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1. INTRODUCTION

The following assessment was developed for the module of Advanced Stress Analysis & FEA — level 6 of
the Motorcycle Engineering Degree.

The aim of the proposed assignment is to explore the FEA role in the product development of a company.
To do so, a motorcycle swingarm will be chosen as a case study, as it represents one of the most relevant
structural components in a motorcycle’s chassis, being in charge of the rear suspension mechanism,
dynamic performance and safety of the motorcycle while in motion.

The lateral and torsional stiffness of the motorcycle swingarm need to be tuned to improve the stability,
response and performance of the swingarm during all the possible driving scenarios. Once there are
different motorcycles with difference ranges of weight, power and purpose, this will imply different
stiffness values for different types of motorcycles.

Those stiffness values were result of several iterations and tests by the manufacturers and are kept
confidential, reason why there is not much information published about this matter by companies.

In relation to the assignment, firstly, a research will be carried out to better comprehend why companies
perform FE analysis alongside with physical testing. Once this research is conducted, it will be explained
how a physical test may be correlated to a FE model and some examples will be presented to back up the
stated correlation.

Lastly, the author will comment whether during the design process of a motorcycle swingarm the FE
analysis can or should ever replace physical testing.



2. WHY COMPANIES TYPICALLY CARRY OUT FE ANALYSIS ALONGSIDE
PHYSICAL TESTING

Due to the scarcity of information related with this chapter about the current case study, a motorcycle
swingarm, it was decided to conduct a research about FE analysis and physical testing carried out over
different components on companies of the same engineering sector. The design process of MotoGP
winglets, Formula 1 components and some structural components of hypercar companies will then be
analysed instead.

One of the biggest motorcycle companies in the world, Ducati, believes that “Racing is synonymous with
the technological avant-garde”. Based on this statement, Ducati uses the MotoGP program as a means
for the development of new technology and components. Thus, as an example, when performing the
aerodynamics studies, Ducati believes in a three-step process in order to achieve high-level development
— Sketch, CFD analysis and Testing. (Ducati, 2019)

Once the initial sketches are finalised and are converted into CAD surfaces, CFD simulations can be started
in order to test pressure and velocity trends over different motorcycles configurations. After analysing
and selecting the solutions with best results in the FEA environment, the selected options will then be
produced in real life and submitted to physical testing in a controlled environment.

Figure 1. Ducati MotoGP CAD Figure 2. Ducati MotoGP CFD simulation

In this step, the 1:1 scale components produced will be tested in a wind tunnel with known and controlled
conditions in order to validate the CFD results and to decide which solutions offer the best aerodynamic
performance.



Figure 3. Ducati at wind tunnel

After the validation process with the wind tunnel experiment, the successful parts will then move forward
to a second and final test phase of the aerodynamic development. In this final phase, the prototype
components will be tested on the motorcycle in a real scenario, with the motorcycle in its driving
environment, the racetrack. Conclusions about how the new components perform will be taken from
sensors attached to the motorcycle and from the test rider’s comments.

Figure 4. Ducati MotoGP testing at racing circuit

It is important to carry out FE analysis alongside with physical testing, as it can be concluded from what
Ducati states. In this case, CFD analysis alongside with controlled physical testing (wind tunnel) will allow
the validation of the work developed by the engineers, permitting quicker progress and to virtual test
more components in a shorter time frame. This will allow to test fewer parts but with high probability of
success in the racing circuit.

Within the Formula 1 industry, the design process does not differ that much from the MotoGP companies.
There is still parallel FE analysis being developed alongside with physical testing, with a higher relevance
given over to the physical testing, in order to reduce the risk of failure during racing situations.



Being Formula 1 a sport where components need to be engineered to perform at their limit, a good
correlation and results from the FE analysis and physical testing needs to be achieved so as to not
compromise in terms of safety.

Thus, as the Mercedes-AMG Petronas Formula One Team states (How Do F1 Teams Test & Develop
Components?, 2019), after the newly designed components are approved over the FE analysis, they go
over to Test & Development center. This is where all the mechanical testing is made, with a focus in
reliability, making sure that all the parts will be strong enough to withstand the forces during a racing
season.

