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Summary 

The goal of this graduation thesis is to design a 
bicycle computer mount (BCM) that connects 
bike computers with road cycling handlebars in 
a visually appealing, and aerodynamic way. 
Initiated between Delft University of Technology 
and a leading sports equipment company, the 
project addresses the evolving needs of cyclists 
r e g a r d i n g m a x i m u m i n t e g r a t i o n a n d 
aerodynamic optimisation of their material.  

Through context research, user research and 
aerodynamic research, ideas were generated 
and formed into concepts. From those concepts 
the most promising was selected to further 
develop into a detailed design. This design was 
then validated with performance test. The final 
weight of the BCM is 38 grams including 
hardware 

The final design is a one-piece thermoplastic 
BCM is injection moulded shown on the right in 
figure 1. It is produced from carbon-reinforced 
nylon (CF/PA12) to optimise weight and 
structural performance. A physical prototype was 
made for validation with different computers 
and vibration testing.  
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Figure 1: The final design as an outcome of the project.
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1. Introduction 

This graduation project was initiated as a 
collaboration between IPD graduation student 
Daan Kemme at the Delft University of Technology 
(DUT) and a company which wil l remain 
confidential. In this report the company will be 
referred to as either the client or the company.  

The first part of the report introduces the 
assignment and provides context for the project. 
Thereafter an analysis is provided looking into 
technical, historical and design engineering 
perspectives. The result of this is a design vision 
that is used for the ideation phase, of which 
concepts are generated. The expected outcome of 
this project will be a or multiple product 
proposition(s) for the company. 

1.1 Client introduction 

The company is a developer and producer of high-
end performance sporting equipment and 
sportswear that are distributed all over the world. 
They are known for being highly innovative within 
the sports industry. The company is now looking to 
further innovate in the cycling industry by 
optimising aerodynamics for performance road 
bicycles that are being used by both professionals 
and amateurs.  
The focus of this collaboration is the redesign of 
their existing bicycle computer mount (BCM), 
specifically tailored for professional road bikes. A 
mentor of the client was involved in the project 
through meetings and feedback sessions. 

1.2 Assignment 

In sports there is a constant tension toward 
continuous improvement and breaking world 
records (Haake, 2009) . This is also the case in road 
bicycle racing, where performance has increased 
by more than 6% between 1990 and 2010 (Helou et 
al 2010). One of the contributing factors to this 
performance enhancement is technology, such as 
material advancement and aerodynamics 
optimization. 

Professional cyclists and amateurs alike often use a 
cycling computer that tracks and shows a variety 
of data to the rider and provides them with 
navigation among other features.  These 
computers are typical ly mounted to the 
handlebars of a bicycle by using clamps, screws or 
other fixation methods, as shown in Figure 1. The 
current mount offered by the client is specifically 
made for their own handlebars. Nowadays, 
handlebars on professional road bicycles are foil-
wing shaped instead of round tubes, see figure 2. 
This is done to reduce aerodynamic drag on the 
cockpit of the bicycle.  

Over the last years bicycle brands have put many 
resources and development time into improving 
bicycle aerodynamics.  Yet, the integration of the 
bike computer has been left untouched. This 
project will focus on integration of the bike 
computer into the bicycle system as a whole, 
focussing on aerodynamics and design. Therefore 
the assignment is as followed: 

The goal is to design a product to mount cycling 
computers on an integrated road cycling 
handlebar, while reducing its weight and 
improving its aerodynamic performance. This/
these product(s) will be designed for the 
handlebar from the company. 

The current BCM offered by the company is 
produced is shown in Figure 3, it is produced of 
CNC-machined alloy and offers a 1-design-fits-all 
approach. The company’s wish is to move to a 
thermoplastic material for this product with a less 
bulky design that fits the portfolio. The focus of the 
product is on road- and gravel cycling  handlebars 
which all use the two-hole mounting position. 
Therefore, the product should be tested using a 
worst-case scenario to ensure it’s durability. 
Furthermore, the product that will result from this 
project will not be for sale in any conventional 
cycling stores, but will be a direct to consumer 
online sale. This requires the product to be easy to 
install. 
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2Figure 2: Flat and foil-wing shaped handlebars..

Figure 1: A bicycle computer mounted to handlebars.
Figure 3: Current BCM offered by the company.



1.3 Problem definition 

In summary, the problem revolves around the lack 
of integration and optimisation of bike computer 
mount for the evolving aerodynamic designs of 
professional road bikes. This project seeks to bridge 
this gap by designing a thermoplastic BCM that 
not only aligns with the company’s product 
portfol io but a lso optimises weight and 
aerodynamics. For this the following questions are 
researched in this thesis:  

Technical considerations:   

1. What bike computer models and sizes are on 
the market, and how does the variation in 
design, dimensions, and features impact the 
requirements for universal compatible BCM? 

2. How does the design of the current handlebars 
impact the integration and compatibility of 
BCM’s? And what features affect the seamless 
mounting of bike computers? 

Material Selection and Design:  

3. What are the key criteria for selecting a 
thermoplastic material for the BCM considering 
the design requirements? 

4. How do different thermoplastics compare to 
each other in terms of mechanical properties 
relevant to the intended function of the BCM?   

Aerodynamics and Performance: 

5. How does the redesign of a bicycle computer 
mount impact the overall aerodynamic 
performance of a road bike?  

6. What aerodynamic design features are crucial 
for minimising drag and optimising the 
performance of the bicycle computer mount? 

7. Can the mechanical performance and 
durability of the thermoplastics be tested?  

Consumer Interaction and Installation: 

8. How do users interact with their bike 
computers and their mounts? 

9. What are key factors influencing the choice of a 
bike computer mount and how does this 
impact the design requirements? 

10. Are there any additional features that users 
would like to see?  

Testing and Durability:  

11. What constitutes a worst-case scenario for 
testing the durability of the bicycle computer 
mount, considering road and gravel cycling 
conditions?  

12. How can the product be tested for strength, 
stiffness, and durability to meet the demands 
of high-performance cycling?  

13. What methodologies and tools are effective in 
evaluating the product's performance under 
real-world cycling conditions? 

Market Impact and Innovation: 

14. How do existing BCM’s in the market address 
the challenges of integrating with various 
handlebars? And what features set them apart? 

3



1.4 Project approach 

A modified version of the double diamond 
approach, see figure 2, will be used in the design 
process. Since the design assignment is already 
highly specified, the discover and define phase are 
relatively short and small, in order to start 
designing as soon as possible. This way more time 
will be spent on optimising and testing the 
proposed design. 

In the discover and define phase the goal is to 
analyse and understand the context of the product 
system. The method starts with a scope definition 
and will lead to a design requirements used for 
concept generation. This is done using desk 
research, literature research, market research, field 
work, surveys and interviews. 

In the develop phase the project will shift towards 
finding a solution. This is done with ideation 
methods and concept generation. Once a concept 
has been chosen, methods such as rapid 
prototyping, design testing and design validation 
will be applied. Multiple product iterations will be 
made to reach the final product proposition. The 
product will be tested on strength,  stiffness and 
vibration durability.  

For reporting the ‘NSFD - reporting made easy’ 
format by Erik Tempelman has been used as an 
example (Tempelman, 2019). 
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Figure 2: A modified version of the Double Diamond approach.



