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(57) Abstract: A method for controlling uniformity in tires
manufacturing, includes the steps of building at least one tire
according to a series of process steps, measuring vector quan-
tities for a uniformity characteristics at high speed and uni-
formity characteristics at low speed, determining a phase an-
gle relationship for the vector quantities for the uniformity
characteristics at low speed that results in a selected vector
quantity for the uniformity characteristic at high speed, and
modifying at least one process step so that a vector quantity
for at least one of the uniformity characteristics at low speed
is adjusted toward the phase angle relationship, wherein a
modified of process steps results, and, building at least one
additional tire according to the modified series of process
steps.
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METHOD FOR CONTROLLING HIGH SPEED UNIFORMITY IN TIRES

BACKGROUND OF THE INVENTION

[001] The invention relates to tire manufacturing methods. More particularly, the
iInvention relates to a method for controilling and modifying tire.manufactﬁxring processes

to correct the high speed uniformity characteristics of tires.

[002] Conventional tire building methods, because of their complexity, unfortunately
have opportunities for introducing non-uniformities in tireé. Various products, including
the casing textile plies, the belt plies, the bead rings, the inner liner, the tread and other
rubber layers, each férmed within a sbeoified tolerance, are applied to a form or drum
by a process with its own tolerances. The resulting structure is placed in a mold and

subjected to heat and pressure to shape and cure the rubber products and bond the

materials into an integrated unit.

[003] Because of the many steps and products involved, and the cumulative tolerances

in both the building steps and in the products themselves, non-uniformity in

manufactured tires is difficult to control. Products may have variability in thickness,
width, placement, or other factors that result in a non-uniformity. In addition, products
‘that are wound or wrapped on the building drum or form, for example, the carcass ply,

have an overlapping joint that by definition produces a non-uniformity in the tire.

[004] The uniformity of a tire may be considered as the geometric or dimensional

characteristics of the tire, or as the functional response of the tire during rotation. The

geometric aspect of uniformity relates to how evenly the various products are distiributed
about the axis of rotation. The functional aspect relates to how uniformly the tire
responds during rotation under load, for example, in stiffness response. During rotation
of the tires, non-uniformities present in the tire structure produce periodically-varying

forces at the wheel axis. These forces are transmitted through the suspension of the

vehicle and may be felt in the seats and steering wheel of the vehicle or transmitted as
noise in the passenger compartment. The amount of vibration fransmitted to the vehicle

occupants is sometimes referred to as the "ride comfort" or "comfort” of the tires.
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[0051 In recent years, automobile manufacturers have become more interested in tire
uniformity to improve driver comfort. Of particular interest are the uniformity |
characteristics at high rotation speeds because these are especially hoticéable to
vehicle occupants. Tires can be evaluated for uniformity and sorted according to the
automobile manufacturer's requirement, and the art contains patents directed to such
methods. Sorting does nothing to correct the tires found {o be outside the acceptable

sorting parameters.

[006] Other methods have focused on modifying the uniformity characteristics of cured
tires and of tire and wheel assemblies. These methods, however, do not address the
causes of non-uniformity or provide any mechanism for modifying fthe tire manufacturing

process to improve uniformity before cUring the non-uniformities into the tire.

[007] A method for controlling the uniformity of tires during manufacture that

overcomes the deficiencies in the art would prove beneficial to the art.

SUMMARY OF THE INVENTION

[008] The invention provides a method for controlling the uniformity of tire during
manufacture through iterative steps of measurement and adjustment of uniformity-
related characteristics. More particularly, the invention relates to a method for

controlling uniformity characteristics related to high speed.

[009] Advantageously, the method according to the invention measures and relates
high speed characteristics or attributes, which may be of concern to a user, to low
speed attributes, which may be more readily related to tire manufacturing steps. The
iInvention further determines a rélationship between or among the low speed atiributes

that minimizes the high speed attribute. Advantageously, the tire manufacturing steps

may be modified accordingly to change the low speed attributes and thereby minimize

the high speed attribute.

[010] In accordance with a first embodiment of the invention, a method includes the

steps of building at least one tire according to a series of process steps, measuring

vector quantities for a uniformity characteristic at high speed and at least two uniformity
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characteristics at low speed, determining an optimal phase angle relationship for the
vector quantities for the uniformity characteristics at low speed that results in a selected
vector quantity for the uniformity characteristic at high speed, modifying at least one
process step so that a vector quantity for at least one of the uniformity characteristic at
low speed and mass imbalance is adjusted toward the optimal phase angle relationship,
wherein a modified series of process steps results, and, building at least one additional

tire according to the modified series of process steps.