The physical testing will not just be used for testing newly developed parts, but also to guarantee that the
components that came after a maximum performance scenario in real life (racing) could be proof tested
and fatigue tested once more to assure that they are reliable for the rest of the season and to validate all
the previous work already done in the FE analysis and validation physical testing.

Figure 5. Mercedes F1 12 axis test rig

In a car manufacturing company, more specifically in a hypercar company, the FE analysis are extremely
relevant in the design process of the car components. It could be expected that, the closer the FE analysis
predicts the results from real life testing, the lesser the risk of failure during a real physical test,
consequently avoiding the failure of a car component that could represent a cost of hundreds of
thousands of pounds for such a company.

As an example, at RIMAC, the reference company for full electric hypercars, Daniele Giachi, the Director
of Vehicle Engineering, states that one of the biggest challenges is the global homologation, that involves
design, development and testing of crucial structural components of the car (CRASHING THE RIMAC
C_TWO HYPERCAR 5X, 2019). The FE analysis is used from an early stage to virtual test parts for safety and
stiffness, with the set goal of having a good correlation between FEA and real physical testing, in order to
reduce the risk of failure when crashing a prototype of 1 Million euros.
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Figure 7. RIMAC FEA vs Physical Testing of system level

As other companies from the same sector, the design process starts from a designed concept, followed
by several simulations recurring to FE analysis until the component is fully optimised within a certain
compromise between all the engineering areas involved. Only when the FEA results are satisfactory, is the
real physical testing able to start. In an initial phase it starts with component level testing, then system
level, ending with full vehicle testing.



3. HOW A PHYSICAL TEST MAY BE CORRELATED TO A FE MODEL

In this chapter it will be explored how a physical test could be correlated to a FE model. The case study
introduced in Chapter 1 will now be used as an example to explain this correlation.

As mentioned before, the case study to be considered consists of the design process of a motorcycle
swingarm that represents one of the most relevant structural components in a motorcycle’s chassis.
Fortunately, the design process of a motorcycle swingarm encompasses several engineering challenges,
that require the correlation between a real physical test and a FE model to be successfully performed.

Figure 8. Motorcycle Swingarm

A motorcycle swingarm is commonly manufactured out of steel or aluminium, both elastic materials, with
their stiffness values characterized by a certain modulus of elasticity, E, also known by Young’s modulus.
This modulus represents a linear relation between stress and strain in the materials’ elastic region.
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Figure 9. Stress - strain curve for ductile material

A motorcycle swingarm is normally an optimised component, designed to perform at limit situations
during various driving scenarios while lasting a lifelong. This infinite life is achieved if the maximum stress
value submitted to the swingarm is not superior to the Yield Strength value and if there are no cyclical
stresses of value superior to the fatigue limit. Either way, the swingarm will always perform in its elastic
region.

As an initial step, it is recommended to perform a real physical test to a simple part, with a numerical
solution, and to compare the results against a FE model of the same test in order to validate the software
used. Once the chosen software is validated or a percentage of error is determined, it will be possible to
start the design of the new swingarm and use the values obtained on the real physical tests performed as



a reference for the swingarm FEA results. It can happen that the percentage of error on a simple part will
be different from the error observed in a more complex component, such as a swingarm. However, to
start the FE model of the complex part, the error observed on the simple part will have to be used as a
starting reference point.

Once the purpose of the new motorcycle is decided, a market study could be performed in order to choose
a swingarm to be used as a reference for the new one to be designed. Then, physical tests could be
performed in the swingarm in order to identify stiffness values, natural frequencies, etc...

Having in consideration the fact that metals are an isotropic material, with same mechanical properties in
all directions, only one mechanical physical test will be needed in order to validate the FE model. This
means that by validating the FE model of a specific test to the respective physical test, all the remaining
simulations to analyse the stiffness and strength of the swingarm could be performed using the same
observed error as a reference.

Figure 10. Physical test - Stiffness jig Figure 11. FE model - Stiffness jig

Performing simulations over assemblies usually brings added complexity to the FE model. This could
represent longer time to run a simulation which subsequently results in a bigger cost. Also, the complexity
of the physical test, with different materials, different connections such as bolts and welds and also the
not so precise measuring devices, will result in poor measurements when compared against the FE model.
Even if it consisted of an outstandingly performed physical test, due to the complexity of the assembly
and all the constraints defined with different types of connections, it would not result in an accurate
result.

