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The Construction and Application of Intelligent Factory Experiment System based on the Industry 4.0
CHEN Guo-jin'  JIANG Zhou-shu>  SU Shao-hui'  CHEN Chang'

(1. School of Mechanical Engineering, Hangzhou Dianzi University, Hangzhou, Zhejiang, China 310018;

2. Laboratory and Equipment Management Division, Hangzhou Dianzi University, Hangzhou, Zhejiang, China 310018)
Abstract: This paper introduced the on-campus comprehensive experimental platform that was jointly developed by the
national experimental teaching demonstration center of “intelligent manufacturing technology” of Hangzhou Dianzi
University and Simens Limited China. The platform was compsed of 6 sub-platforms, while the concept of industrial
4.0 was reflected in the “intelligent factory experiment platform”. Meanwhile, the core of the “intelligent factory
experiment platform” was the intelligent factory experiment system. Therefore, this paper built an intelligent factory
experiment system based on industry 4.0, introduced the 13 experiment items designed in this system, and then carried
out corresponding practice training on related items. Thanks to the construction and application of the intelligent factory
experimental system based on industry 4.0, a modern manufacturing engineering experimental platform based on
industry 4.0 was successfully created. This platoform will be conducive to cultivating students to be excellent engineers
with forward-looking vision, industrial 4.0 concept, and the ability of integrating industrialization with informatization.

Keywords: Industry 4.0; intelligent factory; experimental system; all life cycle; engineering education
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Role and Practice of Competition, Platform and Base in Mechanical Major

Guojin Chen

Mechanical School
Hangzhou Dianzi University

Abstract—Subject contest is one of the important means to
cultivate the ability of “creativity, innovation, and
entrepreneurship”, the engineering practice ability and the
comprehensive quality for students. At the same time, it plays
an important role in cultivating the students’ comprehensive
quality of learning awareness, autonomous learning ability,
scientific spirit, cooperation consciousness, team spirit,
organizational ability, and competitive strength. The platforms
and the off-campus bases are an important condition for
implementing subject competitions. This paper analyzes the
relationship between the competition and the ability and
quality. It summarizes the content, organization and
implementation effect of the mechanical discipline
comprehensive competition run jointly by university, society
and industry and involved in by everyone. This form of the
competition changes the past situation that a few of students
participated in the competition, and makes that the student
participation has reached nearly 80%. A strong academic
atmosphere and plenty of practice opportunities can train the
comprehensive ability of students.

Keywords- competition; platform; base; mechanical major;
innovation

I

Subject contest is one of the important means to cultivate
the students’ innovation ability, engineering practice and
comprehensive quality. In recent years, the mechanical
school encouraged teachers, invested funds, mobilized
students to participate in various academic competitions, and
achieved the gratifying results, and cultivated the students’
innovative spirit, ability and comprehensive quality. In order
to extend participation in academic competitions and to
further improve the quality and ability of the students, from
2011, the mechanical school has carried out the mechanical
discipline comprehensive competition run jointly by our
school, Zhejiang institute of mechanical engineering,
Hangzhou institute of mechanical engineering, and relative
industry. This is the first time in our province to carry out the
mechanical discipline comprehensive competition co-
operated by many units and participated in by more than
80% students. The students’ ability of “creativity, innovation,
and entrepreneurship” is improved on a large scale.

INTRODUCTION

IL.

Students can select one of three kinds, scientific papers,
technical works or business plans. The scientific papers can
be the summarized papers, also can be the research or project

COMPETITION CONTENT AND ORGANIZATION FORM

978-1-4799-6989-0/14/$31.0002014 IEEE

539

Hangzhou, China
e-mail: chenguojin@163.com

developments. The technical works include: 1) the themed
mechanical design competition, 2) the subjectless
mechanical and electrical products; 3) the product modeling;
4) the creative iron works; 5) the product configuration and
packaging design. The business plans are that around a
promising project, in order to obtain the risk investment,
students complete the overview of enterprise introduction,
business prospects, risk factors, return on investment and exit
strategy, organization and management, financial forecasting
and other aspects.

The competition is jointly organized by Zhejiang institute
of mechanical engineering, Hangzhou institute of mechanical
engineering, Hangzhou Dianzi University. It is collaborated
by the educational administration office, league committee
and mechanical school of Hangzhou Dianzi University, and
the off-campus enterprises. For our mechanical engineering
undergraduate and graduate students, the contestants team 2-
4 persons. The competition is divided into four stages,
namely, the mobilization and deployment, the topic contest,
the comprehensive competition, and the summary and
commendation. The April of each year is for the mobilization
phase: releasing the competition notice in the school,
showing the previous students’ works of science and
technology, propagating intensively, and mobilizing the
students. The special competition regulations and the
reviewing standards are formulated clearly to ensure the
smooth development of the activity. From May to October is
for the special competition stage: the school holds the
various subject contests, and the special experts review and
determine the reward levels of the excellent projects which
are recommended to participate in the general competition
evaluation. At the same time, the outstanding works are
recommended to the relevant provincial or national subject
contest for college students. October is the final stage:
excellent works in all types of competitions are concentrated
to display. The general competition evaluation committee
reviews to determine the final winners according to each
special competition situation. November and December are
the summary commendation stage: summing up the work
experience, and awarding the prizes.

III.