[011] The inventors have discovered that mass imbalance plays a significant role in
hnigh speed uniformity characteristics, and accordingly, a preferred embodiment includes

mass imbalance as one of the uniformity characteristics at low speed.

[012] According to another aspect of the invention, the method includes the step of
relating through statistical analysis the low speed cvharacteristic vector quantity and the
mass imbalance vector to the high speed vector quantity {o select the low speed

characteristics that most closely correlate to the high speed characteristic.

[013] Analysis of the phase angles' Is done through repeated controlled builds and

testing of tires in which selected components are changed and the effect of the changes

on uniformity is observed. This process can continue for a particular tire model and

manufacturing process and over time a body of relevant knowledge will be acquired.

[014] The method omay then be repeated to modity an additional mén ufacturing step
related to the selected one of the low speed quantity and mass imbalance for further

improvement in the high speed characteristic. For example, mass imbalance is affected

by different steps in the manufacturing process, involving, to name a few, application of

the carcass ply, tread band, and belt package. The step of modifying a step in the

building process may involve, preferably, one or more of the mass imbalance affected

steps in the initial iteration and following Iiterations.

[015] It will be understood by tho'se skilled in the art that modifying one step in the
building process is unlikely to achieve the precise sought-after change in the |
relationship of vector quantities. Most likely, the method will need to be repeated one or

more times to approach the optimum vector phase angle relationship.
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[016] Alternatively or in addition, the method in accordance with the invention may be
repeated to manipulate an additional vector quantity related to the high speed
characteristic for further improvement. For example, if one characteristic is addressed

In a first iteration, a second or later iteration may address the low speed characteristic.

[017] As will be understood by those skilled in the art, uniformity characteristics

include, but are not limited to, radial force variation, lateral force variation, longitudinal
force variation, rédial run out, instantaneous rolling radius, and mass imbalance. Any
combination of these may be selected for use in the method of the invention according
to the particular concern. For examble, a particular véhicle model may be more
sensitive to oné uniformity characteristic than to others, for reasons relating to the
’suspension' design a‘nd/or components, and the method may ?e applied to minimize that

characteristic for tires made for that vehicle. |

[018] H will also be understood that the low speed characteristic and the high speed
characteristic need not be the same, for example, need not both be radial force
variation. The se!eotion of the low speed characteristic will be for its relation to the high

speed characteristic through the statistical analysis, and thus, the effect of a change on

the low speed characteristic vector on the high speed characteristic.

BRIEF DESCRIPTION OF THE DRAWINGS

[019] Figure 1 is a schematic view of a tire showing a frame of reference;

[020] Figure 2 1s a blot of radial force at the first harmonic versus rotation speed for a

subject set of thirty tires;

[021] Figure 3 is plot of a simulation illustrating the possibility that a high speed radial

force variation of a tire 1s below the low speed radial force variation of the tire as

determined by the angular relation between mass imbalance and low speed radial force

variation:

[022] Figure 4 is a plot similar to Figure 3, the simulation illustrating the possibility that

a high speed radial force variation is below a particular numerical value as determined
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by the angular relationship between mass imbalance and low speed radjal force
variation;
[023] Figure 5 is a schematic of a tire showing the locations of various product joints :

and vector quantities for uniformity atiributes and angular relations therebetween,;

10241 Figure 6 is a graph of first harmonic (H1) radial force variation magnitude by

speed of rotation for three test tires;

[025] Figure 7 is a graph of radial force variation magnitude by speed of rotation for the

three test tires of Figure 6 after correction; and,

[026] Figure 9 is a graph of second harmonic (H2) radial force variation versus speed

for an uncorrected and corrected test tire.

DETAILED DESCRIPTION

[027] Tire uniformity relates to a tire's symmetry (or lack of symmetry) relative to its
 axis of rotation in terms of physical characteristics such as mass, geometry, and
stiffness. Tire uniformity characteristics, or attributes, are generally categorized in terms
of dimensional or geometric parameters (variations in radial run out, lateral run out, and
conicity), mass (variance In rﬁass imbalance about the axis), and rolling force (radial

force variation, lateral force variation, and tangential force variation, sometimes also

called longitudinal or fore and aft force variation). These values are typically reported

as a véctor, with the magnitude as the peak or maximum value and the direction given

relative to the axis of rotation of the tire.

