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(57) Abrége/Abstract:

The invention disclosed Is a steering system providing steered wheel angle sensing for vehicles having a spaced pair of steeread
wheels, a two-way hydraulic steering cylinder operatively connected to the steered wheels, and a hydraulic circuit connected to
the cylinder. The invention includes a hydraulic two-way valve, a hydraulic pump for supplying fluid under pressure to the circuit
and being hydraulically connected to the valve, the cylinder having a single moveable shaft therein to move, In opposite
directions to steer the wheels in one of two angular directions, a hydraulic motor in the circuit between the cylinder and the valve,
an output shaft on the motor adapted to rotate in one of two directions depending on the direction of flow of fluid through the
motor, and a pair of sensors adjacent the shaft to determine the direction of motion of the shaft, and hence an angular steering
position of the wheels.
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ABSTRACT OF THE DISCLOSURE

The invention disclosed 1s a steering system
providing steered wheel angle sensing for vehicles
having a spaced pair of steered wheels, a two-way
hydraulic steering cylinder operatively connected to the
steered wheels, and & hydraulic cilrcult connected to the
cylinder. The invention 1ncludes a hydraulic two-way
valve, a hydraulic pump for supplying fluid under
pressure to the circuit and being hydraulically
connected to the valve, the cylinder having a single
moveable shaft therein to move, 1n opposite directions
to steer the wheels n one of two angular directions, a
hyvdraulic motor 1n the clrcuit between the cylinder and
the valve, an output shatt on the motor adapted to
rotate in one of two directions depending on the

direction of flow of fluid through the motor, and a pailr

of sensors adjacent the shaft to determine the direction
of motion of the shaft, and hence an angular steering

position of the wheels.
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TITLE:

FLOW TO STEERING CYLINDER

o BACKGRQOUND OF THE INVENTION

Field of the Inventicon

The invention relates to a steering system. More
particularly the i1nvention relates to a hydraulic

10 steering system adapted to be used to measure the

steered wheel angle.

Related Art

Hydraulic steering systems provide a known means
15 for steering vehicles. In a typical hydraulic steering
system, an operator manually adjusts the position of a
steering mechanism, such as a steering wheel. This
action causes a steering valve to adjust the flow of
hydraulic fluid supplied from a pump to a steering
20 cvylinder. This change 1n the flow of hydraulic ftluid

results 1n a change 1n direction of the steered wheels.

Problems arise, however, 1n developing automatic

steering systems. In particular, an automatlic steering

system needs to determine or measure the steered wheel

25 angle 1in order to morniltor and/or control the steering of
the vehicle.

One problem with measuring a steered wheel angle 1s
that the wheels and the steered wheel axis are
opotentially subject to harsh environmental condltions.

30 This makes locating measurement systemns 0Or Sensors

difficult. Environmental conditions such as dirt or

water can adversely impact the accuracy of sensor

measurements or damage sensors. Some prior art solutions
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place sensors 1in the steering cylinder to measure the
position of the steering cylinder. Placing sensors in
the steering cylinder also subjects sensors to harsh
environmental conditions.

Thus, 1t 1s a primary object of the present

invention to provide a steering system that improves
upon the state ot the art.

Another object ¢f the present 1nvention 1s to
provide a steering system that can be used to determine
the steered wheel angle of a wheel of a vehicle.

Yet another object of the present 1nvention is to
provide a sensing system that can be used to determine a
steered wheel angle without directly connecting sensors
"0 the wheels of the vehicle.

A still further object of the present invention 1is
Lo provide a steering system having a means that can be
used to determine wheel angle that need not be located
near the steered axle or steered wheels.

These and other objects of the present invention

will become apparent from the specification and claims.

BRIEE SUMMARY OF THE INVENTION

The present i1nvention 1s a steering system adapted

for determining a steered wheel angle of a vehicle.
According to the present 1nvention, a vehicle has a
spaced apart pair of steered wheels such as may be
located along a steered axle. A two-way hydraulic
steering cylinder 1s operatively connected to the
steered wheels. A hydraulic circuit is connected to the
nhydraulic steering cvlinder. The hydraulic circuit
includes a hydraulic two-way valve and a hydraulic pump

for supplying fliuid under pressure, to the circult, the
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hydraullc pump being hydraulically connected to the
valve.

