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Abstract. Power plant courses in colleges and universities are core courses for
majors such as Flight Technology, Civil Aviation Maintenance Engineering,
Marine Engineering, and Naval Architecture and Ocean Engineering. Their
teaching quality directly affects the cultivation of high-quality technical talents in
the industry. Aiming at the common problems existing in the traditional teaching
of these two types of courses, such as abstract and incomprehensive theories,
limited practical resources, lack of ideological and political elements, and single
assessment methods, this paper puts forward reform strategies from five dimen-
sions: teaching methods, content reconstruction, practical system, integration of
ideological and political education, and assessment mechanism. It is combined
with the developmental need of the industry and the innovation trend of educa-
tional technology. Specifically, it solves the teaching problems of complex
equipment through virtual-real integration technology, reconstructs the course
content guided by industry needs, strengthens practical capabilities relying on the
"integration of theory and practice" and "integration of competition and teach-
ing", explores ideological and political elements to realize value guidance, and
establishes a process-oriented and competence-based assessment system.
Teaching practice shows that after the reform, students' understanding of the
structure and principle of power plants has been significantly improved, their
practical operation skills and professional literacy have been remarkably en-
hanced, which provides a reference model for the teaching of similar engineering
and technical courses.
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1 Introduction

The aircraft power plant is the heart of an aircraft, and its performance directly deter-
mines the safety and efficiency of the aircraft. The relevant courses are the core carrier
for cultivating talents who can understand technology, operate, and abide by regula-
tions in the majors of Flight Technology and Civil Aviation Maintenance Engineering.
As the power center of a ship, the marine power plant supports the majority of global
trade transportation, and its courses are a key link for cultivating technical talents who
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can design, are good at maintenance, and have a strong sense of responsibility in the
majors of Marine Engineering and Naval Architecture and Ocean Engineering [,
With the rapid development of the aerospace and shipbuilding industries, the two types
of power plants have shown new characteristics of intelligence, greenization and inte-
gration. The traditional theoretical teaching mainly based on the blackboard and the
practical mode mainly based on fragmented practical training can no longer meet the
demand for high-quality talents. Moreover, both types of courses have shortcomings
such as the weakening of the ideological and political education function and the dis-
connection between assessment and task capabilities.

Therefore, this paper integrates the teaching reform practice experience, systemat-
ically sorts out the commonalities and characteristics of the teaching of aircraft and
marine power plant courses, and constructs a reform system from five aspects: tech-
nology empowerment, content reconstruction, practical innovation, integration of
ideological and political education, and assessment optimization. The purpose is to
realize the trinity education goal of "knowledge impartment, ability cultivation, and
value guidance" and provide support for the cultivation of technical talents in the
aviation and shipping fields.

2 Common Problems in the Traditional Teaching of
Aircraft and Marine Power Plant Courses

2.1  Contradiction between High Course Difficulty and Limited
Teaching Methods

Both types of power plants have the characteristics of "complex structure, numerous
systems, and strong dynamics". The marine power plant covers tens of thousands of
parts such as diesel engines, shafting, and auxiliary machinery. Static drawings and
wall charts in the classroom are difficult to present dynamic processes such as the
working cycle of diesel engines ['l. The aircraft power plant involves the coordinated
work of multiple components of the gas turbine engine, including "compressor -
combustion chamber - turbine", and it is difficult for students to understand the internal
mechanism through words 1. Traditional teaching relies on "theoretical lectures and
physical observation", but physical equipment has the problems of "small quantity,
high cost, and high risk of disassembly and assembly". For example, the cost of an
aviation gas turbine engine exceeds 1 million dollars. And the weight of a single marine
diesel engine reaches dozens of tons. Colleges and universities are difficult to equip
them in batches, resulting in students being good at theory but poor in practice and their
understanding of the core structure and principle remaining superficial >4,

2.2 Conflict between Class Hour Compression and Content Update

With the application of technologies such as computer control and new energy in power
plants, it is necessary to add cutting-edge content to the courses ). However, the
number of course hours is showing a downward trend. The traditional teaching model is



Teaching Reform and Practical Exploration of Power Plant ... 199

difficult to balance basic theories and cutting-edge technologies, leading to the dis-
connection between students' knowledge system and the development of the industry.

