University of Southern Indiana
Pott College of Science, Engineering, and Education
Engineering Department
8600 University Boulevard
Evansville, Indiana 47712

Analysis of Wheel and Tire Drum Testing Surfaces

Tristan Hagan
ENGR 491 – Senior Design
Spring 2021

Approved by:

Approved by:

04/30/2021
Faculty Advisor: Julian Davis, Ph.D.

Date

Department Chair: Paul Kuban, Ph.D.

Date

ACKNOWLEDGEMENTS
In this section, I would like to acknowledge several people who have helped me along the course
of the project. First, my faculty advisor Dr. Julian Davis. His knowledge, advice, and direction has
been extremely helpful throughout this project. Additionally, I would like to thank Dr. Paul Kuban,
Chair of the Department of Engineering, for his administration of the department, and being a great
role model throughout my education. I would like to thank the Accuride R&D and engineering
team for the guidance they provided during this project. Specifically, Paul Simms and Jarod Sparks
provided substantial help with completing testing and analyzing results. I am also thankful for the
opportunity to complete this project through Accuride, where I have had the opportunity to co-op
with during multiple years of my education. I am grateful for all the engineering department and
university faculty for helping me excel in my education here at the University of Southern Indiana.
Without their teaching and advise, I would not be here today. Finally, I would like to thank my
family and friends for the continuous motivation, love, and support.

i

ABSTRACT
The purpose of this project is to further the knowledge of Accuride’s dynamic fatigue testing
processes. Accuride currently uses two different types of radial drum testing stations. The radial
drum testing stations utilize a large diameter driven drum that will rotate. A wheel and tire
assembly will press against the drum where the friction from the drum and the tire causes the
wheel and tire assembly to rotate along with the driven drum. When this rolling effect is created
a substantial load is placed upon the wheel and tires assembly to accelerate the fatigue test. This
dynamic radial drum test is set to show the wheels ability to perform in the industry, where they
are continuously used on large vehicles within the trucking industry. The cycles needed to pass
the test standards are set according to the Society of Automotive Engineers (SAE), Association
of European Wheel Manufacturers (EUWA) and other international organizations. All new
wheel designs, wheel material changes, or wheel modifications must be tested to be qualified for
sale. It is important to know that the different radial drum station types are similar when
completing a fatigue test. There are two different styles of radial drum testing stations which are
the concave and the convex systems, which refers to the side of the drum the wheel and tires
assembly is placed upon. The goal of this analysis is to gain understanding of the effects each
different type of radial drum stations has on the wheel.
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ACCURIDE TESTING ANALYSIS

1

INTRODUCTION

Wheel testing is a high priority at Accuride because wheels are a safety related product, and
because of Accuride’s desire to create industry leading wheels. Due to this, accuracy is key in
testing. Many different types of testing are completed in the Henderson KY testing facility such
as corner testing which evaluates fatigue while applying a torsion load when mounted, burst
testing which evaluates the maximum pressure the wheel and tire assembly can hold; but the
focus of this project is radial drum testing which evaluates fatigue life.
Radial drum testing is consists of applying a load to a wheel and tire assembly that replicates the
assembly mounted to a vehicle driving on a flat surface. A radial drum station has a large circular
drum that is driven by a motor to create a rolling effect on the wheel and tire assembly while a
force simulating a truck or car is applied. These tests are designed to accelerate the fatigue of the
wheel, showing differences between designs based upon crack growth and crack propagation.
There are two styles of standardized equipment to perform these tests: convex (outside) and
concave (inside) drum testing stations.
Accuride is investigating if the two different styes of drum testing stations produce similar strain
results and fatigue life. The objective of this senior design project is to determine the difference
in the strain profile of a wheel using an inside and an outside radial drum testing surface.
Using an Instron machine to apply a 20,720 lbf load, a strain gauge instrumented wheel, and four
machined aluminum surface profiles the wheel was loaded, and strain measurements were
recorded in 6-degree increments. The results show that there is a difference between the inside
and outside drum surfaces commonly used in industry. Higher strain is observed in certain
locations of the rim depending on drum curvature.

