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In order to cultivate student’s professional skills and enhance student’s practical ability, this paper
proposes to create a virtual simulation experiment system of NC machine tool based on SolidWorks
software platform, taking vertical machining center as the research object, which is integrated by three
modules of NC machine tool structure, machine tool operation and machine tool processing. Firstly, the
detailed assembly relationship of each subsystem of the machine tool, the assembly relationship of the
overall equipment and the system composition are displayed intuitively by 3D modeling, so that students
can understand the 3D modeling method and structure composition of complex CNC machine tools.
Secondly, according to the machining process characteristics of vertical machining center, using typical
parts to create the virtual simulation platform to carry out complex parts programming and machining
methods and steps based on vertical machining center. Through the full combination of virtual
simulation experiment and actual equipment, it has significant results in improving student’s interest in
learning, ensuring teaching effect, reducing material waste, avoiding machine tool accidents and so on.
And combined with the actual processing, operation of CNC machine tool experiment to achieve the
combination of virtual and real, vivid image, rigorous and realistic, open and sharing, expand the
numerical control technology class teaching and talent training. It also provides a good reference for
similar curriculum development.
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1 Introduction tual simulation experiment platform of numerical con-
trol machine tool in vertical machining center. It is
composed of two parts: hardware design of vertical
machining center NC machine tool and virtual simu-
lation experiment platform. For the complex CNC
machine tool experimental teaching, there are com-
mon problems of high experimental cost, data is not
easy to obtain, high risk, this paper proposed the de-
velopment of numerical control machine tool virtual
simulation experiment system based on SolidWorks
software platform, taking vertical machining center as
the typical object, the virtual simulation experiment
can more intuitively display the detailed assembly rela-
tionship of each subsystem of machine tool, the as-
sembly relationship of the overall equipment and the
system composition. Let the students understand the
3D modeling method of complex CNC machine tools
and the processing technology based on CNC ma-
chine tools, and carry out the programming and pro-
cessing methods and steps of complex parts. The sys-
tem can be used for classroom demonstration and ex-
perimental teaching, which is convenient for students
to combine theory with practice and improve the abil-
ity of engineering practice.

Numerical control machine tool is a typical mech-
atronics product, its processing precision is high, can
adapt to the complex parts of the efficient and high-
precision processing application, its system composi-
tion involves a wide range, including machinery man-
ufacturing, computer technology, metal cutting tech-
nology, electronic and electrical technology, students
to master the knowledge and related professional con-
tent is more, with a certain degree of learning diffi-
culty. It is difficult to grasp and understand the con-
tent of numerical control technology directly through
the teaching of theoretical courses. Therefore, it is
necessary to help students better understand and mas-
ter the course content in practice teaching, based on
relevant theoretical knowledge and experiments.
However, due to the complex control of each motion
axis and tool path during machining with NC machine
tools, the correctness of NC program driving NC ma-
chine tools cannot be identified manually, especially
for the machining of complex patts. This situation not
only greatly reduces the efficiency of machine tools,
but also brings unpredictable risks to the safety of ma-
chine tools. This paper is mainly designed for the vir-
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2 Numerical control technology virtual
simulation experiment design

Because the experiment involved in numerical con-
trol technology has the characteristics of strong prac-
tice and high risk, numerical control technology virtual
simulation experiment must demonstrate the mechan-
ical structure of numerical control machine tool, nu-
merical control machine tool operation, processing
process, and obtain the same effect as the actual nu-
merical control equipment operation and processing,
reveal the structural principle of numerical control
machine tool. Take the feed transmission system of
NC lathe as an example, this system is the biggest dif-
ference between NC machine tool and ordinary ma-
chine tool. The transmission system of ordinary lathe
is very complex, but very intuitive, through disassem-
bly, assembly into the feed box can directly understand
the transmission process of ordinary lathe. There is no
feed box on the CNC lathe, and its transmission con-
trol is completed by the servo motor on each coordi-
nate axis and the CNC system. Its speed, position and
precision control can reach very high requirements,
compact structure, high assembly precision, it can’t be
disassembled and assembled, and students have diffi-
culty in understanding its transmission principle. In
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order to better let the students master the working
principle and structure of each system on the CNC
lathe, through the software SolidWorks and other
CNC lathe parts for three-dimensional modeling,
based on each coordinate axis for virtual assembly and
complete the CNC lathe motion simulation. Through
the virtual simulation experiment, students can com-
plete the disassembly and assembly of CNC lathe
parts, make and view the assembly sequence of the
machine, and view the production of motion simula-
tion and other practical teaching contents on the rele-
vant engineering software platform as if they were on
the equipment site in person operation, greatly en-
hance the enthusiasm of students to learn, better help
students to understand and master the knowledge [2].
This implementation process is shown in Fig. 1.