2. Analysis 

The chapter covers the analysis phase of the 
project. This is used to create design requirements 
and a design vision. This is done with desktop 
research, literature research, a user questionnaire 
and interviews. Each chapter will start with 
research questions and end with design 
requirements as a result of the research. 

2.1 Context research 

In this phase the aim is to understand the context 
of BCM’s, focussing on the handlebars and the bike 
computers. These two components are the focal 
points of the BCM and will define technical design 
requirements. The following research questions are 
covered in this chapter: 

1. How does the design of the client’s handlebars 
impact the integration and compatibility of 
BCM’s? And what features affect the seamless 
mounting of bike computers? 

2. What bike computer models and sizes are on 
the market, and how does the variation in 
design, dimensions, and features impact the 
requirements for universal compatible BCM? 

3. How do existing BCM’s in the market address 
the challenges of integrating with various 
handlebars? And what features set them apart? 

2.1.1 Design of context: Handlebars 

The steering system as shown in figure 3 of a road 
bicycle is commonly referred to as the “stem” 
(number 1 in figure 3) and “handlebar” (number 2  
in figure 3) combination. The handlebar is the part 
of the bicycle that you hold onto while riding, and 
it's typically connected to the bike's fork via the 
stem. The stem can also come in different lengths 
and angles, affecting the reach and height of the 
handlebar for a customised fit. These parts are also 
made from carbon. In recent years these two 
components have been integrated, shown in 
figure 4. This result in a lighter and more 
aerodynamic handlebar. However, this integration 
comes at the cost of adjustability compared to the 
traditional system where you can swap to a 
different stem.  

Furthermore, the handlebars’ foil-shaped profile 
should be considered in the design to reach a 
streamlined integration that improves airflow 
around the bicycle computer mount and 
handlebars. 

The current handlebar products offered by the 
company use two fixation holes on the bottom 
side of the handlebars. These holes have a nut 
fixated inside them, and a mount can be 
connected to the handlebars by using two bolts, 
shown in figure 4. Making design changes to the 
handlebars is out of scope, however if an innovative 
idea is generated the company would be open for 
suggestions to design changes for fixation. 
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Figure 3: Top configuration shows a traditional system with a 
separate stem connected to the handlebars. Bottom 
configuration shows a one-piece integrated system.  
Number 1 in both pictures shows where the handlebars connect 
to the fork’s tube. Number 2 shows the connection between a 
separate stem and handlebar.

Figure 4: The two screw holes shown in red on the handlebars. 
These are located on the bottom of the handlebars.



2.1.2 Design of context: Bike 
computers 

Currently the cycling computer market is 
dominated by Garmin and Wahoo, with 95% of UCI 
World Teams running one of either brand 
(Norman, 2023). Both brands offer their own range 
of products. The models that are considered in this 
project are: Garmin Edge 1030 plus, Garmin Edge 
1040 (solar), Garmin Edge 540/840 (solar), Garmin 
Edge 530/830, Wahoo ELEMNT Roam V1&V2 and 
Wahoo ELEMNT Bolt V2. These are all performance 
oriented computers. The models that are out of 
scope are the Garmin 130 Plus and Garmin Edge 
Explore models, as they are listed as entry-level 
computers on the Garmin website (https://
www.garmin.com/en-US/blog/fitness/which-
garmin-bike-computer-is-right-for-me/). The 
selection is made in consultation with the client. 

Figure 6 on page 7 shows an overview of the 
computer models in scope. This visual includes the 
following parameters: 

1. Computer dimensions: These parameters 
impact the BCM dimensions to ensure 
compatibility with all models.  

2. Weight: The weight of the computers impacts 
the vibration of the system, and the structural 
strength needed from the BCM. 

3. Button orientation: The BCM should allow 
easy access to these buttons for user 
convenience. 

4. Mounting distance: The distance between the 
centre of the mounting point and the 
computer edge, as displayed in figure 5. This 
parameter how far away from the handlebar 
the mounting point should be. 

The dimensions and weight of these models varies, 
there are however similarities between models. For 
example the 1040, 840 and 540 models are only 
slightly wider and longer than the previous 
generation 1030, 830 and 530 models. An 
schematic overlay of the models is displayed in 
figure 8.  

The length, width and thickness of the computer 
models will be used to determine the dimensions 
of the BCM. The computer length influences the 
position of the mounting point on the BCM. The 
computer width determines the width of the BCM, 
as it should not extend past the computer for 
aesthetic and aerodynamic reasons. The computer 
thickness affects the height of the mounting 
position, since the computer should be flat with 
the handlebar top. This contributes to the visual 
appeal of the bike and minimises aerodynamic 
drag. 

Wahoo has two distinct design features that need 
to be accounted for. The first is that the buttons 
are oriented on the topside of the computer, flat 
with the screen. On Garmin computers the 
buttons are oriented on the down side of the 
computers, as shown in figure 6. Furthermore, 
Wahoo’s computers have a distinctive design 
feature that possibly impacts the design of the 
BCM. A portion of the backside of the computer 

extends beyond the flat surface of the backside, 
shown in figure 7. 

Furthermore, both Garmin and Wahoo use a brand 
specific mounting system to attach the computer 
on the mount. Making changes to this system is 
therefore out of scope. 
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Figure 5: Distance between edge of computer and 
mounting centre, a parameter used to design the BCM.

https://www.garmin.com/en-US/blog/fitness/which-garmin-bike-computer-is-right-for-me/
https://www.garmin.com/en-US/blog/fitness/which-garmin-bike-computer-is-right-for-me/
https://www.garmin.com/en-US/blog/fitness/which-garmin-bike-computer-is-right-for-me/
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Figure 8: Overlayed models of Garmin and Wahoo.Figure 7: Wahoo’s distinctive arc design feature, shown on the Bolt and Roam from sideview and back view.

Figure 6: Computer model names, dimensions, weight, and button orientation for all computers considered. This information is from 24-09-2023.



2.1.3 Competitor benchmarking 
analysis 

To identify opportunities for improvement of the 
BCM, four competitor products are evaluated in 
figure 9 on page 9. These four products have been 
selected as they are designed for similar 
handlebars, and are mounted to the underside of 
the handlebars using screws. The strengths and 
weaknesses of each product are shown in green 
and red in figure 9. 

The Hinloopen BCM aesthetically blends the 
handlebar and computer together, but offers no 
adjustability and has a model-specific design. K-
edge and Closethegap however offer adjustability, 
but no visually pleasing integration of the 
computer into the handlebar. The BCM serves 
more as a ‘bridge’ between handlebars and 
computer in this case. The canyon design has a 
more aerodynamic design, yet offers no Wahoo-
compatibility as the mounting insert is printed in 
the design and can not be swapped. It does not 
offer adjustability in mounting position either. 

This analysis presents opportunities that combine 
strengths from different products: the BCM should 
offers adjustability in mounting distance, and use a 
streamlined shape that creates an aerodynamic 
look and performance. The BCM should also blend 
the computer and handlebars together. 

Design requirements 

As a result from the analysis on the research 
questions at the beginning of this chapter, the 
following design requirements have been 
formulated 

1. The BCM design should seamlessly integrate 
with the foil-shaped handlebar. It should have 
an streamlined look and enhance aerodynamic 
performance of the handlebars. 