1

2
2.1

ACCURIDE BACKGROUND
HISTORY

In 1900, Firestone Tire and Rubber was established to produce tires for wheels. Then, in 1905
Firestone Steel Products was the first spinoff company created from the Firestone Tire and
Rubber company. Steel Products manufactured many different forms of wheels until 1986, when
it was purchased by a different holding corporation to become Accuride. In 1974, the Henderson,
KY facility was established to manufacture steel wheels.
The wheel is a piece of technology that has evolved since its invention around 3500BC [1].
Although even the first motor vehicle wheel was still made of wood [2]. This then evolved to
spoked wheels made of wire, and in the 1920’s evolved into steel wheels [2]. Original design for
tires that were applied to these wheels were tube type, which meant that a tube (balloon) was
placed inside a rubber shell to hold air. In today’s age, wheels are made from multiple materials,
mainly aluminum and steel. The first tubeless tire was released in the middle of the 1950’s,
paving the way to the standard of wheels and tires seen today [3]. The purpose of the evolution
over the past 100 years is to make wheels lighter, stronger, and easier to manufacture.

2.2

CURRENT TESTING

With the evolution of wheels, there was an evolution of testing to validate the fatigue life and
strength of each wheel. The Society of Automotive Engineers (SAE) has created specifications
for testing wheels in each of the various applications. For passenger cars and light trucks steel
wheels they must meet the standards SAE J328 [2]. For heavier truck wheels, SAE J267 was
created [2]. Each of these standards continued to evolve to include aluminum wheels in these
specifications [2]. The Association of European Wheel Manufacturers (EUWA) has created a set
of standards for testing truck wheels as well. These standards are set to prove the fatigue life of
the wheel under certain loading conditions, making it safe for the application it is going to be
used in. The main fatigue life tests are corner testing and radial drum testing. Each of these have
a set number of cycles that must be met to pass the set standards. Sections of these standards can
be seen within the report, but the full standards for testing wheels can be found online. Radial
testing, as discussed in the introduction, is a process that includes mounting the wheel and tire
assembly to a hub, then applying a load by pressing the assembly against a driven drum. The
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driven drum can have two different surfaces. The types include the wheel pressing against a
concave surface or a convex surface, or inner and outer drums, respectively [4].
These different styles of drum stations were created to meet different specifications from
different locations around the world. The outside station which is shown in Figure 1 is used to
qualify wheels in fatigue testing. This is the station that is specified within many SAE standards.

Figure 1 Convex (outside) Radial Drum Testing Machine Used for Fatigue Testing [14]
An outside radial drum station shown in Figure 1 provides single axis loading. This testing
process was designed to simulate a wheel and tire rolling on a flat surface (i.e. a road). This
station is referenced as an outside drum station due the wheel and tire assembly being applied on
the outside surface of the driven drum.
The inside drum stations (on most machines) have more capabilities compared to the outside
drum stations. The inside drum station can be seen in Figure 2.
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Figure 2 Concave (Inside) Radial Drum Testing Machine Used for Fatigue Testing
The inside drum station can simulate a wheel and tire assembly rolling on a flat surface, but it
can also apply side loading to the wheel and tire assembly. When a testing process is used that
inputs side loading, it is called a biaxial test. This is because the forces being applied to the
wheel and tire assembly are no longer applied to one axis relative to the wheel and tire, forces
would be applied to two. During this analysis, only the drum geometry and the type of station is
to be considered to gain knowledge of the effects of these factors while replicating the flat rolling
simulation.
Both types of radial drum testing stations are designed to fatigue of the wheel, but how? So far,
different standards created by SAE and EUWA have been mentioned. These standards are
specifications to completing accelerated testing. When these testing machines are in use, the
wheel is put under strenuous loading.
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Table 1 SAE J267 Radial Fatigue Test Loading Cycles Requirements

In Table 1, the specifications for testing truck and bus wheels can be seen. It is important to
notice that to complete each fatigue test, an Accelerated Test Factor must be chosen. The
Accelerated Test Factor is the value that is multiplied by the rated load of the wheel to determine
the set point of the load when applied to a radial drum testing station. The substantial increase in
the loading causes fatigue at a higher rate compared to field use. This analysis of radial drum
testing surface geometry will provide knowledge of testing machine effects on wheels, which
could effect fatigue results.

