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(57) ABSTRACT 

A method for measuring the imbalance characteristics of a 
rotating body, and for determining if an application of 
imbalance correction weightS is required to reduce the 
measured imbalance characteristics to an acceptable residual 
imbalance level. 
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METHOD AND APPARATUS FOR DETERMINING 
IMBALANCE CORRECTION WEIGHTS FOR A 

ROTATING BODY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation-in-part of, 
and claims priority from, co-pending U.S. patent application 
Ser. No. 11/127,386 filed on May 12, 2005 which is a 
continuation-in-part of U.S. patent application Ser. No. 
10/648,165 filed on Aug. 26, 2003, which is a continuation 
in-part of U.S. patent application Ser. No. 10/455,623 filed 
on Jun. 5, 2003 and now abandoned, each of which is herein 
incorporated by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

0002) Not Applicable. 

BACKGROUND OF THE INVENTION 

0003. The present invention relates generally to automo 
tive Service equipment designed to measure imbalance in a 
vehicle wheel assembly, and in particular, to an improved 
vehicle wheel balancer System configured to identify an 
amount of imbalance correction weight for application to a 
vehicle wheel which is Sufficient to reduce imbalances in the 
vehicle wheel below an imbalance correction threshold 
level. 

0004. Wheel balancer systems are designed to determine 
imbalance characteristics of a rotating body Such as a wheel 
assembly consisting of a wheel rim and a pneumatic tire, or 
of a wheel rim alone. The determined characteristics 
include, but are not limited to static imbalances (i.e., "shake” 
forces), dynamic imbalances (i.e., couple or "shimmy' 
forces), lateral forces, radial forces and runout parameters. 
Determination of Some of these characteristics result from 
direct measurements, while others are obtained from an 
analysis of the mechanical vibrations caused by rotational 
movement of the rotating body. The mechanical vibrations 
are measured as motions, forces, or preSSures by means of 
transducers mounted in the wheel balancer System, which 
are configured to convert the mechanical vibrations into 
electrical Signals. 
0005 Additionally, it is important to provide an operator 
with information about whether or not there is a need to 
correct a detected imbalance in the wheel rim or wheel 
assembly, or if the detected imbalance is Sufficiently Small So 
as to have a negligible effect on vehicle performance and 
handling, i.e., below an imbalance correction threshold 
level. When there is a need to correct a detected imbalance 
in a vehicle wheel, current vehicle wheel balancer Systems 
are designed to calculate the Size and placement positions 
for one or more imbalance correction weights. The imbal 
ance correction weights are typically made from lead, which 
is known to have toxic effects on the environment, or from 
Zinc, which is leSS toxic than lead, but which is more 
expensive. Those of ordinary skill of the art will recognize 
that other materials may also be used for imbalance correc 
tion weights. 
0006 Current vehicle wheel balancer systems are con 
figured to calculate a Sufficient amount of imbalance cor 
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rection weight to reduce the detected imbalance in the 
vehicle wheel assembly to near Zero. Wheel rim sizes on the 
market range from 12.0 inches in diameter up to at least 28.0 
inches in diameter. It is anticipated that wheel rim sizes will 
increase to 30.0 inches and beyond in diameter in the future, 
with a corresponding increase in associated tire sizes. Due to 
the limited size increments in which imbalance correction 
weights are available, conventional vehicle wheel balancer 
Systems are configured to display, as a Zero value, any 
required imbalance correction weight amounts below the 
threshold associated with the Smallest incremental weight 
size. Typically this weight threshold is selected to be slightly 
greater than the Smallest Standard incremental imbalance 
correction weight size, regardless of the size of the wheel 
rim or wheel assembly. Conventionally, imbalance correc 
tion weights are produced in increments of 0.25 ounces for 
English units, and 5.0 grams for metric units. 
0007. This can result in an operator “chasing” weights on 
a Small or narrow wheel due to the Significant effect of the 
threshold level on imbalances, and a poor balance on larger 
diameter wheels due to a reduced effectiveness of the 
threshold level. One solution is shown in U.S. Pat. No. 
6,484,574 to Douglas, in which a balancer is configured to 
Select the best weight plane locations from data acquired by 
Scanning the rim profile. This is an advantageous method, 
but it is not economical for all balancers to have this feature. 

0008 Clearly, it would be advantageous to provide a 
vehicle wheel balancer system with a method for determin 
ing an imbalance threshold level at which imbalance cor 
rection is required for a vehicle wheel, and which is inde 
pendent of the dimensions of the wheel assembly 
undergoing balancing or the incremental size of the imbal 
ance correction weights employed, and which optionally 
provides an operator with a Scaled Visual indication of any 
imbalances present relative to the determined imbalance 
threshold level. 

0009. It would be further advantageous to provide a 
vehicle wheel balancer System with a method for reducing 
the amount of imbalance correction weight utilized to cor 
rect an imbalance measured in a vehicle wheel assembly, 
thereby either reducing the amount of lead weights intro 
duced into the environment, or resulting in a corresponding 
cost Savings through a reduction in the total applied weight 
amountS. 

BRIEF SUMMARY OF THE INVENTION 

0010 Briefly stated, an aspect of the present invention 
provides a method for reducing imbalance in a rotating body 
to an acceptable residual level. The method includes the Step 
of comparing a measured imbalance in the rotating body to 
an imbalance correction threshold. If the measured imbal 
ance exceeds the imbalance correction threshold, a place 
ment location and an amount of imbalance correction weight 
Sufficient to reduce the imbalance in the rotating body to an 
acceptable residual level which is below the imbalance 
correction threshold, utilizing a residual imbalance goal 
greater than Zero, is determined for application to the 
rotating body. 

0011. In an alternate embodiment of the present invention 
provides a method for reducing imbalance in a rotating body 
which includes the Step of utilizing an imbalance force limit 
to identify a static imbalance threshold at which imbalance 



US 2005/0274.179 A1 

correction weights will be applied, and utilizing an imbal 
ance moment limit to identify a dynamic imbalance thresh 
old at which imbalance correction weights will be applied. 
An amount of imbalance correction weight required to 
reduce the imbalance forces in the rotating body to within a 
tolerance of a desired residual imbalance below the limits is 
calculated, and Suitable imbalance correction weights are 
applied to the rotating body at calculated locations. 
0012. In an alternate embodiment, the present invention 
provides a method for determining a variable imbalance 
threshold below which an imbalance in a rotating body is 
considered to be acceptable, based on a comparison of a 
desired imbalance correction weight plane dimensions for a 
rotating body with a set of imbalance correction weight 
plane reference dimensions. The variable imbalance thresh 
olds for the rotating body are computed as a function of the 
change in diameter and plane Separation for the desired 
imbalance correction weight planes from a set of reference 
dimensions. For rotating bodies having an imbalance which 
exceeds the variable imbalance threshold, an imbalance 
correction weight amount and placement location is identi 
fied which is Sufficient to reduce the imbalance in the 
rotating body to within a tolerance of the acceptable level. 
0013 An alternate aspect of the present invention pro 
vides a method for determining when a Single imbalance 
correction weight may be utilized to reduce Static and 
dynamic imbalances in a rotating body to within a tolerance 
of the reference thresholds. Following a determination that 
an imbalance force present in a rotating body exceed a 
reference threshold, imbalance correction weight placement 
planes associated with the rotating body are identified. The 
imbalance correction weight amounts and placement loca 
tions within each of the identified imbalance correction 
weight placement planes are identified. Residual imbalance 
forces which will remain in the rotating body are predicted 
for the application of a single Static imbalance correction 
weight in each of the identified imbalance correction weight 
placement planes. Finally, the application of a single imbal 
ance correction weight which will result in the reduction of 
a predicted residual imbalance force in the rotating body to 
within a tolerance of a reference threshold is identified. 

