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Abstract: The cultivation of digital design and manufacturing ability has become one of the core objectives of the
teaching reform of mechanical majors. At the same time, it is also one of the effective measures to solve the disconnection
between theoretical education and the practice of mechanical majors. This paper takes the connotation of digital design
and manufacturing ability training and effective teaching strategies to carry out in-depth research and discussion on the
relevant content, to continuously improve the quality of talent training of mechanical majors, for students to contribute to

the career path successfully.
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1. Introduction

Nowadays, the mechanical engineering field is gradually moving towards the era of intelligent manufacturing,
and one of the important indicators is the level of digital manufacturing and application ability of the enterprise.
In essence, the talents trained by mechanical majors in universities are fundamentally different from those trained
by vocational education. The major of machinery in colleges and universities mainly cultivates compound applied
talents with solid and sufficient theoretical knowledge of machinery, as well as good humanistic quality and
innovative spirit. Starting from practice, mechanical professionals with good digital design and manufacturing
ability have gradually become the most needed in the era of intelligent manufacturing. From this point of view,
this paper discusses the training goal of digital design and manufacturing ability to deeply explore if the relevant
content of mechanical professional teaching has significant theoretical and practical significance.

2. The connotation of digital design and manufacturing ability

2.1. Engineering drawing ability

Engineering drawing ability includes but is not limited to drawing reading ability, spatial thinking ability,
modeling ability, drawing ability, and innovation ability. To cultivate students’ good engineering drawing ability




not only need traditional engineering drawing courses but also need to rely on advanced 3D modeling software,
to achieve the established talent training objectives. According to the classic content of engineering drawing,
teachers can guide students to closely combine with computer drawing knowledge and, at the same time, cultivate
their ability to skillfully and flexibly use computer-aided spatial thinking, to gradually help students form three-
dimensional spatial thinking ability . Given the teaching difficulties, to achieve the expected teaching effect
and achieve the goal of training students’ digital design and manufacturing ability, teachers can actively bring
3D design software into the classroom in the actual teaching process, such as CAXA, CRO-E, INVENTOR,
UGNX, etc. The teaching focuses on the training of students’ 3D parts and assembly design skills, to lay a solid
foundation for the subsequent courses such as virtual prototype and computer-aided manufacturing .

2.2. Computer-aided manufacturing ability

Computer-aided manufacturing capability refers to the ability to automatically generate machining trajectory and
program objectives by defining a series of machining elements and parameters based on a two-dimensional or
three-dimensional model of a product. Computer-aided manufacturing capability not only improves the efficiency
and accuracy of the manufacturing process but also promotes the intelligent and sustainable development of the
manufacturing industry ", As technology continues to advance, computer-aided manufacturing will continue to
evolve and play an increasingly important role in future manufacturing processes, helping companies maintain
an edge in global competition. Therefore, computer-aided manufacturing capabilities will become one of the
necessary capabilities for those employed in the machining industry. Specific to teaching practice, training
students’ CAD ability needs to rely on advanced software platforms, such as MasterCAM, UGNX, Powermill

and so on 7,

2.3. Comprehensive ability of NC machining technology

The comprehensive ability of CNC machining technology is the final link of the training of students’ digital
design and manufacturing ability, which specifically refers to the training of students’ ability to put the
preliminary design and process planning into practice. In the early stage, teachers can encourage students to
design a virtual prototype of a specific product in the mechanical foundation comprehensive design and virtual
prototype application technology, and then carry out activities such as three-dimensional process planning and
fixture design of virtual parts ', Through the close combination of professional theory and practical training,
students can not only master the processing process of common typical parts but also verify the results of
digital design in the early stage. In the process of prototype manufacturing, students can not only consolidate
theoretical knowledge but also develop the ability to teamwork and problem-solving. By facing challenges
in actual manufacturing, they will learn how to optimize the processing process and improve production
efficiency ", In addition, teachers should encourage students to reflect on and summarize practical experiences

to promote a deeper understanding of digital design and manufacturing, thus laying a solid foundation for future

engineering practice.

3. Effective teaching strategies for the cultivation of digital design and
manufacturing ability

3.1. Establish a systematic curriculum system

In recent years, with the continuous improvement of the intelligence level of enterprises, the market has an
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increasing demand for compound talents who master product design modeling and numerical control processing
technology. As an important means of talent training in colleges and universities, the curriculum is an important
basis for promoting educational reform and improving the overall teaching quality of machinery majors. Building
a systematic curriculum system not only helps to improve the training quality of mechanical professionals but
also highlights the characteristics of the major. Therefore, colleges and universities should pay more attention to
the optimization and reform of the mechanical major curriculum system, to promote the realization of the training
goal of outstanding talents "

To improve students’ digital design and manufacturing ability, college courses in mechanical majors should
cover “Engineering drawing”, “AutoCAD”, “three-dimensional mechanical software CAD”, “Mechanical
manufacturing technology”, “numerical control technology”, “numerical control programming and CAM”, “CAD/
CAM?” and other courses. These courses are not only theoretical, but also closely related to actual production,
with significant engineering practicability, and can effectively promote the cultivation of students’ digital design
and manufacturing ability ",

To ensure the effective implementation and scientificness of the curriculum system, teachers can arrange
different courses in different semesters to improve the teaching quality to the greatest extent and promote the
organic combination of course content before and after, to gradually cultivate students’ ability in digital design
and manufacturing. For example, teachers can set up some basic theory courses in the first year of college to
help students lay a solid theoretical foundation. If the number of hours is insufficient, some courses can be
offered as electives. Subsequently, teachers should guide students to learn the latest technologies, such as digital
processes and intelligent manufacturing systems, to ensure that students’ knowledge and skills keep up with the
time. Finally, teachers cooperate with enterprise mentors to guide students to carry out practical training and
practice, and help students accumulate rich experience in practical operation through CAD experiments, factory
internships, and project training, to ensure the cutting-edge and practical curriculum system and lay a solid
foundation for the cultivation of students’ digital design and manufacturing ability """,