2.3

RESULTS PROCESSING

The results for these wheel tests come in different forms depending on the test. For radial drum
testing, it is in the form of crack measurements at different cycle points during these fatigue tests.
Each wheel during this testing must conform to the SAE standards, or EUWA standards, and
internal Accuride standards. The data that is recorded from fatigue testing provides information
to show the potential failure points on the current wheel designs. This process allows design
choices to be made based upon this data to improve the wheel.
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To gather results at different cycle points (including the required point to pass standards) dye
check must be completed.
2.3.1

Dye Check Process

The dye checking process used by Accuride for gathering results from testing is completed in the
following way. A wheel will be sprayed in red dye penetrant. This dye penetrant will cover the
wheel and fill any cracks that may, or may not, exist. An image of this can be seen in Figure 4
below.

Figure 3 Wheel Sprayed with Dye Penetrant
Once the dye penetrant has sat on the wheel (typically 2-10 minutes) the next step can begin. The
next step in this process is to clean the dye off the wheel. Once the wheel is clean, with little to
no dye penetrant left, an activator can be applied. The wheel with the activator applied cane be
seen in Figure 5. This allows the dye that is inside the cracks to “bleed out” or seep and show the
locations of the existing cracks.
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.
Figure 4 Wheel Sprayed with Activator Exposing Cracks Within the Wheel
Each of the cracks that appear on the wheel will then be measured. This can be seen in Figure 5
as well. The crack is the rough red line that is connecting to a location on the wheel called “edge
of nut”. This is a common area for crack initiation and growth due the stress risers that are
created when installing the wheel and tire assembly to the application. The crack length
information is then recorded and placed into Accuride’s system for records and future use.
According to SAE standards, EUWA standards, and Accuride’s standards, cracks must be less
than certain lengths in the different locations on the wheel to be considered a “pass” or
conforming test. The testing standard that must be satisfied varies depends on the location in the
world where the wheel is being sold.

2.4

RELEVANCE

Accuride takes pride in testing and its testing facilities are ISO 17025 certified. This technical
standard illustrates that Accuride’s testing facilities have technical competency in lab testing and
calibration. Each instrument must be calibrated periodically to maintain accuracy and fulfill the
requirements for the ISO 17025 standard. Accuride must show that each machine can be
calibrated within certain repeatability standards through in-house calibration along with an
external company’s calibration on Accuride equipment to comply. This shows the importance to
Accuride of completing accurate testing in all processes within the testing facility. There are
sixteen outside radial drum stations at the Henderson KY facility. There is one inside drum
station that the Accuride testing facility uses to test European wheels at the Henderson location.
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Slight inaccuracies in applied loads are the difference between passing and failing testing
criteria, so it remains important to assure the wheels on different machines test the same and
provide similar fatigue results (even when testing on different drum geometries).

3

TESTING PROCESS DESIGN

During the process to creating this analysis many different options have been considered.
Mentioned before are the different testing machines that Accuride currently has available for use.
This equipment provides potential ways to test for the difference between the stations depending
on the path chosen.
Strain is the ideal way to analyze the difference in forces that are being applied to the wheel and
tire assembly. Strain is a unitless measurement that is defined as change in length per unit length.
Since wheel testing is a cyclic process, with a large number of revolutions at high loads, a small
difference in strain during a wheel test could have a large impact on the satisfaction of SAE and
EUWA standards. In Figure 6 below, an image of strain gauges placed upon a wheel can be seen.

Figure 5 Strain Gauged Wheel for Testing
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These strain gauges show strain measurements in the locations of the wheel where they are
placed. This wheel can then be used for a multitude of testing options. In total, the strain gauged
wheel being used in this analysis has 12 strain gauges applied. It can show a difference in strain
at specific locations desired during different loading situations.
In Figure 6, eight of the twelve strain gauges can be seen on the wheel. These gauges were
spread apart across the rim. Four strain gauges were placed in line with the hand hole of the
wheel, and four strain gauges were placed in between the hand holes on the wheel. Two gauges
were placed 180° from gauges 4 and 5. The final two strain gauges were placed on the face of the
wheel in a location called the gutter. The image of these strain gauges can be seen in Figure 6.
One strain gauge was placed in line with the hand hole, while the other strain gauge was placed
in between the hand holes.

Figure 6 Strain Gauges Placed in Face Gutter
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The gauges used for this analysis were rectangular rosettes. This specific strain gauge can
measure at 0°, 45°, and 90°. In Figure 8 below, the rectangular rosette can be seen with the
capabilities to measure three different directions, also labeled “a”, “b”, and “c”.