[028] Figure 1 shows a schematic view of a tire 10 showing a frame of reference for
various uniformity attributes. The different rolling force variations are typically identified
with a particular direction, for example, fore and aft, longitudinal, or tangential force

variation along the x axis, lateral force variation along the y axis, and radial (or vertical)

force variation along the z axis.

1029] As known to those skilled in the art, there are various ways of measuring or

calculating tire uniformity attributes. Direct measurement of high speed attributes tends

to be time consuming and requires expensive test equipment. To overcome these

_5 -
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difficulties.. methods have been developed for using low speed attribute measurements
to predict high speed attributes. An example of such a method is disclosed in
International Application PCT/US01/17644, which is commonly assigned with the instant
application. This publication discloses a method for using Partial Least Square (PLS)
regression techniques for relating low speed and geometric attributes to high speed

attributes, and is incorporated herein by reference for all it discloses.

[030] The inventors observed during tire testing that, within a set of identical tires (tires
of the same mode! and size and made at the same time according to an identical
process) differences in uniformity variance existed from tire to tire. Figure 21is a
graphical representation of the speed-related radial force data for thirty tires of the same

make and fnodel-, made by the same manufacturing process. In measuring the change

in radial force variation from low speed (corresponding to about 10 kph) to high speed

(corresponding to about 140 kph), the inventors hoticed that while some tires showed

an increase in radial force. others showed no increase or even a decrease. The

inventors realized that by creating a method that identifies the factors responsible for

these differences and controls for them, the high speed uniformity of tires could be

Improved.

[031] The method of the invention provides for the modification of the tire building or
manufacturing process to adjust selected uniformity attributes to reduce the measured

variance in uniformity, and to thereby improve at least the tire's functional uniformity.

The method preferably may be done through iterations, although it is possible that a
single adjustment will'achieve the desired change. The iterations may address a single

attribute to an optimal value, and may additionally or alternatively address sequentially

different attributes. The particular steps described below represent a preferred

embodiment of the invention, and should not be read as limiting.

.

1032] According to the invention, a-method for controlling the uniformity of tires starts

with the step of building at least one tire, or, alternatively, a set or tires, according to a

series of defined process steps. As is known in the art, these process stebs might

include steps of laying plies or layers of different materials on a building drum, for

example, the inner liner, carcass ply or plies, belts, sidewall covers, and tread. In
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addition, other products, such as the bead rings, bead reinforcement strips, and
shoulder reinforcement strips, are positioned on the drum. The assembly is removed
from the drum and is conformed to the toroidal tire shape. The conformed tire is placed
in a mold, and heat and pressure are applied to form the shape features (tread pattern,

sidewall markings, etc.) and to cure the rubber.

[033] The invention can be used with any tire building process, and the description
here of a particular process using a building drum is for illustrative purposes only. For
example, the method of the invention could be used with a tire building pnocess using a

toroidal form on which the tire components are assembled in a tire-like shape and the

conformation step is omitted.

[034] Once the control set of tires is built, the next step is of measuring selecied

uniformity attributes for the tires. The attributes may include dimensional or geometric

¥

variations (radial run out, lateral run out, conicity), mass variance (also called mass

balance or mass imbalance), and rolling force variations (radial force variation, lateral
force variation, and tangential force variation, sometimes also called longitudinal or fore
and aft force variation). The dimensional attributes, the values of which do not change
substantially with rotation of the tire, may be measured using free spin or known static

measuring devices. The force-related attributes, which manifest themselves when the

tire is rotating and are typically speed sensitive, are measured at high speed (typically

140 kph) and at low speed (typically 8-10 kph). Those skilled in the art will understand

that force-related, or dynamic, attributes will consist of a set of values corresponding to

a series of harmonics, that is, measurement values related to the frequency of

- appearance of the attribute during a rotation of the tire. Generally, the first harmonics

' (those occurring once per rotation) produce the largest magnitude forces, and are,
accordingly, of the greatest interest for tire ride comfort. The method in accordance with

the invention is also applicable to higher harmonics.

[035] A uniformity attribute of interest is selected as or determined to be the target

attribute. The target attribute may be of interest because of a particular requirement of

an automobile manufacturer. Alternatively, the attribute may be determined to be the
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target because it has a high magnitude, which may be the result in a change in the tire

manufacturing process or a change in materials.

