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Results

• Casters are the highest failure prone parts in wheelchairs.
• Caster failures can be catastrophic directly leading to injury and 

reduced mobility.
• The University of Pittsburgh and ISWP, have developed testing 

equipment to replicate community failures in a lab-based 
setting.

• In conjunction to such a physical testing approach, this study 
aims to develop a simulation-based approach using a finite 
element analysis (FEA) software to predict caster failures. 

• For the purpose of this study, the Whirlwind wheelchair casters, 
popularly known as the Zimbabwe Caster was chosen

• Evaluation of the caster’s mechanical properties
• FEA analysis using ANSYS

The Whirlwind wheelchair casters, also known as the Zimbabwe caster
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• Using a Rockwell A hardness test, the tensile 
strength values were found from the ASTM 
handbook.

• Using samples from the stem bolt, axle bolt, 
and caster fork, the yield strength was 
determined. The fatigue/endurance strength 
and ultimate tensile strength were interpolated 
from the yield strength.

Samples from the stem bolt, axle 
bolt, and caster fork ready for 

testing.
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The Rockwell A hardness tester
with sample in place.

• To simulate the axle bolt, APDL code was 
used to distribute the load from the center 
point to the fork ends, preventing the fork 
ends from moving independently of one 
another.

• To simulate the contact between the fork 
and the washer, as well as the fork and the 
stem bolt, allowances in movement had to 
be made in the X and Z directions, while 
movement was limited in the Y direction.

• Utilizing a complex spring matrix of 188 
nodes, as well as compression only 
elements, the stem bolt, washer, and stem 
bearings were all simulated. Data from the 
bearing manufacturer was used for the 
bearing stiffness.

The caster fork with the 
simulated axle bolt in yellow.

When the load is applied, 
separation occurs between the 

fork, stem bolt, and washer.

• The load was simulated using 10 mass 
elements of 3lbs each for a total of 30 lbm 
applied to the top surface of the simulated 
stem bolt.

• Simulation analysis was run using 4 layouts: 
static Y, static X-Y, transient Y, and transient X-
Y.

• The static analysis involved the caster hitting 
the bump (X) and the wheelchair landing 
after hitting the bump (Y).

• For the transient analysis, accelerations 
were inputted instead of loads, with a mass 
used to counter the accelerations.

• Lifecycles were simulated for all of the runs, 
using The Goodman Criteria, as well as a 
Marin Factor of 0.7.

The simulated stem 
bolt, washer, and 
bearing shown in 
white, using APDL 

code to create a series 
of complex matrices.

• Comparing the simulated results to the lab based results using 
number of cycles to failure.

• The lab testing benchmark was 40,000 cycles to failure.

Summary of results showing the lab-based results (Blue) and the individual 
FEA results. The Static XY (Yellow) is seen to come closest to the lab-based 

results of about 40,000 cycles. 

• The location of failure as 
seen in the simulation, is 
one that has been 
repeatedly seen in the lab. 
Fracture can be first seen 
on the top of the fork, 
where the stem bearing 
rests in its housing.

The location of the failure, as seen in the 
FEA analysis (left) and the lab-based 

experiments (right).

• After confirming the material properties of the caster 
components and building the simulation parameters in ANSYS, 
the team was able to simulate fatigue failures in terms of both 
quantity of cycles to failure, as well as the location of the failure.

• The results of this study show that algorithmic simulations was 
able to replicate caster failures as found in lab-based settings 
using.
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