Figure 7 Image of Rectangular Rosette [1]
The benefit to using this type of strain gauge in this analysis is it can measure both radial and
hoop strain on the wheel at each gauge location. The direction in which the strain gauges are
orientated are shown in Figure 9. In addition, notice the orientation of each strain gauge is
labeled on the wheel for clarification of measurement direction.
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Figure 8 Example of Strain Gauge Placement and Direction Labeling
This strain gauged wheel provides the capabilities to measure strain at many locations. With each
gauge measuring multiple directions, it could provide substantial results on the strain the wheel
experiences.

3.1

LIVE WHEEL STRAIN TESTING

One option available for completing this analysis is live wheel strain testing. This method of
testing uses the radial drum testing stations that are currently available at Accuride: the 67.23
inch outside and 1.80 meter inside testing station. The instrumented wheel would be mounted to
the station and strain data would be collected during a five-minute test. The data gathered would
be analyzed for differences in strain profiles.
However, there are positives and negatives to live wheel strain testing. The positives include:
•

Inside and outside testing stations are available

•

Direct comparison of dynamic testing

The negatives to live wheel strain testing include:
•

Convoluted timing process to collect strain data at specific orientations

•

Variation in applied force between stations
11

•

Difficult to accurately show max strain in one cycle
Pros

1.) Available For Testing
One of the biggest considerations to using this method of testing was the equipment was readily
available for use. As mentioned previously, Accuride has sixteen 67.23 inch outside drum
stations (similar to what can be seen Figure 1), and a singular 1.80 meter concave drum station
(similar to what can be seen in Figure 2). With access to these two stations, it could provide
results that directly impact the current testing process at the Accuride R&D facility.
2.) Dynamic Test Comparison
If a testing process were designed to effectively use the equipment available, it would directly
compare to the current process used for wheel fatigue testing. If a conclusive result could be
developed using these stations, it could provide information that would correlate directly with the
way current dynamic testing is completed. This would be beneficial because the value behind
this analysis is to show if the drum geometry used on current radial drum stations is affecting the
fatigue results on wheel tests. This still leaves the unknown factor of how it would compare to
the other radial drum geometries used in industry, but would provide knowledge on Accuride’s
current testing process.
Cons
1.) Accuracy
While these stations are very accurate relative to industry standards, it does not make them
extremely precise for strain testing. What I mean by this is that these wheel and tire assemblies
are not perfectly constructed. Due to this non perfect construction, there is often variation when
these radial drum stations are in use. This variation is specified by SAE to be within ±3% which
the radial drum stations conform to. Tests are typically completed anywhere from 16 – 24 mph.

With non-perfect construction due to manufacturing constraints of the wheel and tire assemblies,
we see variation within the loading of the wheel and tire assembly while on test. This accusation
can be proven by the wheel force transducer (WFT) which is shown in Figure 10. This wheel is
specifically designed to measure the forces in pounds (lbs) applied to the wheel in different
applications. The WFT measures force in the X,Y, and Z, as well as the moments created due to
the turning of the wheel. The important direction in the case of analyzing drum station results is
12

the Z direction. The Z direction is the only direction where the load is applied during a outside
drum station test, and the rest of the forces seen by the WFT are often negligible. In Figure 10,
the variance of force that the wheel experiences during live drum testing can be seen.

Figure 9 Example WFT Z-Force Data
The data displayed in Figure 10 is the recorded force in pounds the WFT gathered. The loading
amount was set at 7000 lbf during this test. The peak force is 7146 lbf. The WFT shows that a
station can maintain the ±3% that is required, but the station would not be beneficial in

gathering strain results if the difference between surfaces is minimal.
2.) Two Surface Testing

Within the industry today there are two outside and two inside drum geometries in use. These
drum geometries are listed in Table 2.
Table 2 Standard Drum Geometries

Drum Style
Convex (outside)
Convex (outside)
Concave (Inner)
Concave (Inner)

