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Abstract.Ship engine simulators are integral components of modern maritime 

education, playing a crucial role in the development of highly skilled maritime 

professionals. These simulators provide a controlled environment where stu-

dents can gain hands-on experience in managing complex ship engine systems 

without the risks associated with real-life operations. This paper conducts an in-

depth analysis of the current use of ship engine simulators in maritime educa-

tion, examining key aspects such as instructional methodologies, skill acquisi-

tion, and the evaluation of student performance. It further explores the effec-

tiveness of these simulators in enhancing the learning experience for students 

enrolled in maritime universities. Despite their widespread use, simulators face 

several challenges, including technological constraints, unequal access to ad-

vanced educational resources across institutions, and significant financial costs 

that may limit their availability. To address these concerns, the paper offers 

practical recommendations, such as fostering international collaboration and 

prioritizing investment in cutting-edge technologies. In addition, the paper 

delves into emerging trends within the industry, such as the integration of inno-

vative technologies, the growing influence of digitalization, and the potential 

for further advancements in simulation-based learning. These trends are ex-

pected to shape the future of maritime education, offering valuable insights for 

industry stakeholders and contributing to the continuous improvement of train-

ing practices. 
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1 Introduction 

Computer-based ship simulation systems replicate navigation scenarios under diverse 

conditions, offering maritime students critical hands-on training. In China, such simu-

lators have achieved notable success in cultivating high-level professionals. The evo-

lution of engine simulators spans from mid-20th-century scaled physical models—

limited in operational scope—to electronic systems in the late 20th century, which 

improved adaptability for fault simulations[1-2]. By the 21st century, software-driven  
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simulators enabled complex training environments, while full-mission platforms now 
replicate entire ship power systems (main engines, auxiliaries, electrical networks) 
with enhanced realism, mirroring real-world dynamics[3].As shown in Figure 1, the 
depicted marine engine room simulator exemplifies this technological progression, 
featuring an integrated interface that emulates propulsion machinery, power distribu-
tion panels, and auxiliary systems. Its modular design allows trainees to interact with 
virtual replicas of diesel engines, turbochargers, and fuel treatment units, simulating 
operational workflows and fault diagnostics under varying load conditions. 

 
Fig. 1. Realistic Ship Engine Room Simulator 

These advancements elevate maritime education by enabling risk-free practice of 
startup, shutdown, and emergency protocols. Simulators also address ecological and 
economic concerns, reducing resource consumption and costs compared to onboard 
training. By fostering technical proficiency, teamwork, and crisis management, they 
ensure navigational safety and operational efficiency. This study analyzes the trans-
formative role of engine simulators in maritime education, evaluating their current 
applications—from skill development to standardized assessments—and future direc-
tions, including AI-driven personalization and AR/VR integration. The findings un-
derscore their indispensability in advancing maritime safety protocols and industry 
sustainability. 

2 Educational Applications of Marine Engine Room 
Simulators 

2.1 Teaching Methods and Skill Development 

As an advanced educational tool, the ship engine simulator demonstrates significant 
advantages in the teaching process, effectively enhancing students' skill levels. Firstly, 
the simulator creates a highly realistic ship engine operation scenario, allowing stu-
dents to engage in interactive practice and perform repeated exercises. This facilitates 
a deeper understanding of operational procedures and improves their proficiency in 
executing these tasks. Moreover, the simulator can replicate various types of engine 
malfunctions, enabling students to learn how to quickly and accurately identify the 
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root cause of issues and implement corresponding corrective measures. This approach 
not only enhances their responsiveness in emergency situations but also significantly 
improves their practical abilities in real-world tasks. 

Furthermore, the simulator provides a range of authentic or hypothetical ship en-
gine operational scenarios for students to analyze and discuss, which aids in mastering 
optimal operational methods and developing problem-solving skills. Additionally, 
instructors can adapt the difficulty and content of simulated exercises based on each 
student's individual circumstances and learning progress, thereby achieving personal-
ized teaching goals. By tracking learning data throughout the process, instructors can 
gain a more accurate understanding of students' learning states and offer more precise 
instructional recommendations. With the advancement of virtual reality technology, 
students can now learn to operate in a highly immersive environment that simulates 
the experience of being inside a real engine room. This immersive experience not 
only enhances the enjoyment of learning but also significantly improves educational 
outcomes[4]. 

