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Abstract:

This study explores the use finite element analysis (FEA) to design a lightweight motorbike
brake lever while maintaining high structural integrity. Reduction in weight correlated to
increased actuation performance from lower inertia and lower carbon footprint from lower
fuel consumption. A 2-dimensional planar stress model was analysed in Abaqus [7] with
6061 T-6 aluminium being used as the material. Linear and Quadratic elements were tested,
and quadratic elements are more efficient. Local meshing was also implemented. The
maximum Von Mises stress of 154.7 MPa simulated is well below the yield strength of the
material selected at 260 MPa giving a safety factor of 1.68 and a maximum deformation of
2.524mm. This study shows that significant weight reduction can be made without
compromising on safety. Areas of improvement would be to run the study in 3 dimension and
alternative materials.

Introduction:

This study will explore how using finite element analysis (FEA) using the finite element
method (FEM) can be used to make a lighter weight motorcycle brake lever [1]. This was
chosen as an area of focus as weight saving can mean faster actuation as there is less
inertia which can improve the safety and performance of the braking system. Making a
component lighter weight has significant fuel saving implication which is useful in motorsport
where every gram counts and environmental conservation by lowering fuel consumption
consequently lowering carbon emissions.

Finite element analysis (FEA) is a substantial tool when designing such a part, as simulation
of the object can be made, and the design can be improved such that it can withstand the
forces that are going to be applied to it in the real world without the cost of prototyping on the
final material which can be significantly more expensive. In this study a 2-dimensional planar
stress model will be analysed.

The Initial design of the handle is shown below:

Fig.2 Initial design modelled in SolidWorks [3]

Fig.1 example of
motorbike apparatus [2]

From [4] it can be found that the maximum force that can be exerted by a human hand on
average is around 600N which in an emergency under the fight or flight [5] response might
increase so a safety factor of more than 1.5 will be achieved by the end of this study. This
load will be applied as pressure on the part from point A to B. Point C is the pivot therefore it
will be a fixed support. For this study simulation will be ran using 6061 aluminium below are
the relevant specifications for the material:



Material Youngs Modulus Poisson ratio Yield strength
(MPa) (Elastic) (MPa)

6061-T6 Aluminium 69000 0.33 260

Table 1. Material properties from Granta EduPack [6].

The simulated/tested geometry of the part is shown below in 2 steps:

Fig. 3 Part sketch step 1 in Abaqus CAE

The second steps involve using the auto trim tool to remove the unnecessary lines and
adding filets where shown:

Fig. 4 Part sketch step 2 in Abaqus CAE

Results:

The problem presented will be analysed using Abaqus [7] as the FEA software. The part will
first be sketched using the inbuilt tools in the parts section of the software. The properties of
the two materials we will be testing then added using the create material section. After which
a section will be created and then the section will be assigned to the part; this is where the
thickness of the model will be input in this case 10mm. An instance is then created in the
assembly section of the software. A step is also then created (static, general) as although all
part created come with an initial step it cannot be used for analysis. The load and constrains
are then added to the part. As discussed previously and shown in Fig.2 A will have a
Displacement/Rotation Boundary condition and will be locked in the U1 and U2 directions,
the third dimension is not considered as there is no force that would cause it to be displaced
in that direction. A pressure load will then be added to between B and C this will be
equivalent to 600N over the 10mm x 74.3mm area therefore 0.808 MPa.

The mesh section is where the changes will be done during this study. As a trial run
however, the preset settings for element type and seed global size are kept. The part is then
meshed. A new job is then created and run. The result is then visualized. An example from
one of the tests is shown below



Fig. 5 Visualization of Von Mises stress for linear and global seed size of 1.6
Linear vs Quadratic:

The part was run in linear and quadratic configurations at different mesh sizes starting with
3.2 down to 0.2 the stress was then recorded and plot. Presented below are the plots.
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Fig. 6 Stress mesh Convergence - Global mesh Linear
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Fig. 7 Stress mesh Convergence - Global mesh Quadratic