2. The BCM should be compatible with the 
following range of Garmin and Wahoo 
computers: Edge 1030, 1040, 540, 840, 530, 830, 
and ELEMNT roam and bolt versions. 

3. The BCM should offer adjustable mounting 
positions to ensure a seamless fit for the 
models in scope. 

8



9
Figure 9: Competitive benchmarking of products on the market. Data collected on 04-01-2024.



2.2 User Research 

To get an understanding of how people use and 
interact a BCM, user research is required. This was 
done using a questionnaire as a quantitive 
method, and interviews as a qualitative method. 
The research questions are: 

1. How do users interact with their bike 
computers and their mounts? 

2. What are key factors influencing the choice of a 
bike computer mount and how does this 
impact the design requirements? 

3. Are there any additional features that users 
would like to see? 

Questionnaire 

A questionnaire was send out to a variety of cyclists 
(n=17). The first goal of this research how and when  
cyclists use their BCM. The second goal is to select 
respondents for a subsequent qualitative interview 
by inquiring whether or not the respondents own 
a cycling computer, what type of bike is used, total 
financial investment, and types of handlebars 
used. Any respondents that did not use a cycling 
computer were excluded from the questionnaire 
results.  

Furthermore, the respondents were asked about 
how often they take their cycling computer on a 

ride, how they mount it to their handlebars and if 
they ever take the mount of the handlebars. 
Results showed that the target group rarely 
interacted with the BCM once it was installed on 
the handlebars, but exceptions were present. 

The results of the questionnaire can be found in  
appendix 1. Cyclists within the target group were 
found to almost never take off their BCM. 
Exceptions to this were as follow: 

1. Transportation of bike in bike bag or bike case.  
2. When BCM was in the way of attaching a 
handlebar bag. 
3. When user switched computer model or brand, 
a new mount was required to fit that model to the 
handlebars. 

These results indicate that moments of direct 
interaction with the BCM happen very rarely. This 
can be used to explore permanent integration of a 
mounting option in the handlebars, instead of 
designing a separate product to mount the 
computer. This option will be explored in the 
ideation phase. For a separate BCM, the interaction  
exceptions above indicate that an easy installing 
and removing process of the BCM would be 
beneficial. 

Interviews  

Qualitative interviews were conducted with five 
respondents of the questionnaire that frequently 
use their bike computer. They range f rom 
amateurs to semi-professionals. The interviews 

were semi-structured with a predetermined set of 
open questions. The goal was to gain an 
understanding in what factors influence the choice 
of a bike computer mount, as well as if cyclist have 
a need for additional features on a BCM. 
Interviewees were also shown the competitors 
products, to start a conversation about differences 
between products.  

Table 1 shows the relevant key factors that were 
mentioned by the cyclists during the interviews.  
Price and aesthetics were key factors for all the 
cyclists. An interesting finding is that 2 cyclists 
preferred aerodynamics over additional features, 
and 2 cyclists preferred additional features of 
aerodynamics. 

Key factor # of cyclist 
mentioned

Price 5

Aesthetics 5

Weight 3

Compatibility with 
different computers

2

Aerodynamics 2

Additional features 
(e.g. bell, light, GoPro)

2

Brand loyalty 1

Table 1: Key factors mentioned by cyclists influencing  their 
BCM choice. 
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All interviewees indicated that the price of the 
BCM to be an important factor in the decision 
making process, with the upper limit around the 
€90-110,- mark. Besides price, aesthetics were the 
most important factor. Three of them indicated 
that the BCM has to look ‘cool’ and ‘fast’, with two 
of them using the quote ‘if it looks fast, it must be 
fast’. This indicates that cyclists care just as much, if 
not more, about looks as about performance. This 
can be kept in mind during the design process of 
the project. 

Design requirements 

The questionnaire and interviews led to the 
following design requirements: 

1. Aesthetically pleasing appearance that 
complements the bike's visual appeal , 
addressing users' desire for a ‘fast’ and ‘cool’ 
look. 

2. Intuitive adjustment for different bike 
computer models. 

3. Provide mount dimensions that fit different 
device sizes. 

4. A quick and intuitive installation process that 
allows users to securely attach, adjust and 
remove the BCM without the need for 
specialized tools. 

5. Ensure that cyclists can easily access and use 
the controls on their bike computers while 
mounted, allowing for a seamless and 
distraction-free riding experience. 

11



2.3 Aerodynamics research 

In this chapter the relevance of optimising 
aerodynamics is explored. This is done by the 
following research questions: 

1. How does the redesign of a bicycle computer 
mount impact the overall aerodynamic 
performance of a road bike?  

2. What aerodynamic design features are crucial 
for minimising drag and optimising the 
performance of the bicycle computer mount? 

Aerodynamics of bicycle system 

A large portion of a cyclist’s power is meant to 
overcome drag. It is responsible for between 70% 
and 80% of the total resistance at a speed of 30 
km/h, and 90% of the total resistance at speeds 
larger than 40 km/h, both on flat terrain (Grappe et 
al., Kyle and Burke, 1984).  

Drag in cycling is often quantified by the drag area 
CdA (m2), which is the product of the drag 
coefficient (Cd) of the system (cyclist and bike) and 
its frontal area (A). CdA can be used to optimise the 
power input by reducing the CdA value. CdA values 
have significant variations between cyclists and 
their positions. A generic rule of thumb is that 
every reduction in CdA by 0.01 means that nearly 10 
watts less power is needed to cycle 40 km/h on flat 
terrain.  

The bicycle accounts for about 18-36% of the 
combined cyclist-bicycle system air resistance, 
depending on the cyclist position and speed (Barry 
et al., 2012; Defray et al., 2010; Kyle and Burke, 1984). 
The main components of influence are the frame, 
wheels and handlebar. Typically the frontal area of 
a cyclist-bicycle system has a range from 0.330 m2 

to 0.460 m2  (Blocken et al., 2019). 

Reducing aerodynamic drag  

Based on the formula in the previous paragraph, 
we can reduce the aerodynamic drag by reducing 
CdA. CdA depends on the size, shape and surface 
texture of the object. It can be by either reducing 
frontal area A or drag coefficient Cd. 

Cd is determined by the shape and surface texture 
of an object. One way of reducing Cd is to make the 
body as streamlined as possible. This will be 
explored in the concept detailing phase of the 
project. Since the drag coefficient can only be 
determined through CFD or wind tunnel tests, a 
CFD analysis is performed in the design validation 
phase to assess the impact of the drag coefficient 
of the BCM on the overall system. 

No scientific publications were found on the 
influence of different bicycle computer mounts on 
reducing this aerodynamic drag. Perhaps because 
it is off too little influence on the total system. To 
get an idea of the influence of the BCM and 
computer on the entire system, the frontal area is 
analysed in figure 10. 

To ensure minimal frontal area addition, the 
topside of the bike computer, shown in blue in 
figure 10, has to sit flat with the handlebars. The 
design space where the BCM will be positioned is 
shown in red. When the BCM is designed within 
this frontal area, no area extends beyond the 
existing frontal area of the bicycle. 

