132 can be any suitable speed
sensor and can sense vehicle speed 1n any suitable manner.
One preferred arrangement senses a shaft speed within the
transmission. Other arrangements can be used to sense rota-
tional speed of the engine, of the transmission or of the
wheels.

A differential lock sensor 134 also communicates with the
controller 130. The differential lock sensor 134 can simply
check the operational positions of switches used to lock and
unlock the differential. For instance, in one arrangement, two
switches (not shown) are used to vary the transmission among
two wheel drive, four wheel drive with an unlocked differen-
t1al and four wheel drive with a locked differential. The posi-
tions of the switches can be used 1n place of a dedicated sensor
134. In other arrangements, the differential lock sensor 134
can be positioned proximate an actuator that 1s used to lock
the differential and the sensor 134 can detect whether the
differential has been locked or not.

The controller 130 receives input from the speed sensor
132 and from the differential sensor 134. Based upon the
input, the controller can control a tlow reduction valve 136 or
other suitable flow regulator. The tflow reduction valve 136
can provide continuously variable control of tlow through the
bypass passage. In some arrangements, the tlow reduction
valve 136 can provide distinct rates of flow. In one arrange-
ment, the position of the flow reduction valve 136 1s based
upon signals modified by pulse width modulation that are
used to adjust the positioning of the valve 136 and, thus, to
control the degree to which the valve 136 1s opened.

With reference again to FIG. 5, the flow reduction valve
136 1s positioned within a bypass 138 that reduces the avail-
able flow through the servo valve 50. By reducing the flow
through the servo valve 50, the sensitivity of the power steer-
ing assembly can be reduced. As shown in FIG. 8, a plurality
of control maps R1, R2, Rn preferably are provided. Each
map preferably defines opening degrees of the flow reduction
valve 136 based upon vehicle speed. In addition, a different
map preferably 1s provided depending upon whether the dit-
ferential 1s locked, unlocked or the transmission 1s 1n two-
wheel drive mode.

In the presently preferred arrangement, three maps are
provided. In the illustrated arrangement, each of the maps
reflects an opening angle a of the flow reduction valve 136 on
the y-axis and the vehicle speed on the x-axis. Other suitable
map arrangements also can be used. Each of the maps pret-
erably comprise three speed regions to the associated curve.
The first region provides a gain of 1 for operation between
zero and about 15 mph. The second region provides a func-
tional relationship between gain and vehicle speed. In a most
preferred arrangement, the second region provides a linear
relationship in which gain 1s decreased as vehicle speed
changes from about 15 mph to about 30 mph. The third region
provides a gain of slightly more than zero for operation about
30 mph. In this region, maximum bypass 1s provided to limait
the flow through the spool valve 50. In this manner, maximum
gain can be provided as slower speeds and the steering can be
less twitchy at higher speeds.

In another configuration, the controller 130 can sense
vehicle speed and can output a signal to vary the flow rate
created by the pump 110. In particular, when the vehicle 1s
stopped or moving very slowly, the pump 110 can provide a
high tlow rate such that a large gain 1s provided by the power
assist arrangement. When the vehicle speed increases, the
flow rate 1s erther steadily reduced or stepped down to a lower
flow rate such that the gain provided by the power assist
arrangement 1s greatly reduced. Such a configuration greatly
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enhances vehicle stability and feel. It 1s anticipated that any
suitable pump can be used that would allow a variable
throughput of fluid.

Although this invention has been disclosed in the context of
certain preferred embodiments and examples, 1t will be
understood by those skilled in the art that the present inven-
tion extends beyond the specifically disclosed embodiments
to other alternative embodiments and/or uses of the invention
and obvious modifications and equivalents thereof. In addi-
tion, while a number of variations of the invention have been
shown and described 1n detail, other modifications, which are
within the scope of this invention, will be readily apparent to
those of skill in the art based upon this disclosure. It 1s also
contemplated that various combination or subcombinations
of the specific features and aspects of the embodiments may
be made and still fall within the scope of the invention.
Accordingly, 1t should be understood that various features
and aspects of the disclosed embodiments can be combine
with or substituted for one another in order to form varying
modes of the disclosed invention. Thus, 1t 1s intended that the
scope of the present invention herein disclosed should not be
limited by the particular disclosed embodiments described
above, but should be determined only by a fair reading of the
claims that follow.

