
 

 

 
Abstract—This project aims to study and evaluate the motorcycle 

crash bar, which is used to reduce injuries caused by side impacts to 
the motorcycle, and then develop an improved design using the 
engineering design process theory based on the current benchmark 
crash bar in order to lower the severity of motorcycle crash injuries. 
For this purpose, simulations for the crash bar are set up so that it 
travels at an angle towards a fixed concrete wall and collides at 
certain velocities. 3D CAD models are first designed in SolidWorks 
and dynamic crash simulations are then carried out using ANSYS to 
determine the lowest maximum Von-Mises stress over time and 
deformations by adjusting the parameters used in manufacturing the 
crash bar, including the velocity of the crash, material used, 
geometries with various radius fillets, and different thicknesses for 
the bar. The results of the simulation are used to determine the 
optimum parameters for a safer crash bar to withstand higher stress 
and deformation. Specifically, the von-Mises stress was reduced by at 
least 75% compared with the benchmark design by choosing 
aluminum alloy and a true unibar design. 
 

Keywords—Crash bar, crash simulation, engineering design, 
motorcycle safety. 

I. INTRODUCTION 

HE motorcycle fatalities, though not necessarily more 
common than other motor vehicle accidents, can be more 

devastating. Looking at their per vehicle mile traveled in 2016, 
fatalities occurred 28 times more frequently than passenger car 
fatalities in vehicle crashes. In addition, 37% of the 
motorcycle riders involved in fatal crashes were speeding, 
which was the highest of any type of vehicle [1].  

A multitude of studies over the last 30 years have attempted 
to determine the events and actions leading up to a crash. Most 
of them were done at least 10 years ago and have offered 
inconclusive results [2]-[6]. However, the Motorcycle Safety 
Foundation (MSF) recently sponsored the first large-scale 
naturalistic motorcycle study to collect data on 100 riders over 
a period of time [5]. The findings showed that one of the most 
common risk factors that led to single-vehicle crashes and near 
crashes were riders negotiating curves. This led to impacts to 
the motorcycle sides and the undercarriage.  

In this paper, the motorcycle crash bar was chosen for study 
based on the statistical data above to reduce the injuries in the 
leg area from riders making high speed turns and the 
engineering design process was utilized to evaluate and 
optimize the crash bar design. This study can then provide a 
framework for future studies that can be done to adjust 
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additional parameters.  

II. CONCEPT GENERATION 

After speaking with a local motorcycle shop owner, the 
Lindby Custom Unibar was selected for benchmarking 
purposes (see Figs. 1 and 2). The Lindby crash bar was chosen 
since it was a popular standard bar and the ratings were very 
high. This crash bar is made from steel, has fixed geometry, 
18 inches long, 1 ¼-inch inner diameter, and 0.12-inch wall 
thickness tubing. The name suggests that it is a unibody 
design, but because crash bars are usually add-on parts after a 
bike has completed manufacturing, there needed to be a way 
for drivers to install these and slip through the motorcycle 
body [7]. This study will suggest designs with true unibody 
structures and make recommendations for how to attach these 
to a motorcycle. 

 

 

Fig. 1 Picture of Lindby Custom Unibar 
 

 

Fig. 2 Dimensions for benchmark crash bar from SolidWorks 
 

TABLE I  
PARAMETERS USED IN CAD AND FINITE ELEMENT ANALYSIS (FEA) 

SIMULATIONS 

Geometry Materials Thickness (mm) 

Existing steel alloy 3.05 

A aluminum alloy 2.54 

B titanium alloy 3.81 
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Using the product specifications of the benchmark, the 
study designs used and modified the following parameters to 
set as independent variables: geometry, material, and wall 
thickness (see Table I). 

III. CONCEPT SELECTION 

In SolidWorks, variations of geometry designs were drawn 
based on the benchmark’s existing dimensions. Initially, just 
the first three geometries (Existing, A, and B) were drawn to 
run simulations. Afterwards, two more CAD designs (D, B2) 
were drawn and imported into ANSYS. A mock wall was built 
at 0.1 inches from the right side of the bar. This distance 
needed to be small so that the simulation run time would be 
reasonable. Then for the variations on geometry, dimensions 
for the corner radii, overall length, and curvature of the bottom 
half of the part were all changed, and the goal was to see what 
kind of differences these changes would make in lowering the 
stress and deformation (see Figs. 3-7). Also, a true unibody 
design would be able to better absorb the impact energy, so 
the first variation (variation A) was to connect the two ends of 
the existing design and make it a true unibody design. The 
second variation (variation B) was purposely drawn to be 
radically different from the benchmark design, to find out how 
much stress and deformation would change with a much more 
rounded geometry.  