Drum Diameter
67.23 in
84.00 in
1.30 meter
1.80 meter

Accuride currently has a 67.23 inch outside radial drum station and the 1.8 meter inside radial
drum station. Using the process of live wheel strain testing could only be completed on two
13

radial drum surfaces. While this could potentially be enough testing to prove the difference
between Accuride’s drum stations, a conclusion could not be drawn for the other industry
standard size stations. If testing needed to be completed on all four industry standard stations, the
cost to purchase the other two stations would be over $500,000.
3.) Dynamic Results Processing
As mentioned, a strain gauged instrumented wheel is going to be used to determine different
results on different surfaces during this analysis. Strain data can be recorded during a dynamic
wheel test. When the data is being recorded, the data acquisition system records a set number of
measurements per amount of time. This form of data acquisition can provide large amounts of
results during a testing process. Also, with no way of recording the orientation of the wheel at
the time the data point is measured, it is difficult to compare directly to strain measurements
from another test. Specifically, it is difficult to narrow the large amounts of data when only the
strain from one complete rotation of the wheel and tire is needed. Overall, live wheel strain
testing would require more effort to provide the necessary information to form a conclusion.

3.2

INSTRON TESTING

While live wheel strain testing was a viable option for two surfaces, it was not the best option to
generate the strain profiles desired for the four different industry standard drum sizes. This
Instron machine was specifically built for single cycle high load testing (most frequently used for
strain testing at Accuride). A single cycle is one revolution of the wheel and tire assembly. This
Instron testing machine has capabilities for a high repeatability and precise rotation for
duplicating load cycles. The Instron can be seen in Figure 11 below.
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Figure 10 Picture of Instron Machine
The Instron machine completes one full rotation of the wheel during its test. This
machine was specifically designed for wheel and tire testing; it can apply a static load,
unload, then rotate the wheel a specified number of degrees and repeat the process.
Because of the Instron’s precision capabilities in applying loads and rotating the wheel,
the Instron machine was selected to complete this analysis.
The Instron machine is a static loading test. One concern of completing a static test, when
typical wheel testing is dynamic, is are they comparable? It was determined that during
the dynamic tests, due to the wheel not being yielded during the rotation, the static results
should produce the same strain. This means that the Instron machine is more capable to
provide precise loading and accurate data acquisition.
3.2.1

Functionality

Using this machine created multiple decision and design factors. It is important to
recognize a key component to complete this testing on the Instron machine. In Figure 12,
a wheel can be seen bolted to the Instron machine prepared for testing.
15

Instron Base

Figure 11 Strain Gauged Wheel and Tire Bolted to Instron Hub
In Figure 12, a specific location on the Instron machine is also being referenced. The Instron
base is the location on the machine that supports the load that is being applied to the wheel. The
focus of this analysis is to test varying drum geometries used within industry. The base of the
Instron machine is currently a flat surface, which is used for most other strain testing. To
complete the analysis, the industry standard radial drum testing surface geometry has to be
designed to apply to the Instron machine.
3.2.2

Surface Geometry Design

In Table 2, the common sizing and orientation for radial drum surfaces can be seen. The goal of
adapting the Instron to complete this testing needed to be cost efficient and allow for testing on
all four different industry standard surfaces. The surface geometry plates had to have a contact
surface area large enough to support the tire under the maximum desired testing load. On radial
drum stations, this is an easy task because of the drum’s large diameter. When designing these
surfaces, it was necessary to build them as small as possible to reduce cost. The Instron base was
the constraining point of the design as well. Multiple bolt holes existed in the Instron base, so it
16

was important to design for fitment here to conserve cost of modifying the base of the machine.
In total, there were 5 pieces that were constructed to adapt the Instron machine. Figure 13 shows
the completed model of the 67.23 inch outside drum surface geometry attached to the Instron
base adapter which is attached to the Instron base.

Figure 12 3D Model Showing 67.23 in. Outside Surface Geometry Assembly
The purpose of adding the Instron base adapter was to add versatility to the surface design. This
provides the ability to orientate the surfaces in multiple directions and locations on the Instron
base. It could be beneficial if used for future testing on different wheel and tire assemblies with
varying sizes and offsets.