What 1s claimed 1s:

1. An all terrain vehicle comprising:

a Irame assembly, a pair of dirigible front wheels con-
nected to said frame assembly, an engine disposed
within a central portion of said frame assembly, a seat
supported by said frame assembly and positioned gen-
crally above said engine;

said engine selectively powering said front wheels through
a front wheel drive assembly, said front wheel drive
assembly comprising a lockable differential;

a handle bar assembly positioned forward of said seat, said
handle bar assembly comprising a pair of transversely
spaced grips connected to a steering column, said steer-
ing column having a limited rotational range of less than
about 270 degrees;

a power steering cylinder comprising a cylinder body that
1s connected to said frame assembly, said cylinder body
defining a pair of cylinder chambers separated by a
piston, a piston rod extending from said cylinder body
and being connected to said piston at one end and being
operably connected to said steering column at another
end;

said steering column being fixed for rotation with an input
shaft of a power steering valve, said power steering valve
forming a portion of a closed loop power steering fluid
system;

said power steering valve comprising a spool and an output
shaft, said input shaft and said output shaft being con-
nected with a torsion bar, said output shatt being adapted
for connection to said front wheels;

said spool being connected to said output shait such that
rotation of said output shaft relative to said input shatt
results 1n said power steering valve opening and flow 1n
said closed loop being directed 1nto or out of said cylin-
der chambers to effect movement of said piston rod;

said closed loop power steering system further comprising
a bypass passage that diverts tlow from around said
spool valve, a flow regulator being disposed within said
bypass passage; and

a controller being adapted to control said tflow regulator
depending upon a sensed vehicle operating speed and a
sensed differential lock mode.
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2. The vehicle of claim 1, wherein said controller controls
said flow regulator to increase flow through said bypass pas-
sage when said vehicle speed increases.

3. The vehicle of claim 1, wherein said controller controls
said flow regulator to increase flow through said bypass pas-
sage when said four wheel drive assembly 1s 1n an unlocked
differential mode.

4. The vehicle of claim 3, wherein said controller controls
said flow regulator to further increase flow through said
bypass passage when said four wheel drive assembly 1s in a
two wheel drive mode.

5. The vehicle of claim 1, wherein said controller controls
said flow regulator to allow tlow according to different con-
trol maps depending upon said sensed vehicle operating
speed.

6. The vehicle of claim 5, wherein said controller controls
said flow regulator according to three distinct control maps
corresponding to three distinct vehicle operating speed
ranges.

7. The vehicle of claim 6, wherein said three distinct
vehicle operating speed ranges are below about 15 mph, about
15 mph to about 30 mph and above about 30 mph.

8. An all terrain vehicle comprising a steerable wheel, a
frame supported by said steerable wheel, an engine supported
by said frame, a seat disposed generally above said engine, a
handle bar assembly pivotally attached to said frame, said
handle bar assembly comprising a lock-to-lock sweep of
between about 30 degrees and 180 degrees, a flow control
valve connected to said handle bar assembly, a pitman arm
connected to said flow control valve and a linkage extending
between said pitman arm and said steerable wheel, a hydrau-
lic cylinder extending between said frame and at least one of
said flow control valve, said pitman arm and said linkage, a
fluid tank connected to said flow control valve with a pressure
line, a pump interposed along said pressure line between said
flow control valve and said tank, said valve also being con-
nected to said tank with a return line, and said flow control
valve being connected to said hydraulic cylinder.

9. The vehicle of claim 8 further comprising a bypass
passage extending between said pressure line and said return
line but not passing through said flow control valve.

10. The vehicle of claim 9, wherein a flow rate through said
flow control valve can be decreased by increasing flow
through said bypass passage.

11. The vehicle of claim 10 further comprising a controller,
said controller being connected to a speed sensor, said speed
sensor adapted to detect an operating speed of said vehicle,
said controller also being connected to a flow regulator, said
flow regulator being disposed along said bypass passage, said
controller being adapted to vary a flow rate through said
bypass passage by adjusting said tlow regulator based at least
in part upon vehicle speed.

12. The vehicle of claim 11 further comprising a lockable
front wheel differential, a differential lock sensor being
adapted to detect whether said differential 1s 1n a locked mode
and said controller being adapted to vary a flow rate through
said bypass passage by adjusting said tlow regulator based at
least 1 part upon said differential lock mode.