In order to let the students to complete the multi-
disciplinary contest works of the machine, -electricity,
management, and control involved in modern manufacturing,
the school must have the experimental platform. At the same
time, in order to establish the engineering education idea of

PLATFORM AND OFF-CAMPUS BASE
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“industry orientation, future orientation”, taking the social
demand as the guidance, and the practical engineering as the
background, the school must constitute the practice bases
outside school to highlight the innovative spirit and practical

ability.
Taking the “great engineering” in the modern
manufacturing industry as the main line, fusing the

“mechatronic system” and the “management and control
integration process” in multi-discipline, the comprehensive
practice and teaching are stressed to eventually develop the
students’  ability of  “creativity, innovation and
entrepreneurship” and the comprehensive practice ability.
The education mode of modern manufacturing industry is the
practice teaching system in stage, mutual promotion, and
modularity for the students as the main body, the
comprehensive knowledge of modern manufacturing
industry as the background, and the cultivation of the
students’ practical ability as the core. According to the
training program of the creativity, innovation and
entrepreneurship ability for the college students, with each
module teaching, the experimental platform is set up, as
shown in Figure 1. Each sub-platform is composed of several
projects. Many projects constitute the teaching content to
train the college students’ creative ability. From the system
point of view, the experimental platform is respectively in
the management decision-making layer, the design and
control layer, and the execution layer, basically reflecting the

panorama and work flow of the modern manufacturing
enterprises. At the same time, in order to further highlight the
intelligent manufacturing technology, the intelligent
integrated experiment system of electromechanical and
management and control manufacturing is developed, as
shown in Figure 2.

Relying on the two provincial demonstration centers of
“electromechanical engineering” and “industrial design” in
our university, the provincial science and technology
innovation platform of “the band sawing machine and special
machinery equipment”, and the provincial key laboratory of
“the ship and port machinery equipment”, the mechanical
school formed the five practice base groups of “Hangzhou
optical-mechanical-electrical machine”, “Hangyong plastic
machinery”, “Jinyun precision machinery”, “Zhoushan ship
machinery”, and “Shaoxing port machinery”, including the
three national bases of “Hangji group”, “Geely group” and
“Yinlun group”, as shown in Figure 3. Through the carriers
of the provincial key laboratory, innovation platform,
demonstration centers, national and provincial practice bases
outside school, around the four directions of personnel
training on the injection molding machinery and mold, the
precision machinery, the ship and port machinery and the
special optical electromechanical integration technology, the
students’ ability training is focused on. At the same time, the
“government, production, learning, and research” is closely
integrated so as to establish a long-term mechanism. [1-5]

Moedern management and information system innovation platform

5 ; =
S G
= ) @ 5 g = g 2
] & < |51 35 <] =] = P
9 £ g £ = & s Z
g = 2
<
= Digital design innovation platform i Intelligent contro&nnovation platform Creative desigriplatform
& % ‘ CAX ‘ ‘ ADAMS ‘ ‘ ANSYS ‘ ‘ MATLAB ‘ ‘ PLC ‘ ‘ Embedded control Art design
P
A g ‘ CFD ‘ ‘ FLUENT ‘ ‘ PROTEL ‘ ‘ ISE ‘ ‘ DCS ‘ ‘ Computer control Industrial design
Q
Manufacturing informatiorisystem innovation platform l v l
o 5 @ = on =y
z % < = 2 § £ £ £ g
L S 2 s I = g = S 3 2 =
5 5 = g -g = m = = jZ] bS] S
ES 5 © 5 = 2] eh 8 B 3] 2
3 o g = = 31
= = = ~ = S = £ g —_
= S g £ O = Pt o g
2 g g S g > 5 £ % 2 2
E £ 2 © © 2 K g g g S
= 2
s8]

Electronic system innovation
platform

Mechanical design innovation

Control system innovation

platform platform

Fig. 1. The campus experimental platform

540



2014 | EEE Workshop on Advanced Research and Technology in Industry Applications (WARTIA)

Multidisciplinary “ " Process Design )<:> Manufacturing Process
D sttem <:> Sys em Control sttem

N——r | S— ——
Production Line @

Tool Tool Tool ]

[ Image Focusing Device

@ Frequency Converter
i@l Synchronous Device - @ Production Line @

Fig. 2. The campus experimental platform

“Hangji group”
national base

“Yinlun group”
national base

Hangzhou
mechatronics

Hangzhou-Ningbo
injection machinery

Two provincial
demonstration centers

“Geely group”
national base

A provincial sci-tech
innovation platform

A provincial key
laboratory

Zhoushan
ship machinery

Jinyun
precision machinery

Shaoxing
port machinery
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IV. ANALYSIS OF PRACTICE EFFECT

In recent years, the school encourages teachers, invests
funds, and mobilizes students to participate in various
academic competitions, and achieves many gratifying results
in the training of the students’ ability. Beginning in 2011, the
school carried out the mechanical discipline competitions
organized the university, Zhejiang institute of mechanical
engineering, Hangzhou institute of mechanical engineering,
and the related enterprises. This is the first time in our
province to carry out the all students’ competition in
cooperation with the association, the industry and the
university. The students’ participation is more than 80%. It
largely improves the students’ ability. In recent 3 years,
various innovation projects and subject contests of college
students are described in the following table.

competition In 2013: 40 | In2012: 2 provincial third prizes.
persons.

Occupation
career In 2013: 10 | In 2013: 1 provincial second prize, 1
planning persons. provincial excellent prize.
competition

' ) I 2011: 30 In 2911': 1 .provn'mlal second prize, 2
Engineering provincial third prizes.

i persons. S .
training In 2012 40 In 2012: 1 provincial first prize, 2
competition ' provincial second prizes, 1 provincial

persons. . .
third prize.