The cylinder has a single moveable shaft to move 1in
opposlte directions to steer the wheels 1n one of two
angular directions. The steered wheel angle sensing
steering system provides for determining wheel angle by
placing a hydraulic motor i1n the circuit between the
cylinder and the valve. An output shaft on the motor 1is
adapted to rotate 1n one of two directions depending on
the direction of flow of fluid through the motor. A pair
of sensors adjacent the shaft are used to determine the

o

direction of motion of the shaft and hence an angular

steering position of the wheels, the motion of the shaft
pbeing related to the steering position of the wheels.
The present 1nvention provides the advantage of a
means of determining the wheel angle that may be used as
feedback to a control loop of an automatic steering
system. Further, the present Invention does not reqguire
sensors to be directly connected to the steered wheels.
In addition, portions of the i1nvention, 1ncluding the
nydraulic motor can be placed well away from the steered

axle of the wheels and 1in a more protected location.

1

BRIEE D

L]

SCRIPTION OF THE DRAWINGS

Figure 1 1s a schematic showing the steering system
according to the present invention.

Figure 2 1s a front view of the steering angle
sensor according to the present 1nvention.

Figure 3 1s a top view of the steering angle sensor
according to the present invention; and

Flgure 4 1s a top view simillar to Filigure 3 showiling

an alternative form of the 1Invention.
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D DESCRIPTION OF THE INVENTION

L*]

DETAIL.

The 1nvention provides for a steering system that
includes steered wheel angle sensing i1n a hydraulic
steering system. As shown 1n Figure 1, the steering
system 10 i1includes wheels 12A and 12B. Each of these
wheels 1s connected through a linkage 14 (1.e., 14A and
14B) to a two-way hydraullc steering cylinder 18. The
two-way hydraulic steering cylinder 18 has a single
moveabie shaft 1o to move 1n opposite directions 1n
order to steer the wheels 172 1n one of two angular
directions.

The hydraulic steering cylinder 18 forms a portion
of a hydraulic circuit. The hydraulic circult includes a
hydraulic two-wav steering valve 20 hydraulically

connected to the steering cylinder. The two-way

hydraulic steering valve 20 1s also hydraulically
connected to a hvydraulic pump 22. The pump 22 provides
for supplying fluid under pressure to the hydraulic
circult.

The present 1invention also provides that the
steering valve 20 may be ccnnected through a steering
column 24 to a steering mechanilism 26 such as a steering

wheel. This provides for manually controlled steering in

the conventional manner, where manual control 1s
desirable.

The steering valve 20 1s preferably mounted on the
bottom of the steering column 24. Also connected to the
steering valve 20 1s the argle sensor 28. The angle
sensor 28 1s also hydraulically connected to the
steering cylinder 18. The angle sensor 28 1s best shown

in Figure 2. The anglie sensor 1s mounted on the wvehicle
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frame, a vehicle axle, in the cab of a vehicle or
elsewhere.

In Figure 2, the angle sensor 28 1s shown as having
a hydraulic motor 34 in the hydraulic circuit located
between a cylinder and the valve. The hydraulic motor 34
has a shaft 36. This output shaft 36 on the motor 34 1s
adapted to rotate in one of two directions depending on

rhe direction of flow of fluid through the hydraulic

motor 34. By measuring the motor shaft motion and
direction, the steering angle 1s
inferred.

The relationship between motor shaft motion and
steering angle 1s given by the change 1in steering angle

to the amount of charnge in motor shaft motion and can

vary based on the components used. The change in fluid
flow from the steering cylinder corresponds to changes
in fluid flow in the hydraulic motor, thus a
relationship between shaft motion and steering angle 1s
present. For example, where an operator steers 1n one
direction, there 1s Iincreased fluid flow to the steering
~ylinder and therefore a greater steering angle. The
fluid flow to the hydraulic motor 34 also 1ncreases
resulting in an increased speed of rotation of the shatt
360.