Design requirements 

Resulting from the aerodynamics research are the 
following design requirements: 

1. The added frontal area of the BCM & computer 
system to handlebars should be kept to a 
minimum. 

2. The BCM should have a streamlined design 
that minimises the aerodynamic drag. 
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Computer edge should not extend past 
handlebar surface

Bike computer

BCM design 
space

BCM design space should not extend past 
handlebar and stem surface.

Figure 10: Frontal areas of the handlebars. Top: handlebars without bike computer and BCM. Bottom: handlebars with schematic visualisation of bike computer and BCM. 



3. Design requirements 

From the project assignment and the analysis 
phase a list of requirements is derived which is 
shown in table 2. The requirements are sorted into 
six categories, which is used as a checklist for the 
concept generation. 
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Table 2: List of design requirements 



4. Design 

This design phase begins with the ideation 
process, using brain sketching, clay modelling, 3D-
modelling and 3D-printing to generate and 
explore concept directions. 

4.1 Ideation process 

Sketching 

To start of the ideation phase with hand sketching 
is used to explore shapes, handlebar integration 
and mounting options. From this ideation, critical 
areas of the design are identified to explore further. 
These also serve as a starting point for concepts. 

Firstly, the design space that was defined in 
chapter 2.3 is shown in 2D in figure 11. The ideation 
in figure 12 explores different solutions for the 
shape of the mount, mounting options, and 
streamlining the design. The results from the 
ideation will be used to further explore concepts. 

 

Clay Modelling 

15

Figure 11: The 2D design space definition of the BCM shown in the top view (top) and side view (bottom) of the handlebars 
with computer attached.
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Figure 12: Results of the ideation hand sketching session.



Following the sketches, a physical exploration of 
form was conducted using clay. Having both the 
handlebar and bike computer (Garmin edge 1030 
plus) available, this was done to create a feeling for 
dimensions and proportions. 

Three areas of interest were identified to explore 
with the clay study. To visualize these a basic 3D-
CAD model was created, shown in figure 13. Figure 
14 shows these areas in red: 

1. The frontal shape of the BCM, this area needs 
to be within the design space and needs to 
have a minimal but aerodynamic profile. 

2. The plateau of the BCM that supports the 
computer. This should not extend past the 
sides of the computer, yet offer enough 
strength and stiffness to support all computers. 

3. The gap that is created between the BCM, the 
handlebars and the computer. This gap needs 
to be minimal, but big enough in order to reach 
control buttons on the computer. It will be 
explored if adding a lip helps to enhance the 
transition between mount and handlebars. 

The process of the clay modelling is shown in 
figures 15 and 16, with the results shown in figure 
17. From this study it showed that adding a lip is as 
shown in figure 14 in area 3 will only cause 
increased difficulty to reach control buttons. 
Therefore this will not be implemented in the 
concept directions. The results of the clay study are 

taken into considerations when designing the 
concepts. 
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Figure 13: A basic 3D CAD model (shown in blue) of a BCM 
used to illustrate the three areas of interest.

Front view

Top view

Side view

Figure 14:  Three areas of interest identified for the clay study shown in 
red. 
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Figure 17: Bottom view of dried clay models, exploring plateau- and aerodynamic shapes.

Figure 16: Clay model to copy handlebar curvature and transitionFigure 15: Exploring the plateau shape (area of interest #2)



4.2 Mounting mechanism 
ideation 

Based on the main driver of compatibility, this 
chapter seeks to explore ways to change the 
existing mounting mechanism to accommodate 
both Garmin and Wahoo computers. 

Wahoo and Garmin computers use their own 
respective systems to mount their computers. This 
complicates the design requirement to make the 
mount universal, but the system used by both 
companies is similar. They are essentially the same 
design but 90 degrees rotated from each other, as 
shown on the left in figure 18. The backside of the 
computers has a design that fits their respective 
insert. 

This ideation explores whether it’s possible to 
design a universal insert that accepts both Garmin 
and Wahoo computers. When the inserts of both 
brands are rotated 45 degrees in opposite 
directions an identical orientation is found, as 
shown on the right side in figure 18.  

To make sure the computers are oriented vertically, 
the locations of the pins should remain in the 
original position. Due to the scope of not changing 
the computers and thus their mounting 
mechanism, this has to be solved in the insert 
design. Figure 19 shows a universal design ideation. 
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Figure 18: Showing the mounting systems for Garmin and Wahoo. From left to right: the backside of the 
computers, the inserts found in the mounts itself, the insert with a 45 degree twist, and a simplified 
sketch to illustrate the similarity.

Figure 19: Translating the simplified sketch above into a printed universal design concept. 



4.3 Adjustable mount 
ideation  

In this ideation the possibility of a BCM with an 
adjustable mounting position is explored. The 
length of the gap between the computer and 
handlebars varies when using a mount with only 
one mounting position. Integrating an adjustable 
mounting position to facilitate an equal gap 
between handlebar and bike computer for each 
model is explored. 

The result of a brainstorm session is shown in 
figure 20. The bottom part of the mount can not 
extend beyond the smallest computer option for 
aesthetic and aerodynamic reasons. Simplified 
models of computers have been used as white 
blocks in figure 20 to display this.  

It consists of two parts: the body (dark grey) and 
the clamp (light grey). The body is fixated to the 
handlebars using the existing screw holes. The 
mounting system is integrated into the clamp part. 
The insert (shown in red) can be moved within this 
clamp using a rail system where the insert can 
snap in place. The insert needs to be placed into 
the position that matches the computers 
mounting system. As shown in figure 20, this shifts 
away from the handlebar once the computer gets 
larger.  
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Figure 20: Concept for an adjustable mounting system.



4.4 Design exploration 
integrated mount  

The user research indicated that the BCM is very 
rarely removed from the handlebars. This ideation 
explores including it into the carbon handlebars, 
instead of making a separate BCM. This is done by 
sweeping the handlebar slightly backwards 
towards the user. This will simultaneously result in 
a more inward and aerodynamic position of the 
elbows in the flat top riding position 
 
Figure 21 explores how this can be integrated in 
the handlebars by sketching designs of this 
integration. A first prototype was created to test if 
the largest of the computers would fit on this 
handlebar, shown in figure 22. Essential to the 
design is that design of the handlebars should not 
interfere with the user interface of the bike 
computer, such as buttons and touchscreen. 

The plateau that extends from the handlebar 
makes use of conventional inserts that screw into 
the round placeholder. This ensures computers of 
any brand can be attached. This concept would 
eliminate the need for a separate BCM.  

The results of the ideation phase are used to create 
three concept directions in the next chapter. 
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Figure 21: Sketches exploring the possibility of directly integrating the computer into the handlebars, so no separate BCM is needed.

