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SYSTEM FOR DETERMINING
THE DYNAMIC ORIENTATION OF A VEHICLE WHEEL PLANE

FIELD OF THE INVENTION
This invention relates generally as indicated to a system for determining
the dynamic orientation of a vehicle wheel plane and more particularly to a
system wherein off-vehicle measurement equipment is used to determine the

orientation of the wheel plane while the vehicle is being driven.

BACKGROUND OF INVENTION

The trend in the tire and automobile industry is to closely match and

design a particular tire as original equipment for a particular vehicle.
Specifically, automobile manufacturers commonly equip a vehicle with a set of
tires which have been found to provide the most desirable wear and ride
characteristics for that particular vehicle. To this end, a number of tests are
performed on tires to determine their suitability for a specific vehicle. Of
particular relevance to the present invention are the tests that are performed to
obtain dynamic orientation characteristics of a wheel on which the tire is
mounted.

The dynamic orientation of a wheel plane is defined by two angles,
namely the inclination angle and the heading angle. The inclination angle
relates to the "tilt" of the wheel with respect to the ground and can be defined as
the angle between the pléne of the wheel and a plane perpendicular to the
ground. The heading angle is the angle between a reference direction on the
ground and the travel direction of the wheel.

An apparatus for measuring the dynamic inclination angle of a vehicle
wheel is disclosed in U.S. Patent No. 5,561,244. (This patent is assigned to the
assignee of the present invention.) The disclosed apparatus includes a bracket
non-rotatably mounted to the wheel and extending in horizontal cantilever
fashion therefrom. Laser transducers are appropriately mounted on the bracket

to emit beams against the road surface and to detect the beams reflecting back
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from the road surface. Sensors measure the distance from the ground and
these measurements are fed through control cables to a computer located within
the vehicle. The angular change of the bracket is representative of the change
of the inclination angle of the wheel. In this manner, the apparatus obtains the
dynamic inclination angles which the wheel experiences as it is driven along an
actual road surface on a particular vehicle.

In the apparatus disclosed in U.S. Patent No. 5,561,244, the measuring
equipment (i.e., laser transducers, sensors, etc.) must be mounted to the
vehicle, this sometimes sensitive equipment is exposed to the risks of damage
due to moving contact and/or reduced accuracy issues. Moreover, the
apparatus disclosed in U.S. Patent No. 5,561,244 cannot measure and/or take
into account the heading angle of the wheel since the sensors are moving with
the vehicle whereby it cannot determine the dynamic orientation of the wheel

plane.

SUMMARY OF THE INVENTION

The present invention provides a system for measuring the dynamic
orientation of a wheel plane while the vehicle is being driven but without the
need to mount orientation-determining equipment to or on the vehicle. In this
manner, orientation measurements can be obtained which correspond to the
real-world environment (such as vehicle compliances and driving conditions)
while at the same time the measuring equipment is not exposed to the risks or
problems associated with on-vehicle mounting. Moreover, the system of the
present invention can measure not only the inclination angle but also the
heading angle of the wheel whereby the dynamic orientation of the wheel plane
can be determined.

More particularly, the system of the present invention comprises a test
surface on the vehicle (such as disk secured to the hub of the wheel) and an
orientation-determining device unattached to the vehicle. The test surface

rotates with the wheel when the vehicle is being driven and is positioned in a
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plane corresponding to the orientation of the wheel plane. The orientation-
determining device, which can be stationary, determines the orientation of the
plane of the test surface at a specific point of time while the vehicle is being
driven. In this manner, both the inclination angle and the heading angle are
taken into account during the measurements and can be used when evaluating
the dynamic orientation characteristics of the wheel.

A processor can be provided to receive signals from the orientation-
determining device and convert the signals into output data corresponding to the
orientation of the wheel plane for the specific point in time. The orientation-
determining device can be a device which emits non-collinear beams of energy
onto the test surface. For example, the orientation device can comprise at least
three transducers which emit respective beams of electromagnetic energy (e.g.,
laser beams) to three non-collinear points on the test surface and which detect
respective beams reflected off of the test surface and thereby determine the
distance of each of the three non-collinear points from the device.

To use the system of the present invention, the vehicle is driven (e.g.,
accelerated, braking, cornering and combinations thereof) past the orientation-
determining device and the orientation-determining device is activated to obtain
data indicative of the orientation of the plane of the test surface.

The present invention provides these and other features hereinafter fully
described and particularly pointed out in the claims, the following description and
annexed drawings setting forth in detail a certain illustrative embodiment of the
invention, this being indicative, however, of but one of the various ways in which

the principles of the invention can be employed.

