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Abstract — In recent times, the bicycle has become one of 

the most important means of transportation in cities 
presenting a large amount of traffic jams. Unfortunately, 

the major growth of cycling has led on to a directly 

proportional increase in different social problems. Bicycle 

theft along with lack of confidence when riding due to 

insecurity in great cities could impede the encouragement of 
bicycles as the main mode of transport and thus achieve 

sustainable mobility. This article will discuss the possibility 

of designing and simulating an engineering solution that will 

mitigate the social problems of bicycle theft, focused on a 

particular modality such as robbery. The proposed solution 
will consist of the development of a mechanical device 

composed of a mass-spring system that will instantly block 

the natural movement of the front wheel, causing a partial 

immobilization of the bicycle. Said immobilization will allow 
the cyclist to recover the vehicle after experiencing the 

robbery. The results of the simulations run with the CAM 

SolidWorks software, by way of tools such as SolidWorks 

Simulation, and Motion Study, allowed to validate the 

mathematical models of mechanical stresses and 
displacements resulting from the impact between the wheel 

and the device. Likewise, the dimensions and characteristics 

of the mass-spring system were also verified. At the end of 

the article, the appropriate materials for the different 

components will be determined in order for them to be 
manufactured, and the future works to be realized will be 

identified. 

 

 
Index Terms—CAD/CAE, design and simulation, 

SolidWorks, bicycle, sustainable mobility, anti-theft device. 

 

I. INTRODUCTION 

The increasing use of b icycles as a means of 

transportation in cit ies has been accompanied by different 

social problems, one of them being the insecurity that 

affects cyclists. There is a strong correlation between the 

great acceptance of the bicycle as an alternative mode of 

transport, and the increase in bicycle theft.  

Reference [1] Only in Bogotá Colombia, 835,000 

inhabitants use the bicycle to circu late; yet, according to 

some statistics from the District Secretary of Security, 

Coexistence, and Justice of the Bogotá Mayor's Office, 

4,628 bicycle thefts occurred in the city between January 

and December 2017. Whereas, between January and 
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December 2018, there were 7,919 cases, that is, the theft 

of bicycles increased by 71.1% in one year. [2] 

For this reason, researchers and authorities pursue 

various solutions to mit igate this social problem, which 

has even caused deaths: 15 cyclists died in the first three 

months of 2019 [3]. W ith the implementation of an anti-

theft device, the aim is to reduce the number of bicycle 

thefts, since 4 out of 10 of them operate under the 

robbery modality [4]. In this art icle, an engineering 

solution is proposed by way of a mechanical device 

composed of a mass-spring system which will partially  

block the operation of the bicycle, thus preventing its 

theft when the cyclist is using it. The rest of the article 

will be structured as follows. Section II presents the 

literature rev iew on similar systems. Section III describes 

the design, components, and operation of the device. 

Section IV provides the mathematical models that were 

used to analyze the general behavior of the device; and so 

be able to determine the stresses and speeds to which it 

will be subjected when blocking the operation of the 

bicycle. Section V depicts the impact and displacement 

simulations performed to the constituent components of 

the anti-theft device, through various tools provided by 

CAM SolidWorks Software. Finally, section VI p resents 

the conclusions and future work to be realized. 

II. BACKGROUND 

A. Literature Review  

In order to elaborate the conceptual design of a bicycle 

anti-theft device, it was necessary to identify the two 

most common forms  of b icycle theft. Through a literature  

review, the authors came to the realization that there exist 

two main forms  of theft: the bicycle theft when they are 

parked, and theft when the driver uses the vehicle. 

It was also found that most bicycle anti-theft systems 

are designed using only electronic systems; monitoring 

and tracking of the bicycle by means of GPS tools taking 

great value.  

The literature review showed no bicycle anti-theft 

device similar to the one proposed in this project; 

however, solutions that address the problem of bicycle 

theft in a way  differing from the p roposal presented in 

this article were observed. 

Firstly, a  device that informs the cyclist in the event of 

theft was identified. When the bicycle is left parked and it  

tries to be moved or stolen, it sends a message to the 
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cyclist's cell phone informing the situation, in addition to 

emitting a sound of alert [5]. 

