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Abstract

As a key safety component of the vehicle, the front lock system of the vehicle plays an extremely
important role in ensuring the safety of the vehicle and anti-theft. At present, the automobile industry is
developing in the direction of electrification and intelligence. However, the system is mostly purely
mechanical, and there are problems of low integration of the lock body and low intelligence of the system.
In addition, there are few studies on the system, which has certain research value. In this paper, the front
trunk lock system is selected as the research object, and a set of automobile front trunk lock system is
designed through integrated design and intelligent control system. The static analysis and structural
optimization design of the front container lock body are carried out by using the static simulation software.
The structural parameters of the lock body are optimized while verifying the rationality of the structural
design. The dynamic analysis of the lock body before and after optimization is carried out by using the
dynamic simulation software. The size of the unlocking force before and after optimization is compared. The
control system of the front container lock system is designed and studied, and the function of the front
container lock system is tested and analyzed. The specific research contents are as follows :

(1) The reasons for the low degree of integration and intelligence of the lock body of the current front
lock system are clarified, and a new idea of integrating the design of one lock and two locks and adding
electric actuators and electric struts is proposed. Through the analysis of the functional requirements and
design requirements of the front lock, the overall design scheme and working principle of the front lock are
determined, and the theoretical analysis and parameter design of the core components are carried out.

(2) The mechanical characteristics analysis and structural optimization design of the front container lock
body are carried out. The static analysis of the lock body is carried out by HyperMesh, and the stress of each
part of the lock body is obtained. Under the premise that the parts of the lock body meet the strength
requirements, the structural optimization design scheme is determined. Based on the topology optimization
theory of variable density method, the topology optimization model of lock body is established, and the
topology optimization design of lock body is carried out to obtain the final topology optimization structure.
The rationality of the optimized structure is verified by HyperMesh. At the same time, the dynamic simulation
analysis of the lock body before and after optimization is carried out, and the difference of unlocking force
before and after optimization is compared.

(3) The control system of the front trunk lock system is designed and studied. The selection and design
of the external hardware module are completed, and the vehicle state is monitored by using the Hall proximity

switch, GPS positioning and acceleration sensor. Based on the STM32F103C8T6 microcontroller



development board, the main controller module, vehicle state detection module, execution module, OLED
display module, vehicle acceleration measurement module and 4G communication module of the trunk lock
system are designed. The design and development of the software system are completed, and the drive
development is carried out by using C language combined with Keil software. The control logic of the overall
control flow of the front trunk lock system, vehicle state detection, electric actuator, electric strut control and
anti-pinch, data communication protocol and display module drive are studied respectively.

(4) The simulation analysis of the control system is carried out, and the lock body sample and PCB
board are processed. The test platform of the trunk lock system is built, and the function verification and
sensitivity test of the trunk lock system are carried out. The results show that the front container lock system
has normal function, the unlocking time is 120ms, rapid response and high sensitivity. According to the
control logic, the corresponding action is executed to achieve the design goal of the front container lock
system.

Keywords: car front trunk lock; mechanical simulation; structural optimization; intelligent lock;

microcontroller
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