0.014. The foregoing and other objects, features, and 
advantages of the invention as well as presently preferred 
embodiments thereof will become more apparent from the 
reading of the following description in connection with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0.015. In the accompanying drawings which form part of 
the Specification: 
0016 FIG. 1 is a diagrammatic view illustrating a 
generic wheel balancer Suitable for use with the present 
invention; 
0017 FIG. 2 is a simplified top plan view illustrating an 
alternate generic wheel balancer Suitable for use with the 
present invention; 
0.018 FIG. 3 is a block diagram illustrating various parts 
of a generic wheel balancer of FIG. 1 or FIG. 2; 
0.019 FIG. 4 is a representation of a prior art balancer 
display indicating that no imbalance correction weights are 
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required to correct an imbalance present in a rotating body 
having the illustrated dimensions, 
0020 FIG. 5 is a representation of a prior art balancer 
display indicating imbalance correction weight amounts 
required to correct the same imbalance as in FIG. 4 in a 
rotating body having Smaller dimensions, 
0021 FIG. 6 is a representation of a prior art balancer 
display indicating required weight placement locations and 
amounts required to correct an imbalance in a rotating body 
of Specific dimensions, 
0022 FIG. 7 is a representation of a prior art balancer 
display similar to FIG. 6, indicating that no imbalance 
correction weights are required to correct the same imbal 
ance as in FIG. 6 in a rotating body with larger dimensions, 
0023 FIG. 8A is a flow chart diagram of a prior art 
method for determining required imbalance correction 
weights limited only by an imbalance correction weight 
threshold level; 
0024 FIG. 8B is a flow chart diagram of a method of the 
present invention for determining a reduced amount of 
imbalance correction weights, 
0025 FIG. 8C is a flow chart diagram of an alternate 
method of the present invention; 
0026 FIG. 9 is a graphical illustration of the difference 
in residual imbalance ranges in rotating bodies after imbal 
ance correction between methods of the present invention 
and conventional imbalance correction methods, 
0027 FIG. 10 is a flow chart diagram of the method of 
the present invention shown in FIG. 8B utilized with 
calculated imbalance threshold levels, 
0028 FIG. 11 is a representation of a display of the 
present invention showing a graphical presentation of the 
imbalance forces in the rotating body of unknown dimen 
Sions, 
0029 FIG. 12 is a representation of a display similar to 
FIG. 9, indicating a pass condition for a rotating body of 
unknown dimensions, 
0030 FIG. 13 is a representation of a display of the 
present invention showing a graphical presentation of the 
imbalance forces in the rotating body; 
0031 FIG. 14 is a representation of a display similar to 
FIG. 13, indicating that no additional weight is required on 
the wheel with a Smaller diameter dimension and having the 
Same imbalance; 
0032 FIG. 15 is a representation of a display of the 
present invention showing a graphical presentation of the 
imbalance forces in the rotating body; and 
0033 FIG. 16 is a representation of a display similar to 
FIG. 15, indicating that less weight is required on a wheel 
with larger width (weight plane separation) dimensions but 
having the same imbalance; 
0034 FIG. 17 is a two dimensional graphical represen 
tation of the blind amount versus wheel diameter for a static 
imbalance limit; 
0035 FIG. 18 is a surface plot representation of the blind 
amount compared with wheel diameter and tire diameter for 
a Static imbalance limit; 
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0036 FIG. 19 is a surface plot representation of wheel 
rim diameter, wheel width, and couple blind amount for a 
couple imbalance limit; and 
0037 FIG.20 is a surface plot similar to FIG. 19, for tire 
diameter, wheel width, and couple blind amount for a couple 
imbalance limit. 

0.038 Corresponding reference numerals indicate corre 
sponding parts throughout the Several figures of the draw 
ings. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0.039 The following detailed description illustrates the 
invention by way of example and not by way of limitation. 
The description clearly enables one skilled in the art to make 
and use the invention, describes Several embodiments, adap 
tations, variations, alternatives, and uses of the invention, 
including what is presently believed to be the best mode of 
carrying out the invention. 
0040 Turning to the drawings, FIGS. 1 and 2 illustrate, 
in Simplified form, the mechanical aspects of a wheel 
balancer 10 suitable for the present invention. The particular 
balancer shown is illustrative only, Since one of ordinary 
skill in the art in the balancer field will recognize that the 
particular devices and structures used to obtain dimensional 
and imbalance information related to a rotating body may be 
readily changed without changing the present invention. 
0041 Balancer 10 includes a rotatable shaft or spindle 12 
driven by a Suitable drive mechanism Such as a motor 14 and 
drive belt 16. Mounted on spindle 12 is a conventional 
optical shaft encoder 18 which provides speed and rotational 
position information to a central processing unit 20, shown 
in FIG. 3. The actual construction of the mechanical aspects 
of the balancer 10 can take a variety of forms. For example, 
the Spindle 1.2 can include a hub 12A against which the 
rotating body 22 abuts during the balancing procedure. 
0042. During the operation of wheel balancing, at the end 
of the spindle 12, a rotating body 22 under test is removably 
mounted for rotation with the spindle hub 12A. The rotating 
body 22 may comprise a wheel rim, or a wheel assembly 
consisting of a wheel rim and a tire mounted thereon. To 
determine the rotating body imbalance, the balancer 
includes at least a pair of imbalance force Sensors 24 and 26, 
Such as piezoelectric Sensors or Strain gauges, coupled to the 
spindle 12 and mounted on the balancer base 28. 
0043. When a rotating body 22 is unbalanced, it vibrates 
in a periodic manner as it is rotated, and these vibrations are 
transmitted to the spindle 12. The imbalance sensors 22 and 
24 are responsive to these vibrations in the Spindle 12, and 
generate a pair of analog electrical signals corresponding to 
the phase and magnitude of the vibrations at the particular 
Sensor locations. These analog signals are input to circuitry, 
described below, which determines the required magnitudes 
and positions of correction weights necessary to correct the 
imbalance. 

0044) Turning to FIG. 3, wheel balancer 10 includes not 
only the imbalance Sensors 22 and 24, and Spindle encoder 
18, but also the central processing unit 20 (Such as a 
microprocessor, digital signal processor, or graphics signal 
processor). The central processing unit 23 performs signal 
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processing on the output signals from the imbalance Sensors 
22 and 24 to determine an imbalance in the rotating body. In 
addition, the central processing unit 20 is connected to and 
controls a display 30 which provides information to an 
operator, control motor 14 through asSociated motor control 
circuits 32, and keeps track of the Spindle rotation position 
with encoder 18. 

0045 Balancer 11 further includes one or more manual 
inputS 34, Such as a keyboard, control knobs, or Selector 
Switches, which are connected to the central processing unit 
20. The central processing unit 20 has sufficient capacity to 
control, via software, all the operations of the balancer 10 in 
addition to controlling the display 30. The central processing 
unit 20 is connected to a memory such as an EEPROM 
memory 36, EPROM program memory 38, and a dynamic 
RAM (DRAM) memory 40. The EEPROM memory 36 is 
used to Store non-volatile information, Such as calibration 
data, while the central processing unit 20 uses the DRAM 40 
for Storing temporary data. 
0046) The central processing unit 20 is also connected to 
an analog-to-digital converter 42. The Signals from the 
imbalance Sensors 22 and 24 are Supplied through anti 
aliasing circuitry 44A and 44 B (if needed) to the analog-to 
digital converter 42. 
0047 The operation of the various components described 
above is fully set forth in U.S. Pat. No. 5,396,436 to Parker 
et al., the disclosure of which is incorporated herein by 
reference. It should be understood that the above description 
is included for completeness only, and that various other 
circuits could be used instead. 

0048. Once a rotating body 22 is accurately centered on 
the balancer spindle 12, the balancer 10 can begin the 
process of measuring one or more imbalance parameters of 
the rotating body 22, and providing the operator with one or 
more Suggested imbalance correction weight magnitudes 
and placement locations. Imbalance correction weight mag 
nitudes and placement locations are calculated and displayed 
to an operator on a Screen or numerical readout 30. 
0049. Due to the limited size increments in which imbal 
ance correction weights are usually available, conventional 
balancer Systems are configured to display to the operator a 
Zero correction weight value for any imbalances which 
would require the installation of an imbalance correction 
weight amount which is below an amount which is Set at or 
near the Smallest incremental correction weight amount. 
0050 For a balancer system adapted to use imbalance 
correction weights having 0.25 OZ. increments, an exem 
plary limit is 0.29 oz. Unfortunately, this can result in an 
operator “chasing weights on a Small or narrow wheel due 
to the insignificant effect of the correction weight on imbal 
ances, and a poor balance on today's larger diameter wheels. 
0051. For example, as shown in FIG. 4, a wheel having 
a 6.0 inch axial width, and a 15.0 inch diameter might have 
an imbalance which would require the application of an 
amount of imbalance correction weight below the imbalance 
correction weight amount threshold. As a result, the balancer 
indicates that no imbalance correction weights are required 
for either the left or right imbalance correction planes. 
However, as shown in FIG. 5, if the dimensions of the wheel 
are changed, Such as by the operator using the "SET 
DIMENSIONS” button 150, to indicate a 5.0 inch axial 
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width and a 14.0 inch diameter, without re-measuring the 
wheel imbalance, greater weight amounts are required to 
correct the same imbalance. If these weight amounts exceed 
the imbalance correction weight amount threshold, a con 
ventional balancer directs an operator to install Sufficient 
imbalance corrections weights in the left and right imbal 
ance correction planes (as indicated by arrows 152) to 
reduce or eliminate the imbalance, despite the fact that the 
amount of the imbalance is unchanged from that considered 
“acceptable' in a rotating body having larger dimensions. 