A device known as NaviRide similar to the previous 

one, but providing a tracking system, was developed. 

When the bicycle is stolen, it sends the coordinates of its 

location to the owner’s cellphone via text message. It also 

features a collision-detection system, so in the event of 

traffic accidents, the device will trans mit  messages 

informing of the emergency [6]. 

On the other hand, in Japan an  IOT device for b icycles 

was developed, which links the bicycle to the owner's 

smartphone; once it is parked its location can be 

monitored. After the bicycle is stolen and moved from the 

parking area, the device turns on and sends a message to 

the owner, informing him of the movement. He is able to 

check the current position of the bicycle and the route it  

follows so as to reach that new location; afterwards, the 

owner can decide whether to send a message with the 

bicycle’s whereabouts and the route taken by the offender, 

reporting the situation to the competent authorities [7]. 

The team also found an electronic device consisting of 

a microcontroller, sensors, and actuators. It fulfills the 

function of protecting the bicycle against theft when it is 

parked. The system consists of a keypad, upon which one 

must enter a password, a proximity sensor, and an alarm. 

Thus, when the offender approaches the bicycle, the 

proximity sensor turns on, which causes it to activate the 

alarm that reports the theft, said alarm is not deactivated 

until the password is entered [8]. 

A different approach to preventing bicycle theft was 

creating a system known as SaveMyBike, which will 

provide specialized secure bicycle -parking spaces at 

different points in the cities. It aims to delimit  these areas 

and protect bicycles that can be parked there, by means of 

alarms, and RFID signals. If the b icycle were to leave the 

parking area forcibly, the areas surrounding the parking 

lot would be able to track the position of the bicycle using 

RFID technology. Once the bicycle is tracked, a police 

officer can locate it and confirm if it is the stolen bicycle, 

by scanning the code printed on the bicycle’s frame with 

the RFID reader [9]. 

As the reader may observe, most solutions are based 

on electronic devices installed on the bicycle, and, 

although they try to prevent the theft of these vehicles, 

they focus on cases taking place when the bicycle is 

parked, none of them addresses to avoiding bicycle theft 

that occurs when the rider is riding and it is forcibly taken 

from him. 

III. METHODOLOGY 

A. General Design  

This article focuses on looking for a possible solution 

to the social problem of b icycle theft, fixing the attention 

on a particular form of theft: robbery. For this purpose, 

the conceptual design of the anti-theft system had to 

identify all the variables involved in this theft modality, 

the analysis showed that the act of instantly stopping, 

blocking, and immobilizing the bicycle is a possible 

solution. Based on this requirement, the critical points of 

the bicycle that may  give place to  a part ial or total failure 

in its operation were identified. Fig. 1 shows the crit ical 

points of the bicycle. 

 

Figure 1.   Critical points of the bicycle. 

Consequently, the analysis concluded that the 

directional wheel, that is, the front wheel, was one of the 

most crit ical points due to its importance for driv ing 

inertia; and the possible forms of failu re of th is crit ical 

point were determined. Once the best conceptual design 

was selected, the research team developed the 

preliminary design of the device based on the possible 

failures of the front wheel. It was established that the 

anti-theft device should be located on the fork to cause a 

lock on the front wheel of the b icycle. To  create this type 

of lock, and by the aid of the fork as a support, the 

authors devised and designed a way in which the fork and 

the wheel produced direct contact between them, thus 

interfering with the right operation of the bicycle. 

This design consists of deploying an element in a 

controlled way when the bicycle is in mot ion and at a  

certain speed, which must pass through the spokes of the 

wheel until it reaches the other fork’s arm, generating the 

blockage. For this preliminary design, the shape, 

dimensions, and operation were determined, without 

leaving aside user requirements such as aesthetics, and 

degree of interference in driving. Fig. 2 shows the initial 

position of the bicycle anti-theft device and how it  should 

be located on the rear of the fork. 

 

 
Figure 2.   Device starting position. 

The final position of the device is shown in Fig. 3, 

successfully blocking the front rim. 
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Figure 3.   Device final position.  