[036] The selected attributes are determined as vector quantities having a magni{udé

and a direction relative to the tire geometry. It is to be understood that a particular
vector quantity represents the sum of the coqtributions to that attribute by different
products or processes, which will be referred .to as the input attributes. For example,
mass variance for the tire will have contributions from the mass variance for each of the
products and. will represent the sum of those individual contributions. In addition, a
particular product or process may contribute to more than one attribute. The tread, for

example, may contribute to mass variance and may also contribute to the radial force

variation.
[037] The target attribute may be expressed in terms of input a"ft.ributes, and written as:

V=T+C+B;+B; +R (1)

——

where, V is the target attribute, T represents the uniformity attributes contributed by the

tread, C for the carcass, B4 and B for the belts and R for the rest of the products and

processes. It is to be understood that each of the input attributes represents the total of
the attributes contributed by that product. For example, the T quantity might be

expressed as:
T =RkFVT+ MB.T + RRO+ + TFV1+ Ry (2)

where, RFVr is the radial force vanation, MB+ is the mass imbalance variation, RRO+ is
the radial run out, TFV7 is the tangential force variation, and Ry represents all other
variances attributable to the tread. Each of the input attributes in Equation 1 could be

replaced by an equation in the form of Equation 2.

[038] As will be understood by those of skill in the art, analyzing all possible attribute

variances would be unwieldy. Accordingly, a method such as that disclosed in
International Application PCT/US01/17644, which is incorporated herein by reterence
for all it discloses, is used to relate the target attribute to other measured uniformity
attributes, or input attributes. By relating the target attribute to the input attributes, the

target attribute is defined in terms of a limited number of attributes that have the

.8 -
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strongest influence on the target attribute, and may be easier to measure and/or easier

o control thﬁrough process change.
[039] A relation of the target attribute to input attributes may be expressed as:
"HVi= ALV, +BX+C+ U - (3)

where, HV4 is the high speed target attribute, LV, is the low speed input attribute, X is a
second input attribute, A and B are coefficients, C is a constant, and U represents all
other inputs. Of course, additional input attributes may be Included, but, for simplicity of

the explanation, three inputs (LV, X, U) are used.

[040] The attributes are vectors, and, thus, Equation 3 can be rewritten to express the

vector quantities as the x and y components:

(MV)x = A 1o(LV)x + Aq 20(LV4)y + By 1o Xy + By 2o X, + C1 + U1 (4)
(FV1)y = Ag 1o (LVy)x + Agoe(LV1)y + Bo 1oXy + Ba e X, + C2 + U2 (5)

[041] Next, using Principle Components Analysis (PCA) techniques, the relative
importance of each of the input attributes to the target attribute is determined. A
numerical value representing the importance of each input attribute is obtained from the
PCA. Also, the input attributes are tested in groups to determine the amount of
contribution to the target attribute. The result is groupings of input variables with an
associated percentage value indicating what percentage of the target attribute ié

explained by each group.

[042] From the determinations of the importance and the contribution, the overall

contribution of a particular input attribute to the target attribute could be judged to be
small and this attribute could be eliminated from further consideration without

Introducing significant error.

[043] Accordingly, the most significant input attributes are then selected for use in

subsequent steps of the method of the invention, which simplifies the handling of the

atiributes.

[044]  The Partial Least Squares regression will determine the coefficients Aq,1, A1,

A1, Az, Bi1, Brz, B, Bao, Cq, and C;, for equations 4 and 5. The magnitude of the
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coefficients suggest how much the associated attribute changes with speed. The
coefficients for attribute magnitude values that are at or close to unity suggest, for
example, that the associated attribute does not change appreciably with speed. The

coefficients for attribute direction or angle values that are at or near zero suggest little or

no change to vector direction.

[045] Assuming for the purposes of this description that the unknown factor U can be

ignored, equations 4 and 5 may be rewritten as:
(HV1)X — A1,1‘(LV1)X + A1,2’(LV1)Y + B1,1"Xx + 81,2°X¥ + C1 (6)
(HV1)y = Az 1o(LV1)x + Az 20(LV1)y + Ba 1o Xy + B 2o Xy + C2 (7)

[046] In fact, as demonstrated by Principle Components Analysis for the thirty tires of

the sample presented In Fi.g'ure 2. the contribution of U to HV is less than 5%.

