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Abstract—Mechanical CAD/CAM technology is an important course for 
the mechanical design and manufacturing major. Its scope has a wide teaching 
content and discipline span, and is regarded a comprehensive course with strong 
theoretical and practical characteristics. Theoretical teaching was emphasized in 
the past to undervalue software operation. Unpractical teaching content directly 
resulted in student’s insufficient practice after the course. Thus, teaching reform 
measures were proposed, such as optimizing teaching contents, implementing 
modular teaching, introducing skill-based software, and formulating typical 
work tasks. Combined with theoretical knowledge, students used the software 
as a tool to accomplish designated tasks and reach corresponding teaching ob-
jectives. Taking mouse punch as an example, MasterCAM software was used to 
introduce the specific mode of task-oriented teaching in CAD/CAM experi-
ments. Results show that students improve their abilities of applying 
CAD/CAM software after the course’s teaching reform. Practical engineering 
problems are analyzed thoroughly and orderly. Employment quantity and quali-
ty of graduates are significantly improved to gain praises from enterprises and 
achieve a remarkable teaching effect. 

Keywords—mechanical CAD/CAM technology, teaching reform, practical 
ability, task  

1 Introduction 

With the development of advanced manufacturing technology, CAD/CAM tech-
nology has become the core of modern manufacturing technology, which greatly 
improves the design, manufacturing, and management of enterprises. This technology 
is considered as the key to improving manufacturing productivity and product com-
petitiveness. CAD/CAM also becomes an indispensable professional skill for me-
chanical engineers. Mechanical CAD/CAM Technology is a professional course for 
mechanical design, manufacturing, and automation majors, which covers CAD, 
CAM, CAE, and CAPP based on Mechanical Drawing, Basis of Mechanical Design, 
Mechanical Manufacturing Technology, and CNC Machining Technology and Pro-
gramming. Therefore, the course has knowledge-intensive, interdisciplinary, compre-
hensive, and practical characteristics. Massive disciplines and extensive content bring 
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difficulty to teaching. This course cannot be introduced in detail within a limited class 
time because expanding students’ knowledge require a conducive environment. How-
ever, expository teaching cannot stimulate the learning enthusiasm and creativity of 
students. The process of finding the main line throughout teaching activities to im-
prove the quality of teaching needs to be solved; the thread that runs through the 
whole teaching activity, which improves teaching quality, must be found [1]. 

In the past teaching process, the teaching content was heavily oriented toward the-
ory. Students feel bored because of excessive theoretical exposition, which ignores 
subjective initiatives. However, students cannot master relevant theoretical 
knowledge from the explanation of basic software applications and thus fails to satis-
fy the sustainable development of students. Therefore, mechanical CAD/CAM cours-
es and teaching methods must be reformed to make the teaching process serve the 
enterprise's requirements for students and to cultivate highly skilled and creative tal-
ents.  

2 State of art 

Domestic and foreign universities have explored the course system by teaching 
contents and teaching methods of mechanical CAD/CAM technology courses. Some 
universities have focused on teaching the secondary development of C language pro-
gram experiments and applications. For example, Wright (1986) offered a mechanical 
CAD/CAM course that covered two-dimensional software drawing and industrial-
oriented software development [2]. A specialist only masters his/her own field. 
Teachers should take the practicability of mechanical CAD/CAM technology as fun-
damental. Therefore, students can apply the CAD/CAM software to design and pro-
cess products based on the basic principle of CAD/CAM. The main content is soft-
ware application rather than software development. Moreover, mechanical students 
are not rigorously trained in software development and database. Great difficulties 
exist in learning, which directly affects the enthusiasm for learning. Learning software 
development and database deviates from the future employment direction of students. 
Therefore, teachers only briefly introduce and not deeply discuss the concept. Teach-
ers should focus on curriculum teaching and practical operation, which play an effec-
tive role in future employment. 