B. Components 

The computer-aided design (CAD) models of the 

components to be analyzed must be fashioned in  detail 

previous to the running of any simulat ion. The 

components of the bicycle anti-theft device are shown 

below in Fig. 4 and Table I. They were modeled with the 

help of CAM SolidWorks 2018 software [10]. 

 
Figure 4.   Anti-theft device components. 

TABLE I.  COMPONENTS ANTI-T HEFT DEVICE 

Id. Name 

1 Adjustable clamping system with fork 

2 Turning system 

3 Rods 

4 Cover or case 

B.1 Adjustable Clamping System with Fork  

This clamping system will provide the necessary grip 

between the device and the bicycle’s fork arm with the 

help of two screws (with special heads for greater 

security), thus guaranteeing that the system remains in the 

determined position. Likewise, the system will also hold 

the rest of the components charged with potential energy 

at all times. The internal dimensions of this component 

will in  turn depend on the fork’s size and type; the fork 

examined in this case was taken from a conventional 

racing bicycle. Fig. 5 shows in more detail the Id.1 

component with its main parts: the initial release ratchet, 

the retractable bolts, and the torque spring. 

 
Figure 5.   Adjustable clamping system with fork. 

B.2 Turning System 

The Id.2 turning system will be coupled together with 

the Id.1 clamping system, which will produce an angular 

shift of 90 degrees, achieving a change from the init ial 

position (see Fig. 2) to the final position (see  Fig. 3) by 

the aid of the torsion spring of component Id.1, thus 

preparing it for the release of the rods. Fig. 6 shows 

where the torsion spring will be connected to the turning 

system, and also, where the secondary release ratchets are 

located. 

 
Figure 6.   Turning system section view. 

B.3 Rods 

This is the most important component of the anti-theft 

system, since it  will have to absorb the impact and lock 

the wheel of the bicycle. Fig. 7 shows how it is designed 

so that it be a one-piece element. 

 

Figure 7.   Rods.  
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B.4   Cover or Case 

This component, in addition to  satisfying the user's 

aesthetic requirement, will protect the rods from intrusive 

elements that might interfere with the right operation of 

the anti-theft device. Fig. 8 shows the mechanical pins 

that will hitch component Id. 1 (see  Table I) to ho ld the 

device in its initial position. 

 
Figure 8.   Cover or case. 

C. Operation 

The operation will consist of 4 phases, shown below.  

C.1   Activation Phase 

This phase will depend entirely on the action, reaction 

time of the cyclist, and the speed of the bicycle, as the 

cyclist is the one who will decide whether to remotely  

activate the device through the electronic system or not. 

The mechanical pins in component Id. 4 (see Fig. 8) are 

uncoupled from the initial release ratchet in component Id. 

1 (see Fig. 5). Said process will be controlled 

electronically, and by means of an electronic odometer, 

which will compute the speed of the bicycle, deciding if 

the ratchet is to be activated or not; if the speed is faster 

than 1.38 m/s this phase will not take place. 

C.2 Rotation Phase 

This phase will control the change of positions. When 

the activation phase begins, the in itial position will 

change, then the torsion spring of the Id.1 component will 

cause the Id.2 component to rotate. As seen in Fig. 9. 

 

 
Figure 9.   Torsion spring turning the device. 

The final position will be reached when the 90-degree 

angle spin be achieved and it be in  a restricted position, 

perpendicular to the fork. In order to retain this position, 

Id.2 component will be fitted to the retractable locking 

bolts located in component Id. 1 (see  Fig. 5). Fig. 10 (a) 

shows how the bolts are retracted in the initial position, 

allowing rotation of component Id.2. In (b) the locking 

bolts return to their initial position enabling embedment.  

 

 
     (a) Bolts are retracted.                        (b) Embedded bolts. 

Figure 10.   Rotation phase of the anti-theft device. 

C.3 Deployment Phase 

The deployment phase is the main phase of the 

system’s operation, since a correct deployment will 

depend on the effectiveness of the bicycle anti-theft 

system. This phase begins when the final position is 

reached, (see  Fig. 10 (b)). The embedment  has a double 

functionality: the first being to preserve the mechanical 

part’s perpendicular position in relation to the fork; the 

second one, to start up the electronic system that will 

activate the secondary release ratchet of component Id. 2 

(see Fig. 6), releasing in turn the component Id. 3 charged 

by the elastic potential energy of the main tension spring, 

as seen in Fig. 11. This phase will end when the 

component Id. 3 have passed entirely through the spokes 

of the wheel and reached the other fork’s arm. 

