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Abstract. "Mechanical manufacturing technology" is an important course for the
major of mechanical design and manufacturing technology in higher vocational
colleges. The traditional teaching method has some problems such as few practi-
cal opportunities, for this reason, the virtual simulation training system of me-
chanical manufacturing technology is designed and developed. The system can
simulate the real factory environment so that students can understand various
process equipment, establish a shared example library for students to learn typical
processes, and realize virtual simulation training of the whole process, so that
students can quickly master the mechanical manufacturing process design
method in an interactive design environment. This system solves the practical
problems of traditional teaching, lets students get rid of the constraints of the
environment to carry out practical training, reduces the cost, saves time, and im-
proves the comprehensive ability of students.
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1 Introduction

"Mechanical Manufacturing Technology" is a course combining theory and practice in
the major of mechanical design and manufacturing technology in higher vocational col-
leges. The course covers the basic theory of metal cutting, the basic knowledge of metal
cutting machine tools, tools and fixtures, as well as the formulation of mechanical man-
ufacturing process regulations and the analysis and control of machining quality. The-
oretical knowledge is abstract, with many knowledge points and strong comprehensive-
ness [1]. In traditional course teaching, "infusion" teaching dominates, and students
have few opportunities to practice based on actual cases [2], which is mainly attributed
to two factors: first, the high cost of course practice, the processing of mechanical parts
requires a variety of machine tools, tools, fixtures, measuring tools, consumables, etc.,
and the high price of mechanical equipment [3], Second, machining process practice
takes a long time, students often need to spend a long time to master the use and char-
acteristics of the machine tool, in order to be able to process their own parts, and there

© The Author(s) 2024

D. Hu et al. (eds.), Proceedings of the 2024 5th International Conference on Modern Education and Information
Management (ICMEIM 2024), Atlantis Highlights in Social Sciences, Education and Humanities 29,
https://doi.org/10.2991/978-94-6463-568-3_22


https://doi.org/10.2991/978-94-6463-568-3_22
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6463-568-3_22&domain=pdf

158 R. Zhang and Y. Xue

is not enough time to repeatedly revise their own process design, it is difficult to achieve
the expected goal of the practice. The introduction of virtual simulation technology into
the practical training of mechanical manufacturing technology courses can effectively
solve the above problems. Due to its excellent properties such as immersion, interaction
and imagination [4], virtual simulation technology can provide rich data and application
scenarios for students' deep learning, and is frequently used in experimental and prac-
tical training teaching. Virtual simulation technology can visually and rapidly present
the process and results of mechanical manufacturing, which does not require the pur-
chase of expensive mechanical equipment and can greatly save the time of mechanical
processing [5].

Chongqing Vocational Institute of Engineering has designed and developed a virtual
simulation training system for mechanical manufacturing process. The system uses vir-
tual simulation technology to simulate the complete mechanical processing process de-
sign process, so that students can quickly master the design method of mechanical parts
processing technology and the general process of mechanical processing. In the inter-
active process of process design, the system will simulate the parts according to the
process flow, and quickly give the parameters of the parts after processing, students
according to the results of the process repeatedly modify, and finally get qualified parts.
Using this virtual simulation training method, students have an intuitive understanding
of machine tools, fixtures, tools and measuring tools, and can put a lot of time into the
research of the process flow, rather than the manufacturing of mechanical parts, to
achieve the purpose of practical training of mechanical manufacturing process course.

2 The Whole Structure of Virtual Simulation System of
Mechanical Manufacturing Process

Mechanical manufacturing process design virtual simulation training project relies on
open virtual simulation training system, which is based on computer simulation tech-
nology, multimedia technology and network technology, and adopts service-oriented
software architecture development, integrating physical simulation, innovative design,
intelligent guidance, automatic correction of virtual practical training results and teach-
ing management. It has good autonomy, interactivity and expansibility. Students can
access it anytime, anywhere through the browser, and through the user-oriented intelli-
gent guidance provided by the virtual simulation system, as far as possible to help stu-
dents realize independent practical training.

As shown in Figure 1, the virtual simulation system architecture is divided into five
layers, and each layer provides services for its upper layer until the construction of the
specific virtual simulation training teaching environment is completed. The specific
functions of each layer will be described in the order from bottom to top.
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Fig. 1. Overall architecture diagram of the system.

2.1 Data Layer

Mechanical manufacturing process virtual simulation training project involves many
types of virtual training components and data. Here, the user information database,
knowledge base, typical process database, rule database and training project database
of virtual training are set respectively to realize the storage and management of corre-
sponding data.