Activity name Nurfll.)er of Achievements
participants
In 2011: 1 provincial first prize, 6
In 2011: 80 | provincial third prizes.
Mechanical persons. In 2012: 1 national first prize, 4 national
innovation In 2012: 70 | second prizes, 5 provincial first prizes, 1
design persons. provincial second prize, 4 provincial
competition In 2013: 70 | third prizes.
persons. In 2013: 2 provincial first prizes, 2
provincial second prizes.
Mechanical
ijr;r;(i)v:lltlon In 2012: 30 | In2012: 1 national first prize, 2 national
en persons. second prizes.
competition
(fisher group)
In 2011: 1 national third prize, 1
« provincial special prize, 1 provincial
C(ljlhillenge In 2011: 150 | first prize, 2 provincial second prizes, 1
acal:iemic persons. provincial third prize.
works In 2013: 200 | In 2013: 1 national first prize, 1 national
. persons. third prize, 1 provincial special prize, 1
competition . . L
provincial first prize, 2 provincial
second prizes, 1 provincial third prize.
“Challenge . . .
Cup” business | In 2012: 120 In 2.012' 2 provmc1gl first prizes, 3
provincial second prizes, 2 provincial
plan persons. . .
. third prizes.
competition
In 2011: 1 scholastic special prize, 4
. . In 2011: 150 scholastlc. first prizes, '9 ‘schol.astlc
Enterprise second prizes, 11 scholastic third prizes.
» persons. . . . .
Cup In 2012: 1 scholastic special prize, 7
. In 2012: 190 . ; .
mechanical ersons scholastic first prizes, 11 scholastic
comprehensive p . second prizes, 16 scholastic third prizes.
" In 2013: 180 . . .
competition ersons In 2013: 1 scholastic special prize, 5
p ’ scholastic first prizes, 8 scholastic
second prizes, 14 scholastic third prizes.
. In 2011: 80
Provincial ersons
science  and ?n 2012_ 90 In 2011: 3 items.
technology ' In 2012: 9 items.
i tion persons. In 2013: 5 items
mnova In 2013: 80 ' :
program
persons.
Zhou . In 2011: 40 In .2011: ‘1 nat}onal segond prize, 1
Peiyuan national third prize, 3 national excellent
: persons. - S . .
national In 2013: 30 | Prizes, 4 provincial third prizes.
mechanics ' In 2013: 3 national third prizes, 6
o persons. . .
competition national excellent prizes.
Provincial In 2012: 30 | In 2012: 2 provincial third prizes, 1
mechanics persons. provincial excellent prize.

V. CONCLUSION

The school forms a good scientific research atmosphere
of competition, vigorously implements the excellent cultural
project of “science ¢ creative campus line”, the professional
competition system of the “full coverage, multi range, low
threshold, heavy practice” concept, and a series of
comprehensive science and technology competition activities,
i.e. “mechanical master”, and organizes the school selection
matches for the discipline competitions of the “Challenge
Cup”, “mechanical innovation design”, ‘“Zhou Peiyuan
mechanics”, and “engineering training comprehensive
ability”, so that every student has plenty of opportunities to
participate in various contests and other practice activities
accordingly. The competitions have changed the past
situation that few students participated in the competitions.
That makes the students’ participation reach to nearly 80%.
In recent 3 years, the school invested nearly 200000 yuans to
make nearly 2400 students participate in various
extracurricular scientific and academic competitions. In 2011
the school obtained the special award in the provincial
“Challenge Cup”, in 2012 the first prize in the national
competition of the mechanical innovation design, and in
2013 the first prize in the national “Challenge Cup”. Those
fill the blank and refresh the record in the university.
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Study on Training System and Continuous Improving Mechanism for

Mechanical Engineering
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Mechanical Department, Hangzhou Dianzi University, Hangzhou, 310018, China

Abstract: In view of the Zhejiang province industry characteristics and the demand for talents in the field of mechanical
engineering, combined with our advantages, we put forward the orientation for training talent with the coordinated
development of "knowledge, ability and quality”. This paper analyzes the training target and plan in the mechanical
engineering, sets the practice links to cultivate the students’ engineering consciousness, practical ability and innovation
ability, and establishes the quality monitoring and evaluation system. On the basis of the intelligent manufacturing system,
the intelligent plant experimental system based on industry 4.0 is developed. Taking the training target as the starting
point, the complete system with the closed loops is formed, which is composed of students, graduation requirements,
continuous improvements, curriculum programs, and supporting conditions. A mechanism for continuous improvement is
developed, and a healthy cycle is entered into. So, the quality of engineering education is continuously improved.

Keywords: Continuous improving mechanism, mechanical engineering, quality monitoring and evaluation, training system.

1. INTRODUCTION

The professional certification of engineering education is
the international quality guarantee system of engineering
education, which is an important foundation for the
international mutual recognition on engineering education
and engineer qualification. The basic idea of the professional
certification for engineering education: first is to stress for
all students. The students are as the main service objects.
The satisfaction of the students and the employing units to
the university or professional services is an important index
whether through certification. Second is the emphasis on the
guide to the students’ learning outcomes. According to
requirements of core competence and quality for graduates,
the effectiveness of professional education is evaluated.
Third is the emphasis on qualification assessment. The
professional certification emphasizes the basic quality
requirements for engineering education, is a qualified
assessment. Fourth is the emphasis on the continuous quality
improvement. The profession must set up the mechanism to
improve quality continuously and effectively, and must be
evaluated continuously [1-8].