2.2 Effectiveness Evaluation and Improvement Measures 

Effectiveness Evaluation.  
Simulators provide a safe, controlled platform for repeated practice, significantly 

enhancing proficiency in ship engine room operations. By generating virtual emer-
gency scenarios, students practice risk-free crisis management, improving real-world 
response capabilities. Collaborative training fosters teamwork and communication 
skills essential for maritime operations. Economically, simulators reduce costs com-
pared to onboard training, while ecologically, they minimize resource consumption 
and environmental impact, aligning financial efficiency with sustainability. This dual 
benefit—enhanced skill development and reduced ecological footprint—positions 
simulator-based training as a critical tool for optimizing maritime education and oper-
ational safety. 

Improvement Measures.  
Customized Instruction: Based on each student's learning performance, instructors 

can dynamically adjust the training difficulty and content within the simulator to more 
effectively accommodate the individual learning needs. This personalized approach 
not only enhances students' learning efficiency but also promotes the improvement of 
their skill mastery. 

Expansion of Simulation Scenarios: By incorporating more realistic emergency 
case scenarios, the diversity and complexity of the training content can be increased. 
Such a diversified simulation environment not only enhances students' adaptability to 
unforeseen challenges but also significantly improves their professional competence 
in handling complex issues during actual operations. 

Strengthening the Feedback System: Establishing a comprehensive feedback 
mechanism aimed at enabling learners to quickly understand their personal progress 
and areas requiring improvement. Through periodic evaluations and feedback, stu-
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dents can receive personalized guidance, effectively boosting their learning efficien-
cy. 

3 The Application of Ship Engine Room Simulators in 
Practical Operations 

3.1 The Application of Simulators in Ship Operations Training 

The engine room simulator, through its highly realistic virtual environment, can intri-
cately replicate the actual ship's power system control interface, instrument panels, 
and operational buttons, allowing students to practice operations on the simulation 
platform. This enhances their understanding of the engine room workflow and effec-
tively improves their professional skills[5-6]. Compared to traditional training methods, 
this approach not only overcomes the limitations of time and space, offering greater 
flexibility, but also significantly reduces the safety risks and economic burdens asso-
ciated with on-site training. 

During regular training, students can continuously practice basic ship handling 
techniques using the simulator, such as navigation adjustments, equipment startup, 
and shutdown procedures. This approach not only deepens their understanding of 
operational steps but also effectively strengthens memory retention. 

In the area of fault simulation and emergency response, the simulator has the capa-
bility to generate various ship-related problem scenarios, including but not limited to 
main engine failure, auxiliary machinery malfunctions, and power system anomalies. 
Through this virtual platform, students can engage in a series of fault diagnosis and 
emergency response exercises, thus enhancing their ability to react to unforeseen 
events and develop problem-solving techniques. 

For complex scenarios such as navigating in adverse sea conditions or passing 
through narrow waterways, the simulator creates a realistic training environment, 
enabling students to practice repeatedly in a risk-free setting. This enhances both their 
operational skills and psychological resilience. 

In the training and assessment process, the use of ship handling simulators not only 
significantly improves the crew's practical operational capabilities but is also crucial 
for ensuring navigational safety. Furthermore, this simulation technology provides an 
effective means for assessing trainees' professional skills and emergency responses, 
thereby adding scientific credibility to the personnel selection process for enterprises. 

3.2 The Application of Simulators in Safety and Environmental 
Training 

In the process of enhancing ship safety and environmental protection training, simula-
tors play a crucial role. They are capable of recreating a wide range of emergency 
situations and unforeseen scenarios, providing students with a virtual platform to 
practice emergency response skills, thereby improving their safety awareness and 
ability to handle unexpected events. 
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Simulation training for emergency situations is critical for improving response ca-
pabilities. Through simulation devices, various high-risk scenarios, including fires, 
collisions, and groundings, can be realistically recreated, allowing students to learn 
how to effectively manage these emergencies in a safe and controlled virtual envi-
ronment. This significantly enhances their response speed and operational efficiency 
when faced with actual emergencies. Additionally, mastering safety operating proce-
dures is another key function of the simulator. It can simulate a series of safety proto-
cols on board ships. Through continuous practical training, students can become more 
familiar with and proficient in the essential skills required for seafarers, thus improv-
ing their operational proficiency and safety in real-world situations. 