13. The vehicle of claim 8, wherein the flow control valve
comprises a rotational servo valve.

14. The vehicle of claim 13, wherein a cantilever post
connects the rotational servo valve to the frame assembly.

15. The vehicle of claim 14, wherein the cantilever post 1s
welded to the frame assembly.

16. The vehicle of claim 13, wherein the rotational servo
valve comprises an mput shait and an output shaftt, the handle
bar assembly comprises a steering column, the steering col-
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umn comprising a lower portion and the input shait being
secured to the lower portion of the steering column.

17. The vehicle of claim 16, wherein the mput shaft 1s
mechanically coupled to the lower portion of the steering
column.

18. The vehicle of claim 17, wherein a splined coupling
sleeve joins the mput shait and the lower portion of the steer-
ing column.

19. The vehicle of claim 16, wherein the output shaift 1s
connected to the pitman arm.

20. The vehicle of claim 19, wherein a coupling sleeve
jo1ns the output shatt to the pitman arm.

21. The vehicle of claim 20, wherein a stub shait extending,
from the pitman arm 1s received by the coupling sleeve.

22. The vehicle of claim 21, wherein the coupling sleeve
comprises a mounting flange and the hydraulic cylinder com-
prises a ram and the ram 1s secured to the mounting flange.

23. The vehicle of claim 22, wherein the hydraulic cylinder
comprises a cylinder body and the cylinder body 1s secured to
the frame assembly.

24. The vehicle of claim 22, wherein the ram extends in a
generally longitudinal direction of the vehicle.

25. The vehicle of claim 22, wherein the mounting flange
extends generally laterally outward when the handle bar
assembly 1s 1n a generally neutral position.

26. The vehicle of claim 8, wherein the tank 1s positioned
generally within a flow of air during movement of the vehicle.

27. The vehicle of claim 26, wherein the handle bar assem-
bly comprises a steering column and the tank 1s positioned
forward of the steering column.

28. The vehicle of claim 8, wherein the flow control valve
comprises a rotational servo valve, the rotational servo valve
comprises an input shaft and an output shait, and a torsion bar
connects the input shaft and the output shatt.

29. The vehicle of claim 28, wherein the mnput shait and the
output shaft are capable of direct a direct engagement condi-
tion and wherein the mput shaft and the output shait are
capable of about 8 degrees of relative rotation prior to the
direct engagement condition.

30. The vehicle of claim 28, wherein the input shaft and the
output shait are capable of direct a direct engagement condi-
tion and wherein the mput shaft and the output shaft are
capable of about 5 degrees of relative rotation prior to the
direct engagement condition.

31. The vehicle of claim 28, wherein the mnput shait and the
output shaft are capable of direct a direct engagement condi-
tion and wherein the mput shaft and the output shait are
capable of about 4 degrees of relative rotation prior to the
direct engagement condition.

32. A method of controlling a power steering system for a
recreational vehicle, said method comprising sensing a first
vehicle speed, controlling tlow characteristics 1n said power
steering system to provide a first flow rate of fluid within a
closed loop hydraulic path, sensing a second vehicle speed.,
comparing said first vehicle speed to said second vehicle
speed, controlling tlow characteristics 1n said power steering
system to provide a second flow rate of tluid wherein said first
flow rate 1s higher than said second flow rate if said first
vehicle speed 1s lower than said second vehicle speed and said
first flow rate 1s lower than said second tlow rate 11 said first
vehicle speed 1s higher than said second vehicle speed, and
sensing a lock state of a lockable transmission and varying
said first flow rate and said second tlow rate based upon said
sensed lock state.

33. The method of claim 32, wherein said power steering,
system comprises a servo valve and a bypass passage, said
bypass passage being configured to reduce a tlow rate of fluid
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through said servo valve, said method comprising controlling,
said flow characteristics by altering a rate of tlow through said
bypass passage.

34. The method of claim 33 further comprising comparing,
said detected operating speed of said vehicle to a predeter-
mined high-speed threshold and maximizing flow through
said bypass passage 11 said detected operating speed 1s higher
than said predetermined high-speed threshold.

35. A power steering system for use on an all terrain
vehicle, said power steering system comprising:

a power steering cylinder comprising a cylinder body
defining a pair of cylinder chambers separated by a
piston, a piston rod extending from said cylinder body
and being connected to said piston at one end and being
operably connected to a steering column at another end;

an 1nput shaft of a power steering valve being adapted for
connection to said power steering column, said power
steering valve forming a portion of a closed loop power

steering fluid system:;

said power steering valve comprising a spool and an output
shaft, said input shaft and said output shaft being con-
nected with a torsion bar, said output shait being adapted
for connection to a steerable wheel:

said spool being connected to said output shait such that
rotation of said output shaft relative to said input shaft
results 1n said power steering valve opening and flow 1n
said closed loop being directed 1nto or out of said cylin-
der chambers to effect movement of said piston rod;

said closed loop power steering system further comprising
a bypass passage that diverts flow from around said
spool valve, a tlow regulator being disposed within said
bypass passage; and

a controller being adapted to control said flow regulator
depending upon a sensed vehicle operating speed and a
sensed differential lock mode.