 

 
Figure 11.   Rods loaded with elastic potential energy. 

C.4 Impact Phase 

In the impact phase, component Id. 3 will withstand, 

together with the fo rk arms, all of the spokes’ impact load, 

causing an interference and stopping the natural 

movement of the front wheel, and so, producing a partial 

lock of the bicycle. The selection of the material used for 

this component will be exp lained in detail in the 

following sections.  

IV. MATHEMATICAL MODEL 

A. Resulting Impact on Rods 

In order to know how feasible the proposed device is, 

and given the dynamic behavior o f its operation, the 

physical concept of impact loading was used. It is the 
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most suitable one for determining the activ ity to which 

the device will be subjected, specially the rods, as they 

will receive the full impact. 

The concept of impact loading establishes that, in a 

dynamic system, the maximum deformat ion that a beam 

undergoes due to the impact of a body carrying a 

determined kinetic energy, may be equivalent to a static 

system through a point load. 

Once the operation and behavior of both the device, 

and the bicycle is known, it should be understood that, 

when the spokes of the bicycle’s front wheel collide with 

the rods, the kinetic energy carried by the former, due to 

the bicycle’s speed and mass, becomes deformat ion 

energy on the rods, producing bending stresses in them. 

The work performed by a load P, when slowly applied 

to the beam, must result in an increase of energy 

associated to the deformation in the latter; in this case, the 

rods of the device. That energy is the beam’s deformat ion 

energy, which is the area comprised between x = 0 and 

x =  x1 under the load (N)-deformation (m) curve. 

Knowing that the deformation energy is the area under 

the load-deformat ion curve, the maximum value of the 

stress suffered by the beam at  a specific point in  the 

structure subjected to the impact load must be determined, 

this will allow establishing the type of material to use. In 

order to do so, it will be assumed that the kinetic energy 

of the body that hits the beam is transferred entirely to the 

structure, i.e., that all the energy generated by the impact 

will be absorbed by the rods and will become 

deformation energy. In practice, this does not happen, and 

only a portion of the energy is transferred to the rods, 

which means that a conservative design of the rods will 

be obtained [11]. 

Hence, the strain energy U is calculated with (1), 

where P corresponds to the applied load.                             

                                  U = ∫ P dx
x1

0 .                                (1) 

In the case of a linear and elastic deformation, the 

portion of the load-deformation diagram, where only  

elastic deformation occurs, can be represented with a 

straight line where P = kx. Substituting P and integrating 

in (1), we obtain (2), where  𝑃1  is the value of the load  

corresponding to the deformation  𝑥1. 

                                   𝑈 =
1

2
  𝑃1 𝑥1 .                                (2)  

The energy carried by the bicycle before impact, which 

will be the same energy that the rods must absorb, is 

calculated with (3), where Ec  is the kinetic energy, m is 

the addition of the rider’s mass plus the bicycle’s, and v is 

the bicycle’s speed before impact. 

                                   𝐸𝑐 =
1

2
 𝑚𝑣2                               (3) 

Now then, when a structure is subjected to a single 

concentrated load, it is possible to use (2), and, depending 

on the beam’s supports, and the point upon which the 

load is applied, the deformation x will take the value of 

the deflection of each type of beam in part icular. In  

summary, the energy of deformat ions is equal to the 

product of the average force and the deflection [12]. 

For this specific device, the rods must be propelled out 

and rest completely  on the other fork’s arm, thus 

resembling a beam with two supports. Additionally, the 

spokes of the wheel will be assumed to impact exactly in  

the middle of the device’s rods and to transfer an amount 

of energy equivalent to a mass of 95 kg (80 kg, average 

weight of a man + 15 kg, average weight of a b icycle) 

moving at a maximum speed of 1.38 m/s. 

Consequently, the impact system will be similar to Fig. 

