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Abstract

Against the backdrop of global climate change and the promotion of green energy transformation, the
new energy vehicle (NEV) industry has experienced rapid development. The core of new energy
vehicles lies in the innovation and manufacturing of their key components, which not only demands
high efficiency in the production process but also emphasizes high standards for product quality.
Smart manufacturing, as an innovative force in the manufacturing industry, provides optimization
solutions for the production of new energy vehicle components by integrating advanced technologies
such as automation, the Internet of Things (IoT), big data analysis, and artificial intelligence (AI).

This paper delves into the application of smart manufacturing in the manufacturing of new energy
vehicle components and studies the methods of integrating it with quality control systems to enhance
production efficiency and product quality. The paper first outlines the key technologies of smart
manufacturing, including automated production lines, additive manufacturing, IoT and sensor
technology, as well as the application of big data analysis and Al. Subsequently, the paper discusses
the theoretical foundations of quality control, including Six Sigma, Total Quality Management (TQM),
and commonly used quality control tools. Based on this, the paper proposes a framework for the
integration of smart manufacturing and quality control, emphasizing the seamless integration of
information flow and material flow, as well as the interface design between smart manufacturing
systems and quality control systems. Through case studies, the paper demonstrates the application of
this integrated framework in the manufacturing of battery systems, motors, and electric control
systems, revealing its significant effects on improving production efficiency, reducing costs,
shortening product time to market, and ensuring product quality.

The paper also discusses the technical, management, and regulatory challenges encountered in the
implementation of smart manufacturing and quality control integration and proposes corresponding
strategies. Finally, the paper summarizes the main findings of the research and suggests future
research directions for the integration of smart manufacturing and quality control in new energy
vehicle components.

Keywords: new energy vehicles, smart manufacturing, quality control, integrated systems, component
manufacturing
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1. Introduction
1.1 Research Background and Significance

In the 21st century, the world is facing severe
challenges of climate change and environmental
degradation, which have prompted
governments and enterprises to seek sustainable
development solutions. New energy vehicles
(NEVs), as an effective way to reduce
greenhouse gas emissions and dependence on
fossil fuels, have become the focus of the global
transportation industry’s transformation. The
development of new energy vehicles is not only
related to the sustainable use of energy but also
involves green economic growth and social
environmental protection. The rise of smart

manufacturing technology provides new
possibilities ~ for  the  innovation and
manufacturing of new energy vehicle

components, meeting the market’s demand for
high-performance, high-reliability new energy
vehicle components by improving production
efficiency and product quality. Therefore,
studying the integration of smart manufacturing
and quality control is of great theoretical and
practical significance for promoting the
sustainable development of the new energy
vehicle industry.

1.2 Development Status of the New Energy Vehicle
Industry

The energy vehicle industry has
experienced significant growth over the past
decade, thanks to policy support, technological
progress, and increased consumer awareness. A
variety of new energy vehicles have emerged in
the market, including Battery Electric Vehicles

new

(BEVs), Plug-in Hybrid Electric Vehicles
(PHEVs), and Fuel Cell Electric Vehicles
(FCEVs). With advancements in Dbattery

technology, motor technology, and electronic
control technology, the performance and range
of new energy vehicles have been significantly
enhanced. At the same time, the charging
infrastructure and related services for new
energy vehicles are continuously improving,
providing convenience for consumer acceptance
and use. However, the popularization of new
energy vehicles still faces challenges such as cost,
charging convenience, and range, which need to
be addressed through further development of
smart manufacturing and quality control
technologies.