On the relevant engineering software platform,
students can complete the disassembly and assembly
of various mechanical parts according to the assembly
relationship of mechanical parts, make and view the
assembly sequence of the whole machine, check and
make motion simulation and other practical teaching
contents under the guidance of teachers by using the
three-dimensional modeling of the structure of CNC
machine tools.

]

The Explosive Diagram of  the

Component

Relanonship Simulation Experiment

Numerical Contral MachimeTool

Operation Simulation Experiment

Numerical Control Machine Tool
hachining Simulation Experiment

Entrants Ta The Experimantal Text

Based on the Experimental
Content of the Assessment

Fig. 1 Numerical control machine tool virtnal simulation experiment process

Using the operation module in the created numer-
ical control machine tool virtual simulation experi-
ment system, students under the leadership of the
teacher carried out the numerical control machine tool
operation virtual simulation experiment on the com-
puter, fully familiar with the function and use of each
switch and button on the operation panel of numerical

control machine tool, the operation of the knife, etc.,
so as to prepare for the virtual machining of the ma-
chine tool.

Using the machining module in the created numer-
ical control machine tool virtual simulation experi-
ment system, students carried out the numerical con-
trol machine tool machining virtual simulation
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experiment on the computer under the guidance of
the teacher. The drawings, processing technology and
program of 10 machining parts as well as the com-
puter processing simulation of corresponding parts
were provided systematically to help students under-
stand the processing methods and programming
methods of different shapes and processes.

Based on the above experimental content, experi-
mental tests are conducted and assessed according to
the experimental content to better help students mas-
ter the experimental content.

numerical control
virtual simulation

3 Development of
machine tool
experiment platform

3.1 Demand Analysis

As the CNC machine tool training equipment is
expensive, it is difficult for schools to meet the needs
of one-to-one training equipment and materials for
students. In addition, CNC machining has a certain
risk, due to program errors or operational errors; it is
easy to cause equipment damage or personnel injury
accidents. In the course of numerical control technol-
ogy teaching, using virtual simulation practice teach-
ing, can well solve the above problems [3]. After mas-
tering the relevant technical details of numerical con-
trol technology, the specific operation and processing
of parts on numerical control equipment can realize
the integration and unification of virtual simulation
and practical application, which can better help stu-
dents master the operation and processing ability of
numerical control machine tools, improve their prac-
tical level, and promote the coincidence of students'
knowledge and ability with enterprise needs [4]. This
virtual simulation experiment platform is based on
Solid works, Composer, UE4 and other software, and
based on the numerical control equipment of the en-
gineering training Center of Southwest Forestry Uni-
versity, to develop and design a complete set of virtual
simulation numerical control experiment platform.
According to the requirements of the virtual simula-
tion Training Center of Mechanical and Transporta-
tion College of Southwest Forestry University for ex-
perimental courses, with the enhancement of student’s
professional knowledge as the center and the im-
provement of student’s practical application ability as
the basis, virtual simulation modules such as "CNC
machine tool structure”, "Machine tool basic opera-
tion training", "complex parts process analysis and
molding simulation processing" are taken as the main
functions of the experimental platform. For each vir-
tual simulation module, combined with specific
knowledge points, the design and implementation of
virtual simulation experiment content should be able
to solve the following main problems:

* 1) Help students understand the basic re-
quirements of CNC machine tools for me-
chanical structure, understand the working
principle of the main transmission system and
feed transmission system of CNC machine
tools, and understand how to meet the re-
quirements of the system structure of CNC
machine tools by analyzing their mechanical

components.

*  2) Taking the feed system of CNC machine
tool as an example, using the 3D solid model
of CNC machine tool created on SolidWorks
tool platform, carry out virtual disassembly
and virtual assembly experiments on the feed
system of the machine tool to verify the cor-

rectness of its theoretical analysis.