0.052 An opposite and more serious problem exists for 
conventional balancer Systems when balancing large wheels. 
For example, as shown in FIG. 6, a wheel having an 8.0 inch 
axial width, and a 16.0 inch diameter might have an imbal 
ance above the imbalance correction weight threshold, 
resulting in the balancer indicating that imbalance correction 
weights are required for both the left or right imbalance 
correction planes. However, as shown in FIG. 7, if the 
dimensions of the wheel are changed, Such as manually by 
the operator using button 150, to show an 18.0 inch diam 
eter, without re-measuring the wheel imbalance, leSS weight 
is required to correct the same imbalance, which drops 
below the weight threshold level. As a result, a conventional 
balancer now indicates that no weights in the left and right 
imbalance correction planes are required, despite the fact 
that the amount of the imbalance is unchanged from that 
considered “unacceptable' in a rotating body having Smaller 
dimensions. 

0053 As shown in FIG. 8A, to minimize the amount of 
imbalance in a rotating body, conventional balancer Systems 
initially measure the imbalances present in the rotating body 
(Box 140). Each imbalance may be expressed as a vector 
having a magnitude and a phase, or as weight amount and 
placement location. Imbalance correction weight amounts 
and placement locations required to reduce the imbalance 
magnitudes to zero are determined (Box 142). The deter 
mined imbalance correction weight amounts are compared 
with the “blind” or imbalance correction weight threshold 
for the rotating body (Box 143). If the imbalance correction 
weight amounts are below the “blind” or acceptable imbal 
ance correction weight thresholds, as indicated at 144, no 
imbalance correction weight applications are required for 
the rotating body, and the process is completed (Box 146). 
If however, the imbalance correction weight amounts exceed 
the acceptable imbalance correction weight thresholds, the 
imbalance correction weight amounts are rounded to the 
Smallest incremental weight amount available, and applied 
to the rotating body (Box 148). 
0054. In contrast, a method of the present invention as 
illustrated in FIG. 8B seeks to reduce the amount of 
imbalance present in a rotating body to an acceptable level 
(a residual imbalance goal) with the application of a reduced 
amount of imbalance correction weight, and does not 
attempt to minimize the residual imbalance present in the 
rotating body. An initial measurement of each imbalance 
present in the rotating body (Box 150) is acquired. Each 
imbalance may be expressed as a vector having a magnitude 
and a phase. The measured imbalances are compared with 
acceptable thresholds for the rotating body (Box 152). 

0055) If the measured imbalances (such as static and 
couple forces) are below the imbalance correction thresh 
olds, as indicated at 154, no imbalance correction weight 
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applications are required for the rotating body, and the 
process is completed (Box 156). If however, the measured 
imbalances exceed the imbalance correction thresholds, a 
Sufficient amount of imbalance correction weight is calcu 
lated for application to the rotating body to reduce the 
imbalance of the rotating body to within a tolerance of a 
residual imbalance level. Preferably, the magnitude of a 
component portion of each measured imbalance is reduced 
by an amount corresponding to a residual imbalance level 
(Box 158), and imbalance correction weight amounts are 
then calculated and applied to the rotating body to correct 
the reduced the imbalance in the rotating body (Box 160). 
Alternatively, the magnitudes of the component portions of 
each measured imbalance may be calculated by other known 
mathematical methods, Such as iterative approaches, to leave 
the desired residual imbalance in the rotating body after 
imbalance correction weight application. 
0056. In general terms, as shown in FIG. 8C, the a 
balancer System of the present invention will initially mea 
sure the imbalances present in the rotating body (Box 170). 
Each imbalance may be expressed as a vector having a 
magnitude and a phase, or as weight amount and placement 
location. Imbalance correction weight amounts and place 
ment locations required to reduce the imbalance magnitudes 
to zero are determined (Box 172). The determined imbal 
ance correction weight amounts are compared with the 
“blind” or imbalance correction weight threshold for the 
rotating body (Box 173). If the imbalance correction weight 
amounts are below the “blind” or acceptable imbalance 
correction weight thresholds, as indicated at 174, no imbal 
ance correction weight applications are required for the 
rotating body, and the process is completed (Box 176). If 
however, the imbalance correction weight amounts exceed 
the acceptable imbalance correction weight thresholds, 
imbalance correction weight amounts and placement loca 
tions required to reduce the imbalance magnitudes to a 
residual imbalance correction goal are determined (Box 
177). Finally, the determined imbalance correction weight 
amounts are rounded to the Smallest incremental weight 
amount available, and applied to the rotating body (Box 
178). 
0057. It is to be noted that alternate approaches can be 
employed to bring down the imbalance or imbalance com 
ponents of the rotating body to a non-Zero residual imbal 
ance goal without departing from the Scope of the invention. 
For example the rotating body can be associated with an 
energy and or energies of at least a component due to 
imbalance (Such as Static or couple), where at least one 
weight is computed and applied to leave a desired residual 
level of energy (or component energy Such as static or 
couple). 
0058. The application of the imbalance correction weight 
amounts determined using the methods of the present inven 
tion is intended to leave a residual imbalance in the rotating 
body which is equal to, or below, the imbalance correction 
threshold for that component portion of the imbalance, but 
which is not minimized. In essence, the method of the 
present invention intentionally leaves a residual imbalance 
which is greater than that left by conventional balancer 
Systems, but which is below the associated acceptable 
threshold. In general, the amount of imbalance correction 
weights to be applied to the rotating body may be calculated 
by any of a variety of known mathematical methods, Such as 
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vector mathematics oriterative techniques, to leave a desired 
residual imbalance in the rotating body after application of 
the imbalance correction weights. 

0059) As best shown in FIG. 9, those of ordinary skill in 
the art will recognize that placement error, weight amount 
errors, machine noise, and rounding of the imbalance cor 
rection weight amounts to the Smallest available incremental 
weight size will result in residual imbalances in the rotating 
body may not exactly match a residual imbalance goal 
which is not zero, but which will be within a known 
tolerance about that non-Zero goal. The tolerance is typically 
defined by the rounding up or down of the calculated weight 
amount to accommodate the Smallest incremental weight 
amount available to an operator. FIG. 9 further illustrates a 
difference in the results achieved by the present invention 
when compared with conventional balancing methods. 
Imbalanced rotating bodies, Such as vehicle wheels, which 
have been corrected using convention balancing methods 
will have a range of expected residual imbalances which are 
equal to, or slightly above Zero. In contrast, imbalanced 
rotating bodies which have been corrected using the meth 
ods of the present invention will have an expected range or 
tolerance of residual imbalances which range from Slightly 
above to slightly below the non-Zero residual imbalance 
goal. 

0060. By leaving a greater residual imbalance in the 
rotating body, the methods and apparatus of the present 
invention require a smaller amount of imbalance correction 
weights to be applied to the rotating body to achieve an 
acceptable level of imbalance reduction, thus resulting in 
Savings in terms of both time and cost. For example, using 
actual imbalance measurement data acquired from approxi 
mately 7500 different vehicle wheels, it was found that 
conventional vehicle wheel balancing procedures required 
approximately 16,500 oz. of imbalance correction weights to 
correct the measured imbalances. Applying the methods of 
the present invention to the same imbalance measurements, 
approximately 13,250 OZ of imbalance correction weights 
would have been utilized, which would have resulted in an 
average imbalance correction weight amount Savings of 
20%. 

0061 The average amount of imbalance correction 
weight Saved for each vehicle wheel varies depending upon 
the type of imbalance correction weights being utilized and 
their associated placement locations about the vehicle wheel 
assembly. For example, it has been observed that an average 
Savings approaching 30% can be achieved when using the 
methods of the present invention with one or more adhesive 
type imbalance correction weights. Not only is the weight 
cost Savings readily more apparent using adhesive weights 
but the labor and confusion is reduced as well. For example 
the invention has been shown to reduce the need for two 
Strips adhesive weights (e.g. when over 3 oz is required) of 
at a weight location to just one Strip. 