To measure the motor shaft motion and direction, a
pair of sensors 30, adjacent the shaft are used. Thils 1s
best shown in Figure 3. In Figure 3, a toothed wheel 32
is connected to the shaft 36. The sensors 30A and 30B
are placed adjacent the toocthed wheel. The sensors 20
may be magnetic sensors such as hall effect sensors. The
sensors 30 are placed in a gquadrature configuration and
thus may be used to measure transitions between teeth 38

and gaps 40 cf the toothed wheel 32. In this
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configuration, the sensors 30 are used to measure the
amount of rotation, such as by counting the number of
teeth 38 that pass by one or both of the sensors in a
given period of time. Further, a change of direction of
rotation 1s also detectable as this configuration allows
the transitions between the teeth 38 and unteethed
portions 40 of the wheel to be detected and evaluated.

Although preferably a toothed wheel 32 1s used, the
present 1nvention contemplates that measurements can be
Cfaken of the shaft 3¢ 1tself 1nstead of the toothed
wheel 32 connected tc the shaft 36. Where a toothed
wheel 32 1s used, one convenient size of toothed wheel
Ls a ftive 1nch diameter wheel, but the present invention
contemplates any size. The present 1nvention also
contemplates that other types and placements of sensors
may be used.

This configuration provides a number of advantages.
By measuring the direction of rotation and amount of
rotation of cylinder corresponds to changes in fluid
flow 1n the hydraulic motor, thus a relationship between
shaft motion and steering angle 1s present. For example,
where an operator steers 1n one direction, there 1is
increased fluid flow to the steering cylinder and
therefore a greater steering angie. The fluid flow to
the hydraulic motor 34 also 1ncreases resulting in an
1ncreased speed of rctation of the shaft 36.

This contfiguration provides a number of advantages.
By measuring the dilrection of rotation and amount of
rotation of the motor shaft, the steered angle can be
determined thus that this information can be used within
an automatic steering system. In an automatic steering
system, the steered wheel angle can be used as feedback

i a control loop. Another advantage of this
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configuration 1s that the steer angle sensor 28 may be
placed well away from the steering cylinder 18, steered
axle or wheels 12. Preferably, the steered wheel angle
sensor 28 1s placed i1n a more environmentally secure
position, 1nstead of near the steered wheels 12 or
steered axis. For example, where the steering systen of
the present 1nvention 1s$ used 1in farm egquipment, the
steering angle sensor 28 can be placed 1n a cab of the

vehlcle or otherwilise positioned 1n order to be better

protected from environmental conditions that could

affect the sensors.

Further, the sensors 30 need not be directly

connected to the shaft 36. As shown, the present

invention contemplates that the hall effect sensors 30
Or other noncontact sensors can pe used to measure —he

dlirection and amount of rotation of the motor shatft.

An alternative form of the invention 1s shown 1in

Figure 4. A twc-way cvlinder 18A 1s pivotally secured
py one end to the vehicle frame 18B. Cylinder 18A 1is
connected by suiltable hydraulic hoses to the same
components that cylinder 18 1s connected as shown 1n
Figure 1. A reciprocal piston rod 16A extends from the
other end of cylinder 18A. The outer end of rod 16A 1s
pivotally secured by linkage 16B to elongated tie rod
16C. Rod 16C 1s pivotally connected to wheels 12A and
12B by linkage 14A and 14B. When the reciprocal rod 16A

moves, tie rod 1eC moves correspondingly to steer the

wheels 12A and 1272B 1n one direction or the other via

links 14A and 14B, respectively. Thilis arrangement has
all the functional advantages of the cylinder elated

hydraulic comporients of Fig. 1.
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Thus, a steered wheel angle sensing steering system
has been disclosed which solves problems and

deficiencles 1n the art.
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Claims:

1. A steered wheel angle sensing steering system for

vehicles having one c¢r more steered wheels, one or more

two-way hydraulic steering cylinders operatively
connected to the steered wheels, and & hydraullc cilrcuit
connected to the cylinder, comprising:

a hydraulic two-way valve;

a hydraulic pump for supplying filuid under pressure to
the circult and being hydraulically connected to
the valve;

the cylinder having a single moveable shaft therein to
move 1n oppoesite directions to steer the wheels 1n
one of two angular directions;

a4 hydraulic motor 1n the circuilt between the cylinder
and the valve;

A power shaft associated with the motor adapted to
rotate 1n one of two directions depending on the
direction of flow of tfluid through the motor; and

a palr of sensors adjacent the shaft to determine the
direction of motion of the shaft, and hence an

angular steering position of the wheels.