2. TRAINING TARGET AND PLAN

Equipment manufacturing industry is the pillar industry
in Zhejiang province. In 2012, the output value of the
equipment manufacturing industry is 2 trillion dollars,
accounts for 59% of the total output value. Although
Zhejiang is a small resource province, the main economic
indicators of the equipment manufacturing industry ranked
third in the country, only behind Shanghai and Jiangsu. For

*Address correspondence to this author at the Mechanical Department,
Hangzhou Dianzi University, No. 2 Road, Hangzhou, Postcard: 310018,
China; Tel: 0086-571-86919051; E-mail: chenguojin@163.com

1874-155X/15
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the manufacturing industry of Zhejiang, through the
extensive operation, technology innovation is the key to the
further development. Innovative talent is the necessary
condition to the rapid and healthy development of Zhejiang.
Intelligent manufacture equipment is one of two key
development directions in Zhejiang province. In 2013
October, the Ministry of industry and information
technology approved the Zhejiang province as the first
demonstration area for depth fusion of informatization and
industrialization in China. To this end, we propose to train
the engineering technical personnel with mechanical
engineering and automation knowledge application ability,
the coordinated development of “knowledge, ability, and
quality”, tamping machine foundation, facing the demand of
local industry, who can work in the field of mechanical
manufacturing for design and manufacturing, technology
development, application study, operation management and
sales management and so on.

The above target can be refined into: (1) To master
mathematics and natural science, basic knowledge of
mechanical engineering discipline, mechanical design,
machinery manufacturing, automation and other professional
knowledge; (2) With the ability to independently analyze and
solve engineering problems, and the ability of strong
expression, interpersonal communication, teamwork and
cross-cultural communication; (3) With the potential
becoming the senior engineering and technical talent of the
field and managing and copying with the future, including
sound personality and healthy physique, social responsibility
and occupation moral, innovation spirit and life-long
learning ability and consciousness; (4) Understanding the
industry upgrade and strategic emerging industry
development direction and main task determined by
Zhejiang and the state, with the ability for engaging in
design and manufacturing, technology development,
application study, operation management and sales

2015 Bentham Open
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management and so on in the field of mechanical

manufacturing.

In order to reach the goal for the coordinated
development of the knowledge, ability and quality, the
curriculum system is set up, as shown in Table 1.

3. PRACTICE ARRANGEMENT

Practice teaching is a very important part of the whole
university engineering education. Through the practice
teaching, we can cultivate the students’ awareness of
engineering, practice ability and innovation ability. Through
the practice teaching, we can train the students for the team
cooperation spirit and expression ability, and the

Chen and Zhang

comprehensive application of knowledge to solve practical
problems. Through the practice teaching, we can develop the
comprehensive quality and enhance the ability to adapt
practical work, in order to make the students serve the social
better after graduation. Therefore, the profession has always
attached great importance to the practical teaching
management and reform. At present, the professional
practice teaching mainly includes experiments inside courses
and performances on computer, experiment courses set
individually (comprehensive experiment of mechanical
creative design, university physics experiment), a separate
set of engineering training (metalworking training,
mechanical mapping training, electronic circuit practice,
production  practice), independent course  designs

Table 1.  Main courses on the coordinated development of knowledge, ability and quality.
Demand of Knowledge, Ability and Quality Main Courses to Reach Training Goal
Mathematics and natural science | (1) Higher mathematics, Linear algebra, Probability and statistics, Methods of numerical computation
(2) College physics, Experiments in college physics
(3) College chemistry
Basic knowledge of mechanical (1) Engineering introduction, Theoretical mechanics, Mechanics of materials
engineering discipline (2) Foundation of electrician, Electronic technology, Programming for C language
(3) Engineering materials & thermo-processing, Thermodynamic engineering, Engineering fluid
dynamics, Hydraulics & pneumatics
Knowledge - - - - - - e - - - . - .
Mechanical design, machinery (1) Engineering drawing, Principles of machine, Mechanical design, Mechanical control engineering,
manufacturing, automation and Interconvertibility and measurement, Manufacturing engineering, Microcomputer principles and its
other professional knowledge applications, Digital control technology, Measurement technique & signal processing
(2) Electromechanical transmission control, Control system design and simulation (Matlab), Principle
of single-chip computer, Electrical and mechanical system design, Mechanical systems design, Finite
element analysis and CAE software applications, CAD & CAM for machine manufacturing, Die
design technology, Mechanical design optimization, Computer control technology, Automated
manufacturing systems, Application of electrical control and PLC, Robot technology
(3) All the practice and training, curriculum design, and graduate design
The ability to independently (1) All the teaching classroom discussions, homeworks and experiments
analyze and solve engineering (2) Metalworking practice, Electronic circuit practice, Mechanical mapping training, Mechanism
problems innovation experiment, Mechanical CAD curriculum design, Curriculum design of microcomputer
interface, Synthetical curriculum design, Production practice, Graduation design
(3) Science and technology innovation practice activity
Ability The ability of strong expression, (1) Grouping experiment and discussion, and classroom Communication and discussion etc.
interpersonal communication, (2) Grouping tasks, writing instructions and replying in all the practice and training, curriculum design;
teamwork technology exchange, writing graduation thesis and replying in graduation design
(3) Science and technology innovation practice activity
The ability of cross-cultural (1) College English, Professional English (machinery)
communication (2) Reading and translating foreign literatures in graduation design
Sound personality and healthy (1) Physical education, Military training
physique (2) Cultivation of thought & morality & legal basis, College mental health education, Occupation
development and employment guidance of college students, School education, Pre-graduation
education
Social responsibility and (1) Modern Chinese history program, Cultivation of thought & morality & legal basis, Introduction to
occupation moral Mao Zedong's thought and the theoretical system of socialism with China characteristics, The basic
principles of Marxism, Situation and policies, Military theory, School education, Pre-graduation
Quality education
(2) Practice of political courses
(3) Social practice parts in production practice, Graduation design, Science and technology innovation
practice activity
Innovation spirit and life-long (1) Innovation design part in all the curriculum design and graduation design
learning ability and (2) Homework and thinking part in all the courses
consciousness . . . . o
(3) Science and technology innovation practice activity
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(mechanical CAD curriculum design, computer interface
curriculum design, mechanical manufacturing engineering
curriculum design, comprehensive curriculum design),
innovation practice, graduation design, extracurricular
practice education (practice of political course) and
extracurricular technological innovation activities.