Figure 22: Test print of integrated mount concept in handlebars



5. Concepts directions 

5.1 Concept 1: One-piece 
Thermoplastic BCM 

The first concept is a single piece thermoplastic 
BCM that is focussed on simplicity. This concept 
provides compatibility with all computer models, 
while still being produced of a single part. This 
avoids complexity in production and assembly. The 
BCM provides two insert mounting positions. 
Based on the computer model owned, the user 
has to fixate the insert in the corresponding 
position. When the user switches computer model, 
the insert can be adjusted to the other position 
when needed.  
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Figure 23:  Concept direction 1: one-piece thermoplastic BCM



5.2 Concept 2: The 
Adjustable BCM 

The second concept has a specific mounting point 
for each of the computers in scope, and is based 
on the ideation in 4.3. It consists of a frame, cover, 
and an insert that can slide within the cover. The 
mounting process is shown below: The frame is 
mounted to the handlebars, and the insert needs 
to be put into the position that corresponds with 
the computer length. The computer can then be 
placed onto the frame, and twisting the cover back 
in straight position locks the computer in place. 

23
Figure 24: Concept direction 2: The adjustable BCM



5.3 Concept 3: The future 
handlebars 

The last concept is based on the ideation in 
chapter 4.4. It is a futuristic concept, in which the 
computer is directly mounted on the handlebars, 
without the need of a separate BCM. A plateau is 
added to the front of the handlebars, providing 
two slots were inserts can be placed to mount the 
bike computer onto. This concept also leaves space 
under the handlebar to either add aerodynamic 
design features to improve the drag coefficient of 
the handlebars.  
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Figure 25: Concept direction 3: The future handlebars



5.4 Concept choice 

To evaluate the three concepts directions the 
weighted objectives method f rom the Delft 
Design Guide (Van Boeijen et al., 2020) is used. 
From the design requirements formulated in 
chapter 3, four criteria are derived that are the 
fundamental for the project, and each received a 
weight based on their importance: 

Aesthetics 35 

The user interviews indicated that all users value 
the look of the BCM. The BCM should have an a 
‘fast’ look and complement the visual appeal of the 
handlebars.  

Cost & Price 30 

The product should require minimal investment 
and have a retail price of under €100,-. An 
estimation of cost is made based on product 
complexity. User research also indicated that price 
was an important factor in the decision making 
process of buying a BCM, and should therefore be 
kept to a minimum.  

Compatibility 20 

The product should accommodate all computers 
within scope, ideally with minimal adjustments 
required by the user. 

Feasibility 15 

The product should be ready for the market as 
soon as possible. Therefore it should require 
minimal additional time investment from the 
client. 

Conclusion 

As a result of the weighted objectives method, the 
thermoplastic BCM concept has the highest score 
and will be further developed and tested on 
performance hereafter. This is primarily due to the 
relative low costs of a single injection moulded 
part, versus having multiple parts and integrated 
mechanisms in the adjustable BCM, or integrating 
a mounting option into the carbon handlebars. 
Furthermore, it offers an aesthetically pleasing look 
that blends well in the handlebars, whereas the 
adjustable BCM has a more bulky look.  
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Table 3: Weight objected method for the three concepts



6. Embodiment and 
detail design 

This chapter focusses on the design embodiment  
and detailing of the chosen concept. This is done 
be evaluating the design using a form relationship 
study. The design features that result from this are 
then implemented in the CAD-model. This chapter 
also focusses on the material selection and 
production method. To ensure that the resulting 
design is strong and stiff enough, it is tested using 
FEA. 

6.1 Form relationship study 

To ensure an aesthetically pleasing BCM, a form 
relationship study is conducted. Since the chosen 
concept has a pointy and aggressive look, this 
study aims to change that. The goal is to have a 
BCM that has a similar design style to that of the 
computer. This helps to indicate that the BCM is 
intended for the bike computer, and makes sure it 
blends in with the overall design. For this study, a 
Garmin 1030 Plus is analyzed, and design features 
and curves are highlighted to be implemented 
into the design. The results can be seen in figure 
26, and are implemented in the detailed CAD-
model. 
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Figure 26: Form relationship study, with highlighted design features that are implemented in the CAD-model.



6.2 Design development  

To transition the design concept into a 3d-model, 
Onshape computer-aided design (CAD) software is 
used. Within CAD there are 3 main types of 
modelling: Solid, surface and mesh. Although solid 
modelling is widely used, surface modelling is the 
next step up in complexity. Surface modelling 
involves defining the outer boundaries of an object 
using curves and surfaces as shown in figure 27, 
which is useful for design with complex shapes 
and contours. It is often used by automotive and 
aerospace industries for aerodynamic designs. A 
30-hour course from Onshape’s learning platform 
was followed to get acquainted with this 
technique. This was then applied to translate the 
concept into digital 3d-models, with a goal of 
modelling the BCM in such a way that changes 
can be made to the overall shapes and curvatures 
of the BCM, without having to remodel te entire 
BCM. 

From here, design iterations were made and 
printed to test the computer compatibility and the 
fit on the handlebars. The results of this are shown 
in figure 28. 
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Figure 27:  The shaping of curves in a 3-d space, the curves form the outer boundaries of the BCM.
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Figure 28: Design iteration made using CAD-models and physical 3D-printed prototypes.



6.3 Material and production 
selection 

One of the main criteria for successful introduction 
of a new product is production costs. This chapter 
focusses on the material selection and production 
methods for thermoplastic parts by desk research 
and field research. A visit to a dutch company 
called ‘WeFabricate’ was done to observe the 
production process in person. To help select a 
material for the design, three important questions 
were formulated: 

1. What are the key criteria for selecting a 
thermoplastic material for the BCM considering 
the design requirements? 

2. How do different thermoplastics compare to 
each other in terms of mechanical properties 
relevant to the intended function of the BCM? 

3. Can the mechanical performance and 
durability of the thermoplastics be tested? 

Material criteria 

To ensure choosing a material that aligns with the 
project’s goals and requirements, various criteria 
have to be considered. Biron (2015) describes the 
main requirements concerning plastic solution, 
which are displayed in figure 29. The focus for this 
project lays on the requirements circled in red. 

For this project the mechanical performance is 
relevant in order to ensure structural integrity, 
durability and weight reduction. Other key criteria 
include raw material costs, aesthetics such as 
colour, and production efficiency costs.  
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Figure 29: Main requirements concerning plastic solutions. The focus for this project is put on the 
requirements circled in red.



Material selection and evaluation 

To make an initial selection of materials desk 
research is performed, and Granta EduPack level 2 
is used to select materials. Granta EduPack is a 
material database of information about materials: 
their properties, their character, what they are 
u s e d fo r , w h e re t h ey co m e f ro m , t h e i r 
environmental attributes and more. Level 2 
contains general material families. 

In order to reach high strength-to-weight ratio and 
stiffness, thermoplastic materials can be reinforced 
with fibres. One way of doing that is adding 
discontinuous carbon fibres (CF) to a polymer 
matrix. CFRTPs are widely used in sporting goods 
and are gaining popularity in many industrial 
sectors (S. Yao et al., 2018). 

To select potential materials for the BCM, criteria 
were set to compare them in Granta level 2. The 
materials were plotted on a graph with specific 
strength (strength-to-weight ratio) on the x-axis 
and Young’s modulus on the y-axis. Other criteria 
set were: compatible with injection moulding, 

price (<15 kg/m3), and transparency (product 
should not be transparent). The graphs can be 
found in appendix 2. This shortlist based on Granta 
level 2 will be used to further investigate in level 3: 
Polyamide (PA, Nylon), Polypropylene (PP), 
Acrylonitrile Butadiene Styrene (ABS), Polyethylene 
(PE), Polyoxymethylene (Acetal, POM)  

These materials are compared to assess which has 
the best material properties for the application of a 
BCM. The chosen material properties include 
impact res istance , mechanical st rength , 
temperature sensitivity, chemical resistance, 
moisture absorption and ease of processing. The 
data is retrieved from Granta and the results are 
shown in table 4. 