DRAWINGS
Figure 1 is a schematic perspective view of a system according to the
present invention being used to measure the dynamic orientation of a wheel
plane on a moving vehicle, the system including a test surface which rotates

with the wheel and an orientation-determining device unattached to the vehicle.
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Figure 2 is a schematic perspective view of the wheel showing the planes
and lines relating to the orientation of the wheel plane.
Figure 3 is a schematic side view of the test surface and the orientation-

determining device.

Detailed Description

Referring now to the drawings in detail, and initially to Figure 1, a system
10 for measuring the dynamic orientation of the plane of a wheel 12 on a moving
vehicle 14 is schematically shown. The system 10 comprises a test surface 16
mounted to the wheel 2 and an orientation-determining device 18 unattached to
the vehicle 14. As the vehicle is being driven, and the wheel 12 is rotated, the
orientation of the plane of the test surface 16 will correspond to the orientation of
the plane of the wheel 12. The system 10 further comprises a processor 20
which receives signals from the orientation-determining device 18 and converts
the signals into output data corresponding to the orientation of the plane of the
wheel 12 for the specific instant in time as it passes by the measurement device
18.

As is best seen in Figure 2, the orientation of the plane of the wheel 12 is
defined by two angles, namely an inclination angle 1A and a heading angle HA.
The inclination angle IA relates to the tilt" of the wheels with respect to the
ground and can be defined as the angle between the plane of the wheel (or, in
the illustrated embodiment, the test surface 16) and a vertical reference plane
perpendicular to the ground. The heading angle HA is the angle between a
reference direction and the travel direction of the wheel 12. For example, when
a horizontal ground reference plane is used, it will have horizontal axes Xground
and Yground, and vertical axis Zgrouna €xtending upward/downward from the
intersection of the axes Xgrouna and Yground. The orientation plane of the wheel
has axes Xwheel and Zunee. The vertical reference plane is defined by axes Xwhes!
and Zgound and the inclination angle IA is the angular difference between Zuneel

and Zgound.  The Xground axis is the reference direction and the heading angle HA
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is the angular difference between Xground and Xwheel.

The test surface 16 preferably comprises a disk-shaped member that is
suitably secured to the wheel 12. If the orientation-determining device 18
employs laser beams, the test surface 16 should have a suitable surface for
reflecting the laser beams. That being said, a separate test surface 16 can not
be necessary in that the wheel's standard hub couid instead constitute the test
surface 16 in certain circumstances.

Referring now to Figure 3, the test surface 16 and the orientation-
determining device 18 are schematically shown. The orientation-determining
device 18 comprises three transducers 30a, 30b, and 30c, each of which
includes an emitter for emitting beams of electromagnetic energy to three non-
collinear points on the test surface 16 and a sensor for detecting the beams
reflected off of the test surface 16. Preferably, the transducers 30 are relatively
high speed laser units. For example, one type of laser unit found suitable for
the present invention is a Model LB-70/LB-11 or LB-72/LB-12 made by Keyence
Corporation. However, other types of laser units, and other types of transducers
for producing various beams of energy (such as sonic devices, infrared devices,
etc.) can be possible with, and are contemplated by, the present invention.

During operation of the system 10, the transducers 30 produce output
signals corresponding to the distances D,, D,, and D, between the test surface
16 and the orientation-determining device 18 and these output signals are
conveyed to the processor 20. Based on the measured distances, the
processor 20 determines the orientation of the plane of the test surface 16, as
by using any well known triangulation algorithm.

In the illustrated embodiment, the test surface 16 is planar and mounted
so that the orientation of its plane is the same as that of the wheel 12. Also, in
the illustrated embodiment, the device 18 is shown located so that its
transducers 30 emit aligned beams in a normal direction relative to the test
surface 16 However, non-parallel geometric arrangements between the test

surface 16 and the wheel 12, non-normal locations of the device 18 relative to
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the test surface 16, and/or non-aligned transducers 30 are possible with, and
contemplated by, the present invention. The system 10 can be programmed to
compensate for these and other different relationships when calculating the
orientation of the wheel plane.

The system 10 can be used to repeatedly test wheels. Alternatively,
once the orientation of the wheel planes are determined for a particular road
surface and/or a particular vehicle, this data can be stored and reused in a test
facility for testing other wheels or tires in a controlled environment. Specifically,
the stored data allows subsequent test tires to be imposed with actual
orientations which the tires would experience when used with a particular
vehicle and/or under actual road operating conditions.