4 Challenges and Solutions Encountered 

In recent years, significant advancements have been made in ship engine simulator 
technology. By integrating Virtual Reality (VR) and Augmented Reality (AR) tech-
nologies, these systems provide students with a more immersive training experience. 
Furthermore, the simulators are equipped with the ability to collect and analyze opera-
tional data in real-time, which not only aids in evaluating student performance but 
also facilitates the continuous optimization of training programs. Thanks to a modular 
design approach, simulation components can be flexibly updated according to the 
requirements of different vessels and their operational systems[7-9]. Additionally, with 
the continuous improvement of computational performance, the accuracy of mathe-
matical models has been greatly enhanced, making the operational experience in the 
simulation environment increasingly closer to real-world conditions. 

Marine power system simulators have become an essential high-tech tool in mari-
time education and technical training. These devices offer a safe and efficient practi-
cal platform for learners by simulating real operational environments. They can be 
broadly categorized into basic operation training, full-task execution, fault diagnosis, 
and emergency response training, all of which aim to strengthen crew members’ pro-
fessional skills and their ability to respond to emergency situations, thereby ensuring 
the safety of maritime navigation. As this technology advances, it not only signifi-
cantly enhances the effectiveness and outcomes of training activities but also plays a 
key role in promoting the standardized management of the shipping industry and the 
development of professional talent. 

4.1 Technological Challenges: Hardware Limitations, Software 
Updates, and Data Accuracy 

The application of engine simulators faces several key challenges, along with corre-
sponding strategies for addressing them[10]. The primary challenge lies in the demand 
for high-end hardware, such as high-performance computers, specialized displays, 
and various sensors, which may be hindered by economic or technical constraints, 
thus preventing certain educational institutions from adopting these devices. To miti-
gate this issue, efforts can be made to explore the development of more cost-effective 
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and efficient hardware solutions, such as leveraging cloud computing to reduce local 
hardware requirements or designing simulation software compatible with various 
hardware platforms. 

Additionally, given the continuous evolution of ship technology and engine sys-
tems, simulation software must be regularly updated to remain aligned with the latest 
operational practices. To address this, it is recommended to establish a software up-
grade mechanism to ensure timely release of updated software versions that reflect the 
latest advancements in ship technology and operational standards. Furthermore, a 
feedback channel should be implemented to allow for adjustments and optimization 
based on actual application scenarios. 

Another critical aspect is ensuring the high accuracy of the data within the simula-
tor, which is essential for accurately replicating the operational environment of ships. 
However, obtaining and validating such data can be particularly challenging. There-
fore, it is necessary to strengthen collaboration with shipyards, shipping companies, 
and research institutions to obtain cutting-edge and verified data resources. Addition-
ally, regular data updates and validation processes should be conducted to ensure the 
effectiveness and reliability of the simulation system. 

4.2 Educational Challenges: Curriculum Integration, Teacher 
Training, and Student Acceptance 

In ship engineering education, effectively integrating engine simulators into the teach-
ing process presents multiple challenges. The primary objective is to ensure that simu-
lator activities align with course goals, thereby enhancing student learning outcomes. 
To achieve this, it is recommended that educators and academic institutions collabo-
rate to design an integration plan that complements and strengthens traditional teach-
ing methods. Furthermore, it is crucial for instructors to master the technical skills of 
using simulators and the associated pedagogical strategies; however, this often re-
quires additional time and resources. Therefore, it is proposed that a comprehensive 
training program be established, incorporating online learning materials, on-site 
workshops, and instructional guidance to ensure that all instructors are proficient in 
using simulators for effective teaching. 

Additionally, attention must be given to students' acceptance levels, as some stu-
dents may require time to adapt to new learning tools and recognize their importance 
in enhancing professional skills. To address this, specialized simulator operation 
training should be provided at the beginning of students' academic programs. Through 
case studies and personal success stories, the training should demonstrate how simula-
tors can facilitate deeper understanding and skill development, thereby sparking stu-
dent interest and encouraging more active participation in simulator-based learning 
activities. 
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4.3 Economic Challenges: Cost-Benefit Analysis and Return on 
Investment 

In the process of introducing engine simulators, maritime universities and educational 
institutions face significant challenges in conducting cost-benefit analysis, particularly 
when considering the high procurement and maintenance costs. To accurately assess 
the value of this investment, a comprehensive cost-benefit analysis must be conduct-
ed, thoroughly exploring the potential advantages of simulators in enhancing teaching 
quality, reducing the costs of practical ship training, and improving graduate employ-
ability. Furthermore, ensuring that the investment in engine simulators yields reason-
able returns is crucial. This involves not only improving teaching quality and student 
satisfaction but also establishing a long-term and effective return-on-investment strat-
egy. This strategy should include regular monitoring of the simulator's educational 
effectiveness, gathering feedback from both faculty and students, and tracking the 
career development of graduates, thereby ensuring that the investment generates sus-
tainable and stable returns over time. 