As we can see from figure 6 and figure 7 when running convergence for both elements
types, using the quadratic method converges with fewer elements than linear as even with
nearly 80000 elements the linear graph does not converge towards a Von Mises stress value
and a finer mesh with more elements is required. Whereas the quadratic method converges
towards a value of 154.6 MPa with around 20000 elements. When simulating parts using
linear will be easier to process however due to the number of elements needed to get an



accurate result it would take significantly longer to get similar results to the quadratic
methods. Figure 7 point in red outlier

Local mesh:

Another way of improving the accuracy of the simulated stress is by first observing where the
most stress is being exerted in the part using a coarse mesh. Then using the section tool
section off the parts. The rest of the part is then left as free mesh whereas the high stress
portions are changed to structured mesh as shown below:

Fig. 8 Part sectioned off in free (rose) and structured (green)

Fig. 9 Visualization of Von Mises stress for linear and global seed
size of 1.6 structured mesh seed 0.4
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Fig. 10 Stress mesh Convergence - Local mesh Fig. 11 Displacement mesh
Quadratic Convergence - Local mesh Quadratic

Using a local mesh not only reduces the amount elements needed for convergences at
close to 14000 it also runs much faster with a smaller mesh size for areas of interest in this
case convergence was ran with a global size of 3.2 for the free mesh and 1.6 to 0.1 for the
structured mesh.

For the part tested it can be observed that the highest point of stress is 154.7 MPa and the
highest deformation that is achieved is of 2.524mm. 6061 T-6 aluminium has a Yield strength



(Elastic) of 260 MPa, therefore using this material while having with M5 holes to save on
weight still provides a Safety factor of 1.68. This is above target for this study.

Conclusion:

In this study the effectiveness of using finite element analysis (FEA) to simulate a potential
design for a brake lever is demonstrated, as physical prototyping can be started with an
approximate idea of how the part will perform reducing the cost. The part was analysed
using multiple element types and mesh sizes to ensure a true value of maximum stress the
part would experience would be found. It also aimed to show that adding holes to make the
parts lighter would not adversely affect the structural integrity of the part by not being the
area of most stress. The part being lighter weight can have the double advantage of saving
fuel therefore reducing carbon emissions as well as increased performance as less inertia
meaning faster actuation of the brakes.

Analysing the result of the study it can be concluded that using the quadratic mesh element
is the most efficient when compared to linear elements. While linear elements are easier to
compute a larger amount of element is needed for it to converge to an accurate prediction
for stress. To further improve the efficiency of the simulation Local meshing was performed,
where the areas of highest stress are sectioned off and higher amounts of elements
simulated only in those areas Fig 8. This reduces the amounts of overall elements needed to
converge to an acceptable prediction for stress while also providing the opportunity of
analysing finer meshes in the high interest part faster than simulating the whole part with a
finer mesh.

From the simulation ran the highest value for Von Mises stress observed was 154.7 MPa
which is considerably below the Yield strength (Elastic) of 6061-T6 aluminium at 260 MPa.
This is a 1.68 safety factor which is above the target of 1.5 . The maximum deformation of
2.524mm is acceptable for street motorbike use however it be below standard for a
motorsport application.

Area of improvement for this study would firstly be of using the full potential of the Abaqus
software and modelling the problem in 3 dimensions which would make it more complicated
but more accurate to the actual real-world performance. Test could also be run using multiple
materials such as carbon fibre and titanium and result compared against 6061-T6
aluminium. Linear element simulation with finer mesh could also be run to find the
convergence value. Improving the areas where material has been subtracted from the part to
make the item lighter but still have a safety factor of more than 1.5. Multiple platforms for
finite element analysis could also be used to test the reliability of the results before
prototyping the part.
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Fig. 12 EduPack Granta 6061-T6 Aluminium Youngs modulus [6]

Temperature (°C)

Specific stiffness @® * 2457 - 258e7 Vkg
Yield strength (elastic limit) ® 2.4e8 - 2.8e8 Pa
Yield strength with temperature ® 2.81e8 - 281e8 Pa

Parameters: Temperature = 23°C [

Fig. 13 EduPack Granta 6061-T6 Aluminium yield strength [6].