In theoretical teaching, Guo (2007) established the relationship between 2D and 3D 
graphic homologous transformation matrices combined with graphs and tables and 
thus obtained the evolution relations among transformation, canonical, and unit matri-
ces [3]. Qi (2013) used the coordinate substitution method to rapidly solve the rota-
tion transformation of 3D graphics [4]. These methods are introduced in the teaching 
for the understanding and recollection of students. However, the course is still taught 
in the traditional way in some domestic colleges. The teachers overemphasize the 
theoretical knowledge of mechanical CAD/CAM technology, which neglects practical 
operation. Therefore, students are short of application abilities although the concept 
and principle are understood and the application ability is lacking. Theory is integrat-
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ed with practice to deepen students' understanding of theoretical knowledge, which 
enhances their competitive advantages in the talent market. 

Document literature shows that universities are mainly based on the CAD model 
design in the practical course of software operation. Peng (2009) expounded the 
teaching reform of a 3D CAD/CAM course based on curriculum setting, teaching 
mode, and material compilation, which improves 3D modeling and the map recogni-
tion abilities of students [5]. Hu (2002) explored the importance of 3D modeling 
technology to engineering modeling and the spatial thinking abilities of students [6]. 
Most courses focus on a single part design. The theoretical explanation of CAE and 
CAM is greater than practical explanation. Therefore, students can only use the draw-
ing software in the company. Reflecting the learning value of the course is difficult. 

Some universities enrich CAD/CAM practice teaching links using a series of 
means. For example, Pan (2017) introduced the design competition into CAD/CAM 
course to construct the CAD/CAM course standard for competition and teaching [7]. 
Zhang (2013) organized students to participate in professional competitions by as-
signing a “Big homework” [8]. Yu (2009) closely interspersed the experiments in the 
classroom teaching process after adding the computer experiment course [9]. Hideki 
(2011) brought the programming of five-axis machining tool into the CAD/CAM 
course [10]. Du (2014) proposed the reorganization of teaching resources to enhance 
the practical teaching [11]. Students' autonomous learning abilities are stimulated to 
cultivate manipulative and innovation abilities. Juan (2013) developed graphics engi-
neering teaching methods based on the simulation of a mechanal motion in Univer-
sidad De Salamanca [12]. The application capacities of students are effectively im-
proved by these methods to a certain extent, but systematization and comprehensive-
ness are still lacking. 

The course is conducted with a teaching reform to refine the teaching goal after the 
teaching survey of mechanical CAD/CAM technology curriculum at home and 
abroad. The students can learn the necessary knowledge modules to rebuild the teach-
ing content. First, the complex theoretical knowledge has been closely organized 
according to the actual production needs. The teaching content is optimized to divide 
the teaching module, which enables students to understand CAD/CAM core 
knowledge. Second, the computer practices of students are emphasized. Students can 
solve practical problems with innovative spirit to break the unitary teaching idea by 
formulating typical tasks. The teaching forms are enriched to develop the initiatives of 
students. 

3 Teaching mode after the reform of mechanical CAD/CAM 
technology curriculum 

Mechanical CAD/CAM technology teaching is characterized by extensive teaching 
content and subject span. Therefore, we should grasp the key points of the teaching 
design and thinking. The theoretical knowledge is integrated with practical skills and 
application environment. The teaching mode is designed to train students' comprehen-
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sive abilities to complete the whole task. The basic idea of the research project reform 
is described as follows. 

3.1 Design of modular teaching process 

Based on relevant knowledge and skills, the teaching content is optimized by tak-
ing product design, modeling, technology analysis, and CNC programming as the 
teaching mainline. Students fully understand the entire process of product design and 
production after the theoretical learning and practical skill training of the whole pro-
cess (part pattern analysis, 2D drawing, solid modeling, process design, simulation 
processing, and automatic programming). The advanced manufacturing technology is 
comprehensively mastered to cultivate abilities to analyze and solve problems [13-
14]. 

According to the teaching contents of mechanical CAD/CAM technology, the pro-
cess is divided into four teaching modules: CAD, CAE, CAM, and CAPP (Figure 1). 