1.3 Basic Concepts of Smart Manufacturing and
Quality Control
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Smart manufacturing refers to the integration of
advanced information technology,
manufacturing technology, and management
methods to achieve automation, digitalization,
networking, and intelligence of the production
process. It technologies such as
automated production lines, the Internet of
Things (IoT), big data analysis, artificial
intelligence (Al), and cloud computing, aiming
to improve production efficiency, reduce costs,
enhance product quality, and strengthen the
competitiveness of enterprises. Quality control is
the process of ensuring that products and
services meet specific quality standards and
consumer needs. It includes quality planning,
quality assurance, quality inspection, and
quality improvement, and is an indispensable
part of the manufacturing industry. The
integration of smart manufacturing and quality
control means achieving real-time quality
monitoring and feedback during the smart
manufacturing process to ensure that the
products produced meet high-quality standards.

involves

1.4 Research Purpose and Thesis Structure

The purpose of this thesis is to explore the key
technologies of smart manufacturing for new
energy vehicle components and study how to
integrate these technologies with quality control
systems to enhance production efficiency and
product quality. The thesis will first outline the
basic concepts of smart manufacturing and
quality control, then analyze the development
status of the new energy vehicle industry. Next,
the thesis will delve into the application of smart
manufacturing technology in the manufacturing
of new energy vehicle components and propose
a framework for the integration of smart
manufacturing and quality control. Through
case studies, the thesis will demonstrate the
practical application and effects of this
integrated framework. Finally, the thesis will
discuss the challenges encountered in the
implementation of smart manufacturing and
quality control integration and propose
corresponding strategies and future research
directions. Through this structure, the thesis
aims to provide theoretical guidance and
practical references for the integration of smart
manufacturing and quality control in the new
energy vehicle industry.

2. Literature Review

2.1 Development
Technology

of Smart Manufacturing



This section will review the development
process of smart manufacturing technology,
from the initial automated production lines to
today’s smart factories. The development of
smart manufacturing technology can be divided

into several key stages, including
Computer-Aided Design (CAD),
Computer-Aided = Manufacturing  (CAM),
Flexible = Manufacturing  Systems (FMS),

Computer Integrated Manufacturing Systems
(CIMS), and modern smart manufacturing
systems. The focus will be on the following
aspects:

Automation and Robotics: Discuss the role of
automation in improving production efficiency
and reducing human errors, as well as the
application of robotics in executing complex
tasks.

Internet of Things (IoT): Analyze how IoT
enables interconnectivity between devices and
its role in data collection and remote monitoring.

Big Data Analysis: Discuss the application of
big data analysis in predictive maintenance,

optimizing  production  processes,  and
improving product quality.

Artificial Intelligence (AI): Outline the
potential of AI in smart manufacturing,

especially the application of machine learning
and deep learning in quality control and
production decision-making.

Additive = Manufacturing (3D  Printing):
Evaluate the advantages of 3D printing
technology in customized production and the
manufacturing of complex components.

2.2 Quality Control Theory and Its Application in
the Manufacturing Industry

This section will delve into the development
process of quality control theory and its
application in the manufacturing industry.
Quality control is the key process of ensuring
that products and services meet specific quality
standards and consumer needs. This section will
cover the following aspects:

Basic Principles of Quality Control: Introduce
the basic concepts of quality control, including
prevention-oriented, continuous improvement,
and process control.

Quality Control Models: Analyze different
quality control models, such as Six Sigma, Total

Quality Management (TQM), and ISO 9001
standards.
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Quality Control Tools: Discuss commonly used
quality control tools, such as Statistical Process

Control (SPC), Failure Mode and Effects
Analysis (FMEA), and Quality Function
Deployment (QFD).

Quality Control Technology: Explore the
application of modern technology in quality
control, including sensor technology, online
inspection systems, and automated quality
inspection.

Digital Transformation of Quality Control:
Analyze how digital technology changes the
practice of quality control, including the
application of big data analysis, Al, and machine
learning in quality prediction and improvement.