0.062. It will be appreciated that information about the 
amount of imbalance correction weight Saved when using 
the methods of the present invention for the imbalance 
correction of a rotating body, Such as a vehicle wheel, may 
be useful to an operator. Accordingly, it will recognized that 
the methods of the present invention may be adapted to Store 
information that is or can be used to determine the amount 
of imbalance correction weight Saved when compared 
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against the amount of imbalance correction weights which 
would have been applied had one or more conventional 
imbalance correction procedures been utilized to reduce a 
measured imbalance to at or near Zero. This information may 
be stored for later retrieval and analysis, and/or it may be 
displayed to the operator during the imbalance correction 
procedure. 

0063. In an alternate embodiment of the present inven 
tion, the balancer 10 is provided with a reference value 
representative of the maximum imbalance effect which is 
permitted for each type of imbalance in the rotating body 22 
to be corrected, i.e., F. for Static imbalance and M for 
dynamic imbalance. For example, the Static imbalance force 
limit F is provided to identify a Static imbalance thresh 
old, and a dynamic imbalance moment limit M is pro 
Vided to identify a dynamic imbalance threshold, Selected to 
correspond to levels of imbalance forces in the rotating body 
22 which are imperceptible to the average consumer. For 
example, 2.18 OZ.-in. for a Static imbalance moment limit, 
corresponding to a 0.29 oz. weight on a 15" diameter wheel 
rim, and 15.0 oz.-in'. for a dynamic imbalance limit which 
corresponds to approximately a 0.33 OZ. weight on each 
plane of 6" wide, 15" diameter wheel rim, each separate by 
180 degrees. 

0064. It may be desirable, however, to adjust these limits 
to favor either Static imbalance or dynamic (couple) imbal 
ance. For instance, it is understood that passengers in a 
vehicle are less sensitive to a dynamic (couple) imbalance 
than a Static imbalance. The values for F and M. may 
be programmed into the balancer 10 or Selected as a function 
of the particular class of vehicle undergoing Service (i.e. 
passenger vehicle, Sport utility vehicle, light truck), as a 
function of the type of tire being balanced, or based upon a 
database of Specific vehicle types and tire combinations. 
Vehicles with lower sensitivity to imbalance forces can 
tolerate a greater imbalance level in the tire assemblies 
without perception by the average consumer. For example, 
a way to reduce imbalance correction labor with a minimal 
increase in Vibration would be to increase the dynamic limit 
M, to 20.0 oz.-in. for Some types of rotating bodies 22. 
0065 Preferably, the calculated imbalance correction 
weight amounts are Sufficient to reduce the residual imbal 
ance in the rotating body to a residual imbalance level, or 
imbalance tolerance level, which is approximately 90% of 
the acceptable imbalance thresholds, in contrast to prior art 
balancer Systems which Seek to minimize the residual imbal 
ance forces in the rotating body to a value at or near Zero, 
limited only by rounding the applied imbalance correction 
weight amounts to the Smallest incremental weight amount 
available for application to the rotating body. The residual 
imbalance level or tolerance may be a function of the 
acceptable imbalance threshold (i.e. a percentage thereof), a 
fixed value, a user Selectable value, or Selected using a 
database of vehicle information. By Selecting a permissible 
residual imbalance level or tolerance in the rotating body 
which is below the acceptable imbalance thresholds, but 
which is greater than the Zero, the amount of correction 
weight which must be utilized to bring the imbalance present 
in the rotating body to the acceptable level is reduced, 
resulting in cost Savings. 

0066 For prior art balancer systems which calculate an 
imbalance correction weight amount necessary to reduce a 
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measured imbalance to Zero, an alternate method of the 
present invention to reduce the applied amount of imbalance 
correction weight requires calculating and applying a 
reduced imbalance correction weight amount which is leSS 
than the amount of the originally calculated imbalance 
correction weight amount which would have been applied to 
correct the measured imbalance to near Zero, thereby leaving 
an intentional residual imbalance in the rotating body. After 
application of the reduced imbalance correction weight 
amount to the rotating body, one or more repetitions of the 
imbalance measurement and correction weight calculation 
proceSS may be required to ensure that the imbalances 
present in the rotating body have been reduced to an 
acceptable residual imbalance level below the imbalance 
correction threshold. 

0067. It will be recognized that the various methods of 
the present invention may be utilized with a wide variety of 
balancer Systems, including those which utilize fixed imbal 
ance threshold levels, as well as balancer Systems which 
calculate imbalance threshold levels based upon dimensions 
of the rotating body, such as shown in FIG. 10. 

0068. As shown in FIG. 10, a balancer 10 is configured 
to select an imbalance correction weight threshold or “blind” 
based upon one or more dimensions of the rotating body 22 
being balanced. These dimensions include the imbalance 
correction weight placement diameter and an imbalance 
correction weight placement Separation distance. Preferably, 
these dimensions are measured directly by the balancer 10, 
Such as by utilizing operator assistance to place a wheel 
dimension measurement device at the desired imbalance 
correction weight planes and/or at the edge of the rotating 
body 22, or by non-contact measurement means. Alterna 
tively, when the diameter and width of a rotating body 22 are 
known, an operator can directly Supply the balancer 10 with 
corresponding values using one or more manual inputs 34 
(Box 200). 
0069. The balancer 10 is configured to utilize the value 
representative of the maximum imbalance effect permitted, 
together with the associated dimensions of the rotating body 
22 to identify a variable imbalance correction threshold used 
to display, to an operator on display 30, as Zero any 
imbalance which would require an imbalance correction 
weight value below the variable threshold. (Box 204). 
0070 For correcting static imbalances present in the 
rotating body 22 (Box 206), the static imbalance force limit 
is F (typically in units of Oz.-in.), the known or measured 
rotating body diameter is D, and the imbalance correction 
weight threshold or “blind” is Wes. A variable threshold 
value for Wis is determined by the balancer 10 according to 
the following equation: 

WBS = FMAX f(Df2) Equation (1) 

0071 For correcting dynamic imbalances present in the 
rotating body 22 (Box 208), the dynamic imbalance moment 
limit is Ma, (typically in units of Oz.-in.) the known or 
measured rotating body axial length or axial width is W, and 
the imbalance correction weight threshold or “blind” is 
WB. If it is assumed that there is no Static imbalance in the 
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wheel, a variable threshold value for W is determined by 
the balancer 10 according to the following equation: 

WBD + Maf W: (Df 2) Equation (2) 

0072 For example, if the balancer 10 is configured with 
a static imbalance force limit (F) of 2.18 oz.-in. for 
correcting Static imbalances present in the rotating body 22, 
and the rotating body 22 has a measured or known diameter 
of 15.0", solving Equation (3) above for Wis yields an 
imbalance correction weight threshold or “blind” of 0.29 oz. 
If the rotating body 22 has a measured or known diameter of 
12.0", Equation (3) yields an imbalance correction weight 
threshold or “blind” of 0.36 oz. Correspondingly, if the 
rotating body 22 has a measured or known diameter of 
20.0", Equation (3) yields an imbalance correction threshold 
or “blind” of 0.21 oz. for the same value of F. 
0073. The benefit offered by a balancer 10 configured to 
utilize the aforementioned methods to identify imbalance 
correction thresholds based in-part upon the known or 
measured dimensions of a rotating body 22 undergoing 
balancing can be clearly illustrated by the following com 
parisons. 

0074. When balancing a wheel assembly having a 15.0" 
diameter wheel rim with an axial width of 5.0", it is possible 
for a conventionally configured balancer to identify a static 
imbalance over the limit of 2.18 oz.-in. but a dynamic 
imbalance under the limit of 15.0 OZ.-in. and Suggest a 
correction requiring two imbalance correction weights of 
0.25 oz. and 0.75 oz., one to be placed on the inner lip of the 
wheel rim, and the other to be placed on the outer lip of the 
wheel rim. However, on a balancer 10 configured with a 
dynamic imbalance moment limit (M,a) of 15.0 oz.inf, the 
dynamic imbalance is determined to have minimal effect on 
the vehicle and will be ignored and the remaining Static 
imbalance can be corrected by a Single 0.25 oz. weight. 
0075. By setting the imbalance threshold amounts based 
on the actual force and moment values, rather than displayed 
weight amounts, it is possible to minimize the residual 
imbalance in a wheel. A conventional balancer may measure 
a purely Static imbalance that requires 0.50 oz. weight to 
correct. If the balancer is set to the “Dynamic' balance mode 
it will calculate that a 0.25 oz. weight is required on both the 
left and the right planes. Since the traditional threshold is set 
to 0.29 oz. the machine will show that no correction weights 
are required, but the wheel is not balanced. With the method 
of the present invention employed, a reduced correction 
weight amount will be displayed and the wheel will be 
balanced within the acceptable imbalance thresholds. In the 
example described above, there is a Small amount of couple 
imbalance present along with the Static imbalance. Even 
though the amount of couple is Small and no specific weights 
are required to correct it, it is possible to place the Static 
correction weight in a location to possibly reduce the couple 
imbalance. 