*  3) Before the actual equipment operation, the
virtual simulation machining module is used
to understand the operation steps and pro-
cesses of complex CNC equipment. Master
the tool setting method of CNC machine

tools.

*  4) Master the selection and application of fix-
ture in parts processing. Design optimized
process methods and select appropriate pro-
cess parameters based on the processing
workpiece.

* 5) Learn machining programming of parts
based on CNC system requirements of CNC
machine tools. Through different virtual sim-
ulation experiment contents, create the same
processing scene as the actual processing en-
vironment, let students feel the on-site imple-
mentation process of machine tool operation
and machine tool processing through the vit-
tual system, realize the purpose of virtual on-

site operation and processing,

3.2 Overall design of the system

Numerical control machine tool virtual simulation
experiment involves more experimental content and
projects, the relevant design content is also different.
As a virtual simulation experiment system, each expet-
iment must exist independently and establish corre-
sponding logical correlation to form an interrelated
and independent organic system, so as to meet the
needs of experimental teaching in corresponding
courses. [5] Therefore, the virtual
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simulation system of the numerical control machine
tool should not only meet the experimental teaching
of the structure, operation, processing of the numeri-
cal control machine tool virtual simulation system to
reflect the various implementation methods, but also
consider the students in the process of use can be
from the basic principle, basic structure to the appli-
cation of professional knowledge of the cognitive law.
According to the system structure and experimental
steps shown in Fig.1, teachers should also give full
consideration to the logical relationship between the

matching and promotion of student’s professional
knowledge and the knowledge they have been taught
in the process of carrying out the experiments, only in
this way can the experimental content involved in
CNC machine tools be combined with the teaching
content of virtual simulation experiment, and finally
achieve the teaching purpose of "virtual and real com-
bination", thus forming the teaching system of numer-
ical control machine tools virtual simulation experi-
ment as shown in Fig. 2. [0]

Based on the equipment, [ully
understand its operation steps.
the function and use of each
switch and button on the
operation panel, learn the basic
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Fig. 2 Overall design drawing of excperimental system

As shown in Fig. 2, the main parts of the virtual
simulation experiment system of CNC machine tools
are the structure composition, the simulation
experiment module of assembly relationship, the
operation simulation experiment module of CNC
machine tools, the machining simulation experiment
module of CNC machine tools, and the module of
assessment based on experiment content. To
complete the design of the system, the first use of
three-dimensional modeling software SolidWorks
strong characteristics of the establishment of the

ability and parts and assembly control function, can
quickly and efficiently complete the 3D model of
CNC machine tools and can retain the complete
design data, but also through the standard data format
and other CAD software for data exchange. Secondly,
interactive documents are made. Before the output of
virtual simulation resources, personalized interactive
document making schemes can be customized
according to user’s needs, and the content of virtual
simulation resources can be updated in real time
according to users' needs. Third, obtain interactive
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virtual simulation resources. Through Solidworks
modeling and Composer interactive document
production, interactive virtual simulation resources
can be output and generated interactive three-
dimensional virtual reality can be interacted with.
Participant’s interaction with virtual simulation
environment can provide people with immersive

experience and  effectively guide production
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practice and learning [7].

3.3 Numerical control machine tool virtual
simulation experiment project introduction

The numerical control machine tool virtual
simulation experiment system is mainly composed of
the following modules, the specific components and
function realization are shown in Fig.3.
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Fig. 3 Tree structure of CNC machine tool virtual simulation system
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Fig. 4 The functional modules in the structure

Numerical control machine tool structure compo-
sition, assembly relationship simulation experiment
module. The simulation experiment module divides
the vertical machining center into eight sub-assemblies
according to the actual functions. The feed system is
the actual moving part of machining, the shell protec-
tive cover is the human-machine protection part, the

numerical control system is the human-machine inter-
face digital control part, the electric control system is
the control signal power supply and the action re-
sponse part.

The transformer unit is the strong current and
weak current distinguishing part, the pneumatic sys-
tem is the air compressor air path system, the tool
changing system is the tool library and the tool chang-
ing action part, the cutting fluid circulation system is
the coolant the road part. According to the method of
step-by-step learning the sub-assembly is studied, and
the machine tool internal structure is tested on the ba-
sis of understanding the function, which improves the
single characteristics of the
teaching method in the learning stage of machine tool
structure caused by the machine tool cannot be disas-
sembled [8, 18]. It is shown in Fig. 4.

