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Abstract:  An issue many cyclists face today is bike theft in large cities, and simply carrying the burden of a 

heavy lock during a daily commute. The design mission was to give all cyclists a secure method of locking their 

bike, with the aim to reduce theft and eliminate the use of personal locks. The following will summarize the 

analysis and decision process on how the group developed the proposed solution to solve the problem. The 

purpose of this report is to outline the decision making process behind the proposed solution. An engineering 

approach was implemented by leveraging concept generation, combination, and selection methodology in order 

to select the best design for software, electrical and mechanical components. The final solution was successfully 

constructed and evaluated in depth using simulated stress tests and user testing, providing various features and 

use cases. 

1. INTRODUCTION 

In today’s society there is an increasing push 

for more environmentally friendly alternatives. One 

example is the incentives companies offer to their 

employees to take greener methods of 

transportation to work [1]. Cycling is becoming a 

popular alternative, and commuting to work via 

bicycles are a sought after method of 

transportation. However, infrastructures must be 

set in place in order to make this a viable option for 

those who are contemplating leaving their car at 

home and opting for use of their bicycles. One of 

the main areas of concern is the lack of bike racks 

that encourage a safe locking practice. As such, 

the goal of this project is to create a highly secure 

functional bike lock system. 

Cyclists who frequently commute to work 

must carry around one or more heavy locks with 

them to ensure their bike is locked safely. From 

these cyclists, the majority of commuters fail to 

lock their bike correctly – that is, the front and back 

wheel and frame are all independently locked 

when correctly locking [2]. One current solution 

additional to personal locks is a bike locker, 

however these are rare to see due to their large 

size. As bike theft becomes a growing issue the 

design group would like to create a solution for 

cyclists to be able to seamlessly lock their bike to 

an electro-mechanic system and thereby instill a 

sense of confidence in the rider that their bike will 

be there for their commute home.  

2. DESIGN CONSTRAINTS 

The following are a set of high-level 

constraints that were considered in the synthesis of 

the design and in following Karl T Ulrich, and 

Steven D Eppinger’s Product Design and 

Development text [3] selection process. The 

constraints were selected through analyzing, 

customer needs and various economic, social, 

sustainable, and manufacturing considerations. 

Selection Criteria 

Security: Material strength and availability 

Capital Cost 

Ability to lock both wheels and the frame 

Convenience of integration 

Usability & Simplicity 

It was paramount to assess each of the 

concepts against this set of high-level criteria in 

order to affirm a complete solution for the defined 

problem. 

3. DESIGN SOLUTION 

3.1 MECHANICAL 

The goal of this geometry is to minimize 

space required to lock a bike, and also provide an 

aesthetically pleasing and simple appearance. The 

concept shown is one of two designs that the team 

came up after the selection process. Instead of 

storing the bike on a 45° angle as shown, the 



second chosen solution stores the bike on a 

horizontal. Both operate in an identical manor, but 

can be used in different infrastructure restrictions. 

 

Figure 1: Longbow Solution shown with bike 

The rack has two moving components: the 

lever shown in orange that rotates upward to the 

yellow crossbar, and the front lock. When the bike 

is rolled up the rack as shown in Figure 1, the lever 

is lifted and rotated around its hinge, the front lock 

simultaneously closes. The chosen solution uses 

both mechanical (user actuated components) and 

an automatic front lock actuated by a motor to 

minimize the number of steps to locking the bike. 

3.2 SOFTWARE & HARDWARE 

Built-in components allow the user to utilize a 

number of features. First and foremost, the rack 

allows the user to travel without carrying a lock or 

key in their bag, pannier, or pocket. YouLock’s 

solution is NFC enabled to verify the user’s identity 

using their compatible smartphone or NFC tag. 

They simply just need to tap their phone or tag 

onto the rack after inserting their bike and the bike 

is safely locked until their unique phone or tag gets 

tapped again. 

Additionally, a software application on the 

user’s computer or phone allows them to find an 

open bike rack before they travel. The application 

has a map of all available racks. The application 

also allows the user to share access to their bike 

and its location with their family, friends, 

roommates, or virtually anyone they wish. The 

owner of the bike can manage access including 

access time, and number of uses. 

4. NOTABLE CHALLENGES 

Some major and notable design challenges 

the team faced throughout the process include: 

 Design for the 5
th
 and 95

th
 percentile of 

bikes sizes and shape 

 Restrict 3
rd

 party locks so that a non-user 

doesn’t lock their bike to the rack 

 Simple user interaction to avoid a lengthy 

locking process 

 Design for simple manufacturing 

 Design for security using detailed stress 

simulation analysis software to increase 

strength of critical areas 

6. CONCLUSIONS & RECOMMENDATIONS 

In summary, through following a rigorous 

product development process the team has been 

able to build and design a robust, and physical 

solution for a self-locking bike rack. Through 

investigating, testing and validating mechanical, 

electrical, and software aspects of design, the 

team is confident that the design accomplishes all 

constraints and requirements intended. 

Moving forward the team would work on 

increasing security such as weather protective 

coatings for the steel, encryption for the software 

side and the use of reinforced steel for the front 

lock. 
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