 
Fig. 1. CAD/CAM integrated teaching process 

Module 1: CAD. Geometric modeling technology, the source of product infor-
mation, defines the digital model and digital and graphic information of the product in 
the computer. The technology also provides effective information for product design 
analysis, drawing generation, numerical control programming, processing simulation, 
and production process management. Geometric modeling technology is the precondi-
tion of achieving CAD/CAM and the integration. Students are required to master the 
concepts and methods of 2D drawing and 3D modeling, and the method of feature 
modeling for the manufacturing process. Moreover, the students can use modeling 
software, which includes Pro/E, UG, and Solidworks, to quickly sketch and edit 2D 
graphics. The appropriate modeling method is selected to conduct 3D modeling, as-
sembly, and the simulation of parts according to the design drawings. 

Module 2: CAE. Numerical simulation technology is used to analyze product per-
formance and safety reliability, which simulates its future work status and operation 
behavior. The design deficiencies are found and modified early to verify the feasibil-
ity and reliability of functionality and performance, which achieves product optimiza-
tion. Finite element analysis is the most difficult in this module. The basic idea is to 
discretize the complex continuous body into finite units. All forces on the units are 
equivalently replaced by the node loads to establish the unit balance equation, which 
obtains node displacement, force, and unit stiffness matrices (Equations (1), (2), and 
(3)). 
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The stiffness matrices of units are integrated into the total stiffness matrix. The unit 
force vectors of units are also integrated into the total force vector, which obtains the 
global balance equation. Finally, the boundary constraints are determined to solve the 
equation set. Students are required to understand the basic principles, steps, and algo-
rithms of finite element analysis. Furthermore, students should grasp the principles, 
methods, and software operation steps of pre-processing and post-processing, which 
optimize common engineering problems. 

Module 3: CAPP. Process planning is an important technical preparation for ma-
chinery manufacturing, and it transforms product data into manufacturing-oriented 
mandatory data, which bridges the applications of CAD and CAM. This link requires 
students to conduct the process analysis of the 3D model by specifying the processing 
content, method, route, and technical requirements. The equipment is selected to cal-
culate cutting parameter, machining allowance, procedure size, tolerance, and man-
hour quota. The process documents are filled by determining the cutters, fixtures, 
measuring tools, and clamping positioning methods of parts. 

Module 4: CAM. Students are required to use software, such as CNC programming 
software MasterCAM, Pro/E, and UG. We set the cut-in and exchange points to select 
the reasonable processing method according to the process file. The appropriate cut-
ting parameters are set to generate tool paths and process simulation. A specific CNC 
is conducted with post-processing to generate an NC program code. 

Based on module organization teaching, we obtain more systematic teaching con-
tent with highly consistent knowledge and efficient teaching. 

3.2 Construction of mechanical CAD/CAM technology teaching method based 
on working process 

The Ministry of Education has implemented “the Project of Cultivating Skilled 
Talents in Manufacturing Industry and Modern Service Industry” since 2003. The 
purpose of professional learning is to master “the ability of independently solving 
professional problems by professional knowledge and skills.” The teaching contents 
focus on “working process knowledge and skills with certain empirical natures re-
quired in the actual work.” A comprehensive curriculum teaching according to the 
work process is required. 

A typical work task consists of one or several learning tasks. The students' com-
prehensive professional abilities are promoted by completing the process of typical 
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work tasks. The core is to find a suitable carrier for learning content. Typical tasks are 
established to provide students with comprehensive working assignment and process, 
where the theory is integrated with practice. The corresponding learning situations 
under all typical tasks are designed according to the difficulty of parts. Multiple learn-
ing tasks are established in the learning process from simple to complex, from easy to 
difficult, and from single to comprehensive. 