0076. When correcting the static imbalance, the single 
Static weight can be placed on either the inner plane, 
adjacent the balancer, or the outer plane, opposite the 
balancer. The inner plane is alternatively referred to as the 
left plane, when the wheel is mounted on the right Side of a 
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balancer, and the outer plane is alternatively referred to as 
the right plane for the same wheel placement. To choose the 
correct plane in which to place the Single Static weight, it is 
necessary to compare the phase of the dynamic imbalance 
vector to the phase of the static force vector. The static 
correction weight is placed on the plane that minimizes the 
residual dynamic imbalance, without the placement of addi 
tional couple imbalance correction weights. 
0077. This will correct the static imbalance (which was 
greater than the blind), and depending upon the difference 
between the couple and Static imbalance phase, it will 
decrease the couple imbalance or leave it unchanged (couple 
imbalance was already acceptably low). Since the inner and 
outer plane couple imbalance phases are always 180 degrees 
apart, the static imbalance phase will never be more than 90 
degrees away from one of the couple imbalance phases. If 
the difference between the static and one of the couple 
imbalance phases is Small, there will be a significant 
improvement in couple imbalance. If the Static imbalance 
phase is exactly 90 degrees between both couple imbalance 
phases, the couple imbalance will not change when the Static 
correction weight is added. This can be accomplished by the 
following logic Sequence: 

0078 Assume the balancer is in “Dynamic' mode, static 
imbalance is greater than blind, and couple imbalance is leSS 
than the blind. The following Steps are taken to place a single 
weight that will correct the Static imbalance while reducing 
(or not changing) the couple imbalance. 
0079 Let couple imbalance=0 and calculate the static 
correction weight. 
0080 Static weight magnitude=Static imbalance/radius 
0.081 Static weight phase=Static imbalance phase--180 
degrees. 

0082 To correct the static imbalance, this weight could 
be placed on either the inner plane or the outer plane. 
0083) If the difference between the static imbalance phase 
angle and the outer plane couple imbalance phase angle is 
less than 90 degrees, place the Single Static correction weight 
on the outer plane. Otherwise, place the weight on the inner 
plane. 

0084. If the balancer is in “Static' mode it is common that 
dimensions will only be entered for a single plane. With the 
present invention it is desirable to compare the dynamic 
imbalance to the dynamic threshold. If the dynamic imbal 
ance exceeds the threshold it is desirable to provide an 
indicator to the operator of this condition. The indication 
may be in the form of blinking lights, alpha-numeric text, or 
in the form of a message. If the operator has entered 
dimensions for two planes the indicator may be in the form 
of a display of the weights required to correct the couple 
imbalance. 

0085. A balancer 10 of the present invention may be 
configured to acquire initial vector measurements of the 
Static and couple imbalances of a rotating body 22, repre 
Sented as S>and C>, prior to utilizing dimensional measure 
ments of the rotating body 22 (i.e., Such as a rotating body 
or vehicle wheel of unknown dimensions). The specific 
dimensional measurements of the rotating body, and the 
dimensional locations at which to place imbalance correc 
tion weights, are not utilized in an initial evaluation of the 
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imbalance forces on the rotating body 22. The measured 
values for S>and C>are compared to reference imbalance 
component limits F and M to determine if the addi 
tional Steps associated with the determination and placement 
of imbalance correction weights are required. If the imbal 
ance forces present in the rotating body 22 are below the 
reference thresholds, they may optionally be displayed in a 
graphical representation, as shown in FIG. 11, and require 
no further corrective action, which may be indicated as a 
“passed” condition for the rotating body 22, Such as shown 
in FIG. 12. 

0086). If the measured imbalance forces exceed the ref 
erence thresholds, the operator may be directed to proceed 
to a dimensional measurement Step, after which the reduced 
imbalance correction weight amounts and applications loca 
tions are calculated and displayed according the method of 
the present invention, but without the use of a conventional 
“blind” setting. 
0087 Alternatively, the vehicle wheel balancer 10 may 
be configured to compute imbalance correction weight 
amounts and placement locations for a rotating body 22 of 
unknown dimensions utilizing a set of reference dimensions, 
such as a 15.0 in. diameter and a 6.0 in. width, together with 
the measured imbalance forces present in the rotating body 
22. The computed imbalance correction weight amounts are 
then compared by the balancer 10 with reference weight 
amounts associated with a rotating body having the refer 
ence dimensions, and a determination of acceptance based 
there on. For example, if the computed imbalance correction 
weight amounts are less than the reference weight amounts, 
the balancer 10 may be configured to indicate the rotating 
body has “passed”, and does not require any imbalance 
corrective action. Conversely, if the computed imbalance 
correction weight amounts exceed the reference weight 
amounts, the balancer 10 is configured to calculate reduced 
corrective imbalance correction weight amounts and place 
ment locations utilizing actual dimensions of the rotating 
body 22 undergoing balance testing according to the method 
of the present invention. 
0088. The ability of a vehicle wheel balancer system 10 
to evaluate the imbalance forces and/or imbalance correction 
weight amounts associated with a rotating body prior to a 
determination or measurement of the actual dimensions of 
the rotating body 22 provides an operator with a potentially 
Significant time Savings during a balancing operation. This 
may be useful for a variety of vehicle wheel balancer 
Systems, including those employing non-contact wheel mea 
Surement Systems. Such as ultrasonic measurement Systems, 
laser-based measurement Systems, or, machine vision mea 
Surement Systems, which require a considerable amount of 
time to acquire the wheel dimensional measurements rela 
tive to the amount of time required to determine the imbal 
ance forces present in the wheel. 
0089 An alternate embodiment of the variable correction 
weight threshold computation utilizes a comparison of 
Selected imbalance correction weight plane locations to a Set 
of reference imbalance correction weight plane locations, 
without requiring imbalance force measurements of the 
rotating body 22 or utilizing reference imbalance force 
limits F or M. For example, the Set of reference 
imbalance correction weight plane locations may corre 
spond to the 15.0 inch diameter and 6.0 inch width dimen 
sions previously described, associated with the “feel to the 
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driver equivalent imbalance force limits F and M. 
caused by placing a 0.29 oz. static weight and 0.33 oz. of 
couple pair weights on a wheel. 
0090 The imbalance correction weight thresholds W. 
and W are then determined as a change in “reference' 
weight threshold limits W. and War as a function of 
the change in diameter and plane Separation of the Selected 
imbalance correction weight planes from the reference 
dimensions: 

Wes=Wis ef'(Ds effD) Equation (3) 
0091 where: W represents the static weight 
threshold for the wheel under test; W frepresents 
the static weight threshold for the reference wheel 
(such as 0.29 oz); Ds represents the diameter of the 
Static weight placement location of the wheel under 
test; and D. er represents the diameter of the static 
weight placement location of reference wheel (Such 
as 15.0 inches). 
W=W ef (D effDa) : (W /W) 

0092 where W represents the dynamic weight 
threshold for the wheel under test; War represents 
the dynamic weight threshold for a reference wheel 
(such as 0.33 oz); D represents the diameter of the 
dynamic weight pair placement of the wheel under 
test; Def represents the diameter of the dynamic 
weight pair placement of reference wheel (Such as 
15.0 in.); W represents the plane separation of 
dynamic weights of the wheel under test; and W 
represents the plane Separation of the dynamic 
weights of reference wheel (Such as 6.0 in.). 