2.2 Support layer

The support layer is the core framework of virtual simulation practical training teaching
and open sharing platform, and is the basis for the normal open operation of practical
training projects. It is responsible for the operation, maintenance and management of
the entire basic system. The supporting platform includes the following functional sub-
systems: security management, service container, data management, domain manage-
ment and so on.

2.3 Service Layer

The service layer is the open virtual simulation training management platform, which
provides some general support components of the virtual training teaching environ-
ment, so that users can quickly complete the virtual simulation training in the virtual
training environment. The general services include: practical training teaching admin-
istration management, practical training teaching management, practical training



160 R. Zhang and Y. Xue

resource management, interactive communication, teaching effect rating, and provide
corresponding integrated interface tools, so that the platform can easily integrate the
third-party virtual training software into the unified management.

2.4  Simulation Layer

The simulation layer mainly carries out the corresponding practical training scene con-
struction, virtual equipment display, and parts simulation processing for the project,
and finally provides the formatted output of the practical training result data for the
upper layer.

2.5 Application Layer

Based on the service of the bottom layer, finally realize the virtual simulation of me-
chanical manufacturing process training project. The application layer of the frame-
work has good expansibility. Training teachers can design various typical practical
training projects according to the teaching needs, using various tools provided by the
service layer.

3 Key Functions of Virtual Simulation System

3.1 Understand Machining Process Equipment in Virtual Simulation System

The virtual simulation system simulates the construction of the real factory environ-
ment, and places the actual equipment and tools in the factory. There are many kinds
of equipment in the factory, including CNC lathes, CNC grinding machines, CNC bor-
ing and milling machining centers, gear hobbing machines, gantry planers, high-fre-
quency quenching machines, etc. Each equipment has a variety of general fixtures and
tools. Students can rotate, translate, enlarge, shrink and other operations on the three-
dimensional model of equipment such as the keyboard and mouse to understand the
specific structure and principle of equipment and tools.

3.2  Establish a Shared Process Example Library

The virtual simulation system is not only a practical training system, but also allows
students to study and learn typical examples of machining technology in the system.
Typical examples are the latest processing cases of typical parts collected by enter-
prises, stored in the typical process library, which can be updated from time to time,
including shaft parts, shaft sleeve parts, box parts and gear parts. Students can choose
to view the parts of the processing process file, you can also watch each process of
simulation processing, as well as the parameters of the parts after processing. Through
such learning, students can learn the process characteristics and process of various parts
more intuitively.
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3.3  Realize the Virtual Simulation Training of the Whole Process of
Mechanical Manufacturing

The virtual simulation system of mechanical manufacturing process based on the teach-
ing objectives of mechanical processing technology has established a virtual practical
training teaching system of the whole process of mechanical parts processing. Teachers
can store the practical training projects in the training project library in advance accord-
ing to the teaching requirements. Each practical training project should be entered in-
cluding parts drawings, key points and solutions of the process analysis of the parts
drawings, and the blank selection range. A variety of process route reference schemes
and each step of the design of the theoretical knowledge points and other content. In
the practical training, students can according to the guidance of the system, in the sys-
tem to carry out parts drawing process analysis, blank selection and process develop-
ment, for each process to select the appropriate machine tools, fixtures, tools and meas-
uring tools, and determine the cutting parameters and process size. In each link of the
operation, the system will link the knowledge points needed to present on the interface,
and students can learn the knowledge points at any time. Students each completion of
a process, the system can according to the selected equipment, tools, fixtures, etc. ac-
cording to the selected cutting amount of simulation processing, and finally give parts
after processing size, roughness and tool wear and other data, students can according
to the data given by the system repeatedly adjust the process and parameters, and finally
get the parameters are qualified parts. Figure 2 takes a drive shaft part as an example to
illustrate the whole process of simulation training.
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Fig. 2. Transmission shaft parts simulation training process diagram.
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4 Conclusion

The application of virtual simulation technology in the practical training of mechanical
manufacturing technology course provides a practical scheme to solve the difficult
problems of traditional teaching. The virtual simulation practical training system of
mechanical manufacturing technology simulates the real factory environment, so that
students can fully understand the process equipment, not limited by the actual equip-
ment and site, Establish a rich shared process example library, provide students with
the latest and most typical cases, expand the learning resources, The virtual simulation
training of the whole process is realized, which closely combines theoretical knowledge
with practical operation to enhance students' comprehensive ability.

Through the virtual simulation and practical training system of mechanical manu-
facturing process, students can understand and master the knowledge and skills of me-
chanical manufacturing process more deeply and intuitively on the basis of reducing
costs and saving time.
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