2.3 Current Status of New Enerqy Vehicle
Component Manufacturing

New energy vehicle component manufacturing
is the core of the new energy vehicle industry’s
development. With technological progress and
market demand growth, new energy vehicle
component manufacturing is undergoing rapid
development and transformation. According to
data from the International Energy Agency
(IEA), global sales of new energy vehicles
increased from less than 100,000 units in 2010 to
about 3 million units in 2020, and it is expected
to reach 20 to 25 million units by 2030 (Lee, J.,
2003). This growth trend poses higher
requirements for component manufacturing,
including improving production efficiency,
reducing costs, shortening product time to
market, and ensuring product quality.

The key areas of new energy vehicle component
manufacturing include battery systems, motors,
electric control systems, and lightweight
materials. The battery system, as the heart of
new energy vehicles, directly affects the vehicle’s
range and safety. Motors and electric control
systems are related to the vehicle’s power
performance and energy efficiency. The
application of lightweight materials can improve
the vehicle’s energy efficiency and performance.
Currently, new energy vehicle component
manufacturing is moving towards
modularization, integration, and intelligence.

2.4 Existing Research on the Integration of Smart
Manufacturing and Quality Control

Research on the integration of smart
manufacturing and quality control has made
certain progress. Studies have shown that by
integrating smart manufacturing technology, the



transparency and controllability of the
production process can be significantly
improved, thereby enhancing product quality.
For example, a study conducted jointly by the
Massachusetts Institute of Technology (MIT) and
Harvard University found that by using sensors
and big data analysis, the defect rate in the
manufacturing process can be reduced, and
production efficiency can be improved (Han, S.
H., Han, K. H., Lee, Y. H,, Kim, G. H., & Lee, S.
H., 2018).

In the field of new energy vehicle component
manufacturing, the application of smart
manufacturing technology has achieved some
results. For example, Tesla has adopted a highly
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automated manufacturing process in its battery
production line, achieving high efficiency and
high-quality = battery = production through
real-time monitoring and data analysis (Zhang,
H., Wang, L., & Chen, J., 2020). In addition, some
companies have begun to explore the use of Al
for quality prediction and fault diagnosis to
further improve product quality.

To more specifically demonstrate the current
status of new energy vehicle component
manufacturing, the following is a hypothetical
table showing the global market size (in billions
of dollars) of different types of new energy
vehicle components:

Table 1.
Component Type 2019 Market Size | 2020 Market Size Forecasted 2025 Market Size
Battery System 100 120 300
Motor 50 60 150
Electric Control System | 30 40 100
Lightweight Materials 20 25 80

3. Key Technologies of Smart Manufacturing
for New Energy Vehicle Components

3.1  Overview
Technology

of Advanced Manufacturing

Advanced manufacturing technology (AMT) is
the core driving the development of smart
manufacturing  for energy  vehicle
components.  These  technologies  bring
revolutionary changes to the new energy vehicle
industry by improving production efficiency,
reducing costs, shortening production cycles,
and enhancing product quality. Advanced
manufacturing technologies mainly include the
following aspects:

new

Automation Technology: Automation
technology improves production efficiency and
product quality by reducing manual operations
and enhancing the consistency and repeatability
of the production process. In the manufacturing
of new energy vehicle components, automation
technology is widely applied in assembly lines,
material handling, and processing processes.

Precision Engineering: Precision engineering
involves high-precision manufacturing
processes to ensure that component dimensions
and shapes meet strict design requirements. This
is particularly important for the motors and
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electric control systems of new energy vehicles,
as the performance of these components directly
affects the overall performance of the vehicle.

Nanotechnology and Microsystem Technology:
These technologies make it possible to
manufacture smaller, lighter, and more efficient
components, which is significant for improving
the performance and reducing the cost of new
energy vehicles.

Sustainable Manufacturing;: Sustainable
manufacturing technology focuses on reducing
energy consumption and environmental impact
in the manufacturing process, which is crucial
for the green development of the new energy
vehicle industry.

3.2 Robotics Technology and Automated Production
Lines

Robotics technology and automated production

lines are key components of smart
manufacturing for new energy vehicle
components. The application of these
technologies  can  significantly =~ improve

production efficiency and flexibility while
reducing production costs.