The mechanical CAD/CAM technology course is oriented to the entire process of 
the design, analysis, and manufacturing. In the teaching process, students are guided 
to complete the overall tasks, thus cultivating students' overall professional abilities. 
We establish course content and the typical tasks of integrated teaching and learning 
field according to the modular teaching design process. The courses are organized 
based on the target task, which enables students to acquire relevant theoretical 
knowledge in the process of completing the target task. The comprehensive abilities 
of students are developed to cultivate abilities to independently analyze and solve 
problems. 

When the course reaches a certain level, the students have a basic grasp of the 
modeling software operation, relevant concepts, and methods in the mechanical 
CAD/CAM technology. The design tasks are issued to the students in the form of task 
books. For example, a gear hydraulic pump is conducted with 3D modeling and virtu-
al assembly. The task is divided into part modeling, virtual assembly, engineering 
analysis, virtual simulation, and machining. Students are grouped. Each group has a 
team leader who assigns tasks. Moreover, the 3D gear modeling is difficult in this 
task. The teacher gives appropriate tips on gear modeling when assigning a task. 
Therefore, students solve the problems by themselves through the Internet and refer-
ence books. In this process, students constantly obtain a sense of accomplishment for 
stimulating their desire for knowledge, which develops their self-learning abilities. 

4 Teaching case and effect 

4.1 Teaching case 

Based on MasterCAM 9.1 software of the CAD/CAM integrated system, the 
CAD/CAM technology is used for mouse punch modeling and NC programming, 
which avoids the frequent interchange between CAD and CAM. Moreover, this type 
of technology solves the data loss problem caused by the data format conversion of 
the software. 

Model of mouse punch. According to the design drawings, the mouse punch mod-
el is established by surface modeling method (Figure 2). After creating the line graph, 
the students exercise in drawing 2D graphics (such as lines, arcs, chamfers, and rec-
tangles), and editing operations (such as mirroring, pruning and deleting). The top and 
side surfaces of the mouse punch are created by the curved surface scanning and 
stretching, respectively. The normal directions of the top and side surfaces are adjust-
ed to create the fillet surface of the mouse punch. The boundary surface is finally used 
to build the mouse punch base. Through this modeling exercise, students can deeply 
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understand the modeling method and the directionality and composition of the sur-
face. We understand the concepts and creating methods of boundary plane, scanning, 
drawing, fillet, and ruled surfaces in practice. 

 
Fig. 2. Mouse punch model 

Mouse punch process analysis. According to the product design results, the semi-
finished products are selected to develop processing methods, steps, equipment, and 
parameters, which provide the basis for numerical control programming. The students 
select 45 steel work pieces, with the blank sizes of 100 mm ! 50 mm ! 50 mm. Plain 
vice is used to clamp the workpiece in a machining center. The mouse is 20 mm high. 
Thus, the blank should be approximately 25 mm above the jaw. The machining coor-
dinate is set as follows. The origins of X and Y axes are at the midpoint of the model. 
The origin of the Z-axis is at the plane where the highest point of the model is located. 
The processing card shows CNC machining routes and tool settings (Table 1). 

NC programming of mouse punch. First, the punch profile and surface are con-
ducted with rough machining by a plane shape and surface contouring roughing 
method. A flat cutter "16 is selected as the tool, which leaves 1.5mm margin. With a 
small machining allowance, the curved surface parallel finishing is used to conduct 
the semi-finishing of the convex surface, which reduces knife lifting times and im-
proves processing efficiency. Ball-end cutter "10R5 is used as the tool, which leaves 
a 0.3mm margin. End mill "16 is used for contour finishing. The overlap of knives in 
the down milling process is 3 mm. Before processing, the chips are cleaned to prevent 
being involved in the tools. The main shaft speed and cutting feed cannot be adjusted 
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to avoid affecting the surface quality. Finally, ball-end cutter "10R5 is used for sur-
face finishing, which leaves a 0 mm margin. The cutting angle is perpendicular to 
semi-finishing with a good surface effect. We conduct machining process simulation 
before generating the NC program. The product manufacturing process is simulated to 
verify the rationality and feasibility of processing methods, which avoids damage and 
reduces investment risk. Figure 3 shows the simulation results. Post-processing is then 
conducted to generate an NC machining code (Figure 4). 