2.3  Disconnection between Practical Teaching and Post Requirements

The practical link is the core of the power plant course, but traditional practical
teaching has obvious limitations. The practical teaching of marine power plants is
mostly static disassembly and assembly of diesel engines, lacking real-scene training
such as emergency fault handling during ship navigation [¥, The practical teaching of
aircraft power plants is limited by the ground test dangerous area, so students can only
understand through pictures and cannot participate in the actual operation of engine
start-up and variable working condition adjustment "/,

2.4  Weakening of the Function of Ideological and Political Education

Both types of courses contain rich ideological and political elements, but in traditional
teaching, there is an obvious tendency of emphasizing skills while neglecting values.
The teaching of marine power plants fails to fully explore the ideological and political
connotations such as enhancing comprehensive national strength 1. The teaching of
aircraft power plants lacks the guidance of spirits such as serving the country in avia-
tion and breaking through key and core technologies" ?. Some teachers mechanically
add ideological and political elements to professional knowledge. For example, they
only mention the patriotic spirit at the end of the course, failing to achieve the educa-
tional effect of "salt dissolving in water" [°!, which leads to students' lack of a sense of
industry responsibility and professional mission.

2.5 Singleness of the Assessment and Evaluation System

Traditional assessment is mainly based on the "final written examination" (accounting
for more than 60%) [1%, focusing on testing theoretical memory while ignoring practical
ability and innovative thinking. The model of the final exam result deciding the course
grade causes students to "cram before the exam and forget after the exam", making it
difficult to reflect their real engineering application ability.

3 Teaching Reform Strategies for Aircraft and Marine
Power Plant Courses

3.1 Technology Empowerment: Solving the Teaching Problems of
Complex Equipment through Virtual-Real Integration

Relying on technologies such as Virtual Reality (VR) and digital twins, a teaching
system of "virtual simulation and physical operation" is built to break through the
limitations of time, space, and safety.
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For the marine power plant a virtual disassembly and assembly system of marine
diesel engines is developed, allowing students to disassemble the crankshaft - con-
necting rod - piston assembly through a 3D model and observe the matching relation-
ship of the moving pairs in real time. A digital twin platform of the actual ship power
plant is built, enabling students to complete design tasks such as "strength calculation"
online !, which solves the problems of "high cost and high risk of actual ships".

For the aircraft power plant an "aircraft engine virtual simulation experimental
platform" is built, covering modules such as "simulation of the start-up process of gas
turbine engines" and "disposal of compressor surge". Students can experience the
high-temperature and high-pressure operating environment of the engine immersively
through VR glasses and adjust parameters such as the throttle and ignition to observe
performance changes "'!l. Colleges and universities such as Civil Aviation University
of China have built a "LEAP-1A/1B/1C engine resource library", integrating 3D
models and maintenance manuals of power plants for mainstream aircraft models such
as Boeing 737MAX and C919, realizing the goal of learning for practical use !,

The application of virtual simulation technology has increased students' under-
standing of the power plant structure by 40%, reduced the error rate of practical oper-
ations by 50%, and saved more than 60% of the funds for equipment purchase and
maintenance 47,

3.2 Content Reconstruction: Optimizing the Curriculum System
Guided by Industry Needs

Centering on post capabilities and technological frontiers, the teaching content of the
two types of courses is reconstructed to realize the connection between course content
and industry standards or between teaching objectives and professional needs.

According to the professional process of "marine power system de-
sign-installation-maintenance-fault handling", the marine power plant course is divided
into 5 project modules, including diesel engine selection, shafting design and engine
room layout "%, Actual ship modification cases are introduced to enable students to
master the required engineering capabilities in the design process (],

In accordance with the logic of 'engine structure-system princi-
ple-operation&use-special situation handling", two major theme modules of aviation
piston engine and gas turbine engine are set up in the aircraft power plant course. The
connection of knowledge is strengthened through comparative teaching such as the
difference in the combustion process between piston engines and turbine engines 3.
Cutting - edge content such as electric aircraft power systems and engine health man-
agement is added.

After the content reconstruction, the fit between the courses and industry technolo-
gies has increased by 35%, and students' awareness of industry hot topics such as dual
carbon and airworthiness has increased from 40% to 85% 3],
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3.3 Practical Innovation: Building a System of Integration of Theory
and Practice and Integration of Competition and Teaching

With the cultivation of practical ability as the core, resources of campus practical
training, enterprise practice and skill competitions are integrated to build a multi-level
practical platform.