. | }
[047] The inventors discovered that mass imbalance has a significant role in high

speed uniformity, and performed two simulations.based on the prediction model of

equations 6 and 7 to test the method described above using mass imbalance as an

iInput characteristic.

048] The data used was from the thirty tires tested and shown in Figure 2. The input

attributes were low speed radial force variation and mass imbalance. The magnitude of
the low speed radial force variation ranged from 0.5 to 4.5 daN, and the magnitude of
the force resulting from mass imbalance ranged from 4 to 30 daN. The first simulation

tested the possibility that in a given tire the magnitude of the target attribute (high speed

radial force variation) would be less than a limit value (in this case, the low speed radial
force variation). The high speed radial force values were plotted for the phase angle of

the mass imbalance and the phase angle of the low speed radial force variation. As may

be seen in Figure 3, the regions labeled "A" have a high possibility that the high speed

radial force variation is lower than the low speed radial force variation. The regions

labeled "B" have a lower possibility of the high speed radial force variation being lower

than the low speed radial force variation. The tires represented by circles, which

.

e —

epresent the desired tire constructions, fall into regions labeled A. The plot suggests

-10 -



CA 02461486 2004-03-22
WO 2004/013599 PCT/US2003/023929

that a relative phase angle between the input attributes of approximately 180 degrees

results in a minimized output or target attribute.

[049] A second simulation, using the same data, tested the possibility that the
magnitude of the high speed radial force variation would be less than a numerical limit,
5 daN. Figure 4 shows the results of the second simulation in the same format as .
Figure 3. The tires represented by circles indicate tires in which the magnitude of the
radial force variation was less than 5 daN, the tires represented by "+" being the case
where that was not true. Again regions where the circles are plotted indicate that a
phase angle relationship between mass imbalance and low speed radial force variation
can help to minimize high speed radial force variation. Again, this plot indicates that a

relative phase angle of approximately 180 degrees between the radial force variation at

low speed and the mass imbalance minimizes the target attribute.

'050] These simulations also indicate that to minimize the high speed characteristic at
a higher harmonic, for example harmonic n, where n > 1, the relative phase angle

between the low speed vector and the mass imbalance vector should be approximately

180/n degrees.

[051] The goal of reducing the magnitude of the high speed radial force variation can

be addressed through control of the input attributes. One available avenue is in the

direction of the input attribute vectors. Because the input atiributes are vector
quantities, both the magnitude and direction of the input attributes contributes to the

target attribute. It is possible, therefore, to arrange vector directions so that the

resultant target attribute is minimized.

052] As mentioned above, each of the products assembled in the tire contributes to

the uniformity attributes and many products are assembled on the building drum or form
n a manner that requires a seam or joint. Rearrangement of the various joints could be

done to modify the mass distribution of the tire, and thus, redirect the vectors for the

§),

nput attributes so that the resultant target is minimized. The effect of a change on thi
relative position of each product cannot be measured directly, however, and must be
calculated through iterative testing. One way is by building in series tires or sets of

tires, each having one or more changed attributes, measuring the attributes, and

11 -
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observing the differences among them. The regression described above allows, i
desired, the use of easier to measure low speed atiributes, which can be related to the

high .speed target.

(053] Figure 5 is a schematic representation of a tire showing the relative position of
various products and product joints. The inner liner joint 20 Is convenient to use as a
reference joint because it is the first pfoduct positioned on the building drum or form for
tubeless, pneumatic tires. Other product joints, such as the tread joint 30, the belt joints
and the casing joint (not illustrated) or other products, can be referenced to the inner
liner joint 20. ‘A reference rotation angle a between the inner liner joint 20 and the tread
layer joint 30 is shown. The building process can track the various joint locations
through known indexing methods. Also shown on Figure 5 are vectors representing a
first input attribute 40 and a second input attribute 42, with a relative phase angle 3

indicated.

[054] Thus, for example, if the analysis indicated that the phase angle between the first

attribute 40 and second atiribute 42 should be 180 degrees to minimize the target

attribute, a second set of tires could be manufactured with the relative location of the
tread joint 30 and carcass joint 20 changed. The second set of tires would be tested for
the effect of moving the joints on the relative location of the first and second input
attributes. The direction and magnitude of the vectors for the first 40 and second 42

attributes is then measured, the phase angle determined, and the effect on the target

attribute is also determined. Such a procedure could be répeated as necessary to
obtain the desired phase angle. During repeated builds, the desired phase angle may

be refined as determined by the results of the builds and tests.