In order to meet the requirements of the practice
teaching, the profession relies on the comprehensive
engineering education advantages in our university, such as
electronic circuit practice using the state demonstration
center of electrical and electronic experimental teaching. On
the other hand, the profession relies on the two province
demonstration centers of mechanical engineering and
industrial product design experimental teaching. The
following are the professional laboratories and practice
bases.

(1)  The curriculum labs: the major labs are mechanics
lab, mechanical principle and design lab, test
technology lab, numerical control technology lab,
heat treatment lab, precision measurement lab, MCU
lab, hydraulic and pneumatic lab, mechanical CAD
lab and other kinds of course labs. These can better
meet the experimental and computing requirements
for the professional students in class.

Hangzhou

mechatronics

The Open Mechanical Engineering Journal, 2015, Volume 9 9

(2)  The metalworking practice base: it can provide good
practice condition for mechanical engineering basic
training, independent and creative experiments etc. In
recent years, the profession has the four Zhejiang
province finance laboratory construction projects
such as the “comprehensive engineering training base
for modern engineering education”. That has further
improved the experimental and engineering training
condition.

(3)  The practice bases outside university: the profession
has established the one state practice education base
outside university and the two state engineering
practice education centers. By combining with the
provincial science and technology innovation service
platform, the provincial key laboratories and
enterprise practice bases, we established the
characteristic  industry  practice bases outside
university. At the same time, by means of the
cooperation in scientific research and social service,
we signed a number of cooperative education
agreements with enterprises. Through the practice
bases outside university, we provided a good
foundation of production practice and graduation
practice for students. The off-campus practice bases
are shown in Fig. (1).

Hangzhou-Ningbo
injection machinery

“Geely group”
national base

“Hangji group”
national base

“Yinlun group”
national base

Two provincial
demonstration centers

A province sci-tech
innovation latform

A provincial key
laboratory

Jinyun
precision machinery

Fig. (1). The off-campus practice bases.

Table 2. Social evaluation of teaching effect.

Zhoushan

ship machinery

Shaoxing
port machinery

Survey Method

Coverage When Result

Graduates’ informal discussions

5% From 2009, annually Notes of meeting

Pre-graduates’ informal discussions

5% From 2013, annually Notes of meeting

Enterprise surveys

From 2009, annually Research proposal

Informal discussions for industry and enterprise experts

From 2011, annually Notes of meeting

Online questionnaires

50% From 2013, annually Survey and analysis report

QQ groups

50% From 2010, occasionally QQ notes
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(4) The students’ activity center for science and
technology innovation practice: the center is equipped
with various kinds of small machine tools, such as
lathes, milling machines, and drilling machines, and
Fischer creative combination platform facilities. That
can satisfy the students’ requirements for science and
technology innovative design and processing, and
provide good conditions for the students’
extracurricular engineering practice.

4. INTEGRATED PLATFORM OF CYBER PHYSICAL
SYSTEM BASED ON INDUSTRY 4.0

Entering into the twenty-first century, the information
and communication technology have made breakthrough
progress, the intelligent network world and the physical
world are fused to produce the internet of things and the
cyber physical system. Therefore, the German first used the
cyber physical system for the manufacturing industry, and
opened fourth the industrial revolution of industry 4.0. The
induction of the cyber physical system into the
manufacturing and logistics fields, as well as the use of the
internet of things and its services in the industrial process,
result in the innovative factory, that is, the intelligent factory.
Totally different from the automation system in the
traditional factory, the intelligent plant uses the service-
oriented architecture, as shown in Fig. (2). As you can see
from Fig. (2), corresponding to the field level in the
traditional automation system, it uses the technology of the
internet of things; corresponding to the control level, it uses
the cyber physical production system (CPPS); corresponding
to the monitoring and management level, it uses the service
internet to provide service by connecting to a safe reliable
and credible cloud network.

Taking the “big engineering” of the modern
manufacturing industry as the main line, combining the
mechatronic system with the integration process of
management and control, we highlight the comprehensive
practice of electromechanical engineering, and cultivate the
ability of “creativity, innovation and entrepreneurship” and
the comprehensive practical ability for students. The
education mode and practice teaching system of modern
manufacturing industry is to take the student as the main
body, the comprehensive knowledge of modern
manufacturing industry as the background, and the
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cultivation of students’ comprehensive practice ability as the
core in stages and in mutually promoting and modular types.
According to the training scheme of the college students’
creativity, innovation and entrepreneurship, we set up the
experimental platform. In order to highlight the intelligent
manufacturing technology, the intelligent manufacturing
system integrated by machine, electronics, control and
management is developed, as shown in Fig. (3). Creating the
modern manufacturing engineering experiments based on
industry 4.0 for training the students to be the “excellent
engineers” of the forward-looking vision, the industry 4.0
concept, and the integration of the industry and information,
we produce the intelligent plant experimental system based
on the industry 4.0 to provide the experimental platform for
future industry, as shown in Fig. (4).