3.2. Building a “double-qualified” teacher team

The construction of a “double-qualified” teacher team is a key measure to improve teaching quality, and also
an important support to cultivate students’ digital design and manufacturing ability. Colleges and universities
should take various ways to improve the theoretical knowledge, practical skills, and comprehensive quality of
mechanical teachers, to truly form a high-quality “double-qualified” teacher team. For example, teachers should
reasonably arrange the time of winter and summer vacation, and actively participate in the practice of enterprises
to accumulate rich practical experience. At the same time, colleges and universities should regularly organize
teachers of machinery majors to go to relevant enterprises for research, visit, or temporary training, so that they
can understand the latest trends in the industry and the actual requirements of enterprises for machinery talents in
the digital age, and have a solid engineering background, to clarify the teaching objectives of machinery majors.
Provide typical practical projects for the cultivation of students’ digital design and manufacturing ability, and
accumulate rich practical experience "', In addition, to improve the academic level and practical ability of teachers,
schools should actively support teachers to participate in high-level training and continuing education, so that they
can timely understand the most cutting-edge mechanical design and manufacturing technology, to provide students
with the most professional guidance and help. At the same time, the university may invite outstanding employees
of enterprises and engineers in the field of digital design and manufacturing to hold lectures on campus or regularly

send teachers to well-known enterprises or universities at home and abroad for exchange and study or encourage
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teachers to participate in the training organized by the National Training Center for Manufacturing Information
Technology or the human resources and social security department. The teachers can obtain the “three-dimensional
CAD training instructor” qualification certificate or “numerical control machine tool operation qualification

certificate”, which are important to build a “double-qualified” teacher team ",

3.3. School-enterprise cooperation to build a practical teaching base

School-enterprise cooperation is an important way to improve students’ practical ability. Schools should actively
establish close cooperative relations with enterprises and jointly build practical teaching bases to provide students
with real and abundant internship and practice opportunities. Taking the author’s school as an example, the school
has always taken the construction of a provincial modern manufacturing technology experimental teaching
demonstration center as the core goal and cooperated with local enterprises to create modern manufacturing
technology laboratories, CAD/CAM laboratories, and mechanical engineering innovation laboratories, which
effectively provide students with a variety of practical opportunities and also provide valuable site support for
teachers’ teaching activities ', The school attaches special importance to the planning and implementation
of the practical teaching system of mechanical majors. On the one hand, the school attaches importance to the
cultivation of students’ basic skills, on the other hand, the school encourages students to explore and innovate.
Through the close combination of class and extracurricular, the school has successfully built a multi-level and all-
round practical teaching system covering metalworking practice, course experiments, production practice, skills
training, and innovative activities. With the help of school-enterprise cooperation, the company provides a variety
of comprehensive, research-oriented, innovative, and experimental digital design and manufacturing projects for
the school, aiming to help students better understand the digital design and manufacturing process and constantly
improve their digital design and manufacturing capabilities ', In the process of production practice, the teachers
of the school and the “master” of the enterprise actively provide professional guidance and personalized help for
the students, guide them to deeply analyze and scientifically and effectively solve the practical process problems
on the site, so that the classroom teaching content is closely combined with the actual situation on the site, to
better cultivate the students’ engineering consciousness and innovative spirit. At the same time, this significantly

improves their ability to discover, analyze, and solve problems.

3.4. Using modern information technology to build an online teaching platform

The progress of modern information technology provides a brand new opportunity for the education and
teaching of mechanical majors. To build a network teaching platform of theory, experiment, and practical
training specially designed for digital design and manufacturing, teachers first need to visit enterprises for
research. Based on school-enterprise cooperation, teachers should investigate the organization and management
mode, product design process, and production and operation mode of the cooperative enterprise in detail, make
reasonable simplification according to the actual situation of the major taught, and finally determine the general
workflow of a typical manufacturing enterprise. In addition, combined with the existing conditions of the
school, work together with professionals to create a special network teaching platform integrating a variety of
digital manufacturing, measuring equipment, and various CAD/CAE/CAM unit software. The network teaching
platform can truly simulate the digital design and manufacturing process of modern enterprises, and create a
close to the real enterprise environment for students, to significantly improve the students’ digital design and

[16]

manufacturing ability = . With the help of this platform, teachers can also constantly introduce typical products of

enterprises as teaching cases, adopt project-driven teaching methods, divide students into different project teams,
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and encourage them to carry out project practice. Teachers can also use the role-playing method to encourage
students to choose the role they are most interested in from the design, programming, technology, management,
and other related roles to play, to organize students to conduct skills training in a targeted way, and effectively
improve their digital design and manufacturing capabilities. In addition, the platform can also be connected with
the school’s exclusive online teaching platform or app to provide students with rich learning resources and a free
learning environment to further meet their personalized learning needs.

4. Conclusion

To sum up, the seamless connection between theory and practice teaching can be effectively realized by building
a systematic curriculum system, training a team of “double-qualified” teachers, establishing a practice teaching
base in cooperation with enterprises, and relying on modern information technology to build a network teaching
platform. At the same time, these measures have also significantly enhanced the students’ ability in digital design
and manufacturing, as well as their ability to solve complex practical problems, so that they can better meet the
high requirements and new expectations of mechanical talents in the age of digital intelligence. This is of great
significance in promoting the long-term development of students and schools.
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