2. The steering system of claim 1 further comprising a

ftoothed wheel connected to the output shatft.

3. The steering system of claim 72 wherein the pailr of

sensors are positioned 1n a quadrature configuration.

4 . The steerinag system of claim 1 wherein the sensors

Are magnetic sensors.
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5. The steering system of claim 4 whereln the magnetic

sensors are hall effect sensors.

6 . The steering system of claim 1 further comprising a

steering mechanism operatively connected to the valve.

7. The steering system ¢f claim © wherein the
nydraullic motor 1s pcsitioned such that the hydraulic

motor 1s more proximate Lo the steering valve than to

the steering cyl:nder.

3. A steering system for vehicles having a two-way
hydraulilic steering cylinder operatively connected to a
nydraullc cilrcult, comprising:

a two-way hydraulic steering valve hydraulically

connected to the steering cylinder;

a hydraulic pump for supplying fluid under pressure to
the clrcult and ovelng hydraulically connected to
rthe vaive;

~he cylinder having & single moveable shaft therein to

move 1n opposite directions;

a hydraulic motor hydraulically connected between the
cyvlinder and the valve;

a power shaft associliate with the motor adapted to rotate
in one of two directions depending on the direction
of flow of fluid through the motor;

a toothed wheel mountad on the output shaft and rotating
wlth the shatt; and

a flirst sensor and a second sensor positioned adjacent
the toothed wheel ftor determining an amount of
rotation of the toothed wheel and a direction of

rotation of the toothed wheel.

10
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9. The steering system of claim 8 wherein the first

and the second sensors are magnetlc Sensors.

10. The steering system of claim 9 wherein the magnetic

5 sensors are hall effect sensors.

11. The steering system of claim 8 further comprising a
spaced pair of steered wheels operatively connected to

the steering cylinder.

12. The steering system of claim 8 further comprising a
10 steering mechanism operatively connected to the steering

valve.

13. The steering system of claim 12 wherein the steering

mechanism 1s a stesering wheel.

14. The steering system of claim 8 whereln the first
15 sensor and the second sensor are positioned adjacent the

roothed wheel in a quadrature configuration.

15. The steering system of clalim 8 wherein the hydraulic
motor 1s positioned such that the hydraulic motor 1s
more proximate to the steering valve than to the

20 steering cylinder.

16. The steering system of claim 1 wherein the movable
shaft 1is connected tc an elongated tie rod which 1s
pivotally linked to the wheels.

7. The steering system of claim 8 wherein the movable
25 shaft 1s connected tc¢ an elongated tie rod which 1s

oivotally linked to the wheels.

11
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18. The steering system of claim | wherein the movable

shaft slidably extends out of opposite ends of the

cylinder to be pivotally limited to the wheels.

19. The steering wheel of claim 8 wherein the movable

shaft slidably extends out of opposite ends of the

cylinder to be pivotally limited to the wheels.

20. A steered wheel angle sensing steering system for
vehlcles having at l=ast one steered wheel, and a two
way hydraulic steering cylinder operatively connected to
the steered wheel, and a hydraulic power fluild cilrcult
connected to the cylinder to cause the cvyvlinder to be
selectively operated 1n first and second directions to
steer the wheel 1in first and second directions,
comprilsing,
a sensor 1in the power fluid circult to meter the flow of
fluid to and from the cylinder to determine the

angular steering position of the wheel.

21. The steering system of claim 20 wherein a two-way

valve 1s located 1n —he circuit.

12
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