5. QUALITY MONITORING AND EVALUATION

The professional teaching quality monitoring system
includes the quality control, supervision, feedback and
analysis of teaching process, and the external evaluation. The
quality control of teaching process is implemented mainly by
the teachers according to the requirements of the teaching
quality control point. Its responsible persons are teachers,
and examiner is college. Quality supervision of teaching
process is mainly composed of attending lectures, teaching
examinations and students’ evaluations of teaching.
Examiners are office of educational administration and
college. The quality feedback of teaching process is operated
mainly by monitoring departments, college teachers and
students. The quality analysis of teaching process is executed
by office of educational administration, college, office of
student affairs and teachers. The curriculum goals, teaching
achievements, teaching resources, students’ comprehensive
quality, graduates’ quality, students’ learning status and so
on are analyzed and evaluated.

On this basis, the graduates’ informal discussions, online
questionnaires, QQ groups, and enterprise surveys evaluate
the teaching effect, as shown in Table 2. According to the
internal and external evaluation results on teaching quality,
and the national, social, employing unit demands, we need to
modify the training target, graduation requirements and
teaching plan. The quality control mechanism of the concrete
teaching process is shown in Fig. (5).

Service network

~7

PLM, SCM, CRM, QMS,
and ERP service

Intelligent plant

Intelligent product

Intelligent material [
APP platform

APP platform

APP platform

Cyber physical production
system (CPPS)

it

Internet of things

Fig. (2). Systemic architecture of intelligent plant.
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Fig. (3). Systemic architecture of intelligent manufacturing system.

Fig. (4). Systemic architecture of intelligent plant experimental system.
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Fig. (5). Quality control mechanism of teaching process.

6. CONTINUOUS IMPROVING MECHANISM

Since 2008, we have taken the training goal as the
breakthrough point, and established a complete system with
two closed loops which is composed of students, graduation
requirements,  continuous  improvements,  curriculum
systems, and supporting conditions. A mechanism for
continuous improvement has formed. We have entered a
well-behaved cycle, and can continuously improve the
quality of engineering education, as shown in Fig. (6).

The top-level design, namely training plan, includes
training objectives, graduation requirements and course
system. Our machinery professional training target is
segmented into the 4 goals. Goal 1: Mathematics and natural
science, mechanical engineering discipline and professional
knowledge; Goal 2: the ability to analyze and solve problems
independently, and the ability of expression, interpersonal
communication, teamwork and cross-culture communication;
Goal 3: the potential to manage and cope with future,
including physical quality, social responsibility and
occupation moral, and the spirit of innovation and life-long
learning ability and consciousness; Goal 4: for the Zhejiang
and state industry, the ability to engage in mechanical
engineering and other aspects of the work. In view of the
above 4 goals, the 12 specific graduation requirements are
put forward. According to the graduation requirements, the
courses are set up, which include the humanities and social
sciences, mathematics and natural sciences, engineering
bases, professional bases, professional courses, practice
links, extracurricular education, learning guidance. The
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graduation  requirements have a relation  matrix
corresponding to the target, and also have a relationship
matrix with the curriculum system. In Fig. (6), the teaching
activities in the curriculum system are monitored to inspect
teaching and learning. When the students do not reach the
requirements of a certain course, they can recycle to make-
up examination or retake classes. Teachers can understand
teaching situation through feedback, and actualize teaching
improvement. The support conditions are composed of
teachers, experiment and library resources, funding, teaching
facilities, management system, off-campus bases and
teachers, for supporting the course system and teaching
activities. University and college established the continuous
improvement mechanism, and through feedback, formed the
teaching quality model with the double closed loops as an
education plan revision, on the other hand, for improving the
conditions.

CONCLUSION

The personnel culturing target proposed in 2008, clears
the integrated and coordinated development of “knowledge,
ability, and quality”. The Zhejiang province economy and
the equipment manufacturing industry occupy half of total.
According to this feature and the talent demand for Zhejiang
creating advanced manufacturing equipments, we base in
Zhejiang, service for zhejiang, face to the country in the
talent cultivation orientation of the training objectives,
curriculum designs, and graduation requirements. The
direction module courses on “mechanical and electrical
integration” and “digital design” are launched, and the die
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Fig. (6). A complete system with two closed loops.

design course is added. Based on the evaluation feedbacks of
employers and alumni, according to the change of national
education development and the demand for talent in
Zhejiang province, the training plan was improved a lot
respectively in 2010 and 2013. At the same time, the
“excellent engineer” training programs of the 2011-2013
years were developed. In 2009 the provincial experimental
teaching demonstration center was constructed. At the same
time, the model on cultivating talents of mechanical
engineering in the CDIO engineering education mode was
studied, and the demonstration in part of courses was
developed. In 2010, in order to adapt to the engineering
education plan in the “excellent engineer”, we signed the
agreements for joint training with more than 20 enterprises
in Zhejiang province. At the same time, we declared 3
national practice bases outside university, and the projects
were approved by the Ministry of education. In 2011 we
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Improved mechanism

started the implementation of the “excellent engineer”
training program.

