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IMPROVEMENTS IN TIRE UNIFORMITY TESTING

Technical Field

The invention relates to the field of tire uniformity testing machines and,

in particular, to a technique for improving the repeatability of uniformity testing

machines.

Background Art

An established part of the manufacture of tires is testing the tires for
uniformity. After the tires have been manufactured, they are routed to a
uniformity measuring machine. One example of a tire uniformity testing machine
18 described in U.S. Patent No. 6,016,695, "Tire Uniformity Testing System",
which may be referred to for further details. A typical uniformity machine will
automatically convey the tire into the machine, chuck it between two half-rims,
inflate it, load it against a drum to simulate the weight of a vehicle, proceed with
steps to test it, then mark the tire and sort the tire into one of several output
conveyors. Loadwheel assemblies found in currently available uniformity testing
machines are described in U.S. Patent Nos. 5,979,231 "Loadwheel Assembly for
Tire Testing Systems Having Conical Support Plates”, and 4,704,900 "Apparatus
and Method for Imposing a Desired Average Radial Force on a Tire", both of
which may be referred to for further details. Some uniformity machines perform
additional steps, such as grinding the tire to improve its characteristics and
measuring geometric parameters of the tire.

The testing steps on a typical uniformity machine consist of rotating the
loaded, inflated tire, measuring the forces exerted by the tire on the drum as a
function of the rotational position of the tire, performing calculations on those
measurements to obtain measurements of the characteristics of the tire, reversing

the rotation of the tire (a description of a spindle assembly that is used to mount
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and rotate the tire during testing is found in U.S. Patent No. 5,992,227
"Automatic Adjustable Width Chuck Apparatus for Tire Testing Systems"” which
may be referred to for further details), repeating the measurement process,
comparing the measurements of the characteristics in one or both directions to
preset limits to obtain grades for the tire’s uniformity and determining the output
conveyor for further processing, placing these grading and sorting results into
memory for later use in marking and sorting, and stopping the rotation at the
correct orientation so that a mark can be placed at a required angular location on
the tire, usually corresponding to the high point of the first harmonic of radial
force variation.

One common measure of the quality of a uniformity machine is its
repeatability, how well the measurements of the tire characteristics repeat when
tires are tested multiple times. Lack of repeatability can be caused by many
sources on a machine, such as poor control of the test conditions of load and
inflation, excessive runout in the test rims of loading drum, electrical noise,
mechanical vibrations, etc. Because repeatability is such an important measure
of a machine’s quality, much attention has been focused into obtaining good
repeatability over the years.

It has long been known that certain types of tire construction can lead to
poor repeatability when tires of these types are used in the measurement of the
repeatability of a uniformity machine. For instance, the use of nylon as a
reinforcement material in the tire often leads to poor repeatability. Unfortunately,
In recent years, more tires are being constructed in designs which cause poor
repeatability, due to the increasing emphasis on the reliability of tires through the
use of components such as belt edge overlays, and the increasing importance of
high speed rated tires, which very frequently use a nylon cap ply. The Increasing
prevalence of these difficult tires presents a problem for the manufacturer of tire

uniformity measuring machines. The machines continue to be of the same high
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quality as in years past (or even of improved quality), but the measurement of
their repeatability with test tires indicates that the machine’s quality is not up to
standard.

Furthermore, the measurement of these difficult tires presents a problem
for tire manufacturers. If there is a large uncertainty in the measurement of their
characteristic (at least when measured with a commercial viable cycle time), the
tire manufacturer cannot reliably grade the tire into the correct category, resulting
in possibly dissatisfied customers or lost revenue due to downgrading a tire

unnecessarily.

Summary of the Invention
Performing test steps in a manner that minimizes impact on tire

characteristics being measured enhances the repeatability of tire testing. The
Invention provides a method an apparatus for testing a tire in a repeatable
manner. The tire 1s mounted on a rotatable spindle and rotated. During rotation,
one or more the parameters is measured as a function of the tire’s rotational
position. A tire rotational position at which to perform a subsequent test step is
determined based on the measured parameters. The subsequent test step is then
performed at the determined position.