Operation simulation experiment module of CNC
machine tools. The module is divided into four parts
according to the steps of the actual basic operation of
the machine tool, which are boot up, back to the
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reference point, empty operation, basic operation, it is
the operation with the highest frequency in each use
of the machine tool. As the basis of the operation of
CNC machine tools in the case of student’s first con-
tact with CNC machine tools, to provide security for
students, at the same time, develop the habit of open-
ing, shutting down and air transport in order, in the
maintenance of machine tools has a certain positive
role.

Numerical control machine tool processing simu-
lation experiment module. The module is divided into
five parts according to the actual processing sequence,
which are respectively: installation fixture, installation
workpiece, tool setting, calling program and pro-
cessing. The actual selection of processing issues is
taken into account respectively. To make correspond-
ing choices under the guidance of the overall pro-
cessing strategy of parts, and learn the basic processing
methods, cultivate students' basic processing ability
and improve their professional ability [9].

Numerical control machine tool virtual simulation
experiment evaluation module. As the quantitative in-
dex of students' experiment part, the evaluation mod-
ule is divided into three parts in the design of the sys-
tem. According to the learning and mastering of ma-
chine tool structure, basic operation and processing,
question banks are set up respectively to randomly se-
lect questions to evaluate the learning of student’s ex-
periment link, and weighted with different weight fac-
tors, the final result is obtained through the total score,
which can effectively check the learning effect of stu-
dents.

3.4 Numerical control machine tool virtual
simulation platform characteristics

The numerical control machine tool virtual simu-
lation platform has the following characteristics:

* The software runs independently without
installation. It can provide PC terminal use,
through the campus computer room for
teaching or student’s independent learning,
review.

* During the experiment, the class, student
number and password should be used to log
in. The teacher will check the student’s
learning progress and knowledge mastery by
taking the class as the unit, and give specific
teaching explanation according to the error
rate. Interactive operation: click/press the

corresponding key, and corresponding

actions of "sinking" and "lighting" will appear.

* 3) In order to stimulate student’s innovation

ability, open source design is recognized, the

students independently design the parts to be
processed, conduct simulation, and score the
software according to the scoring standard

through step traversal.

* 4) The operation of the platform simulates
the real operation of the machine tool, and
prompts step by step in order to provide

students with correct operation prompts.

* 5) Perform operation evaluation according to
the prescribed operation sequence, which can
cotrect students' bad operation habits and

avoid unnecessary injuries in actual operation.

4 Teaching practice of numerical control
machine tool  virtual simulation
experiment system

Based on the above analysis, taking the numerical
control machine tool structure composition, assembly
relationship simulation experiment module as an ex-
ample, analyze and elaborate the function and use of
the system. [10] As shown in Fig. 4, it is the simulation
experiment module of the structure composition and
assembly relationship of the virtual simulation system,
which is divided into eight sub-assemblies according
to the actual functions. In this module, after entering
the experiment interface, firstly click the "structutre
module" as shown in Fig. 5. The student can then en-
ter the interface shown in Fig. 6, at the bottom of the
interface, there are 10 small ICONS, and you can enter
the 8 sub-assemblies and the hand pulse generator as
shown in Fig. 4 to understand their component com-
position and component composition of the sub-as-
sembly. The specific experimental process is as fol-
lows:

* 1) Click the "Structure Principle" button as
shown in Fig. 5, and the page as shown in Fig.

will be entered.

==

Fig. 5 Virtual simulation experiment home page
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model, in this experimental page can have an
in-depth understanding of the composition
and shape of each part of the machine tool.

3) Click the "bed" icon at the bottom of the
page in Fig. 7 to enter the 3D model of "CNC
machine tool Optical Machine" as shown in
Fig. 8. On this page, students can clearly un-
derstand the component composition of each
part of the CNC machine tool optical ma-
chine. Click the second button on the right of
the page, and enter the explosion diagram of
CNC machine tool optical machine parts as
shown in Fig. 9.This page mainly includes X
axis component, Y axis component, Z axis
component, tool library system [11].You can
zoom in and out of the page through the
mouse, and you can also rotate the model. In
this experimental page, you can deeply under-
stand the composition and shape of each part
of the machine tool optical machine.

