
Journal of Advanced Control, Automation and Robotics (JACAR), 3 (2): 70-73, December 29, 2017 

e-ISSN: 2432-5562,p-ISSN: 2186-9154 

Applied Science and Computer Science Publications 

Corresponding Author: Dai Fengzhi, College of Electronic Information and Automation, Tianjin University of Science and 
Technology, China, E-mail: daifz@163.com 

70 

 
 

Design and Application of the Electronic Lock for Bicycle 
 

Wenlong Han, Shenshen Cao, Yunlei Zhang, Yuxing OuYang, Xiaoqi Chen, Fengzhi Dai 

 

 
 

Abstract:  A new type of the anti-theft electronic lock with the lock bolt structure is designed, which 

can realize the function of locking and unlocking of the bicycle safely. The hardware system includes 

the STC-12C5A microcontroller, RFID card, data read/write module and mechanical lock structure. 

The system combined the non-contact RFID card reader and the lock structure. And the static 

mechanical property is analyzed to meet various situations. A number of actual test results showed that 

the electronic lock system is safe and reliable. 
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I. INTRODUCTION 

 

Ith the improvement of environmental awareness, 

the bicycle has been used widely in people’s 

lives, which depends on its features such as non-

pollution, light, healthy and low cost.  

In Denmark, the government has formulated and 

implemented the program of using the urban free public 

bicycles. Also in 2005, the Washington city launched 

the Smart Bike DC Project [1] to expand the proportion 

for bicycle users.  

The German government also formulated a ten-

year plan for the development of public bicycles, which 

planned to invest one billion Euros for the construction 

and maintenance of bicycle roads in the next ten years 

[2].  

In China, dozens of cities have developed the 

walking and bicycle traffic system successively. Beijing, 

Wuhan, Guangzhou and other cities have set up free 

public bicycle systems [3]. 

However, there are some problems when using the 

public bicycles. 

For public bicycles, a certain type of lock is 

always directly designed to a special kind of bicycles, 

which cannot be applied to other kinds of bicycles. 

Meanwhile, most electronic locks for the public bicycle 

parking equipment are driven by the motors to control 

the lock bolt to rotate a special angle, which resulting to 

a great waste of energy. 

To solve the above problem, a new lock system is 

designed so that it can be applied to many types of 

bicycle, and it is simple, reliable and low cost. 

 

II. HARDWARE SYSTEM  

 

This electronic lock system is mainly composed of 

two parts. They are the electronic control and the 

mechanical structure. It realizes the function of locking 

or unlocking the bicycle through the RFID card. At the 

same time, the alarm circuit will be triggered when the 

mechanical structure is destroyed by the external force. 

The hardware system is shown in Fig.1. 

 

 

Fig.1. The structure of lock system 

 

The hardware is composed of the VGA displayer, smart 

RFID card read/write operator (SCRW), power supply 

module (PSM), lock system and alarm modules. Data 

management center (DMC) is responsible for user’s 

registration and security monitoring. The 

STC12C5A60S2 single chip microcomputer (SCM) is 
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the control center. And when the system is destroyed by 

the external force damage, the inner alarm circuit will 

be triggered.  

 

III. CONTROL SYSTEM DESIGN 

 

A. Smart RFID card read/write module 

The MF522-AN chip in the read/write module is 

the smart card read/write operator. It communicates to 

the SCM through the SPI interface. And the use of 

MIFARE&reg communication protocol can ensure 

that the module be stable and reliable. The data of non-

contact IC card is read or written through the radio 

waves. This module supports the types of card include 

Mifare1 S50, Mifare1 S70, Mifare UltraLight, etc. 

 

B. Control center 

The STC12C5A60S2 single chip microcomputer is 

the control center. It has 1280 bytes of RAM, 32 bytes 

of flash memory, double UART serial communication 

ports, and the internal integrated MAX810 reset circuit. 

When the lock system is in idle mode, it can be 

triggered to the work mode by the user. And when the 

operation is completed, it will automatically return to 

the idle mode to reduce the power consumption. 

The system also has the power failure detection 

circuit, which can save data into EEPROM (Electrically 

Erasable Programmable Read-Only Memory) when it 

loss the external power. By this way, it can avoid the 

serious state that massive data are lost by the sudden 

power failure. 

 

C. Electromagnetic valve drive module 

The JF-0826B electromagnetic valve is used to 

realize the function of locking/unlocking the bicycle by 

the HIP4082 full bridge MOS driver. The 74HC08 

isolation chip is used to reduce the influence of the 

electromagnetic valve to the single chip microcomputer. 

Since the principle of driving the electromagnetic valve 

is similar to that of DC motor, two PWM output signals 

are enough to control the electromagnetic valve. 

 

D. Sound-light alarm module 

The sound-light alarm circuit adopts two kinds of 

trigger modes. When the locker is being destroyed, if 

the SCM is still externally powered, the sound-light 

alarm circuit can keep working by the power supply. If 

the power is maliciously cut off, the sound-light alarm 

circuit can use the battery power, so as to ensure the 

normal use of the alarm function. The alarm circuit is 

shown in Fig.2. 