12, where the moving ob ject will be the spokes of the 

rims of the bicycle’s front wheel, the beam will be the 

rods of the device, and the supports will be the arms of 

the fork. 

 
Figure 12.   Support type of rods before impact . 

The deflection for this beam configuration is given 

with (4), this value will take the value of x in (2). Where 

P is the applied load, L is the length of the rods, I moment 

of inertia and E modulus of elasticity [13].        

                          𝑥 = 𝑑𝑒𝑓𝑙𝑒𝑥𝑖𝑜𝑛 =
𝑃𝐿3

48𝐸𝐼
                          (4) 

The moment of inertia I is calculated with (5) where 

Rexternal y Rinternal are the external and internal radius 

of the rods’ profile, respectively. 

                      𝐼 =
R𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙4 −R𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙4

4
∗ 𝜋                    (5) 

The maximum stress (σ)
𝑚𝑎𝑥  for the configuration 

shown in Fig. 12. It is calculated with (6) where P  is the 

applied load, L is the length of the rods, I moment of 

inertia and c distance from the neutral axis to the farthest 

fiber.  

                               (σ)
𝑚𝑎𝑥 =  

𝑃∗𝐿∗𝑐

4𝐼
                               (6) 

The dimensions, the material and the stress to which 

the rods of the device will be subjected are then 

calculated. 

Parameters 

- Total mass (m) = bicycle mass + cyclist mass       

= 15 kg + 80 kg = 95 kg. 

- Speed (v) = 1.38 m/s. 

- Rod length (L) = 0.2 m, fork’s arm spacing. 

- Rod profile = circular 

- Elasticity module (E) = the rod will be from the 

steels’ family = 2.07 𝑥1011  PA 

- Rexternal = 0.006 m y Rinternal = 0 m 

- c (distance from the neutral axis to the farthest 

fiber) = 0.006 m. 

Once having the parameters and variables to be used, 

the calculations are carried out. Taking (3) is calculated 

Ec. 
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             Ec=
1

2
 (95 𝑘𝑔) ∗ (1.38 𝑚

𝑠⁄ )2   =   90.12 J 

Taking (5) the moment of inertia I is calculated. 

                            𝐼 =  1.01788𝑥10−9𝑚4 

Replacing (4) in (2) and solving for P, we obtain the 

equivalent load (force) of the kinetic energy at the 

moment of impact. Thus, (7) is determined, where the 

deformation energy U o f the rods is equal to the kinetic 

energy resulting from the impact.           

                                   𝑃 = √
96𝑈𝐸𝐼

𝐿3
                                 (7 ) 

Substituting values in (7) we obtain.  

𝑃 = √
96 ∗ 90.12𝐽 ∗ 2.07 𝑥1011 𝑃𝐴 ∗  1.01788 𝑥10−9𝑚4

(0,2𝑚)3
 

 𝑃 = 15095.61 N 

Since the design is composed of two rods, both of them 

receiving the impact, and both behaving as shown in Fig. 

12, each one will undergo a load of P/2, that is, 7547.80 

N. 

The maximum stress (𝜎)
𝑚𝑎𝑥  that each rod will 

experience is next calculated. Taking (6) and replacing 

the values we obtain: 

(σ)𝑚𝑎𝑥 =
7547 .80𝑁 ∗ 0.2𝑚 ∗ 0.006𝑚

4 ∗ 1.01788 𝑥10−9  𝑚4

 

(σ)𝑚𝑎𝑥 = 2.22 x109 PA
 

The material that will endure said maximum stress 
(𝜎)

𝑚𝑎𝑥  is then chosen. As it is such a high stress, type S 

steel ought to be used, this sort of steel is impact resistant; 

and is used in applications requiring high toughness, and 

resistance to impact load. Therefore, S5 steel is selected, 

which has a yield strength of 1900 MPa, and an ultimate 

strength of 2300 MPa [14]. Consequently, the material 

and dimensions of each rod should be:  

-
 

Material = S5 steel 

-
 

External diameter = 0.012 m 

-
 

Internal diameter = 0 m  
Taking these specifications into account, the rods will 

theoretically present permanent deformation. That being 

the case, we want to clarify that the main object ive of the 

anti-theft device is to lock and stop the wheel, despite the 

fact that the rods suffer permanent deformation, hence, 

maximum stress (𝜎)
𝑚𝑎𝑥 is not compared to yield strength 

since the rods will be for single use only. 