Figure 13 Completed Assembly of 67.23 in. Outside Surface Geometry
Figure 14 shows the assembly of the 67.23 inch outside drum surface geometry applied to the
Instron machine. The design included 4 bolts to attach the surface geometry to the adapter, and
17

the adapter has 4 bolts attaching it to the Instron base. This provides enough support to the
surface geometries stationary while testing.
3.2.3

Testing

As previously mentioned, the Instron is an accurate machine with high repeatability. While
developing the testing plan to run, many parameters must be chosen. The important parameters
to consider are load and the amount of rotation between each load. The loading scenario chosen
for this analysis was 2.8X the rated load of the wheel being used. This load was chosen because
it is the loading commonly used in outside radial drum testing and it would provide the largest
strain on the wheel. It was determined that the larger strain could show more trends when
completing the data analysis after testing. In Table 3, the testing cycle for the Instron machine is
shown.
Table 3 Testing Cycle Using Instron
Step
1
2
3
4
5
6

Function
Home
Load
Trigger DAQ
Unload
Rotate
Repeat From Step 2 Until 360°

The home position during this test is considered the valve hole vertical, at the 0° position. As
mentioned, the wheel and tire assembly will then be loaded to 2.8X the rated load of the wheel.
The wheel with the applied strain gauges has a rated loaded of 7400 lbs. The loading was set to
20720 lbs. When the Instron machine stabilizes at the load, it will trigger the data acquisition
system (DAQ) to record the strain from all 12 strain gauges. The strain gauged wheel and tire
assembly will then unload and return to the vertical position. The decision was made to rotate the
wheel 6° for each load. This provides a total of 60 loaded strain measurements recorded during
the one full cycle of the wheel the Instron completes.
In Table 2, the industry standard drum geometries and sizes are listed. For this analysis, all four
of the industry standard sizes were designed. A flat surface was also chosen to test on to provide
a fifth set of data to provide further information on the subject.
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4

DATA ANALYSIS

The chosen method of analyzing the recorded strain data was Microsoft Excel. The data
acquisition system allowed the recorded measurements to be exported to an Excel spreadsheet.
Each of the individual Excel files were then combined to form one large file with the recorded
strain based upon load and degree of rotation during the test. At this point, there are 12 strain
gauges with 60 data points recorded on each different radial drum surface (and flat surface) for
each chosen load case. To filter through the available data, a spreadsheet was built to graph a
selected gauge and strain direction. For example, Figure 14 shows the hoop strain recorded on
the wheel at gauge 2 on each of the tested surfaces.

Figure 14 Gauge 2 Hoop Strain
The hoop strain (red) and radial strain (yellow) directions can be seen in Figure 16. The
capabilities of the rectangular rosette were explained in Section 3. This strain gauge was chosen
to measure in both the hoop and radial direction at the same time.
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Figure 15 Image of Instrumented Wheel Showing Strain Directions
It can be noticed that in Figure 15, there is not a legend depicted on the graph. While discussing
the results of this analysis, the information in Figure 17 will be used to explain the legend. Each
graphic of the tested surface has a different color border surrounding it.

Figure 16 Graphics Showing Line Color per Surface on Graph
The border color is depicting the colored line for strain data on that specific tested surface on
each of the graphs. In total, only four different surfaces were tested with this wheel due to a
critical failure in the Instron machine.
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The flat surface was determined useful to test to when completing this analysis. The data was
beneficial in the results because it provided a “middle ground” between the different drum
surface geometries. It should also be mentioned that the flat surface is the ideal strain that the
radial testing machines attempt to simulate. One of the most prominent results of this analysis
can be seen in Figure 18.

Figure 17 Gauge 5 Hoop Strain Recorded Data
An image of gauge 5 can be seen in Appendices A, Figure 22. This graph is showing the hoop
strain at gauge 5. The peaks for these strain measurements were at 180°. In this graph three
different trends can be seen. The outside surfaces have the highest peak strain of 807 micro
strain. The flat surface produced a peak micro strain of 650. The inside surface has a peak strain
of 186 micro strain. In total, there is a 621 micro strain difference between the outside and the
inside surfaces. This is a 333% difference in strain at the location of gauge 5.
This trend continues to stay the same throughout the wheel. Gauge 10 was placed in between the
hand holes at the edge of the rim, same as gauge 5. In Figure 19, the graph of gauge 10 hoop
strain shows similar results.
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Figure 18 Gauge 10 Hoop Strain Recorded Data
The peak strains were close to 180° during this test. The peak strain for the outside surfaces was
815. The peak strain for the flat surface was 646. The peak strain for the inside surface was 168.
The difference between the inside and the outside surfaces at gauge 10 in the hoop strain
direction was 385%. These hoop strain measurements at gauge 5 and gauge 10 show that there is
a considerable difference in the effects of the radial drum testing surface on the wheel at this
location.
When looking at the strain in the radial direction, the difference is not as large. In Figure 20, the
recorded radial strain for gauge 5 is shown.
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Figure 19 Gauge 5 Radial Strain Recoded Data
The radial strain at gauge 5 shows almost identical trends between each of the surfaces. The
highest peak strain in the radial direction was created by the 67.23 inch outside surface. It was
recorded to be 276 micro strain. The inside surface recorded a peak strain of 257 micro strain.
The difference between the largest and the smallest was only a 6.2% difference. Overall, each of
the different surfaces had similar peak strain on this gauge in the radial direction.
The data that was recorded on the face of the wheel in the rim gutter proved that the different
surfaces had a minimal effect on the strain. The image of gauge 1 can be seen in Appendices A,
Figure 23. The results can be seen in Figure 21.