Since 2008, after the integration development of
“knowledge, ability and quality”, and the implementation of
the training objective for Zhejiang province industrial
demand, we have further established the “student-centered
and output-guided” concept, and invited the experts of
industry and enterprise to discuss the training objective and
curriculum system. The practice links are strengthened, and
the good results are achieved. Especially in order to extend
participation in academic competition, and to further
improve the quality and ability of the students, since 2011,
we have carried out the mechanical discipline competition
conducted jointly by the university, Zhejiang society of
mechanical engineering, and Hangzhou society of
mechanical engineering. This is the first time in our province
to carry out the mechanical comprehensive discipline
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Table 3. The competitions and employment rates.
Year State Awards Province Awards Society Awards Employment Rates (%6)
2011 6 19 25 99.40
2012 8 24 35 98.08
2013 11 13 28 98.61
competition cooperated by the university with the societies. REFERENCES
More than 80% of students participate in the competition. It . hioi ) ) haohui and
widens the participation range to improve the students’ (11 C.Guojin, C. Zhiping, H.X.W. Wangiang, N. Jing, S. Shaohui, an
. . . . L G. Youping, “Study on the teaching mode of cognition-
innovation consciousness and practical ability. The student comprehension with protrude in two ends for mechanical
employment rate remains at 98%, and the employing units specialty,” In: Proceedings of ICETT, November 2010.
gives out a high evaluation. The competitions and [21  C.Guojin, C. Zhiping, H.X.W. Wangiang, N. Jing, S. Shaohui, and
employment rates of the students in the recent 3 years are G. Youping, “Experiment platform, special item and ability
h in Table 3 development on creativity, innovation and entrepreneurship,” In:
shown In 1abie o. Proceedings of ICETT, November 2010.
[3] C. Guojin, “Study on the education plan of the creativity,
innovation and entrepreneurship ability in university students” In:
CONFLICT OF INTEREST Proceedings of ICCIC, 2011.
[4] C. Guojin, “Study and practice on training scheme of university
The authors confirm that this article content has no students’ entrepreneurship ability” In: Proceedings of ICCIC, 2011.
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Reform and Practice of Teaching Model in Joint
Practice Base of University-Enterprise

Guojin Chen
School of Mechanical Engineering, Hangzhou Dianzi University, Hangzhou 310018, China

Email: chenguojin@163.com
Abstract

Practical teaching is an important teaching link for universities to achieve the personnel training objectives. Through the industrial,
academic and research cooperation, our university established the practice base of the mechanical and vehicle engineering. We set
up the propagable practice teaching system of “excellence scheme”, designed the practice teaching contents of the “basic and
characteristic”, implemented the teacher training program of the university-enterprise interaction, perfected the bases’ practice
management system, improved the bases’ practice conditions and atmospheres, reflected the demonstration and radiating role of
“multiple input and multiple output”, formed the long-term operation mechanism of the university-enterprise cooperation by the
combination of teaching and research, so as to achieve the “win-win” of the university-enterprise cooperation.

Keywords: Excellence Scheme; Mechanical and Vehicle Engineering; Practice Base; Teaching Mode
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Study of practical teaching reform on mechanical courses
based on industry 4. 0 management
Wang Zhiqiang, Ni Jing

(School ofMechanical Engineering, Hangzhou Dianzi University, Hangzhou 310018, China)

Abstract; The teaching idea, teaching system, teaching content, teaching method and teaching platform are
reformed. This experimental teaching system course has its unique features, that is, information and
intelligence of the manufacturing industry are characteristic, the mechanical and electrical, management,
control and other multidisciplinary comprehensive training is feature, the industry 4. 0 technology is the bond.
Meanwhile, the system fits the educational objectives for students’ training of mechanical degree. This
teaching mode has always been directed by related industry needs whose educational target reflects national
needs. And it can excite the students’ learning ability and mobilize initiative of students’ learning in practice.
It is beneficial for cultivating engineering practical abilities and improving the innovative capacity of students
and can lay the foundation of training applied talents.

Key words: industry 4.0; projects and competition to drive; multidisciplinary comprehensive training;

cultivation of school-enterprise joint operations
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Machinery Specialty’s Training Program and Its Implements

CHEN Guo—in HU Xiaoping DONG Feng
( School of Mechanical Engineering Hangzhou Dianzi University Hangzhou Zhejiang 310018 China)

Abstract: Based on Zhejiang Province’s industry characteristics the requirements of the industries upgrade
and the discipline and the specialty characteristics of the Mechanical School HDU this paper puts forward
the goal of the “excellent engineer training program ” as follows: a goal two kinds of abilities three direc—
tions four bases five implements and six measures and a series of rules and regulations are worked out. The
co-ordination and the optimization of the training program the practice teaching scheme of the school and en—
terprise cooperation the comprehensive practice the laboratory and the base constructions have laid a solid
foundation for improving the students” innovative ability their engineering ability and their overall quality
which also paves a smooth way for the implement of the “excellent engineer training program”.

Key words: excellent engineer training program; industry upgrade; machinery specialty; engineering ability;

personnel cultivation
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Innovative Experimental Method of Embedded LCD Display
ZHAO Jianyong WU Hui-Heng
( Institute of Software and Intelligent Technology Hangzhou Dianzi University Hangzhou Zhejiang 310018 China)

Abstract: According to the characteristics of the embedded experimental teaching the innovative experimen—
tal method of LCD display is proposed. Based on the ARM S3C2410 processor hardware platform with self—
developed HMI design software the method realizes the WYSIWYG environment for embedded LCD display
experiment. The results show that the method can effectively raise the students” experimental interests and ini—
tiatives then it can make them grasp the essence of the experiment.