Equation (4) 

0.093 For some rotating bodies 22, the inner and outer 
planes on which imbalance correction weights are to be 
placed could have different diameters, particularly when 
dealing with adhesive imbalance correction weights dis 
posed on the inside of a wheel rim having an internal taper 
or Steps along the profile. For this case, the value of D. 
utilized in Equation (2) is the average of the inner and outer 
plane diameters. Although this places the imagined 
“dynamic weight pair placement diameter' literally in mid 
air for the left plane and inside the wheel material for the 
right plane, it is only a temporary usage to compute the 
display threshold for the dynamic imbalance correction 
weight pair, and does not affect the accuracy of weight 
computations which utilize the actual inner and outer plane 
diameters as taught in U.S. Pat. No. 5,396,436 to Parker et 
al. 

0094. Finally, the static and dynamic imbalance correc 
tion weight vectors which are above the respective variable 
thresholds W and W are vectorially combined, as is 
known in the art, to produce a displayed representation of 
the inner and outer imbalance correction weight vectors, 
Simultaneously correcting the rotating body for both Static 
and moment imbalances. 

0.095 An alternate method is to compute the weights as 
taught in U.S. Pat. No. 5,396,436 to Parker et al. from the 
Static and moment imbalance vector components S>and C>, 
and weight placement dimensions A-AC, W, Ri, Ro; except 
if either one of the Static or dynamic computed weight 
vectors is less than W or W, respectively, the values for 
S>or C>, respectively are Simply excluded from the weight 
computations. 
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0096] A second alternate method is the case when the 
moment threshold W is exceeded is to apply the Static 
imbalance correction even when W is not exceeded. Two 
imbalance correction weights will be applied to correct the 
couple imbalance in the rotating body, So this allows the 
final weight computation (which simultaneously corrects for 
both Static and dynamic imbalance using the two imbalance 
correction weights) to possibly further reduce any static 
residual imbalance in the rotating body. The imbalance 
correction weights must be rounded to the nearest incre 
mental weight amount So the portion needed to correct the 
Small Static component may be included in the displayed 
imbalance correction weight values. 
0097. It may be desirable, to adjust these limits to favor 
either Static imbalance or dynamic (couple) imbalance. For 
instance, it is understood that passengers in a vehicle are leSS 
Sensitive to a dynamic (couple) imbalance than a static 
imbalance. The values for Wef and War may be 
programmed into the balancer 10 or Selected as a function of 
the particular class of vehicle undergoing Service (i.e. pas 
Senger vehicle, Sport utility vehicle, light truck), as a func 
tion of the type of tire being balanced, or based upon a 
database of Specific vehicle types and tire combinations. 
Vehicles with lower sensitivity to imbalance forces can 
tolerate a greater imbalance level in the tire assemblies 
without perception by the average consumer. 
0098. An alternate embodiment of the present invention 
for enabling the placement of a single imbalance correction 
weight predicts a residual couple imbalance remaining in the 
rotating body 22 after application of the Single (static) 
imbalance correction weight to either just the inner or just 
the outer correction plane. The predicted residual moment 
vector is computed by vector Subtracting the moment vector 
that would be caused from a Static weight vector at a chosen 
correction plane from the measured moment imbalance 
vector. It is important to note that when the two weight 
correction planes are at different diameters on the rotating 
body 22, Such as when at least one of the weights is an 
adhesive weight to be applied to an internal Surface of a 
wheels, the magnitude of the Static correction weight vector 
for the left plane placement will be different than for the 
right plane placement. 
0099 Subsequent to a determination that the rotating 
body 22 requires imbalance correction, weight plane loca 
tions are selected and the balancer 10 then determines if a 
Single imbalance correction weight can be applied which 
will result in an acceptable residual dynamic imbalance 
M. in the rotating body 22 according to the following 
procedure: 

0100 First, the correction weight plane locations A-AC, 
W, Ri, and Ro are determined for the rotating body, where 
“A” represents the distance measured to the inner weight 
plane of the rotating body 22, “AC represents the distance 
from a reference plane of A to the origin of the coordinate 
systems; “W' represents the width between the weight 
planes of the rotating body 22, “Ri” represents the radius of 
the inner weight position; and "Ro’ represents the radius of 
the outer weight position, as described in U.S. Pat. No. 
5,396,436 to Parker et al. 

0101) Next, a residual imbalance prediction “C, >” is 
computed for only a Static imbalance correction weight 
applied to the inner weight plane according to: 
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0102) where “a” denotes a vector, “C” denotes a 
couple imbalance applied at the origin, and "S> 
denotes Static imbalance applied at the origin. 

0103) Similarly, a residual imbalance prediction “C. 
>'' is computed for only a Static imbalance correction 
weight applied to the Outer weight plane according to: 

0104) The lesser magnitude of C. res 
Selected, and if it is less than the dynamic imbalance 
moment limit or threshold M, the balancer 10 directs the 
operator to apply the Static imbalance correction weight on 
the corresponding weight plane, preferably by providing a 
display of the Static imbalance correction weight amount on 
a display associated with the corresponding plane, and 
displaying a Zero Value for the other plane. 
0105. When utilizing a pair of equal clip-on imbalance 
correction weights at the inner and outer planes of the 
rotating body 22, Ro=Ri=D/2, the static weight is the same 
for each plane, and Equations (5) and (6) reduce to: 

Equation (7) 
Equation (8) 

0106 The single weight computations can be applied to 
favor one possible balance plane based on the Style of 
imbalance correction weights utilized. 
0107 For inner and outer plane clip-on balancing, the 
balancer 10 may be optionally configured to avoid directing 
the operator to install a single imbalance correction weight 
on the outer plane when it is possible to place a single 
imbalance correction weight only on the inner plane and 
maintain the residual dynamic imbalance moment below the 
dynamic imbalance moment limit or threshold M. This 
option is particularly Suited for applications where the 
rotating body 22 or wheel does not physically Support the 
ability to place a clip-on imbalance correction weight on the 
outer plane or where a customer Simply does not want an 
imbalance correction weight on the outside of a wheel for 
aesthetic reasons. 

0108 For mix-weights balancing where a clip-on imbal 
ance correction weight is to be applied to the inner plane and 
an adhesive imbalance correction weight is to be applied to 
the outer plane, the balancer 10 may optionally be config 
ured to favor the inner clip-on imbalance correction weight 
location for the Single weight (providing the residual 
dynamic imbalance moment prediction is below Ma) even 
if placement of an imbalance correction weight at the 
adhesive location would result in leSS residual dynamic 
imbalance. This option is particularly Suited due to the 
relative ease of applying a clip-on imbalance correction 
weight versus an adhesive imbalance correction weight; cost 
Savings associated with a clip-on imbalance correction 
weight; and for Some rotating body 22 application (i.e. 
wheels), brake caliperS fit So close to the inside Surfaces of 
Some wheels that adhesive weights cannot be used in that 
aca. 

0109 To aid an operator in determining if a rotating body 
22 has been balanced to within a threshold for both static 
imbalance and dynamic imbalance, the balancer 10 in an 
alternate embodiment is configured to provide the operator 
with a graphical illustration 300 of the measured imbalances 
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relative to the threshold level of absolute imbalances on 
display 30, i.e. the couple imbalance threshold and the static 
imbalance threshold. Conventionally, such as shown in U.S. 
Pat. No. 5,915,274 to Douglas, weights required to correct 
Static and dynamic imbalances are displayed relative to a 
fixed weight amount threshold to an operator on a bar graph. 
The fixed weight amount is based on the incremental weight 
Size and the vehicle wheel geometry. In contrast, the graphi 
cal illustration 300 of the present invention displays infor 
mation to an operator based upon absolute imbalances, and 
not on the incremental weight sizes and vehicle wheel 
geometry. 

0110 Turning to FIGS. 13 and 14, a display 30 from a 
balancer 10 configured with the features of the present 
invention is shown first for a wheel having an axial length 
or width of 6.0 inches and a diameter of 15.0 inches. In this 
example, the imbalance present in the wheel for both Static 
and dynamic imbalance is below a threshold level. This is 
illustrated with the graphical illustration 300, incorporating 
a sliding Scale 302 for Static imbalance, and a sliding Scale 
304 for dynamic imbalance. On each sliding scale 302 and 
304, shown in FIG. 13, the computed imbalance amounts, as 
indicated by the arrows 306S and 306D, fall within the 
acceptable range, hence no imbalance correction weight 
amounts are indicated for the left and right correction planes. 
Further, as shown in FIG. 14, if the dimensions of the wheel 
are manually changed by the operator to indicate a 5.0 inch 
axial with and a 14.0 inch diameter, (corresponding to the 
change shown in FIG. 5) without re-measuring the imbal 
ance, the measured imbalance in the wheel remains 
unchanged, as shown on the sliding scales 302 and 304. As 
a result, no imbalance correction weight amounts are indi 
cated for the left and right correction planes. 