From this Nylon appears to have the best material 
properties. It is also widely used for injection 
moulding, making it suitable for complex shapes. 
Granta EduPack level 3 polymer was used to for 
further investigation on specific materials. Level 3 
contains specific polymer materials with its 
material properties. The shortlisted materials were 
plotted using the same criteria in Level 2, the 
graph can be found in appendix 2. Adding carbon 

fibre to the polymer matrix results in a higher 
young’s modulus and specific strength. This 
further increases with the total percentage of 
carbon fibre added. However, adding more fibres 
or longer fibres will result in poor formability. 
Therefore the material that has the best properties 
while still being able to be injection moulded, will 
be selected. Furthermore, it is worth noting not all 
CFRTP are added in Granta, and based on this 
research other nylons can be reinforced with CF 
too.  

Based on this analysis with Granta, a PA composite 
with CF reinforcement has the best material 
properties for this application. Common carbon 
reinforced nylons include CF/PA6, CF/PA12, CF/
PA46 and CF/PA66. Of these, CF/PA12 is most 
suitable due to its low water absorption and 
superior wear properties over the other CF/PA 
composites (Kurokawa et al., 2003). Its wear 
property is superior to other PA/CF composites. 
Furthermore, PA12/CF has the lowest water 
absorption among PA/CFs, and should results in 
the best dimensional stability in the practical use 

30Table 4: The five selected materials are compared to each other using different material properties.



Production visit 

Based on the material research and its production 
compatibility, a visit to the production company 
WeFabricate was made. WeFabricate is a new 
company innovating the production industry by 
automation of the manufacturing flows with 
standardisation and optimisation in both software- 
and hardware level.  

They have their own production machines, such as 
injection moulding machines, CNC-machines, and 
can design and produce moulds in house. 
Generally, tooling design is one of the most 
expensive and time-consuming parts of the 
injection moulding process. It determines the 
quality of the injection moulding process and the 
parts produced. The tooling design impacts 
tolerances and this in turn affects the quality 
control of the product. Complexity of the design 
puts tolerances at risk because of factors such as 
cooling or number of cavities in the mould. Tooling 
design and mould production can usually take 
several weeks up to several months. 

WeFabricate are able to translate a design into a 
product within days, by having manufacturing 
design, production and assembly all under one 
roof. For thermoplastics this means they can 
provide the pre-processing of the designed part, 
tooling design, mould production and part 
production within a week. This highly improves 
cost-effectiveness. Therefore having the product 
p r o d u c e d b y t h e m i s i n c l u d e d i n t h e 
recommendations. 

Lastly, to attach the Garmin/Wahoo mounting 
adapters there need to be threads in the BCM. 
Ideally this is done without too much post-
processing. There are several ways to achieve this 
without post-processing, by using separate 
threaded insert parts as shown in figure 31. These 
can be fixated in the thermoplastic part by using 
heat or ultrasonic to melt a border zone and place 
the insert. However, this requires time and effort in 
post-processing. A more effective way of doing this 
is directly moulding the inserts into the 
thermoplastic part, as shown in figure 31. 
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Figure 30: Production hall from WeFabricate (source: https://
www.werkenindekempen.nl/werken-bij/wefabricate-b-v)

Figure 31: Inserts can be directly moulded into the plastic part by placing inserts onto pins in the mould. (Source: https://
tymagnets.com/insert-molding/) 

https://tymagnets.com/insert-molding/
https://tymagnets.com/insert-molding/
https://www.werkenindekempen.nl/werken-bij/wefabricate-b-v
https://www.werkenindekempen.nl/werken-bij/wefabricate-b-v


6.4 Impact analysis 

Finite Element Analysis (FEA) was employed to 
explore structural integrity and mechanical 
behaviour under various loads. While high-force 
impacts directly on the BCM are not common in 
cycling, impact testing can simulate worst-case 
scenarios, providing insights into how well the 
BCM responds under extreme conditions such as 
falls or collisions.  

Impact simulation 

To make a relevant impact simulation, several 
assumptions have to be made. First of all, the BCM 
is fixated to the handlebars by use of the two 
screws. Then a worst case scenario is defined. In 
this case a relevant worst case is the accidental 
dropping of a heavy object onto the BCM, for this a 
static force of 500N is used which impacts the 
mount perpendicularly.  

The results are shown in figure 32 and indicate that 
the maximum stress under this load stay below 
the yield strength of  CF/PA12. Therefore there is no 
concern about the structural integrity and the 
BCM can easily withstand the forces that are 
encountered during everyday use. 
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Figure 32: The fixations (green) and loads (purple) set for the FEA test (top), and the results of the 
stress test (bottom).



7. Final Design 

The final design is shown here with its key features.  
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Figure 33: The final design.



8. Design validation 

The final design and development results in the 
phase of design validation. In this chapter, the 
design concept undergoes testing and evaluation 
to ensure it meets the expectations set during the 
define phase. This is done with performance 
testing on vibrations and aerodynamics using CFD. 

8.1 Vibration testing 

Cycling exposes equipment to various stresses, 
including vibrations. This section evaluates the 
BCM's resilience through vibration testing. 
Understanding how the mount absorbs shocks 
and dampens vibrations is crucial for ensuring its 
durability and stability during real-world cycling 
scenarios. Cyclists often encounter various surfaces 
and terrains, leading to different vibration profiles. 
Vibrations from the BCM can be transmitted to the 
bike computer, impacting the cyclist's ability to 
read data accurately. The natural f requency 
directly addresses how well the BCM adapts to and 
dissipates these vibrations. 

Unlike impact testing, which simulates sudden 
forces, vibrations during cycling are continuous. 
Over time, vibrations at or near the natural 
f requency can induce resonance, potentially 
leading to material fatigue. By identifying and 
optimising the natural frequency, the BCM can be 
designed to operate away f rom resonance 
conditions, mitigating the risk of material fatigue. 

Natural frequency 

The eigenfrequency, or natural frequency, of an 
object is determined by its physical characteristics 
and material properties. The eigenfrequency is the 
frequency at which a system oscillates when 
disturbed from its natural (equilibrium) position. 
The material of a product can significantly affect its 
eigenfrequency due to factors such as density, 
elasticity, and stiffness. The shape and geometry of 
a product also play a role in determining its natural 
frequency. The distribution of mass and stiffness 
throughout the object can influence how it 
responds to vibrations. 

Definition of worst case range 

To initiate the vibration testing process, an analysis 
of Power Spectral Density (PSD) data provided by 
the client was conducted. The goal was to identify 
a worst-case frequency range that the BCM should 
avoid. Based on the data provided by the client, 
shown in figure 34, it was determined that the 
critical frequency range falls between 10 Hz and 
40Hz. This range corresponds to the typical 
vibrational frequencies experienced during cycling, 
making it imperative for the mount’s natural 
frequency to be outside this spectrum so it will not 
resonate during riding.  
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Figure 34: The displacement caused by vibration at different frequencies. 