Figure 20 Gauge 1 Radial Strain Recorded Data
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Similar strain peaks can be noticed between each of the different radial drum surface geometries
at gauge 1. The 1.30 meter inside surface did only create one peaking point, compared to the
other tested surfaces that appear to have peaked, then dipped, then returned to the peak strain
point. The peak strain of the outside surfaces was 245 micro strain. The peak strain of the inside
surface was 246 micro strain. This created a strain difference of only .4%. Around the 80° point
it can be noticed that the outside surface and the flat surface dipped and then returned close to the
peak strain. The inside surface did not follow the same trend and it only peak at one singular
point.

5
5.1

CONCLUSIONS AND RECOMMENDATIONS
CONCLUSION

The results of this analysis were conclusive. This project developed a testing plan to test different
radial drum surface geometries, the design of different drum surface geometries, and measuring
strain on an instrumented wheel to form a conclusion. Overall, it can be proven that in certain
locations of the wheel different strain can be measured on the wheel due to the drum surface
geometry the wheel and tire assembly is applied to. The most notable location being near the
edge of the open side of the rim (placement of strain gauge 5 and 10). A recorded strain
difference between the 1.30 meter inside surface and the 67.23 inch outside surface was 333% at
gauge 5 in the hoop strain direction. Gauge 10 reciprocated these results with a substantial
overall difference of 385% in peak strain in the hoop direction. This result at such a substantial
percentage difference could vary fatigue results depending on the style of radial drum surface it
is tested on in the dynamic testing.

5.2

RECOMMENDATIONS

With the conclusive results of this analysis, they can be beneficial to Accuride in the future.
These results provide an understanding of the differing effects the different radial drum testing
stations apply to wheels. The purpose initially for completing this analysis was to focus on the
commonly used radial drum geometries within industry. By choosing to test the flat surface, it
provided another baseline for wheel and tire testing. The radial drum testing station’s purpose are
to accelerate testing to correlate with the longevity of wheels used in the field. These radial drum
stations are the best attempt to simulate field usage. These strain recordings show what radial
drum testing surface best align with the strain recorded from the flat surface (i.e., road). This
24

information is important to consider in the future when purchasing new equipment or changing
the current stations. In an attempt to improve the testing process, it would have high value to
consider the results of this analysis.
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APPENDIX A

Figure 21 Image of Gauge 5 (yellow) and Gauge 10 (red)
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Figure 22 Image of Gauge 1 (red)

30

APPENDIX B
Table 4 Projected Dates for Completion of Project Steps
Project Steps
Task

Start Date

Due Date

Quote Designs

November 15th, 2020

December 4th, 2020

Construct Designs

December 7th, 2020

December 18th,2020

Strain Guage Wheels

December 3rd, 2020

December 18th, 2020

Begin Testing

December 18th, 2020

January 15th, 2021

Analyze Data

January 15th, 2021

January 29th, 2021

FEA Analysis

Novemeber 13th, 2020

January 29th, 2021
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APPENDIX C
Table 5 Budget
Material

Cost

Surface Geometry

$

2,000

$

Sticky Mats

$

100

$

Strain Gauges

$

500

$

1,968

Miscellaneous

$

100

$

50

Labor

$

1,200

$

1,000

Total

$

3,900

$

6,518
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Actual Cost
3,500
-

APPENDIX D
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Figure 23 1.3 m Inside Surface Geometry Drawing
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Figure 24 1.8 m Inside Surface Geometry Drawing
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Figure 25 67.23 inch Outside Surface Geometry Drawing
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Figure 26 84 inch Outside Surface Geometry Drawing
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Figure 27 Instron Base to Surface Geometry Adapter
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