Table 1.  Mouse punch CNC machining process card 

CNC Machining Process 
Card 

Part Name Clamp Name Material 
Mouse Punch Plain Vice 45 Steel 

Work Step 
No. 

Work Step 
Content 

Tool Specification 
(mm) 

Main Shaft Speed 
(r#min$1) 

Feed 
Speed(mm#min

$1) 

DOC 
(mm) 

1 
Contour 
Rough 

Machining 

End Mill made by High-
speed Steel %16 600 300 $20 

2 

Curve 
Contour 
Rough 

Machining 

End Mill made by High-
speed Steel %16 600 300 Depth 1 once 

3 
Surface 
Semi-

finishing 

Ball-end Cutter Made by 
High-speed Steel %10R5 2000 500 Vertical Spac-

ing 0.5 

4 Contour 
finishing 

New End Mill made by 
High-speed Steel %16 600 300 $20 

5 Surface 
finishing 

New Ball-end Cutter 
Made by High-speed Steel 

%10R5 
3000 600 Vertical Spac-

ing 0.2 

 
The students can learn the entire part modeling, process parameter formulation, 

and process programming from practice to understand the meanings of 
CAD/CAPP/CAM integration. This approach also enhances the systematic nature and 
completeness of the course. 
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Fig. 3. Simulation result of punch machining 

 
Fig. 4. Punch CNC machining code 
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4.2 Teaching effect 

The teaching reform of mechanical CAD/CAM technology course in 2016 was car-
ried out for the two undergraduate classes of Grade 2013 in Mechanical Manufactur-
ing and Automation. The number of students in each experimental class is controlled 
within 30 to improve the teaching effect. The course reform has been positively af-
firmed by college teachers, business experts, and students. The questionnaire data are 
statistically analyzed after the questionnaire survey and the employment tracking of 
students at Grades 2013 and 2012 (Figure 5). 

 
Fig. 5. Teaching investigation results 

The results show that the initiatives of students are improved through the reform of 
the mechanical CAD/CAM technology course. The students believe that the course 
content is substantial, practical, and helpful to employment. The enterprises affirm 
software application, innovation, and ability to solve the actual production problems, 
which fully proves the teaching effect after curriculum reform. 

5 Conclusions 

The mechanical CAD/CAM technology courses were interspersed in the various 
modules of teaching content for exploratory reforms and practices using task-oriented 
teaching methods. The above reform measures contributed to improving the teaching 
quality of the course and student employability by comparing the class performance 
of former students, teaching feedback information, and student evaluation. The follo-
wing conclusions could be drawn. 

1. The task-oriented teaching method changed the previous “teaching-based” mentali-
ty to form the idea of “teaching interaction and student-centeredness.” Students 
were encouraged to improve their enthusiasm from passive learning to active learn-
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ing by handing over the task achievements. The actual production tasks of enterpri-
ses were brought into the classroom to broaden horizons and thoughts of students, 
which lays the foundation for employment. 

2. The students actively analyzed part modeling and processing methods combined 
with the basic theory and computer practice. For example, students were actively 
thinking in group discussions about “modeling technology.” Different modeling 
solutions were proposed to discuss a specific part, which greatly improves students' 
skills in using modeling techniques. Through software teaching, students experi-
enced the whole process from product design and analysis to code generation, 
which enhanced students’ employment confidence and their desire for production 
practice. 

3. The course content was selected to divide teaching modules, where the correspon-
ding applications are introduced to improve the learning enthusiasm of students. 
Students deeply understood the basic principles and concepts of mechanical 
CAD/CAM technology based on the practical operation. Practical problems com-
bined with specific tasks were effectively solved in the production process, such as 
problems in design and manufacturing. The application of software also provided 
the students with a platform, where innovative abilities were expanded. 
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