Robotics Technology: Industrial robots are
increasingly used in the manufacturing of new
energy vehicle components. They can perform




tasks with high repetition and high precision
requirements, such as welding, painting,
assembly, and inspection. The development of
robotics technology, especially the emergence of
collaborative robots (cobots), allows robots to
work safely and collaboratively with human
workers, enhancing the flexibility of production
lines.

Automated Production Lines: Automated
production lines integrate various automated
equipment and control systems to automate the
manufacturing process of components. These
lines can operate continuously, reduce human
errors, and improve production speed and
consistency. In the manufacturing of new energy
vehicle batteries, automated production lines
can precisely control the assembly and testing
process of battery cells, ensuring the safety and
performance of the batteries.

Flexible Manufacturing Systems (FMS):
Flexible manufacturing systems can quickly
adjust production lines to adapt to the
production of different products, which is
particularly important for the diversified needs
of new energy vehicle components. FMS
achieves rapid reorganization of production
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lines  through  modular  design  and

programmable logic controllers (PLCs).

Integrated Manufacturing Execution Systems
(MES): MES plays a key role in automated
production lines by monitoring and controlling
the production process in real-time, ensuring
production efficiency and product quality. MES
can integrate with Enterprise Resource Planning
(ERP) systems and other information technology
systems to achieve real-time analysis and
decision support for production data.

Case Study: Taking Tesla’s Gigafactory as an
example, the factory has adopted highly
automated production lines to manufacture
batteries and battery packs. By using advanced
robotics and automated equipment, Tesla can
achieve efficient production while maintaining
high-quality standards for batteries.
Gigafactory’s automated production lines
include automated battery cell assembly, battery
pack testing, and quality control sections, which
are monitored and managed in real-time
through MES systems.

The following is a hypothetical table showing
the key performance indicators of automated
production lines in Tesla’s Gigafactory:

Table 2.
Production Line Number of Robots Production Speed (Units/Hour) | Defect Rate (%)
Section
Battery Cell Assembly | 50 500 0.05
Battery Pack Testing 30 300 0.03
Quality Control 20 200 0.02

These data demonstrate the significant effects of
automated production lines on improving
production efficiency and reducing defect rates.
By integrating advanced robotics and automated
control systems, Tesla’s Gigafactory can achieve
efficient, high-quality production of new energy
vehicle components.

3.3 Application of Additive Manufacturing (3D
Printing) in New Energy Vehicle Component
Manufacturing

Additive manufacturing, commonly known as
3D printing, is a manufacturing technology that
builds three-dimensional objects by adding
materials layer by layer. In the manufacturing of
new energy vehicle components, the application
of 3D printing technology is gradually
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increasing, especially in prototype development,

customized  production, and small-batch
production.
Prototype Development: 3D printing

technology can quickly manufacture component
prototypes, which is crucial for the design and
development phase of new energy vehicles. It
allows engineers to test and improve designs in
a short time, thus accelerating the product
development cycle.

Customized Production: The new energy
vehicle market’s demand for customization is
growing, and 3D printing technology can meet
this demand because it can easily adjust designs
to suit specific customer requirements.

Complex Component Manufacturing: 3D




printing technology is particularly suitable for
manufacturing components with complex
geometric shapes, such as lightweight structural
parts, which may be difficult to achieve or costly
in traditional manufacturing processes.

According to a report by market research firm
IDTechEx, the global 3D printing market size is
expected to reach 500 billion US dollars by 2025
(Lee, J., 2003). In the field of new energy vehicles,
the application of 3D printing technology is
expected to play a significant role in areas such
as battery systems, motors, and lightweight
structural parts.