B. Design of the Tension Spring 
The type of spring to be used is a tension spring, (see  

Fig. 11). This will be the ma in spring; whose function is 

to move the rods at a given speed. To determine the value 

of the spring constant k , we will use (8), where m is the 

mass of the rods, v, the speed at which the rods will move, 

and A, the stretch of the spring. 

                                
1

2
 𝑚𝑣2 =

1

2
 𝑘𝐴2                        (8) 

Equation (8) states that the elastic potential energy, 

present in the spring when it is stretched or compressed, 

must be converted into kinetic energy when the spring is 

released under tension, causing the rods to move at a  

speed v [15]. 

The mass m is obtained from the SolidWorks software, 

after placing the S5 Steel material on the rods. The value 

is 0.337 kg. 

The speed v must guarantee that the rods successfully 

traverse the wheel o f the moving bicycle. Us ing the 

tracker software, the speed was measured by analyzing 

three videos taken off a trigger in action, which managed 

to cross the bicycle’s wheel that rotated at an average 

speed of 4.2 m/s. 

Fig. 13 shows the maximum speed of a projectile that 

successfully passed through the front wheel of the bicycle 

in three different attempts. 

 

Figure 13.   The magnitude of the speed was 6.56 m / s. 

It was concluded that the speed v necessary for the 

projectile to successfully block the wheel should be 6.56 

m/s, deciding to round to 7 m/s for a greater probability 

of success. 

The stretch of spring A will be 0.11 m, restricted by the 

dimensions of the device. Taking (8), replacing values, 

and solving for the spring constant k , we obtain k
 

= 

1364.7 N/m. Knowing the value of the constant, the 

spring is designed. K is defined as the variation of the 

load F per unit of deflection 𝛿 . This can be calculated 

with  (9), where G is the shear modulus of material, d, 

spring wire diameter, D, outer diameter of spring, and 𝑛𝑎 , 

number of active coils [16]. 

                                      𝑘 =
𝐺𝑑4

8𝐷3 𝑛𝑎

 
                       

 
      (9)  

Parameters:
 

 

-
 

Shear modulus of material (G) = On average the 

value of G for the most common materials in  

springs is 79 GPa [17]  

-
 

Outer diameter of spring (D) = 0.015 m 

-
 

Number of active coils (𝑛𝑎 ) = 20 
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Substituting and solving for d in (9), we obtain. Spring 

wire d iameter d = 0.001747 m. The length of the spring 

will be 0.035 m, as shown in Fig. 14. 

 

Figure 14.   Tension spring length. 

V. SIMULATIONS 

A. Impact Simulation 

Reference [18] through an analysis using the finite 

element method (FEM), which allows corroborating the 

maximum stress, deformat ions, and displacements that 

elements or structures experience when subjected to 

various mechanical loads, the aim is to validate the 

developed mathematical model and determine the 

maximum von Mises stress that the rods of the bicycle 

anti-theft device will experience when subjected to 

impact loads. Reference [19] the FEM is based upon the 

assumption that any geometry can be decomposed into 

discrete elements having small areas or volumes. 

SolidWorks Version 2018 software was used to perform 

the FEM study on the rods that will receive the full 

impact, the results are presented below. This simulat ion 

will analyze only component Id. 3, (see Table I). 

First, the stage shown in Fig. 15 is assembled. Piece 1 

corresponds to the device’s rods, to which the material S5 

steel is assigned. Piece 2 represents the object that will 

impact the rods, it aims to simulate the energy that the 

bicycle will carry at the moment of impact, therefore, said 

object has a mass of 80 kg  and will move at a  speed of 

1.5 m/s, which is equal to a kinetic energy of 90 J. 

 

 
Figure 15.   Assembly made before the simulation. 

The SolidWorks Simulation tool ran the simulat ion 

following a non-linear-dynamic study. 