 

 

Fig. 3 Dimensions of variation A 
 

 

Fig. 4 Dimensions of variation B 
 

There are some existing models out there with similar 

dimensions, but none of them has this true unibody design. 
Therefore, all the variations have 1.25-inch inner diameter and 
their varied shapes are based on those popular basic designs 
on the market, with the exception that they are designed to be 
true unibody parts. 

 

 

Fig. 5 Dimensions of variation C 
 

 

Fig. 6 Dimensions of variation D 
 

 

Fig. 7 Dimensions of variation B2 

IV. FINITE ELEMENT ANALYSIS USING ANSYS 

By using the Explicit Dynamics solver in ANSYS, crash 
bars could be tested under dynamic loadings with respect to 
time. Within ANSYS Workbench, the designs were 
categorized by the five geometries and three material types. A 
second Workbench file was used for the wall thickness later.  
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As well as setting up the geometry, material, and thickness, 
the explicit dynamics solver required a velocity and endtime. 
So that these simulations could be as close to real world as 
possible, four different velocities were chosen: 25 mph (11.18 
m/s) as the typical speed limit for residential areas, 40 mph 
(17.88 m/s) as the typical speed limit for city streets, 65 mph 
(29.06 m/s) as the typical speed limit for highways, and 80 
mph (35.76 m/s) as the velocity generally considered as 
speeding.  

In the Workbench, each geometry and material system 
needed to have three additional dependent systems linked to 
each previous system (see Fig. 8). By doing so, these 
additional connected systems could share the material data and 
geometry but keep a separate solver model for each different 
velocity. Each material needed three systems with its own 
connected sub-systems for velocities.  

Within the Model outline (see Fig. 9), the parameters and 
settings for this study were set up to reflect our inputs. Starting 
with the geometry, there were two bodies: the crash bar and 
the wall. First, the material for the crash bar was selected to be 
“Structural Steel” and the wall was selected to be “Concrete.” 
In practice, the wall’s material did not affect the simulation 
because it was set to be a fixed object that could not move 

regardless of the material assigned. Then, the mesh was set to 
system default, as it was not the purpose of this study.  

Next in the outline are the four velocities set up earlier by 
linking multiple systems together in Workbench. As shown in 
the outline tree, these velocities all share the same geometry 
and mesh and can run as one simulation. These velocity 
parameters were specifically for the dynamic analysis portion 
of the simulation. To mimic a real crash, these velocities were 
set to be in the X and negative Z-direction only and fixed in 
the Y-direction. Movement in the X and negative Z-directions 
was chosen based on how in general, a motorcycle would 
crash forward and downward towards the ground. In the 
“Analysis Settings” the endtime was chosen to be 0.001-sec 
based on the general default for many simulations.  

Lastly, the “Solutions” section needed to be set up to find 
Equivalent Stress, Total Deformation, and Directional 
Deformation in the X-axis. Within the Equivalent Stress and 
Directional Deformation in the X-axis solutions, the main 
results to obtain were the changes in the X- axis deformation 
and stress over the entire time period of the simulation. This 
allowed for results that were tracked more easily and 
consistently across all the different geometries, materials, and 
thicknesses.  

 

 

Fig. 8 The entire connected system of the benchmark (existing) design in steel with four velocities 
 

 

Fig. 9 Project outline from ANSYS showing bodies, mesh, velocities, 
and solutions 

 

A total of twenty simulations were completed, each with 
four different velocities. Part I of the first simulations 
consisted of the benchmark geometry and material, five 
geometry variations (A, B, C, D, B2), three materials for each 
variation (Steel, Aluminum, Titanium), and part II simulations 
were of the four different thicknesses (0.10”, 0.15”, 0.20”, 
0.50”) using the best geometry and material combination from 
part I. An example of the mesh and project outline is shown in 
Fig. 10. 

V. RESULTS 

From simulations part I, Table II shows the “Maximum 
von-Mises Stress Over Time” for all the geometries and 
materials. The cells highlighted in gray indicate the lowest 
value in its category.  