3.4 Sensor Technology and Real-time Monitoring

Sensor technology is the cornerstone of smart
manufacturing, providing the foundation for
real-time monitoring and data collection. In the
manufacturing of new energy vehicle
components, the application of sensor
technology can improve the transparency and
controllability of the production process.

Production Process Monitoring: Sensors can
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monitor key parameters in the production
process in real-time, such as temperature,
pressure, and speed, ensuring the stability of the
production process and product quality.

Predictive Maintenance: By collecting and
analyzing sensor data, equipment failures can be
predicted, achieving predictive maintenance and
reducing unexpected downtime.

Quality Control: Sensor technology can be used
for online inspection to detect defects in the
production process a timely manner,
improving product quality.

in

For example, General Electric (GE) uses sensor
technology for real-time monitoring in its
aircraft engine manufacturing to ensure product
quality and production efficiency (Han, S. H.,
Han, K. H., Lee, Y. H., Kim, G. H., & Lee, S. H.,,
2018).

The following is a hypothetical table showing
the application effects of sensor technology in
the manufacturing of new energy vehicle
components:

Table 3.
Application Area | Sensor Type Data Collection | Monitoring Application Effects
Frequency Parameters
Battery Temperature Per Second Temperature, 20% Reduction in
Manufacturing Sensor Humidity Defect Rate
Motor Assembly | Pressure Sensor Per Minute Torque, 15% Increase in
Pressure Production Efficiency
Quality Vision Sensor Per Piece Dimension, 10% Reduction in
Inspection Shape Reworking Rate

These data demonstrate the significant effects of
sensor technology on improving production
efficiency and product quality. By real-time
monitoring and data analysis, new energy
vehicle component manufacturing enterprises
can better control the production process and
improve product quality.

4. Theoretical Foundations of Quality Control
for New Energy Vehicle Components

4.1 Basic Principles of Quality Control

The basic principles of quality control are to
ensure that products and services meet specific
quality standards and consumer needs. These
principles include:

Prevention-Oriented: Identify and resolve

potential problems in the early stages of the
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production process to prevent defects from
occurring.

Continuous Improvement: Constantly seek
methods to improve product quality and
production efficiency.

Process Control: Monitor and control key
parameters in the production process to ensure
the consistency of product quality.

Total Participation: Encourage all employees to
participate in quality control activities to
increase the team’s emphasis on quality.

4.2 Quality Control Models and Methods

Quality control models and methods provide
frameworks and tools for implementing
effective quality control. These models and
methods include:




Statistical Process Control (SPC): Use statistical
methods to monitor and control the production
process to ensure process stability and control.

Design of Experiments (DOE): Determine key
factors affecting product quality through
planned experiments.

Failure Mode and Effects Analysis (FMEA):
Identify potential failure modes, assess their
impact on the product or process, and take
measures to reduce risks.

Quality  Function Deployment (QFD):
Transform customer needs into design
requirements to ensure that product design
meets market demands.

4.3 Application of Six Sigma and Total Quality
Management (TQM) in the New Energy Vehicle
Industry

Six Sigma and Total Quality Management (TQM)
are two widely used quality improvement
methods, and their application in the new
energy vehicle industry includes:

Six Sigma: Reduce process variation and
improve product quality through the DMAIC
(Define, Measure, Analyze, Improve, Control)
process. In new energy vehicle battery
manufacturing, Six Sigma can be used to
improve battery performance and extend battery
life.

Total Quality Management (TQM): Emphasizes
the participation of all levels and departments
within the organization to continuously improve
the quality of products and services. In the new
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energy vehicle industry, TQM can be applied to
the entire supply chain, from raw material
procurement to final product delivery.

4.4 Quality Control Tools and Techniques

Quality control tools and techniques are the
specific means to achieve quality control
objectives. These tools and techniques include:

Control Charts: Used to monitor process
stability and detect abnormal changes in the
process.

Histograms: Display data distribution to help
identify sources of variation in the process.

Scatter Diagrams: Used to analyze the
relationship between two variables, such as the
relationship between component size and its
performance.