In linear static analysis, loads are gradually and  slowly  

applied, until they reach their maximum magnitude; after 

reaching this point, the charges remain constant. The 

accelerations and speeds of the system are considered 

insignificant. In a dynamic analysis, the loads depend on 

the time; thus, in a very short time, the entire load might 

be applied, which would be considered an impact load; 

the speeds and accelerations of the system also become 

highly important in the study. Non-linear analyzes take 

into account those significant changes that objects can 

suffer due to loads, undergoing permanent deformations. 

[20] 

The initial conditions of the simulation are depicted 

below. Piece 1 was assigned a fixed clamp at  each end as 

shown in Fig. 16. Piece 2, simulat ing the mass of the 

bicycle and the cyclist, was provided with the speed at 

which it should be moved. Additionally, it is stated that 

the object is rig id, therefore it will not present 

deformations: by doing so, it is assumed that the anti-

theft device will absorb the whole impact  energy. In  the 

connections, it is indicated to the software that there will 

be no penetration between piece 1 and piece 2. 

 

 

Figure 16.   Types of fasteners. 

The distance at which both pieces mus t be placed 

before running the simulation is 1.5 m, since the 

simulation runs for a 1-second time span. So, if the object 

moves at a speed of 1.5 m/s, that means that it will h it the 

rods in that time span. 

After running the simulat ion, the following results 

were obtained. 

Fig. 17 shows the result of the maximum stress that the 

rods of the anti-theft device will withstand after receiv ing 

an impact equivalent to 90 J. This value is 2200 MPa. 

 

 
Figure 17.   Stress caused by impact. 
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Fig. 18 shows the result of the maximum displacement 

that the rods of the device will have after impact. This 

value is 0.003 m and occurs in the midd le of the rods, just 

where the impact is received from the wheel spokes of 

the bicycle. 

 

 

Figure 18.   Displacement caused by impact . 

B. Tension Spring Simulation  

SolidWorks software and its motion study tool were 

used in order to simulate the tension spring earlier 

designed.  The mentioned program allows adding motion 

to the components of an assembly, evaluating the correct 

operation of the mechanism, as well as simulating effects 

with motors, contacts, gravity, and springs [21].  

Fig. 19 shows the spring’s parameters needed to run 

the motion study, which are its spring constant, free 

length, outer diameter, number of active coils, and the 

spring’s wire diameter. 

 

 

Figure 19.   Spring parameters. 

Then the spring is stretched as shown in Fig. 20, 

extending it 0.11 m, thus going from a length of 0.035 m 

to one of 0.145 m. 

 

    
Figure 20. Spring stretch. 

After executing the motion study, the speed at which 

the spring moves the rods was obtained, as observed in 

Fig. 21, this speed is 7 m/s. 

 

 

Figure 21. Speed at which the rods move. 

C. Assemble Simulation  

For observing the behavior of the other parts of the 

anti-theft device, the software ran another simulation, 

having the same characteristics as the previous one, that 

is, an object carry ing an energy of 90 J hit the device. The 

only different element was the addition of the contacts, 

for which no penetration between each one of the pieces 

should be allowed. Each component was assigned an 

initial material. The results obtained are: 

- Component Id.1, (see Tab le I). Material: 1060 

aluminum alloy.  

Fig. 22 show maximum stress of 150 MPa obtained. 

 

 

Figure 22.   Maximum stress on adjustable clamping system with fork. 

The Material Properties are, y ield  strength = 27 MPa, 

ultimate strength = 68 MPa. Thus, since yield strength is 

less than the maximum stress, it is necessary to change 

the material. 

- Component Id. 2, material: 1020 Steel, cold rolled. 

Fig. 23 shows the maximum stress obtained: 126 

MPA. 
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Figure 23.   Maximum stress on turning system. 

The properties of the material are y ield strength = 351 

MPa, ultimate strength = 420 MPa. 

Considering that a material with lower density might 

be found in order to decrease the weight of the device, 

among other reasons, it is necessary to look for another 

material with a yield strength closer to the maximum 

stress of the component Id.2 

- Component Id. 4, material: rigid PVC 

Fig. 24 shows the maximum stress obtained: 3.18 MPa. 

 

 
Figure 24.   Maximum stress on cover or case. 