In one aspect of the invention, tire reversal is performed at a tire position
that will minimize the set taken by the tire during reversal. The radial force that
is exerted on a load carriage during testing is measured and the variation of that
force is recorded. A first harmonic of the radial force variation is calculated and
the reversal is performed at a zero crossing of the first harmonic, either a
positive going zero crossing or a negative going zero crossing of the first
harmonic.

In another aspect of the invention, the load from the load carriage is
removed prior to or simultaneously with the tire rotation being stopped. A

desired tire stop position and a retraction distance that will be travelled by the
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load carriage to unload the tire are determined. The retraction time required for
the load carriage to move the retraction distance as well as the angle of rotation
that will occur during the retraction time are calculated. From this information
a tire retraction position at which retraction must begin such that the load carriage
will complete retraction at the desired tire stop position is deduced. Load
carriage retraction is then begun at the tire retraction position.

The 1nvention in a broad aspect comprehends an apparatus for testing a
tire comprising a rotatable spindle for rotating a tire to be tested in a first
direction, a load carriage movable along a retraction axis perpendicular to the
spindle for contacting the tire being tested, applying a load to the tire, and
measuring tire parameters, load cells mounted on the load carriage for measuring
radial forces exerted on the load carriage by the tire, and a controller for
recording the measured tire parameters as a function of tire rotational position,
calculating a first harmonic of radial force variation as a function of tire rotational
position, and determining a tire rotational position at which to reverse the rotation
direction based on the calculated first harmonic.

Other features, benefits and advantages of the invention will be apparent
from the following detailed description of preferred embodiments thereof taken

in conjunction with the following drawing figures.

Brief Description of Drawings
Figure 1 is a flowchart representation of a method for operating a tire

uniformity testing machine in accordance with an embodiment of the present
invention; and,
Figure 2 1s a flowchart representation of a method for operating a tire

uniformity testing machine in accordance with an embodiment of the present

invention.
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Detailed Description of the Preferred Embodiments
One cause of reduced repeatability in uniformity testing machines is that

when the direction of rotation of the tire i1s reversed under load, the tire takes a
"set" during this reversal, and this "set" affects the measurements made in the
second direction of rotation, especially the measurement of radial force variations.
It 1s believed that this effect is predictable based on the angular position of the
tire at which reversal occurs, ranging from an increase in radial force variation,
through little change, to a decrease in radial force variation. Since the radial
forces 1n the two directions of rotation show a high degree of similarity, it is
possible to control the reversal based on measurements made in the first direction
such that little change in radial forces in the second direction occurs. This allows
the machine to provide the true measure of the radial forces in the second
direction occurs. This allows the machine to provide the true measure of the
radial forces in the second direction, on a very repeatable basis.

According to a preferred embodiment, the uniformity machine is operated
according to the steps outlined in Figure 1. In step 110, the radial force variation
1s measured in the current direction of rotation. The first harmonic of this force
variation is calculated in step 120 and a tire position corresponding to either
positive going or negative going zero crossing of the first harmonic is determined
In step 130. In step 140, the tire position is monitored until a zero crossing is
reached. The rotation direction is reversed at the appropriate location in step 150
and the test is continued.

While this technique will cause a slight increase in the cycle time due to

delaying the reversal, this increase is more than made up for by allowing the

4a
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"warmup" in the second direction to be reduced.

Another cause of tire-related nonrepeatability is the common practice
of stopping the rotation of the tire to allow for marking, either inside the test
zone, or especially, in a following station of the machine. This also causes
the tire to take a "set", one which will remain even after the tire is brought
back to the entrance of the machine to be retested as part of a repeatability
test. While it may appear that this is less of a problem to tire manufacturers In
terms of their processing of the tire, since all grading decisions have already
been made at this time, in many cases, the process flow causes the tire to be
routed next to a balance measuring machine [such as an AlT-238 made by
ITW Ride Quality Products], where the "set" of the tire may cause incorrect
balance measurements and subsequent grading decisions to be made.