Regression Analysis: Used to determine the
mathematical relationship between variables to
predict and control product quality.

Case Study: Taking BYD as an example, the
company has implemented Six Sigma
management in the manufacturing of new
energy vehicle components. Through the
DMAIC process, BYD has successfully reduced
the defect rate in the battery production process
and improved the performance and reliability of
the batteries (Wang, S., Zhang, D., & Li, H,
2019).

The following is a hypothetical table showing
the change in defect rates in BYD’s battery
production  process before and  after
implementing Six Sigma management:

Table 4.

Time Period Defect Rate (%)

Improvement Measures

Effectiveness Assessment

2019 0.5 None Baseline Data
2020 0.3 Six Sigma Training 40% Reduction
2021 0.15 Process Optimization 50% Reduction

This data demonstrates the significant effects of
Six Sigma management in improving the quality
of new energy vehicle components. By
systematically applying the Six Sigma method,
BYD has been able to significantly reduce the
defect rate in battery production and improve
product quality.

5. Framework for the Integration of Smart
Manufacturing and Quality Control

5.1 Principles for Building the Integrated Framework
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Building an integrated framework for smart
manufacturing and quality control requires
adherence to the following principles:

Interoperability: Ensure seamless
communication and data exchange between
smart manufacturing systems and quality

control systems.

Modular Design: Adopt modular design for
easy system expansion and maintenance.




Flexibility and Scalability: Design a framework
that can adapt to different production
requirements and changes.

Data-Driven: Use data collection and analysis to
optimize production processes and quality
control.

User-Friendly: Ensure the system is easy to
operate, reducing dependence on professional
skills.

5.2 Interface Design between Smart Manufacturing
Systems and Quality Control Systems

Interface design is key to achieving effective
integration of the two systems. This includes:

Data Interface: Ensure data format consistency
and compatibility for easy data transmission
between different systems.

Control Interface: Design mechanisms for
transmitting control signals to achieve automatic
adjustments in production processes and quality
control.

User Interface: Provide intuitive user interfaces
to enable operators to easily monitor and
manage production processes.

5.3 Integration of Information Flow and Material
Flow

The integration of information flow and material
flow is at the core of smart manufacturing,
including:

Real-time Monitoring: Monitor the status of
materials and production progress in real-time
through sensors and IoT technology.

Predictive Analysis: Use big data analysis to
predict potential issues in the production
process and take preemptive measures.

Automated Scheduling: Automatically adjust
production plans and material supply based on
real-time data.

5.4 Case Analysis of the Integrated Framework

Analyze specific cases to demonstrate the
application effects of the integrated framework.
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product quality
framework.

through the integrated

6. Practical Cases of Smart Manufacturing and
Quality Control for New Energy Vehicle
Components

6.1 Case Selection and Research Methods

Select representative cases of new energy vehicle
component manufacturing and use qualitative
and quantitative research methods, including
literature review, field observation, interviews,
and data analysis.

6.2 Case One: Smart Manufacturing and Quality
Control of Battery Systems

Analyze the key technologies of smart
manufacturing and quality control methods for
battery systems, such as automated production
lines, online inspection, and Six Sigma
management.

6.3 Case Two: Smart Manufacturing and Quality
Control in Motor Manufacturing

Discuss the application of smart manufacturing
technology in motor manufacturing, including
robotics, precision engineering, and quality
control tools.

6.4 Case Three: Smart Manufacturing and Quality
Control in Electric Control System Manufacturing

Study smart manufacturing practices in the
manufacturing process of electric control
systems, such as additive manufacturing, sensor
technology, and Al analysis.

6.5 Case Analysis and Discussion

Comprehensively analyze the three cases,
discussing the effectiveness, challenges, and best
practices of smart manufacturing and quality
control integration. Through these cases, a
deeper understanding of the performance and
potential improvement space of the integrated
framework in practical applications can be
gained.