The material properties are u ltimate strength = 40 

MPA. Therefore, by comparing both values, it was 

decided to preserve the material. 

With the information from the previous simulation, the 

materials of component Id. 1 and Id. 2 were changed and 

the simulat ion was run again. For Id. 1, the material was 

changed to AISI 304 stainless steel, it has good properties 

such as resistance to corrosion, and it is main ly used in 

the food, beverage and automotive industries. Yield  

strength and ultimate strength values are, respectively, 

206 MPa and 515 MPa [22]. 

After modify ing the material, the simulat ion produced 

the following results. Fig. 25 shows the maximum stress 

on component Id.1.  

 
Figure 25.   Maximum stress on adjustable clamping system with fork. 

 

The maximum stress is 114 MPa; which is less than 

the yield strength, therefore, the material will not undergo 

permanent deformation. 

For component Id. 2, the material was changed to a 

6/10 nylon plastic. This thermoplastic is used in many 

engineering applications as it offers a combination of 

high mechanical strength, heat resistance, and low 

density. This plastic is characterized by having a region 

of linear elastic deformation, later, a plastic region where 

it will present permanent deformation [23]. Its  yield 

strength and ultimate strength values are 139 MPa and 

142 MPa, respectively. 

After modifying the material, the fo llowing results 

were obtained. Fig. 26 shows maximum stress on 

Component Id.2.  

 

 
Figure 26.   Maximum stress on turning system. 

The maximum stress is 134 MPa. Since it is less than 

the yield stress, the material will not undergo permanent 

deformation. 
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VI. CONCLUSION AND  FUTURE WORKS 

It was found that most bicycle anti-theft devices are 

focused on preventing theft when the bicycle is parked, 

however, it is also important to consider the thefts 

operating under robbery modality. The design proposed 

in this article was proved to be feasible and likely to help  

mitigate this type of theft. 

It was demonstrated, both theoretically and 

experimentally, through SolidWorks Simulation tool, that 

the impact, equivalent to 90 J, will produce a maximum 

stress of 2200 MPA, and a  maximum permanent 

displacement of 0.003 m in the rods (component Id.3). 

The stresses, as well as the displacements, occur in the 

longitudinal half of the rods, right where the spokes of the 

wheel receive the impact. As it is such a great stress, a 

type S steel must be used; this is a kind of impact-

resistant steel. The final selection was using S5 steel, 

which has a yield strength of 1900 MPa, and an ultimate 

strength of 2300 MPa. 

The dimensions and the elasticity constant of the 

tension spring were determined mathematically, and by 

means of simulat ion through the SolidWorks software, 

specifically, with the help of the Motion Study tool. The 

spring constant k  must be equal to 1364.7 N/m; outer 

diameter, 0.015 m;  wire d iameter, 0.00174 m;  and length, 

0.035 m. With these dimensions it is guaranteed that the 

spring is able to propel the rods at a speed of 7 m/s, and 

to successfully traverse the spokes of the front wheel, 

when the bicycle presents a maximum speed of 1.38 m/s. 

Finally, it  was possible to determine the maximum von 

Mises stresses resulting from the impact equivalent to 90 

J in each of the other components of the device, by means 

of impact simulations run by the SolidWorks Simulat ion 

tool. This, in turn allowed determining the appropriate 

materials, shown in Table II, so that these components do 

not be permanently deformed. 

TABLE II.   COMPONENTS’  MATERIALS 

Id. Name 
Maximum 

stress (MPa) 
Yield stress 

(MPa) 
Material 

1 
Adjustable clamping 

system with fork  
114 206 AISI 304 

2 Turning system 134 139 Nylon 6/10 

4 Cover or case 3.18 - Stiff PVC 

Future works aim to develop the electronic system that 

allows remotely  activating the mechanical components of 

the device presented here. Additionally, a  prototype will 

be built based on the determined materials and the anti-

theft device will be tested in real conditions, in  order to 

validate the conclusions exposed in this article. 

Ult imately, the device will be presented to cyclists to 

gather suggestions for possible improvements on its 

development, based on which, everything will be 

incorporated, and a final prototype will be built together 

with its part plans for mass manufacturing. 
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