Measurement & FEA Modeling of the Viscoelastic
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PROBLEM STATEMENT

Rubber tracks on heavy equipment face extreme

thermal and mechanical stresses, yet predictive design

tools for their complex viscoelastic behavior remain
limited. This project is meant to remedy this by:

* Creating and use a testing rig for tests with a

standard rubber track to measure rolling forces and

resistance.
* Performing sinusoidal fatigue tests on rubber

samples in Instron machine to calculate phase lag

between force and distance

« Creating and testing Abagqus models with real-world

data to confirm modeling software’s reliability

REQUIREMENTS

n Requirements for Testing Rig

1  Must hold a minimum of 300kg

Factor of Safety in FEA of rig must be a minimum

2 of 1.5

3 Build should account for deflection of rubber
material from the weight load.

4 Safety measures including a way to slow down

the sled must be implemented

Requirements for Instron Testing

Become proficient in Bluehill software and
Instron machine testing

Desigh and manufacture clamps optimized for
shear and tensile stress testing

Analyze data to create a hysteresis loop and find
3 specific material strain energy density. Organize
and post-process data to specifications

Requirements for Abaqus Testing

Define all material properties (strength,
1 geometry, sag, fatigue life...) , part references
and contact interactions

CAE Prep and Simplification with accurate
meshing strategy

3 Iterate model and Post process FEA results

FINAL DESIGNS

 Testing rig

Figure 1: CAD model of the testing setup.
The testing rig was designed and fabricated out of

sheet steel and steel tubes for easy welding and
the ability to handle large loads. An FEA was run
to confirm F.S. was within tolerance. It includes
adjustable casters to account for rubber
deflections, pillow block bearings to ensure
smooth rolling, bars for stability, and a winch
holder with a safety ramp.
* |nstron testing

Figure 2 & 3: CA els of the Instron clamps
The clamps were design for both shear and

tensile/compression testing. They were
manufactured out of a carbon-fiber filament to
ensure a stiff background to the elastic rubber
samples.

* Abaqus testing

Figures 4 & 5: Meshed track and wheel
A quasi-static model was developed to analyze a

single wheel interacting with a simplified track
geometry, leveraging symmetry and steady-state
assumptions to reduce computational complexity.
The track incorporates embedded steel plies
(indicated by black lines) to enhance stiffness
within the rubber structure. Mesh refinement was
applied in regions near the load contact area to
improve solution accuracy. Additionally, multiple
predefined paths were established along the track
to extract shear stress and strain data; the red
line illustrates a representative sampling path.
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RESULTS
 Testing Rig

Figure 6: Wooden 300kg testing setup.

The results were collected by videoing the crane
scale as it pulled the rig. Then the data was
transferred to an excel with a Force v. Time graph.
To account for friction, f, . .4 Was subtracted from

fy rubber 1O find the force of viscoelastic loss. The
graphs show that when adding more weight, the
viscoelastic losses follow a quadratic equation,

and the rolling resistance follows a linear path.

 |nstron Testing
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Graph 1: 3mm Tension/Compression Results

Graph 2: 3mm Sinusoidal Cyclic Results

These results were analyzed to calculate the strain
energy density in a sample (the area in the
hysteresis loop) and phase lag between the force
applied and the distance moved.

* Abaqus Testing

Shear stress and strain plotted along 'path 9' illustrated in
Figure 4. Around 30 paths were compiled within the track.
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Graph 3: Stress & Strain vs Distance on Path 9
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TOTAL CONCLUSION

The results of the empirical tests are used to
find our measured F.:

Visco Rolling Resistance Force

Visco X Force (N)
B>

Roller Load (N)

Graph 4: Measured F, Results

The results of the material (Sin6) and FEA
(T,) test are plugged into an equation to find the
dissipating force (Q), and the dissipating force

Is then plugged into another equation to find the
Predicted F.:

 Dissipating Force: Q = n*Sin6*t,y,
* Predicted F,: Q / Track Length

Finally, the 2 are compared to one another to
find an accuracy percentage, and at a 300kg
load it comes out to an 85% accuracy.

INDIVIDUAL SUMMARY'S
 Testing Rig

A total of 18 tests were performed, consisting of 9 tests
on wooden boards and 9 tests on the rubber track.
Each test was administered at intervals of 100, 200,
and 300kg. 3 tests were done with each configuration.

 |nstron Testing

17 unique tests were performed and analyzed. Test
orientations include runs in shear, in tension, and In
compression.

 Abaqus Tests

Data was collected for 30 separate cells found within
the track and each cell was analyzed nodally. The
stress and deformation found within the nodes were
then measured against each planar face of the node
for a total of 180 data points.

FUTURE WORK

* Performing the tests according to the procedure
and analyzing the results with new rubber
compounds.

* Design Optimizations: Non-swivel Casters,
Winch-holder mount, Higher Capacity Scale,
Better Welds, Bumper, Easy-reload Clamps.

« Mapping and refining the steel plys to better
reflect the steel rebar found in real-world

samples.
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