The integration of teaching, learning, research and production is implemented for
the marine power plant. Colleges and universities such as Bohai Shipbuilding Voca-
tional College have integrated the content of the "National Vocational College Ship
Main Engine and Shafting Installation Competition" into the course, and set up prac-
tical training projects such as "shafting positioning" and "bearing load adjustment".
Through group competitions, students master the quality standards and teamwork
ability 814, Colleges and universities such as Zhanjiang Ocean University have in-
corporated "actual ship modification design" into the graduation project.

The "case teaching and project-driven" method is adopted for the aircraft power
plant. Colleges and universities such as Civil Aviation Flight University of China take
real cases such as "engine in-flight shutdown handling" and "ice protection system
failure" as carriers to guide students to use thermodynamic principles to analyze the
fault mechanism and formulate disposal plans '], An aircraft engine maintenance
training center is built equipped with decommissioned CFM56 engines and simulated
cockpits, allowing students to complete practical operations such as "engine disas-
sembly and assembly" and "parameter testing" to meet the needs of aviation mainte-
nance posts 1],

3.4 Integration of Ideological and Political Education: Exploring
Value-Guiding Elements with Industry Characteristics

Combined with the industry attributes of the two types of courses, ideological and
political elements such as patriotism, craftsmanship spirit and engineering ethics are
explored to realize the organic integration of ideological and political education and
professional knowledge.

Guided by the "strengthening the country in the field of shipping" strategy in the
marine power plant course, cases such as the "Liaoning Ship power system" and
"domestic low-speed diesel engine research and development" are explained to stim-
ulate students' national pride ®!°1. In practical training such as "shafting alignment" and
"valve grinding", the craftsmanship spirit of "millimeter-level precision" is empha-
sized, and students' awareness of environmental protection and sense of responsibility
are cultivated through cases of "ship oil spill accidents" 1.

With "serving the country in the field of aviation" as the core in the aircraft power
plant course, the course introduces the process of China's "Taihang engine" and
"CJ1000A engine" breaking through foreign technological blockades, and explains the
research stories of key and core technologies such as turbine blade cooling technology

to stimulate students' feelings of serving the country through science and technology
[2.9]
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3.5 Assessment Optimization: Establishing a Process-Oriented and
Competence-Based Evaluation System

Breaking the traditional model of "mainly relying on the final written examination", a
three-dimensional assessment system of "theory&practice& literacy" is constructed to
realize the goal of "assessment meaning the test of ability".

Process-oriented assessment includes virtual simulation operations such as virtual
disassembly and assembly of marine power plants and handling of special situations of
aircraft engines, project reports such as shafting design specifications and engine
performance analysis reports, and classroom discussions such as discussions on the
development direction of power plants under the background of dual carbon 1%,

For the marine major, the forms of "report on actual ship disassembly and assembly"
and "fault diagnosis practice" are adopted in practical ability assessment. For the air-
craft major, the forms of "engine parameter testing" and "maintenance process as-
sessment" are used in practical ability assessment, focusing on examining students'
ability to solve practical problems ['1:17],

Students' professional literacy and value orientation are evaluated through dimen-
sions such as "teamwork performance", "implementation of safety specifications", and
"analysis of ideological and political cases" [>1¢],

4 Conclusions

The teaching reform of aircraft and marine power plant courses has realized the coor-
dinated cultivation of "knowledge&ability&literacy" by "using technology to solve
teaching problems, reconstructing content to meet industry needs, innovating practice
to strengthen ability cultivation, integrating ideological and political education to guide
value orientation, and optimizing assessment to ensure the quality of talent cultivation".
It provides an effective path for the cultivation of high-quality technical talents in the
aviation and shipping fields. In the future, it is necessary to further deepen the inte-
gration of production and education, such as jointly building "industrial colleges" with
aero-engine enterprises and shipbuilding enterprises, and transforming "real production
tasks" into teaching projects. At the same time, it is necessary to promote "intelligent
teaching", use Al technology to realize "personalized learning path recommendation”,
further improve the accuracy of teaching, and provide talent support for the
high-quality development of China's aviation and shipping industries.
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