 

 

 
 

Fig.2. Sound-light alarm circuit 

 

 

IV. MECHANICAL STRUCTURE DESIGN 

 
A. Overall structural design 

The structure of the electronic lock is shown in 

Fig.3. In Fig.3, the number means: 

 

 
Fig.3. Lock structure 

 

1: limit column; 2: gap; 3: lock bolt (including 3-1: 

lock bolt body; 3-2: the connection of lock bolt; 3-3: the 

second bolt connecting hole; 3-4: the second top rod 

connecting hole; 3-5: spring coupling hole); 4: 

installation column; 5: flat pin with hole; 6: the base 

plate to locate the height of locking bolt; 7: reset spring; 

8: bolt; 9: ejector pin; 10: electromagnetic valve. 

When locking the bicycle, the front wheel is 

pushed forward into the gap between the installation 

column (4) and limit column (1). At the same time 
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turning the lock bolt (3), and it will be inserted between 

the bicycle spokes of the front wheel. The lock bolt (3)  

returns to the middle position by the role of the reset 

spring (7), and the end part of the lock bolt (3) will 

enter the gap (2). By using the smart RFID card, the 

electromagnetic valve (10) is triggered. And the ejector 

pin (9) falls into the second top rod connecting hole (3-

4), the bicycle will be locked. 

Before the user rides the bicycle, the smart card 

should touch the card read/write operator to open the 

lock. If the card has been registered and the inputted 

password is correct, then the electromagnetic valve (10) 

will be triggered, and the ejector pin (9) moves up. 

Thus we can push the bicycle out of the gap, meanwhile 

the lock bolt (3) will be out of the front wheel and it can 

be restored to the original position under the action of 

the reset spring (7). 

 

B. Lock bolt 

The alloy-steel lock bolt is designed to be a long 

cylinder structure, which is shown in Fig.4. Just as 

shown in Fig.3, the lock bolt is fixed on the mounting 

column through the bolt and the connecting hole. When 

the motion lever of the electromagnetic valve falls 

through the connecting hole, it can constrain the 

rotation of the lock bolt, and the lock bolt is locked. 

When the motion lever is lifted, the lock bolt can rotate 

around the bolt by the external force. 

 

 
  

Fig.4. Structure of lock bolt 

 
The lock bolt is designed as a hollow state, and the 

control line for alarm is through the hollow place. 

When the lock bolt is damaged by the external force, 

the control line will also be cut, and the alarm is 

occurred. This design not only makes the structure be 

optimized, but also simplifies the alarm circuit. 

According to BS ISO 5775-1-2014 [4] and KS 

R8003-1995 [5], since the width of most types of tires 

is less than 60mm, the length of the lock bolt is 

designed to be 70mm. 

C. Static analysis of lock bolt 

In order to verify the rationality of the above 

structure, the static analysis is carried out. Using the 

software Solidworks, the lock bolt model was 

established. The main simulation parameters are set as 

follows: 

Mass: 0.0880005kg; volume: 1.14286e-005 m^3; 

density: 7700kg/m^3; weight: 0.862405N. 

Then the strength of the lock bolt was analyzed, 

and the test results are shown in Table.1. The stress and 

displacement analysis are shown in Fig.5 and Fig.6. 

 

Tab.1 Results of Bolt mechanical analysis 
Name Type Min Max 

Stress 
Von Mises 

stress 
1.26136e-006 

N/mm^2  
92.777 

N/mm^2 

Strain 
URES: 

Resultant 
displacement 

0 mm 
0.167271  

mm 

 

 
 

Fig.5. Stress analysis 
 

 
 

Fig.6. Displacement analysis 
 

Since the stress, strain, displacement and other 

parameters are in a reasonable range, through the static 
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analysis, it’s obvious that the lock bolt design meets the 

demand. 

 
V. SOFTWARE PROGRAMMING 

 
Combined with the mechanical structure and the 

design of the control circuit, the following functions are 

developed: smart card reading, user identification, 

password authentication, alarm, lock control, etc. The 

flow chart of control is shown in Fig.7. 

 

 
 

Fig.7. Flow chart of control 

 

When the card read/write operator receives the 

data of the smart card, it will send the user’s identity 

information to the microcontroller. If the card has been 

registered, the system will remind the user to input the 

password. If the password is correct, the bicycle is 

unlocked. If the user has not been registered, the system 

does not respond. If the password is incorrect, the user 

will be reminded to re-input the password again (the 

maximum number of input can be set in advance). 

 

 

VI. CONCLUSION 

 

In this paper, through the optimization of the 

structural and circuit design, it achieves the function of 

lock/unlock the bicycle safely. This electronic lock 

system need not change the structure of the bicycle 

itself, and it makes the bicycle be parked more orderly 

and convenient. 
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