0111. The method of the present invention also provides 
an advantage when balancing large wheels. For example, as 
shown in FIG. 15, a wheel having a 8.0 inch axial width, and 
a 16.0 inch diameter might have an imbalance above the 
threshold, as shown on sliding scales 302 and 304, resulting 
in the balancer displaying to an operator imbalance correc 
tion weights required for both the left and right imbalance 
correction planes. However, as shown in FIG. 16, if the 
dimensions of the wheel are manually changed by the 
operator to show an 18.0 inch diameter, without re-measur 
ing the imbalance, leSS weight is required to correct the same 
imbalance. As a result, the balancer indicates to an operator 
that reduced weights in the left and right imbalance correc 
tion planes are Still required to correct the imbalance which 
is above the imbalance threshold. 

0.112. It is known that a rotating body 22 static imbalance 
force is a function of the imbalance mass, the radial distance 
of the imbalance mass from the axis of rotation, and the 
angular Velocity of the rotating body 22. In a vehicle wheel 
application, where the rotating body 22 consists of a wheel 
rim and tire assembly, for any given vehicle Speed, the 
angular Velocity may be expressed as a function of the tire 
diameter or as a function of the tire diameter and the wheel 
rim diameter. Hence, in an alternate embodiment of the 
present invention, the imbalance force F, experienced by a 
vehicle from a rotating wheel assembly may be defined as: 
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Equation (9) 

0113 where v is the vehicle velocity, Dr is the tire 
diameter, Dw is the correction weight application 
diameter, which is equal to the wheel diameter for 
clip-on weights, and m is the imbalance mass. For 
example, if an acceptable imbalance correction 
threshold or “blind” for a wheel rim having a diam 
eter Dwo of 15.0" with a tire having a diameter Do 
of 28.0" is 0.29 oz. (mo), an equation for calculating 
an equivalent “blind” (m) for an assembly with the 
dimensions Dw and Dr is: 

Equation (10) no Dwo DTI m1 = (...) 

0114. Once an acceptable imbalance correction threshold 
or “blind” is established for a particular tire and rim com 
bination, an equivalent imbalance correction threshold or 
“blind” may be automatically calculated using Equation (10) 
for a wide variety of wheel assemblies, providing an imbal 
ance correction threshold curve, Such as shown in FIGS. 17 
for wheel rim dimensions and in FIG. 18 for tire dimen 
SOS. 

0115 Utilizing the tire diameter D, and the wheel diam 
eter Dw, wheel assemblies may be classified into predefined 
groupings. For example, performance wheel assemblies 
where D-Dw is relatively Small (-3.0 inches or less), 
touring wheel assemblies, where D-Dw is between 3.0 in. 
and 5.0 in., and truck wheel assemblies, where D-Dw is 
greater than 5.0 in. Each different predefined grouping may 
be provided with a different acceptable imbalance correction 
threshold or “blind” curve. Using Equation (10), the specific 
imbalance correction threshold or “blind” for a wheel 
assembly having Specific dimensions may be automatically 
calculated, once a specific tire grouping and associated curve 
has been Selected. 

0116. A similar analysis for the rotating body 22 couple 
imbalance force can be made. Where L is the wheel width, 
the imbalance couple (M) felt by the vehicle can be 
expressed as: 

v A2 Dw Equation (11) M = () wL. 

0.117) If an acceptable imbalance correction threshold or 
“blind” for a wheel assembly having a 15.0x6.0 inch wheel 
rim (DwoxLo), with a 28.0 inch diameter tire (Do) installed 
thereon is 0.29 OZ (wo) then using Equation (11), and 
equivalent blind (w) for an assembly with the dimension 
Dw1, DT, and Li is: 
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'Lo Equation (12) = "(...) W = D. V. DTO 

0118. Once an acceptable couple imbalance correction 
weight threshold or “blind” is established for a particular tire 
and rim combination, an equivalent couple imbalance cor 
rection weight threshold or “blind” may be automatically 
calculated using Equation (12) for a wide variety of wheel 
assemblies, providing an couple imbalance correction 
weight threshold curve, such as shown in FIG. 19 for wheel 
rim dimensions and FIG. 20 for tire dimensions. 

0119) The present invention can be embodied in-part in 
the form of computer-implemented processes and appara 
tuses for practicing those processes. The present invention 
can also be embodied in-part in the form of computer 
program code containing instructions embodied in tangible 
media, such as floppy diskettes, CD-ROMs, hard drives, or 
an other computer readable Storage medium, wherein, when 
the computer program code is loaded into, and executed by, 
an electronic device Such as a computer, micro-processor or 
logic circuit, the device becomes an apparatus for practicing 
the invention. 

0120) The present invention can also be embodied in-part 
in the form of computer program code, for example, whether 
Stored in a storage medium, loaded into and/or executed by 
a computer, or transmitted over Some transmission medium, 
Such as over electrical wiring or cabling, through fiber 
optics, or via electromagnetic radiation, wherein, when the 
computer program code is loaded into and executed by a 
computer, the computer becomes an apparatus for practicing 
the invention. When implemented in a general-purpose 
microprocessor, the computer program code Segments con 
figure the microprocessor to create Specific logic circuits. 

0121. In view of the above, it will be seen that the several 
objects of the invention are achieved and other advantageous 
results are obtained. AS Various changes could be made in 
the above constructions without departing from the Scope of 
the invention, it is intended that all matter contained in the 
above description or shown in the accompanying drawings 
shall be interpreted as illustrative and not in a limiting Sense. 

1. A method for reducing at least one imbalance charac 
teristic of a vehicle wheel, comprising: 

acquiring a measurement of an imbalance characteristic 
associated with the vehicle wheel; and 

determining at least one placement location and imbal 
ance correction weight amount Sufficient to compensate 
for a reduced imbalance characteristic. 

2. The method of claim 1 wherein said reduced imbalance 
characteristic is a function of Said acquired measurement 
and a residual imbalance level. 

3. The method of claim 1 wherein said reduced imbalance 
characteristic is associated with a residual imbalance level 
for the vehicle wheel. 

4. The method of claim 3 wherein said residual imbalance 
level is a percentage of Said associated imbalance correction 
threshold. 
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5. The method of claim 3 wherein said residual imbalance 
level is greater than an amount of imbalance correctable by 
application of a Smallest incremental weight amount. 

6. The method of claim 3 wherein said residual imbalance 
level is Selected as a function of a class of vehicle associated 
with the vehicle wheel. 

7. The method of claim 3 wherein said residual imbalance 
level is Selected as a function of a tire type associated with 
the vehicle wheel. 

8. The method of claim 3 wherein said residual imbalance 
level is selected from a database of vehicles. 

9. The method of claim 3 wherein said residual imbalance 
level is Selected by an operator. 

10. The method of claim 1 wherein said imbalance 
characteristic includes a Static imbalance component. 

11. The method of claim 1 wherein said imbalance 
characteristic includes a couple imbalance component. 

12. The method of claim 1 further including the step of 
determining an imbalance correction weight amount Suffi 
cient to fully compensate for Said acquired imbalance char 
acteristic. 

13. The method of claim 12 further including the step of 
Storing data associated with Said imbalance correction 
weight amount Sufficient to fully compensate for Said 
acquired imbalance characteristic, and 

Storing data associated with Said imbalance correction 
weight amount Sufficient to compensate for Said 
reduced imbalance characteristic. 

14. The method of claim 12 further including the step of 
displaying data associated with Said imbalance correction 
weight amount Sufficient to fully compensate for Said 
acquired imbalance characteristic, and 

displaying data associated with Said imbalance correction 
weight amount Sufficient to compensate for Said 
reduced imbalance characteristic. 

15. The method of claim 12 further including the step of 
determining a representation of a weight Savings amount 
asSociated with Said determined imbalance correction 
weight amount Sufficient to compensate for Said reduced 
imbalance characteristic. 

16. A method for reducing an imbalance characteristic 
asSociated with a rotating body, comprising: 

measuring at least one imbalance characteristic associated 
with the rotating body; 

comparing Said measured imbalance characteristic with 
an imbalance correction threshold; 

responsive to Said measured imbalance characteristic 
exceeding Said imbalance correction threshold, utiliz 
ing Said imbalance correction threshold to calculate at 
least one imbalance correction weight placement loca 
tion and weight amount for placement on the rotating 
body to reduce Said measured imbalance characteristic. 