Theoretical calculation of natural 
frequency 

The natural frequency of the bike computer is a 
key parameter influencing its response to external 
vibrations. To ensure stability and avoid resonance 
within the defined frequency range, the natural 
frequency (𝑓n) is calculated to test if it is outside 
the 10 Hz to 40 Hz range. Ideally it has a natural 
frequency that is much higher (>80 Hz). This 
calculation is done by simplifying the system of the 
BCM and the computer. The BCM is considered as 
a cantilever beam with length L fixated to the 
handlebars, and with the computer as a separate 
mass located at the end of the BCM, as illustrated 
in figure 35. 

We then use the basic formulas shown in figure 36 
to determine the natural frequency of the system. 
The geometric values taken for the calculations are 
derived from the final design, and the for the 
concentrated mass the weight of a Garmin 1030 
Plus is considered. 

The calculated natural frequency of the system is 
between 95-130 Hz, depending on the how many 
fibres are in the CF/PA12. However, for the test a 
PLA prototype is used. The expected natural 
frequency for this is 80 Hz.  

When the computer is not mounted, and there is 
no concentrated mass at the end of the BCM, the 
system will have a much higher natural frequency, 
and will therefore not resonate in riding conditions. 
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Figure 35: The simplified system of the BCM and computer. (Source: 
https://calcdevice.com/vibration-f requency-of-cantilever-beam-
id191.html)

Figure 36: Basic formulas for calculating the natural frequency of the 
system. (Source: https://calcdevice.com/vibration-frequency-of-
cantilever-beam-id191.html)

https://calcdevice.com/vibration-frequency-of-cantilever-beam-id191.html
https://calcdevice.com/vibration-frequency-of-cantilever-beam-id191.html
https://calcdevice.com/vibration-frequency-of-cantilever-beam-id191.html
https://calcdevice.com/vibration-frequency-of-cantilever-beam-id191.html
https://calcdevice.com/vibration-frequency-of-cantilever-beam-id191.html


Schematic visualisation of test setup 

To validate whether the natural frequency of the 
BCM is indeed outside of this range, a test set-up is 
prepared. A schematic overview of the test set-up 
is displayed below in figure 37. The goal of the test 
was to find the natural frequency of the designed 
BCM. 

The setup was made by using a 12V electromagnet 
motor linked to an Arduino board, that was 
controlled by the code that is in appendix 3. A 
small magnet was glued into the mount, 
positioned right below the centre of the mounting 
position of the computer. The physical test setup 
can be seen on the next page in figure 38, 39, and 
40.  
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Figure 37: Schematic overview of the test setup that will be used for vibration testing.



Testing approach 

To find the natural frequency of the designed 
mount, the output frequency was applied with 
intermediate steps of 10 Hz. When an increase in 
vibration was visually and tangibly noticeable, this 
was an indication for getting closer to the natural 
frequency of the BCM. If this was the case, the 
output frequency was narrowed down to a 5 Hz 
range to get a more accurate natural frequency 
range. 

Results and discussion 

The results indicate that the natural frequency of 
the BCM is in the 60-65 Hz range. Although this is 
lower than the calculated natural frequency of 80 
Hz, it is higher than the worst-case range. This can 
be due to the fact that the mount uses an infill 
pattern inside the prototype rather than being 
solid.  

Since the test indicate that the natural frequency 
is above the defined worst-case, there is no reason 
to change the design. It is expected that the final 
product has a higher natural frequency than 
tested, as the Young’s modulus of CF/PA12 is higher 
than that of PLA, and the final product will be solid 
instead of hollow.  
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Figure 40: The handlebar is held in place by a clamp, and is ensured it can not resonate by itself.

Figure 39: The electromagnetic motor is directly placed under the 
magnet.

Figure 38: The magnet embedded in the 
BCM.



8.2 Aerodynamic 
performance using CFD 

Lastly the design is tested on aerodynamic 
performances. Here it is tested if the BCM impacts 
the drag coefficient. 

Since there is nog model available of the entire 
system of a cyclist plus a bike, the test will be done 
using just the handlebars, BCM and computer 
models. Three test have been performed to make a 
comparison between them. All tests are performed 
with a wind speed of 30 km/h. The test 
environment is shown in figure 41. 

The first CFD analysis is done with the handlebars, 
without any BCM or computer attached. Secondly, 
an analysis is done with the mount attached, and 
lastly one is performed with both the computer 
and mount attached. The full results of the 3 CFD 
test can be found in appendix 6. The drag 
coefficient for the three tests are: 

No BCM, no computer: 0.618404 

With BCM, no computer: 0.637387 

With BCM, with computer: 0.713581 

A lower drag coefficient number indicates better  
aerodynamic performance. The difference 
between having no BCM and the designed BCM 
attached is very minimal. This indicates that the 

airflow around the BCM itself does not hinder the 
overall aerodynamic performance much. When a 
computer is added, the drag coefficient increases. 
Since the computer is a boundary condition, this 
can not be changed.  

However, the results of this analysis only offer 
information about localised aerodynamic effects, 
and not of the entire system. Based on the frontal 
area it is expected that the drag coefficient of the 
BCM alone does only present ±1% of the system’s 
total aerodynamic efficiency. It is advised to run 
the simulations again with the entire system, while 

only changing the BCM and computer placement 
between simulations to get a better representation 
of the impact.  
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Figure 41: Test environment of the CFD analysis.



9. Conclusions and 
recommendations 

Conclusion 

The objective of this project was to design a 
product to mount cycling computers on an 
integrated road cycling handlebar while keeping 
its weight to a minimum, and improving its 
aerodynamic performance. It should also fit the 
aesthetic of a high performance aerodynamic 
bicycle, and mainly the aerodynamic handlebars. 
The outcome is product made of carbon reinforced 
PA12 with a total weight of 38 grams including 
hardware. 

During the project it was discovered that the 
influence of the BCM on the aerodynamic 
performance of the entire bike-cyclist system was 
of very minimal impact. However, an unexpected 
discovery was that the users were more interested 
in the ‘fast’ look of the mount than the actual 
performance, as this was deemed marginal. 

The ideation phase made clear that the BCM does 
not need an overly fancy solution, and should not 
be over-engineered. Therefore the concept needed 
to be simple and elegant. This and the ability of a 
clean look with the variation in computer 
dimensions needed to be combined in the BCM.   

Finally, a prototype was 3d-printed to showcase the 
BCM mounted onto the handlebars. This was also 

used to validate the compatibility, aesthetics and 
performance. 

Aesthetics 

The final design blends the bike computer brands 
and models from the scope into the handlebars in 
a visually appealing way. This was achieved by and 
avoiding sharp edges and using design features 
f rom the computer and handlebars, which 
resulted in a smooth surface transition between 
the BCM and the computer.  

Aerodynamic performance 

Although the BCM contributes to the overall 
aerodynamic drag experienced by the cyclist-bike 
system, he analysis indicated that the BCM has a 
very minimal impact on the overall aerodynamic 
performance. However, to try and marginally 
improve the performance, the final BCM design 
does not add any frontal area to the system and 
tried direct the airflow around the handlebars, 
which is not seen in most competitor BCMs.  