Since Aluminum and variation D (see Table II) showed the 
highest reductions, these two were used for testing the third 
parameter – thickness – in a second simulation. Table III 
shows the results from testing the various thicknesses. The 
velocities were kept constant as before, and the 0.12-in results 
came from variation D from the first simulation using 
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aluminum. The lowest values are indicated by a gray 
highlight. 

 

 

 

Fig. 10 Auto-completed mesh and wall with project outline on the left 
 

 

Fig. 11 Obtained results of maximum von-Mises stress over time 
 

 

 Fig. 12 Obtained results of maximum von-Mises stress over time of 
various wall thicknesses using aluminum and variation D 

 

VI. CONCLUSIONS 

In Table II, we evaluate the results of maximum von-Mises 
stress over time. Variation D has the lowest maximum von-
Mises stress over time for all the four velocities. Even though 
some of the other geometries had more rounded corners and 
overall rounder shapes, the impact from hitting the wall 
created stress concentrations resulted in higher stress for other 
radii corners and shapes. Combined with aluminum, variation 
D was the best design with the highest reduction in maximum 
von-Mises stress over time. Even though titanium is stronger 
than aluminum, the best results were still when aluminum was 
used because of its better ability to deform and absorb the 
energy upon impact.  

After the results for part I of the simulations were gathered, 
the last parameter for thickness was tested using the best 
design so far: variation D and aluminum. After running 
simulations for the 4 additional wall thicknesses, the best 
thickness for lowest maximum von-Mises stress over time (see 
Table III) was 0.15-inch wall thickness, as shown by the least 
maximum von-Mises stress over time.  

By using the engineering design process, this study has 
found that through understanding the motorcycle background, 
problem definition, morphological chart, and concept 
generation using CAD and FEA, the best design found for a 
motorcycle crash bar is using aluminum as the material, the 
unibody geometry using dimensions from variation D, and a 
0.15-inch wall thickness for the tubing. Not only has this 
research provided a framework for future studies that should 
be done on improving the safety benefits of motorcycle 
accessories, this has also contributed to filling the vacancy in 
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the low number of modern research done on reducing the 
severity of lower body injuries for motorcyclists. 

VII. LIMITATIONS AND FUTURE RESEARCH 

Usually when motorcycles are manufactured, the crash bar 
is considered an accessory that riders would buy separately at 
a shop. The bar itself is not usually included as part of the bike 
itself and can cost upwards of $500. The bar would be 
installed to the bike by the owner after purchasing, so the 
geometry would have to be open-ended for it to be looped into 
and mounted to the body. This design is not ideal as proven by 
the simulations, so the recommendation would be for 
motorcycle makers to include the bar as part of the 
manufacturing process, instead of as an accessory.  

In the simulation setup, the crash location of the bar was 
kept against the flat lateral surface on the right-hand side. 
Although the velocity moved in the X and –Z direction, the 
force was still upon the smooth side of the bar. It was meant to 
emulate the bar landing on that specific location. If the impact 
was against one of its rounded corners, the results of the 
simulation may emerge differently, and further simulations 
should address how this impact location changes the stress and 
deformation of the design.  

The simulations looked like the crash bar bounced off the 
wall without much visible deformation. In the real world, the 
part would crumple and have immense physical damage from 
the impact. One of the reasons the crash bar simply looked 
like it bounced off and did not crumple was because in the 
simulation environment, the software assumes that the part is a 
perfectly manufactured bar, without any imperfections or 
weaknesses from manufacturing. It is considered a perfect 
geometry in the utmost ideal circumstances.  

Other future studies should investigate the wide variety of 
materials that exist today, including complex composite 
materials that only elongate in one direction, or materials that 
have positive Poisson’s ratio. The inner diameter and cross-
sectional area were also left unchanged for the purposes of this 
study, but there is potential to find a better design here as well.  

APPENDIX 

Appendix A: Data from NHTSA on the Fatality and Jury 
Rates for Motorcyclists, 2007-2016 [1] 

 

Fig. 13 Data of motorcyclists fatalities and injuries from 2007 to 
2016 

Appendix B: Data from MSF Study on Events Immediately 
before an Accident, 2019 [5] 

 

Fig. 14 Percentages of single vehicle conflicts shown with their 
corresponding event scenarios 
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