17. The method of claim 16 wherein said imbalance 
correction weight amount is a function of the imbalance 
correction threshold. 

18. The method of claim 16 wherein said imbalance 
correction weight amount is Selected to reduce Said mea 
Sured imbalance characteristic to within a tolerance of a 
residual imbalance goal greater than Zero. 
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19. A method for reducing the imbalance on a rotating 
body, comprising the Steps of: 

measuring an imbalance characteristic of the rotating 
body; and 

calculating at least one imbalance correction weight 
amount for application to the rotating body utilizing a 
residual imbalance goal greater than Zero; and 

applying each calculated imbalance correction weight 
amount to Said rotating body. 

20. The method of claim 19 wherein said residual imbal 
ance goal is a percentage of an acceptable imbalance thresh 
old for the rotating body. 

21. The method of claim 20 wherein said residual imbal 
ance goal equals said acceptable imbalance threshold for the 
rotating body. 

22. The method of claim 19 wherein said residual imbal 
ance goal is greater than an amount of residual imbalance 
correctable by application of a Smallest available incremen 
tal imbalance correction weight amount. 

23. The method of claim 19 further including the steps of 
determining an imbalance correction weight amount 
required to achieve a Zero residual imbalance in the rotating 
body; and 

comparing Said required imbalance correction weight 
amount to Said calculating at least one imbalance 
correction weight amount to identify an amount of 
imbalance correction weight savings. 

24. The method of claim 19 wherein said residual imbal 
ance goal is Selected by an operator. 

25. The method of claim 19 wherein said residual imbal 
ance goal is Selected as a function of a characteristic of the 
rotating body. 

26. The method of claim 19 wherein said residual imbal 
ance goal is Selected from a database. 

27. A method for the selection of a single imbalance 
correction weight for placement on a vehicle wheel, com 
prising: 

identifying a plurality of dimensions associated with the 
vehicle wheel; 

measuring a Static imbalance force associated with the 
vehicle wheel; 

calculating at least one imbalance correction weight 
placement location and associated imbalance correc 
tion weight amount Sufficient to reduce Said measured 
Static imbalance force to a residual Static imbalance 
level below a static imbalance correction threshold; 

calculating a residual dynamic imbalance force prediction 
asSociated with placement of Said calculated imbalance 
correction weight amount at each of Said at least one 
imbalance correction weight placement locations, 

comparing Said calculated residual dynamic imbalance 
force predictions with a dynamic imbalance correction 
threshold; and 

responsive to Said comparison indicating a residual 
dynamic imbalance force prediction being less than 
Said dynamic imbalance correction threshold, display 
ing Said asSociated imbalance correction weight 
amount at Said asSociated imbalance correction weight 
placement location. 
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28. The method of claim 27 further including the step of 
comparing a plurality of residual dynamic imbalance force 
predictions with Said dynamic imbalance correction thresh 
old; and 

wherein responsive to Said comparison indicating at least 
one of Said residual dynamic imbalance force predic 
tions less than Said dynamic imbalance correction 
threshold, displaying Said Static imbalance correction 
weight amount associated with a lowest residual 
dynamic imbalance force prediction at Said asSociated 
imbalance correction weight placement location. 

29. The method of claim 27 wherein a first residual 
dynamic imbalance force is calculated according to: 

res i 

where 

Cs > is the first residual dynamic imbalance force, fS l 

C> is a couple imbalance of the vehicle wheel, 
S> is a Static imbalance applied of the vehicle wheel, 
R is the radius of the inner imbalance correction weight 

placement location, 
A is the distance measured to the inner imbalance cor 

rection weight placement location, 
AC is the distance from a reference plane of A to the 

origin. 
30. The method of claim 27 wherein a Second residual 

dynamic imbalance force is calculated according to: 

where 

C > is the Second residual dynamic imbalance force, res 

C> is a couple imbalance of the vehicle wheel, 
S> is a static imbalance of the vehicle wheel, 

R is the radius of the outer imbalance correction weight 
placement location, 

A is the distance measured to the inner imbalance cor 
rection weight placement location, 

AC is the distance from a reference plane of A to the 
origin, and 

W is the width between the inner and outer imbalance 
correction weight placement locations. 

31. An improved vehicle wheel balancer System having a 
central processing unit processor and a plurality of imbal 
ance Sensors configured for measuring at least one imbal 
ance force associated with a vehicle wheel, the improvement 
comprising: 

wherein the central processing unit is operatively coupled 
to the plurality of imbalance Sensors to acquiring at 
least one measurement of an imbalance characteristic 
associated with the vehicle wheel; 

wherein the central processing unit is further configured 
with operating instructions to compare Said acquired at 
least one imbalance characteristic measurement with an 
imbalance correction threshold; 

wherein the central processing unit is further configured 
with operating instructions to calculate, for Said 
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acquired at least one imbalance characteristic measure 
ment exceeding Said imbalance correction threshold, at 
least one imbalance correction weight amount and 
placement location for application to the vehicle wheel 
which is Sufficient to reduce Said imbalance character 
istic to within a tolerance of a residual imbalance goal, 
Said residual imbalance goal greater than Zero. 

32. The improved vehicle wheel balancer system of claim 
31 wherein Said residual imbalance goal is a function of Said 
imbalance correction threshold. 

33. The improved vehicle wheel balancer system of claim 
31 wherein Said residual imbalance goal is a percentage of 
Said imbalance correction threshold. 

34. The improved vehicle wheel balancer system of claim 
31 wherein Said residual imbalance goal is Selectable by an 
operator. 

35. The improved vehicle wheel balancer system of claim 
31 wherein Said residual imbalance goal is a function of the 
type of vehicle associated with the vehicle wheel. 

36. The improved vehicle wheel balancer system of claim 
31 wherein Said residual imbalance goal is Selected from a 
database. 

37. The improved vehicle wheel balancer system of claim 
31 wherein Said residual imbalance goal is less than Said 
imbalance correction threshold and greater than an amount 
of imbalance correctable by a Smallest incremental weight 
amount. 

38. The improved vehicle wheel balancer system of claim 
31 wherein said central processing unit is further configured 
to acquire data from which a representation of a weight 
Savings amount associated with Said calculated imbalance 
correction weight amount can be determined. 

39. The improved vehicle wheel balancer system of claim 
31 wherein Said central processing unit is further configured 
with operating instructions to determine an imbalance cor 
rection weight amount Sufficient to fully compensate for Said 
acquired imbalance characteristic. 

40. The improved vehicle wheel balancer of claim 39 
wherein Said central processing unit is further configured to 
Store data associated with Said imbalance correction weight 
amount Sufficient to fully compensate for said acquired 
imbalance characteristic, and 

wherein Said central processing unit is further configured 
to Store data associated with Said imbalance correction 
weight amount Sufficient to compensate for Said 
reduced imbalance characteristic. 

41. The improved vehicle wheel balancer of claim 39 
wherein Said central processing unit is further configured to 
display data associated with Said imbalance correction 
weight amount Sufficient to fully compensate for Said 
acquired imbalance characteristic, and 

wherein Said central processing unit is further configured 
to display data associated with Said imbalance correc 
tion weight amount Sufficient to compensate for Said 
reduced imbalance characteristic. 

42. A method for reducing imbalance in a vehicle wheel, 
comprising: 

measuring at least one imbalance force associated with 
the vehicle wheel; 

calculating an imbalance correction weight amount Suf 
ficient to compensate for Said measured at least one 
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imbalance force utilizing Said measured at least one 
imbalance force and a Set of dimensions associated 
with the vehicle wheel; 

comparing Said imbalance correction weight amount to an 
imbalance correction threshold; 

responsive to Said imbalance correction weight amount 
exceeding Said imbalance correction threshold, further 
including the Step of calculating a reduced imbalance 
correction weight amount which is less than Said cal 
culated imbalance correction weight amount; and 

applying Said reduced imbalance correction weight 
amount to the vehicle wheel. 
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43. The method of claim 42 wherein said calculated 
imbalance correction weight amount is rounded to a Smallest 
incremental weight amount prior to calculating Said reduced 
imbalance correction weight amount. 

44. The method of claim 42 further including repeating 
the Steps of measuring, calculating, and comparing at least 
OCC. 

45. The method of claim 42 wherein said reduced imbal 

ance correction weight amount is rounded to a Smallest 
incremental weight amount. 