Vibration testing 

A worst-case scenario range of natural frequencies  
of 10-40 Hz was established that the BCM should 
avoid, as this could cause product failure. The 
design was theoretically calculated to have a 
natural frequency far above that, and testing 
confirmed this.  

Material 

The testing proved that thermoplastic materials, 
specifically those reinforced with carbon fibres, can 
be used for products that require a certain degree 
of structural strength. Using injection moulding 
with these materials leads to amore efficient 
production process. 
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Recommendations 

The following recommendations are made to the 
client to turn the development of this project into a 
success, or use the results of this project for other 
ends. 

Aerodynamic performance 

Due to a lack of access to 3d-models of a bicycle 
and cyclist, CFD was only performed on the part of 
the handlebars where the BCM is mounted. 
Although it is expected the influence of the BCM 
on the overall aerodynamic performance of the 
system is expected to be minimal, it is advised to 
run a CFD study on the full system. This analysis 
can run a study with the designed BCM, and a 
study without a BCM or another model of BCM to 
find out the impact of the BCM on the entire 
system.  

Vibration testing 

The vibration testing in this project served as a 
confirmation for the durability of the BCM. This 
method of testing thermoplastic parts, and 
perhaps sports-performance parts of other 
materials, is interesting to explore further for 
products that endure any tip of vibrations or 
impacts (e.g. mountain biking products). Also, 
multiple materials can be compared to each other 
using this method. 

Future development 

The shifting of cycling becoming a more data-
driven sports can cause the way computers are 
designed and used to shift in the upcoming years. 
It is recommend to keep an eye on the innovation 
in this field, and explore opportunities of 
integrating the computer entirely into the 
handlebars such as in concept direction 3. 

Final remarks 

It is recommend that for this product the client 
moves away f rom CNC-machining alloy to 
thermoplastic, as they have proven to be strong 
and light enough. It can be explored if other 
products that are currently made from CNC-
machined aluminium can also be made from 
thermoplastics. The client can decide to send the 
finished BCM design to a manufacturer, such as 
WeFabricate, to set up production. If desired, the 
client can make modifications to the design before 
doing so. 
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Reflection 

I started this project with excitement to step foot 
into the world of cycling products. I am glad that I 
got to know the client and that they allowed me to 
take on this project. My own passion for cycling in 
combination with interviewing passionate cyclists 
has kept me enthusiastic for this business. 

During the design project I found out that the 
project was quite straight-forward and there was a 
danger of over engineering the product. This was 
something I struggled with since it is different 
from a typical IPD (graduation) project. Therefore 
the project shifted towards validation of a relative 
simple design of the BCM for performance. 
Therefore I had to abandon my initial planning and 
adjust the goals of the project.  

I have also reached a goal that I set before the 
project started: learning new skills such as surface 
modelling and Computational Fluid Dynamics. 
Both these took a heavy time investment, and I am 
particularly proud of how I build my confidence 
with surface modelling. 

I’d like to thank the client for the feedback during 
the project as well as the assistance with parts and 
prototypes. Thank you to Arjen Jansen and Erik 
Tempelman for guiding me through the design 
process and to help me find a way to finalise the 
project, as well as life lessons along the way. 
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11. Appendices

Appendix 1: User questionnaire 
responses 

These include al questions and corresponding 
answers from respondents. 
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Appendix 2: Granta EduPack 

Granta level 2 chart showing the specific strength 
versus the Young’s modulus for Polymer families. 
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Granta level 3 graph showing specific materials 
within the polymer families on the same axes as 

level 2. From this graph a selection of materials was 
made. 
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Appendix 3: Arduino code and test 
setup build information.  

For the test a electromagnetic motor had to be 
placed under the magnet integrated in the BCM. 
This was done as following: 

A M10 bolt was hollowed out, and a M4 thread was 
tapped in this cavity. This allowed an M4 threaded 
tube, on which the electromagnetic motor was 
mounted, to go through the M10 bolt. The M10 bolt 
was fixated in an aluminium plate. The handlebars 
were fixated so they could not vibrate on their own, 
influencing the results of the BCM. 
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Appendix 4: Ergonomics research 

This study was conducted during the discover 
phase, but was not directly proven to be helpful for 
the concept, and is therefore placed in the 
appendix. 

This study aims to explore the ergonomics of a 
road cycling cockpit and what types of injuries are 
involved.  The research question is: 

1. What are common injuries that occur with
handlebars? And are there opportunities to
resolve this with a new mounting system?

Injuries related to handlebars 

Sensory and motor impairments of the hand are 
common among both amateur and experienced 
bicyclists. This phenomenon is called Cyclist’s Palsy 
and presents as numbness and/or paresthesia in 
the fifth and ulnar aspect of the fourth finger, 
sometimes accompanied with weakness in the 
abductors or adductors of these fingers. Persistent 
ulnar nerve compression is believed to be the 
primary cause of Cyclist's Palsy (Slane et al, 2011). 

Cyclist have three main positions to place their 
hands when riding. These positions are shown in 
figure 11 and explained below.  

1. Drops
Used when cycl ist wants to be in an

aerodynamic position and when descending to 
lower Gravitational point.  

2. Tops
Used when cyclist is not required to be close to
bike control levers. Can be used in either
relaxed or aerodynamic position.

3. Hoods
Used for quick access to control levers of the
bike, the breaks and shifters.

Each of these positions place the wrists and elbows 
at a certain angle. When the hands are in the 
drops or hoods position, the wrists are in a vertical 
position allowing the cyclist to maintain a straight 
line between the elbow and the wrist, resulting in 
an aerodynamic position. When the hands are 
placed on the tops however, the cyclist is required 
to either bend their wrists, or force their elbows 
outwards.  Wrist position is believed to affect the 
internal loading on both the ulnar and median 
nerves (Capitani and Beer, 2002, Mogk and Keir, 
2008, Patterson et al., 2003). Figure above shows 
the wrist angle deviation and extension. The tops 
hand position, which requires the riders to place 
their hands on the medial portion of the 
handlebars shown in figure x, resulted in ulnar 
deviation of the wrist. Ulnar wrist postures can 

result in pressure on the median nerve within the 
carpal tunnel, and potentially contribute to median 
neuropathy (Keir et al., 2007). 

Results 

Since the wrist injuries of the ergonomics research 
can not be solved with the BCM, these do not 
result in design requirements. However, the results 
of the user research indicate opportunities for 
integrating the BCM into the carbon cockpit. This 
ergonomics research can be used to make 
improvements to the handlebar ergonomics 
simultaneously and will be explored in the ideation 
phase.  
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The different hand positions on the handlebars

Figure x: Ulnar wrist deviation and wrist extension shown 
i n d i f f e r e n t h a n d p o s i t i o n s ( h t t p s : / /
www.sc iencedirec t .com/sc ience/ar t ic le /abs/p i i /
S0268003311000672)

https://www.sciencedirect.com/science/article/abs/pii/S0268003311000672
https://www.sciencedirect.com/science/article/abs/pii/S0268003311000672
https://www.sciencedirect.com/science/article/abs/pii/S0268003311000672


Appendix 5: Design brief with all 
confidential info removed 
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Appendix 6: CFD results 

This appendix shows pictures and results from the 
CFD analysis. 
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