Due to the above, it is ideal to start by developing an FE model at a component level, applying the fixtures
and loads in the single component. In order to obtain a good correlation between the single component
FE model and the physical test, which will involve more parts, it is needed to assume that all the parts
from the test jig are infinitely rigid.

Figure 12. FEA simulations of the swingarm



Due to the impossibility of building an infinitely rigid jig in real life, a certain deviation between the results
from the physical test and FE model is to be expected. Anyhow, so as to minimize this error, the jig from
the physical test must be built as stiff as possible.

Figure 14. Results from LDV experiment

Figure 15. Frequency simulation - example of result

Lastly, when the newly designed swingarm is manufactured, it will be possible to test it in the already built
jig and have the most accurate comparison of the FE model against the physical test until now.

This will be the only phase of the design process where the same component with the same geometry
and material of the FE model could be physical tested in a jig built to replicate the conditions stipulated
in the virtual model.

Once the validation, an error between the results could be determined and now be taken in consideration
when operating changes to the designed swingarm in order to achieve the pretended / targeted results.



4. IF YOU THINK THAT FE ANALYSIS CAN (OR SHOULD) EVER REPLACE
PHYSICAL TESTING

In this chapter the author will give his opinion about whether FE analysis could or should ever replace
physical testing.

For the case study being analysed, a motorcycle swingarm, the types of FE analysis performed, which
normally have a real representation in a physical test, are: Linear static analysis, Fatigue analysis and NVH
analysis (vibration). In such manner, when answering the question of the current chapter, these will be
the type of analysis taken in consideration.

It is relevant to understand that developing a FE analysis represents an approximation of the real values
obtained in a real-life scenario and never an exact representation of them. This approximation results
from the method used to perform calculations, where the finite element method divides the component
in smaller elements, called mesh, calculating each individual stiffness matrix in order to obtain results all
over the component/swingarm (stress values, temperature, displacement values, etc.).

Defining the correct mesh will represent a challenge when looking for the most accurate results, mostly
because of the numerous parameters that could be defined. The type of the element (1D, 2D, 3D, etc.)
could be changed; areas with higher stress values will demand smaller element length; to resolve the
simulation, a convergency study of the mesh will have to be performed; a subjective study will also need
to be conducted; the geometry of the component has to be considered when choosing the mesh, etc.
Adding to these challenges, when submitting the material specifications in the simulation there are some
details that normally are not considered, such as welding considerations (thickness of the weld, heat-
affected zone, different material of the filler...), as well as the material properties, which could change
slightly even if from the same type and also changes in the material properties due to the manufacturing
process.

All the challenges towards the performance of a successful FE analysis that are stated above, make the
author believe that physical testing could not generally be replaced by a FE analysis. Not only because of
the way the FE model is set up, but also due to physical testing being the only representation of a real
performance scenario over the final component that could attest the safety of the developed part.

However, there are some exceptional situations where the opposite situation could be observed, where
a physical test could replace a FE analysis. This is observed when there is a full understanding and control
of all the constraints and objectives of the problem, when an engineer with experience over subjects such
as FEA and manufacturing is involved and has expertise in building the specific component in
consideration, when only a small change needs to be performed to the original component, when there
is access to good quality jigs for physical test experiments and when quick progress is needed.



5. CONCLUSION

After the development of this study, it can be concluded that it is of great importance for companies to
carry out FE analysis alongside with physical testing during the design process of a component. FE analysis
will permit to test innumerous interactions of a component until it is fully optimised, reducing the number
of physical testing that has to be performed, consequently reducing costs. Either way, physical testing is
extremely relevant as it represents the only method to assure the safety of each component and to
validate the performance results achieved with the FE analysis.

Depending on the industry, the weight given to FEA and physical testing will vary according to various
factors, such as budget, time, human resources and workshop facilities available.

In the racing industry, where quick development is needed, it could sometimes be preferred to move
straight to the testing phase, skipping the FE analysis. In cases when the engineering problems get even
more complex, the FE simulations will consequently increase the time to obtain solutions, reason why an
experienced engineer will provide the expertise and experience required for quicker progress, thus being
able to push the design process directly to the testing phase.

In any case, in the event of a different technology needing to be implemented or the failure of a physical
test representing a big cost for the company, FE analyses will be essential in the product development and
economical success of a company.
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