This cause can be overcome by advancing the unloading of the tire so
that the load on the tire is removed by the time that the tire is stopped. Those
skilled in the art of controlling uniformity machines will understand several
ways to implement this control. In this described embodiment, the tire
uniformity machine is operated according to a method consisting of the steps
outlined in Figure 2 is used. A desired stop position is identified in step 210.
The distance the loadwheel will need to retract to clear the tire is determined
in step 220, based on a measurement of the outside radius of the tire made
when the tire was loaded. From this distance and the known rate of motion of
the loadwheel carriage, the time needed to retract this distance is calculated
in step 230. An angle of tire rotation that will occur during the retraction time
is determined in step 240 and a position at which retraction should begin is
deduced in step 250. When the tire is in an orientation from which it can be
stopped in the time determined in the previous step and result in the tire
stopped at the desired location, the loadwheel retract and the stopping of the
tire spindle are simultaneously commenced. This causes the loadwheel to
release contact with the tire just as the spindle stops (steps 260 - 290).

As can be seen from the fdregoing description, by handling the tire
during testing in a manner that minimizes the effects of the testing apparatus

on the tire's uniformity characteristics, a more repeatable uniformity test can
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be performed. Although the present invention has been described with a
degree of particularity, it is the intent that the invention include all

modifications and alterations from the disclosed design falling within the spirit

or scope of the appended claims.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method for testing a tire comprising the steps of:
mounting the tire on a rotatable spindle;

rotating the tire in a first rotation direction and measuring one or more tire
parameters as a function of the tire’s rotational position;

determining a tire rotational position at which to reverse the rotation of the tire
based on the measured parameters; and

reversing the rotation direction when the tire reaches the determined rotational

position.

2. The method of claim 1 wherein the measured parameter comprises a radial

force variation.

3. The method of claim 2 comprising the step of calculating a first harmonic
of the radial force variation and wherein the step of reversing the tire rotation direction

1s performed based on the calculated first harmonic.

4. The method of claim 3 wherein the step of reversing the tire rotation

direction is performed at a positive-going zero crossing of the first harmonic of radial

force variation.

5. The method of claim 3 wherein the step of reversing the tire rotation

direction is performed at a negative-going zero crossing of the first harmonic of radial

force vanation.

6. The method of claim 3 wherein the step of reversing the tire rotation

direction is performed at a first encountered zero crossing of the first harmonic of radial

force variation.
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7. A method for testing a tire comprising the steps of:

mounting the tire on a rotatable spindle;

applying a load to a tire perimeter with a moveable load carriage by moving the
load carriage into contact with the tire perimeter;

rotating the tire and measuring one or more tire parameters as a function of the
tire’s rotational position;

determining a desired the stop position;

determining a retraction distance that will be travelled by the load carriage to
unload the tire;

determining a retraction time required for the load carriage to move the retraction
distance;

calculating an angle of rotation that will occur during the retraction time;

deducing a tire retraction position at which retraction must begin such that the
load carriage will complete retraction at the desired tire stop position; and

beginning load carriage retraction at the tire retraction position.

8. An apparatus for testing a tire comprising:

a rotatable spindle for rotating a tire to be tested in a first direction;

a load carriage movable along a retraction axis perpendicular to the spindle for
contacting the tire being tested, applying a load to the tire, and measuring tire
parameters,

load cells mounted on the load carriage for measuring radial forces exerted on the
load carriage by the tire; and

a controller for recording the measured tire parameters as a function of tire
rotational position, calculating a first harmonic of radial force variation as a function of
tire rotational position, and determining a tire rotational position at which to reverse the

rotation direction based on the calculated first harmonic.
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9. The apparatus of claim 8 wherein the controller causes tire rotation

reversal to occur at a zero crossing of the first harmonic of radial force.

10.  An apparatus for testing a tire comprising:

a rotatable spindle for rotating a tire to be tested in a first direction;

a load carriage movable along a retraction axis perpendicular to the spindle for
contacting the tire being tested, applying a load to the tire, and measuring tire
parameters;

load cells mounted on the load carriage for measuring radial forces exerted on the
load carriage by the tire; and

a controller for recording the measured tire parameters as a function of tire
rotational position, wherein the controller comprises:

(1) means for determining a desired tire stop position;

(11) means for determining a retraction distance that will be travelled by the load
carriage to unload the tire;

(111)  means for determining a retraction time required for the load carriage to move
the retraction distance;

(1v)  means for calculating an angle of rotation that will occur during the retraction
time;

(V) means for deducing a tire retraction position at which retraction must begin such
that the load carriage will complete retraction at the desired tire stop position;

and

(vi)  means for beginning load carriage retraction at the tire retraction position.
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