[055] In future tires, the orientation of other joints or products could be changed, and
those effects measured. This would continue until sufficient information was gained to
specify the placement of the various products to achieve the desired phase angle

between the input attributes.

[056] Thus, a non-uniformity related to the tread (the tread joint) can be used 1o
counter a non-uniformity related to the carcass or belts, for example, to minimize the

overall non-uniformities present in the tire.

12 -



WO 2004/013599

CA 02461486 2004-03-22

PCT/US2003/023929

[057] Further, tire process steps other than the location of a product or product joint

could be addressed in making changes for measurement and comparison. For

example, the relative orientation of-the tire in the mold press could be changed to

measure its effect. Alternatively, control of the tolerance for placing certain products on

the drum or form could be analyzed, for example, the cord spacing in the carcass or

belts, the product thickness, the tension at which a product is applied, and other factors

kKnown fo the art.

[058] It will be understood by those skilled in the art that obtaining perfect orientation of

the product joints through the above process is unlikely. The process seeks, rather, to

approach the phase angle, and it is believed that a range of +30 degrees will obtain

significant improvement, and +135 degrees being more preferred.

[059] Another available avenue for changing a vector is tc
, .

 reduce the magnitude of the

vector. In the case of mass imbalance, which the inventors have found to have =

significant contribution to high speed uniformity, the mass imbalance vector may be

modified altering the mass distribution of the tire by adding or removing material from

the tire crown area at a location opposite the mass imbalance vector. This couid be

done with an uncured or cured tire.

[060]

To test the effect of mass distribution and changing the magnitude and direction

of the mass imbalance vector, an experiment was performed using three tires. The tires

were measured for first harmonic radial force variation at high speed, first harmonic

radial force variation at low speed and the mass imbalance. The high speed radial force

variation was set as the targ

[061] The measurements of the tires are shown in Table 1 below:

et attribute, and the others as the input attributes.

TABLE 1
Mass l.ocation from Radial Force L.ocation from Location of
iImbalance reference Variation at 8 reference correcting
magnitude (deg.) kph (daN) (deg.) mass (deg.)
(grams)
Tire 1 (= o) 57.8 67 6.4 30 245 -275
Tire 2 (= A) 53.6 219 9.6 220 25 - 55
Tire 3 (= X) 71.9 300 7.4 270 75 - 105
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[062] As may be seen in Table 1, the vectors for mass imbalance and radial force are

nearly aligned for Tire 2, and are within 30 degrees for Tire 1 and Tire 3. The

.

measurement of the target attribute, radial force variation first harmonic, for these tires,

IS shown in Figure 6. The symbols in parenthesis in the Table correspond to the plotted
points in the Figure. As may be seen, the magnitude of the radial force variation

increases dramatically with speed for all three tires.

[063] In each of the tires, a mass of approximately 48 grams was attached at a point
approximately 180 +15 degrees from the location of the radial force variation location
shown in the Table. The tires with the correcting mass were measured for radial force
variation, and the results are shown in Figure 7, using the same symbols for the tires.
As may be éeen, the radial force variation magnitude increésed at a much lower rate,

and, in the case of Tire 2, actually decreased with increasing speed.

[064] The added mass in Tire 2, which was placed approxirhately 180 degrees the
mass imbalance vector, substantially reduced the magnitude of this vector. This is
believed to have resulted in the irhprovement in high speed radial force variation. For
Tires 1 and 3, the added mass modified both the magnitude of the mass imbalance
vector (reducing it) and its direction. These tires also showed improvement in high

speed radial force, but not the flat responsive of Tire 2.

[065] As may be seen in Table 1, the correcting weight was located approximately 180

+15 degrees from the direction of the radial force vector. Also, because of the proximity

of the mass imbalance vectors for the three tires, the correcting weight was within about
30 degrees of being directly opposite the mass imbalance vector direction. A significant

reduction in magnitude of the mass imbalance vector was thus obtained, although the

resultant direction was not opposite the original vector. The inventors believe that the
combination of reducing the magnitude of mass imbalance and re-directing it opposite

to the direction of the radial force vector obtains the most favorable result.

[066] A second test was performed to validate the mass imbalance modification and
phase angle relationship for the second harmonic, that is, for 180/n, where n=2. In this

case, the tire is expected to have a lower second harmonic radial force variation at high
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speed when the phase angle between the mass imbalance vector and the second

harmonic low speed radial force vector is approximately 90 degrees.