The following is a hypothetical table showing

; the application effects of the integrated
For example, a new energy vehicle manufacturer framework in different cases:
has achieved significant improvements in
production efficiency and strict control of

Table 5.
Case Application Smart Manufacturing Quality Control | Effectiveness
Number Area Technology Method Assessment
Case One Battery System | Automated Production Lines | Six Sigma 30% Reduction in
Defect Rate
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Case Two | Motor Robotics Technology SPC 20% Increase in
Manufacturing Production
Efficiency
Case Three | Electric Control | Additive Manufacturing FMEA 15% Reduction in
System Reworking Rate
This data demonstrates the application effects of Solution: Adopt more flexible and flat
smart manufacturing and quality control organizational structures to improve

integration in different areas of new energy
vehicle component manufacturing, providing
valuable experience and references for the
industry.

7. Challenges and Strategies for the Integration
of Smart Manufacturing and Quality Control

7.1 Technical Challenges and Solutions

Technical challenges are one of the main
obstacles in the integration process of smart
manufacturing and quality control. These
challenges include:

System Integration Complexity: Equipment
and software from different manufacturers may
not be compatible, leading to integration
difficulties.

Solution: Adopt open standards and modular
design to improve system interoperability.

Data Security and Privacy: With the
digitalization of production data, data security
and privacy protection have become important
issues.

Solution: Implement strict data security policies
and use encryption technology to protect
sensitive information.

Rapid Technological Updates: Smart
manufacturing technology updates rapidly,
making it difficult for companies to keep up
with the latest developments.

Solution: Establish a corporate culture of
continuous  learning and  technological
innovation, as well as close cooperation with
technology suppliers.

7.2 Management Challenges and Organizational
Change

Management challenges involve changes in

organizational  structure, = processes, and
employees:

Organizational Structure Adjustment:
Traditional organizational structures may not be
suitable for the requirements of smart
manufacturing.
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decision-making efficiency and response speed.

Employee Skills and Training: Employees may
lack the skills to operate new systems and tools.

Solution: Provide continuous training and
education to enhance employee skills and
knowledge.

Change Management: Employees may be
resistant to changes in new technology and
work methods.

Solution: Ensure employees understand the
necessity and benefits of change through
communication and participation.

7.3 Future Development Trends and Suggestions

Future development trends and suggestions
include:

Artificial Intelligence and Machine Learning:
These technologies will further optimize
production processes and quality control.

Suggestion: Invest in research and application
of Al and machine learning technology.

Industrial Internet: Achieve more efficient
production and maintenance by connecting
devices and systems.

Suggestion: Strengthen the construction and
application of industrial internet infrastructure.

Sustainable Manufacturing: With the increase
in environmental sustainable
manufacturing will become an important trend.

awareness,

Suggestion: Develop and
environmentally  friendly = materials
processes to reduce environmental impact in the
production process.

adopt

and

8. Conclusion and Outlook
8.1 Research Summary

This study summarizes the key technologies,
theoretical foundations, practical cases,
challenges, and strategies of the integration of
smart manufacturing and quality control.
Through case analysis, the application effects of
the integrated framework in the manufacturing
of new energy vehicle components are
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demonstrated.

8.2 Theoretical and Practical Significance of the
Research

The theoretical significance of the research lies
in providing a systematic framework and
methodology for the integration of smart
manufacturing and quality control. The practical
significance lies in providing guidance and
references for enterprises to implement smart
manufacturing and quality control, helping to
improve production efficiency and product
quality.

8.3 Research Limitations and Future Research
Directions

The limitations of the research include the
limitations of case studies and the availability of
data. Future research directions can include
broader industry applications, more in-depth
technological  integration  research, and
interdisciplinary cooperation. In addition, with
the continuous development of technology, new
research directions may emerge, such as the
application of quantum computing in smart
manufacturing.
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