4) This page gives the composition of Z axis
component, Y axis component, X axis com-
ponent and tool library system of the feed sys-
tem, Click the fourth button on the right side
of the page, and you can get the detailed com-
ponent composition of the spindle compo-
nent, Z-axis component, Y-axis component,
X-axis component and tool library system, as
shown in Figure 10, and the explosion dia-
gram reflecting the assembly relationship.
You can zoom in and out of the page with the
mouse, ot rotate the model. Students can
zoom in and out of the page through the
mouse, and also rotate the model. In this ex-
perimental page, they can have an in-depth
understanding of the composition of each
part of the machine tool optical machine. If
you want to know the details of each part and
the name of the part, you can continue to
click the button at the bottom of Fig. 10 to
further understand the detailed composition
and assembly relationship of each part. Take
the Z-axis component as an example. Click
the button at the bottom of Fig. 10 to further
understand the detailed composition and as-

sembly relationship of each component [12].

Tool changing system | { X-axis Assembly | [ Y-axis Assembly )

Then you can enter the Z-axis component as-
sembly shown in

Fig. 11.
5) Click the button at the bottom of the page

drawing as

in Fig. 11, and you can enter the page of Z-
axis component explosion diagram as shown
in Fig. 12.You can zoom in and out of the
page with the mouse, or rotate the model.
Through this experiment, students can fur-
ther understand the components and names
of the Z-axis components, master the com-
position of the Z-axis components and the
ordering relationship of the components, an-
alyze the structure principle, and master the
assembly relationship between the compo-
nents [13].0ther components can also be
tested in a similar operation mode, as shown
in Fig. 14, which is the component composi-
tion of each component of the CNC machine
tool optical machine. Through the above op-
eration mode, each part can complete the rel-
evant cognitive experiment.

6) After completing the above simulation ex-
periment module of structure composition
and assembly relationship of CNC machine
tool, click "Experiment test" button on the
page to enter the experiment test of the ex-
periment content. Through this test, teachers
can understand the student’s grasp of the
structure and composition of CNC machine
tools, the relevant experimental content and
basic knowledge of assembly relations [14,
15]. Fig. 13 shows the overall structure of the

system.
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Fig. 13 CNC machine tool optical structure composition
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5 Experimental examination

The virtual simulation system consists of four
modules. It mainly consists of four modules: the
sttucture of CNC machine tool, the simulation
experiment module of assembly relationship, the
operation simulation experiment module of CNC
machine tool and the machining simulation
experiment module of CNC machine tool. Fach
experimental module has a different assessment
module. Based on the experimental content of
different modules, different assessment contents are
designed. The final assessment results are
automatically recorded in the fourth assessment
module based on different weights, and the
assessment results are directly output. The
examination contents of each module include basic
knowledge, familiarity with experimental steps,
correct and standardized operation of NC machine
tools, standardized use of measuring instruments,
correct selection of machining parameters, machining
procedures submitted in the experimental report,
correctness of experimental results, analysis and
discussion of results, and solution of thought
questions [16, 17].

6 Conclusion

Through the creation of four virtual simulation
modules, this project helps students to truly and
vividly understand the mechanical structure,
composition, operation of CNC machine tools, and
various knowledge and operation processes involved
in parts processing of machine tools, students deeply
understand and grasp the relevant knowledge and
application of CNC machine tools, through the actual
use of exactly the same steps, step by step real-time
simulation of machine tool operation, processing
process involved in the experimental content. The
numerical control machine tool virtual simulation
system not only helps students to understand and
master the relevant theoretical knowledge of
numerical control machine tools, but also helps
students to master the whole process of actual
operation and processing must be understood and
mastered before the actual operation of numerical
control machine tools.

With the development of virtual reality technology,
teaching methods are constantly improved, and the
channels for students to acquire knowledge are
becoming more and more extensive. The training
center, relying on the existing equipment, develops the
training platform and achieves the combination of
virtual and real, focuses on course teaching, and takes
the agricultural machinery major as the student-
oriented, which plays a certain role in improving and
helping the cultivation of student’s professional
knowledge, practical ability and innovative spirit.

It also provides some reference for the construction
of experiment platform of relevant agriculture and
forestry courses.
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