[067] The tire was measured for second harmonic radial force variation at high speed |
second harmonic radial force variation at low speed and the mass variance. The
second harmonic high speed radial force variation was set as the target attribute, and

the others as the input attributes.

[068] The measurements of the tires are shown in Table 2 below:

TABLE 2

Radial Force L.ocation from
Variation at 8 kph reference (deg.)

(daN)

174 and 354

[069] The measurement of the target attribute, second harmonic radial force variation,
s shown in Figure 8 by the open circles. As may be seen, the magnitude of the radial

force variation increases dramatically with speed.

[070] To modify and lower the radial force variation, two masses each of approximately
9.6 grams were attached each at a point approximately 90 degrees from the locations of
the radial force variation location shown in Table 2, that is. respectively, at 84 and 264
degrees relative to the reference. The tire was again measured for radial force

variation, and the results are shown in F igure 9 by the filled circles. The improvement

may be seen in that the radial force variation magnitude remained substantially flat, with

no increase, with increasing speed.
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What is claimed is:

1. A method for controlling high speed uniformity of fires in tire manufacture,
Comprising the steps of: :
: a) building at least one tire agcording to a series of process steps;
b) measuring for the at least one tire vector quantities for a uniformity
characteristic at high speed, and at least two uniformify characteristics at low speeq;
c) determining a phase angle relationship for the vector quantities for the at least
two uniformity characteristics at low speed that results in a selected magnitude for the

uniformity characteristic at high speed;

d) modifying at least one process step so that a vector quantity for at least one of

the uniformity characteristics at low speed is adjusted to approximate the determined

phase angle relationship, wherein a modified series of process steps results; and,

e) building at least one additional tire according to the modified series of process

steps.

2. The method as claimed in claim 1, wherein the step of modifying at least one
process step includes changing the orientation of a product relative to an orientation of

a reference product.

3. The method according to claim 1, wherein one of said at least two uniformity

- 4 } - &
characteristics at low speed is mass imbalance.

4. The method as claimed in claim 1, wherein the step of modifying at least one

process step includes modifying a mass distribution of the tire.

5. The method according to claim 4, wherein the step of modifying at least one Process

step-includes one of adding and removing mass at the tire crown to adjust a mass

imbalance vector so that the determined phase relationship is obtained.
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6. The method according to claim 4, wherein the step of modifying at least one process

step includes modifying the mass distribution of the tire to reduce the magnitude of the

mass imbalance vector.

7. The method according to claim 1, wherein the phase angle relationship between
mass imbalance and the other uniformity characteristic at low speed is determined as

approximately 180/n degrees, where n is the harmonic number for the uniformity

characteristic at high speed.

8. The method according to claim 1, further comprising the steps of:
relating statistically the vector quantities for the at least two uniformity

characteristics at low speed to the vector quantity for the uniformity characteristic at

high speed;

determining which vector quantitieé at low speed best 'expla,in the vector quantity

for the uniformifgypharacteristic at high speed; and,

selecting the determined vector quantities for use in step c).

9. The method according to claim 1, further comprising the steps of measuring

vector quantities for the uniformity characteristics at low speed for the at least additional
tire, determining a vector quantity for the uniformity characteristic at high speed, ana

comparing the calculated vector quantity to the selected expected vector quantity for the

uniformity characteristic at high speed.

10.  The method according to claim 1, further comprising the steps of:
modifying at least one additional process step so that a vector quantity for at
least one of the uniformity characteristics at low speed is adjusted further toward the

phase angle relationship, wherein a further modified series of process steps results;

ik

and.,

building at least one additional tire according to the further modified series of

process steps.
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11. A method for controlling high speed uniformity in tire manufacture,; comprising the
steps of? |
building at least one tire according to a series of process steps;
measuring in the at least one tire vector quantities for a selected uniformity
characteristic at high speed, a selected uniformity characteristic at low speed, and mass

imbalance;

determining a phase angle relationship for the vector quantities for thé uniformity

characteristic at low speed and mass imbalance;

modifying a mass distribution in the tire so that at least one of the magnitude of

the mass imbalance vector is reduced and the phase angle relationship between mass

imbalance and the uniformity characteristic at low speed is approximately 180/n
degrees, where n is the harmonic number for the uniformity characteristic; and,

building at least one additional tire according to the modified series of process

steps.
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