5 Conclusions 

This paper analyzes the extensive application and profound impact of ship engine 
simulators in the field of modern maritime education. The article outlines the devel-
opment trajectory of engine simulator technology, tracing its evolution from early 
physical models to the current full-mission simulation systems. It further explores the 
multidimensional use of such devices in maritime education and training, covering 
aspects such as teaching strategies, skill training, and learning outcome assessment. 
Finally, the paper emphasizes that engine simulators are not only crucial for training 
fundamental navigational operation skills but also play a vital role in imparting 
maintenance knowledge and fostering awareness of safety and environmental protec-
tion. 

In the future, engine simulators will integrate advanced technologies such as Aug-
mented Reality (AR) and Virtual Reality (VR) to enhance the realism and interactivi-
ty of simulation training. Additionally, by applying data analytics techniques, simula-
tors will enable personalized education to more precisely meet the diverse learning 
needs of students. Developers will also focus on optimizing interface design to im-
prove user experience in terms of convenience and intuitiveness. 

Acknowledgement 

1.R.B.G thanks ’Open Fund of Institute of Ocean Research, Bohai University 
(BDHYYJY2023019)’. 

2.R.B.G thanks’ Analysis of combustion characteristics of LNG blended biofuel in 
ship mainpropulsion power plant’ (LJKZ1008). 



1

ty, 2022. DOI: 10.26989/d.cnki.gdlhu.2022.001488. 
2

10.19727/j.cnki.cbwzysc.2024.08.038. 
3

Unit [D]. Dalian Maritime University, 2023. DOI: 10.26989/d.cnki.gdlhu.2023.001647. 
4

12+20 
5

maritime environments[J]. Acta Oceanologica Sinica, 2020, 39(8): 113-120. 
6

Engineering, 2021, 9(4): 357. 
7

Seafarers Vocational College, 2024, 45(02): 62-65+69. 
8

University, 2024, 45(01): 204-212. 
9

Engine Room [J]. Ship and Ocean Engineering, 2020, 49(01): 111-114+119. 
10

580. 

388             M. Li et al.

References 

. Wang,W Bang. Bol (un202.2 Research). on the Research Visual Simulation and Real-
Time Data on Communication Visual Simulation and Real-Time Data Communication of 
Rescue Ship of Simulator [Doctor Rescueal dissertation, Dalian Maritime University Ves-
sel Sim]. DOIulators: 10.26989/d.cnki.gdlhu [.D2022]..001488. Dalian Maritime Universi-

. Chen Yuancai. The Current Status and Development Trends of Ship Engine Simulator 
Technology [J]. Ship Materials and Market, 2024, 32(08): 116-118. DOI: 

. Liu Hui. Research on Remote Upgrade Technology of Engine Simulator Data Interaction 

. Shen Henglong, Zhao Hui, Cao Hui, et al. Intelligent Evaluation Method of Engine Simu-
lator Based on Cloud Gravity Center Judgment [J]. China Navigation, 2022, 45(03): 7-

.  Han P, Yang X. Big data-driven automatic generation of ship route planning in complex 

. Zhao W, Wang Y, Zhang Z, et al. Multicriteria ship route planning method based on im-
proved particle swarm optimization–genetic algorithm[J]. Journal of Marine Science and 

. Xu Jin, Li Bo, Qiu Qi Qing, et al. Research on the Reform of Practical Teaching in Navi-
gation Simulators Based on Digital Twin Technology [J]. Journal of Qingdao Ocean-going 

. Wang Xiaoxue, Zhang Xiufeng, Liu Zhaochun, et al. Numerical Calculation of Icebreak-
ing Resistance for Icebreakers in Navigation Simulators [J]. Journal of Harbin Engineering 

. Gong Hengyu, Cao Hui. Collaborative Simulation Training Evaluation Method for Ship 

. Duan, Zun-Lei, et al. "Assessment method for engine-room resource management based 
on intelligent optimization." Journal of Marine Science and Technology 25.5 (2017): 571-

        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

http://creativecommons.org/licenses/by-nc/4.0/

	Analysis of the Application of Ship Engine Simulators in Maritime Education