Key words: L.CD display; embedded; experimental teaching
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On Innovative Teaching Practice of Engineering University Students

CHEN Guoin
(School of Mechanical Engineering Hangzhou Dianzi University Hangzhou 310018 China)

Abstract: Surrounding the innovative talent cultivation mode of strengthening foundation widening range emphasizing
characteristics enhancing ability and the overall requirements of the creative education this paper put forward the inno—
vative practicing teaching program of the progressive and continuous type for engineering university students. Taking the
integration of machinery electronics management and control as a core taking product design manufacture control
and business administration as a carrier a modern multidevel integrated manufacturing system is combined with a multi—
stage practical teaching mode. Training the practical and innovation ability of students runs through the observation and
judgment creation and evaluation modeling and design simulation and manufacture of the entire process. The practi—
cal results showed that the engineering consciousness and innovative ability of engineering students rise enormously and
the satisfactory effect is obtained.

Key words: innovative education; mechanical and electronic system; experiment platform; teaching and practicing
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Dynamic load computing model for inner hole broaching

NI Jing, GU Zhan-hua. YANG Xiao

(School of Mechanical Engineering . Key laboratory of Mechanical Equi pment and Technology for

Marine Machinerv, Hangzhou Dianzi University, Hangzhou 310018, China)

Abstract: A calculating and predicting broaching model was established aiming at the problem that the
calculating broaching load of round hole has big error and that the dynamic load has poor predictioin
accuracy. in which the circle effect of round hole. scraping effect of cutter and cyclic contact characteristics
between cutter and workpiece were synthetically considered. Based on the Johnson-Cook model. circle
effect on broaching load was calculated by dividing the cutting profile of each cutter in detail. Moreover,
on account of the contact state between cutter and workpiece. the calculating broaching load model was
further optimized through regarding cutting and scraping with different proportions of each other in each
cutter during broaching process. Considering the cycelic contact characteristics of the cutter teeth number
between cutter and workpiece. dynamic broaching load was calculated exactly by dividing broaching
process into three phases: the initial contact stage of workpiece and cutter tooth. the complete contact
stage of workpiece and cutter tooth, and the separating stage of workpiece and cutter tooth. Simulation
and test results show that the proposed model can better predict the characteristic of dynamic broaching
load; the average calculation error is less than 13 %4.

Key words: hole slot broaching; circle effect; scraping effect; cyelic characteristics of cutter number;

dynamic broaching load; modilied Johnson-Cook model
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Table 1 Geometry parameters and components of broach

length width  front height rear height broach length rake angle keyway width standard
/mm Jmm /mm /mm /mm 7€%) /mm component
560 16. 28 34, 52 36. 28 18~30 15 16 Cl.08W1. 5Mo9.5V1, 15Ce8. 0
1.2 SEEg&
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Modeling and Verification on Cutting Load Dynamics of Band Saw
Ni Jing LiLu Xu Jing Wu Can
Hangzhou Dianzi University. Hangzhou.310018

Abstract. According to the problems that the existing models on cutting load characteristics of
band sawing process could not predict the dynamic characteristics, the cutting load characteristics was
studied by dividing into steady state characteristics and the dynamic characteristics herein. Firstly. the
single sawtooth cutting load model of steady state characteristics under the conditions of equal tooth
pitch was built by introducing the cutting and scraping coexist principle and inclined sawtooth equiva-
lent principle. Furthermore. the dynamic characteristics of cutting load was optimized by introducing
micro-displacement equivalent principle during the feeding process. Finally. the cycle characteristics
of a set of sawtooth and bandsaw transmission was introduced. and the single tooth cutting load dy-
namic model was proposed under the conditions of variable tooth pitch. Comparison of simulation and
experimental results shows that the cycle characteristics of the single tooth. a set of tooth and band-
saw transmission coincide with the experimental results. The error of three important frequencies be-
tween simulation and experimental results is less than 4%, Therefore. the proposed model can better
predict the actual cutting load characteristics.

Key words: cutting load; dynamic characteristics; scraping;teeth set cycle; band transmission cy-
cle
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IPSO—PID Servo Synchro Control on Hydraulic Broaching Machine with Dual Cylinder

Ni Jing Shao Bin

Meng Zhen Chen Guojin

Hangzhou Dianzi University. Hangzhou.310018

Abstract; In view of the shortcomings on synchro—motion of slide carriage in hydraulic broaching

machine driven by single cylinder. an electro—hydraulic servo system with dual eylinder was designed
and its nonlinear model was presented based on the analysis of slide carriage motion chracteristics.

Then the algorithm of IPSO was introduced. and a IPSO—PID synchro controller similar to classical

PID controller structure for electro—hydraulic servo system with dual cylinder was provided on the

basis of tracking and synchronization performance. The simulation and factual application in hydraulic

broaching machine show that the proposed controller has better tracking and synchronization perform-

ance than conventional PID controller has and can solve the problem of dual cylinder hydraulic broac-

hing machine synchronous driving problem better.

Key words: improved partical swarm optimization(IPSO) ; improved partical swarm optimization

(IPSO)—PID synchro control; broaching machine with dual eylinder; electro—hydraulic servo control
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