36. The power steering system of claim 35 further com-
prising a pump disposed along said close loop, said pump
being adapted for generating a substantially constant tlow
rate.

37. The power steering system of claim 36, wherein said
pump 1s adapted to be powered by electricity generated by the
vehicle.

38. The power steering system of claim 35, wherein said
input shaft and said output shatt are adapted for direct engage-
ment after about 4 degrees of relative movement.

39. A vehicle comprising:

a frame assembly, a pair of front wheels connected to said
frame assembly, an engine supported by said frame
assembly, a seat supported by said frame assembly;

said engine selectively powering said front wheels through
a front wheel drive assembly, said front wheel drive
assembly comprising a lockable diffevential;

a steering column;

a power steeving system operably connected to said steevr-
ing column;

said steeving column being connected to said front wheels;

and a controller being adapted to control said power steer-
ing system depending upon a sensed differvential lock
mode;

wherein said controller comprises a plurality of stoved
maps, said maps being based upon vehicle speed and
different maps being provided depending upon whether
a differential is locked, a differential is unlocked or a
transmission is operating in two-wheel drive mode.

10

15

20

25

30

35

40

45

50

55

60

18

40. The vehicle of claim 39, wherein said plurality of stored
maps define an amount of assist provided by the power steer-
Ing system.

41. The vehicle of claim 39, wherein said controller is
configured to provide more assist when said lockable differ-
ential is locked.

42. The vehicle of claim 39, wherein said power steering
system comprises a cyvlinder comprising a cyvlinder body that
is connected to said frame assembly, said cylinder body defin-
ing a pair of cvlinder chambers separated by a piston, a
piston rod extending from said cylinder body and being con-
nected to said piston at one end.

43. The vehicle of claim 39, wherein said steering column
is fixed for votation with an input shaft of a power steering
valve, said power steering valve forming a portion of a closed
loop power steering fluid system; said power steeving valve
comprising a spool and an output shaft, said input shaft and
said output shaft being connected with a torsion bar.

44. The vehicle of claim 43, said spool being connected to
said output shaft such that rotation of said output shaft rvela-
tive to said input shaft results in said power steeving valve
opening and flow in said closed loop being directed into or out
of said cylinder chambers to effect movement of said piston
rod; said closed loop power steeving system further compris-
ing a bypass passage that diverts flow from around said spool
valve, a flow regulator being disposed within said bypass
passage.

45. The vehicle of claim 39 further comprising a speed
sensor that communicates with the controller.

46. The vehicle of claim 45, whevein the speed sensor is
adapted to sense a shaft speed within a transmission of the
vehicle.

47. The vehicle of claim 45, wherein the speed sensor is
adapted to sense a rotational speed of the engine.

48. The vehicle of claim 45, wherein the speed sensor is
adapted to sense a rotational speed of at least one wheel.

49. The vehicle of claim 45, wherein the speed sensor is
adapted to sense a rotational speed of a transmission.

50. Thevehicle of claim 39 further comprising a differential
lock sensor that communicates with the controller.

51. The vehicle of claim 50, wherein the differential lock
sensor senses an operational position of a switch used to
cause locking of a differential.

52. The vehicle of claim 50, wherein the differential lock
sensor is positioned proximate to an actuator used to lock a
differential.

53. The vehicle of claim 39, wherein a first gain level is
provided for operation below a predetermined speed and a
second gain level is provided for operation above the prede-
termined speed with the first gain level being greater than the
second gain level such that move power assist is provided at
speeds below the predetermined speed than at speeds above
the predetermined speed.

54. The vehicle of claim 39 additionally comprising a
handle bar assembly positioned forward of said seat, said
handle bar assembly comprising a pair of transversely
spaced grips connected to the steeving column, said steeving
column having a limited rotational vrange of less than about
270 degrees.

55. The vehicle of claim 39, wherein the vehicle is an all
terrain vehicle.

56. The vehicle of claim 39, wherein the controller is
adapted to control said power steering system depending
upon a sensed vehicle operating speed.
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