It can now be appreciated that the test surface 16 does not include any of
the system's electronic components and merely functions as a reflecting surface
during the testing operation. Also, the orientation-determining device 18 and
the processor 20 preferably remain stationary during operation of the system 10
thereby protecting the system's electronic equipment from the risks encountered
when attached to a moving vehicle. (However, it is possible to position the.
orientation-determining device 18 and/or the processor 20 so as o also move
during operation of the system 10 if necessary or desired for a particular
purpose.) Furthermore, the system 10 can provide information regarding the
actual orientation of the wheel plane because it takes into account both the
inclination angle |A and the heading angle HA.

Although the invention has been shown and described with respect to
certain embodiments, it is obvious that equivalent and obvious aiterations and
modifications will occur to others skilied in the art upon the reading and
understanding of this specification. The present invention includes all such
alterations and modifications and is limited only by the scope of the following

claims.
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CLAIMS

1. A system (10) for measuring a dynamic orientation of a plane of a
wheel (12) on a moving vehicle (14), said system (10) comprising:

a test surface (16) which rotates with the wheel (12) when the vehicle (14)
is being driven and which is positioned in a plane corresponding to the plane of
the wheel (12); and

an orientation-determining device (18) unattached to the vehicle (14)
which determines the orientation of the plane of the test surface (16) at a

specific point of time while the vehicle (14) is being driven.

2. A system (10) as set forth in the preceding claim, further
comprising a processor (20) which receives the signals from the orientation-
determining device (18) and converts the signals into output data corresponding

to the orientation of the plane of the wheel (12) for a specific point in time.

3. A system (10) as set forth in either of the two preceding claims,

wherein the orientation-determining device (18) is stationary.

4, A system (10) as set forth in any of the preceding claims, wherein
the orientation-determining device (18) emits beams of energy onto the test
surface (16).

5. A system (10) as set forth in any of the preceding claims, wherein
the orientation-determining device (18) comprises at least three transducers (30)
which emit respective beams of electromagnetic energy to three non-collinear
points on the test surface (16) and which detect respective beams reflected off
of the test surface (16).

6. A system (10) as set forth in the preceding claim, wherein the
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transducers (30) emit laser beams.

7. A method of measuring the dynamic orientation of the plane of a
wheel (12) on a moving vehicle (14) with the system (10) of any claims 1-6, said
method comprising the step of driving the vehicle (14) past the orientation-
determining device (18) and activating the orientation-determining device (18) to

obtain data indicative of the orientation of the plane of the test surface (16).

8. A method for measuring the dynamic orientation of the plane of a
wheel (12) on a vehicle (14), said method comprising:

providing a test surface (16) which rotates with the wheel (12) when the
vehicle (14) is being driven and which is positioned in a plane corresponding to
the plane of the wheel (12);

driving the test vehicle (14); and

determining, with a orientation-determining device (18) unattached to the
vehicle (14), the orientation of the plane of the test surface (16) at a specific

point of time while the vehicle (14) is being driven.

9. A method as set forth in the preceding claim, wherein said

providing step comprises securing a test disk to a hub of the wheel (12).

10. A method as set forth in either of the two preceding claims,
wherein said determining step is performed while the orientation-determining

device (18) is stationary.

11. A combination comprising the system (10) of any of claims 1-6 and

a vehicle (14) including the wheel (12) with which the test surface (16) rotates.

12. A combination as set forth in the preceding claim, wherein the test

surface (16) is a disk secured to a hub of the wheel (12).
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13. A system (10) for measuring an inclination angle of a wheel (12) on
a moving vehicle (14), said system (10) comprising:

a test surface (16) which rotates with the wheel (12) when the vehicle (14)
is being driven and which is positioned in at an angle corresponding to the angle
of the wheel (12); and

a device (18) unattached to the vehicle (14) which determines the
inclination angle of the test surface (16) at a specific point of time while the

vehicle (14) is being driven.

14. A system (10) for measuring an inclination angle and a heading
angle of a wheel (12) on a moving vehicle (14), said system (10) comprising:

a test surface (16) which rotates with the wheel (12) when the vehicle (14)
is being driven and which is positioned in a plane corresponding to the plane of
the wheel (12); and

a orientation-determining device (18) unattached to the vehicle (14) which
determines the inclination angle and the heading angle of the test surface (16)

at a specific point of time while the vehicle (14) is being driven.

* k%
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