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Abstract: In modern industry, with the increasing demands for efficiency, environmental
friendliness, and functionality, the development and application of new materials have
become key advancements in the field of mechanical manufacturing. This paper
systematically studies the application of these new materials in mechanical manufacturing
and their performance characteristics. The paper provides a detailed analysis of how these
materials enhance the practicality of mechanical structural components, improve the
functionality of mechanical equipment, and promote innovation in manufacturing processes.
Furthermore, it discusses methods for evaluating the performance of new materials and
performance optimization strategies through structural optimization, process parameter
adjustment, surface treatment, and the environmental impact assessments of these
optimizations. Through this research, this paper aims to provide comprehensive utilization
and development strategies for new material technologies in mechanical manufacturing.

1. Introduction

As industrial technology rapidly develops, traditional materials have become insufficient to meet
the modern mechanical manufacturing industry's demands for high performance and precision. The
introduction of new material technologies not only enhances the performance of mechanical products
but also effectively drives the innovation of manufacturing processes. Additionally, environmental
sustainability and cost efficiency also encourage researchers to seek alternative new materials.
Therefore, a systematic study of the application of new materials and their performance in mechanical
manufacturing has become an important topic in the field of engineering science.

2. Classification and Basic Properties of New Materials
2.1. Classification of New Materials

New materials refer to materials with superior performance that are prepared through new
technologies or processes, driven by rapid advancements in science and technology. Based on
application fields and performance characteristics, new materials can generally be classified into
several categories: functional materials, structural materials, high-performance fibers, and composite
materials. Functional materials mainly include photoelectric materials, magnetic materials, and
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semiconductor materials, which have special functions in energy conversion and information
transmission. Structural materials such as ultra-high-strength steel and lightweight alloys are
characterized by excellent mechanical strength and good processability, and are widely used in
aerospace, automotive manufacturing, and other fields [1].

High-performance fibers include carbon fibers and aramid fibers, which are characterized by being
lightweight and strong. These materials are an important foundation for manufacturing high-
performance composite materials. Composite materials are made by combining two or more different
materials. By leveraging the complementary advantages of each component material, they exhibit
superior properties not possessed by single materials. For example, carbon fiber-reinforced
composites (CFRP) are widely used in the aerospace field due to their high strength and low mass.

2.2. Basic Properties of New Materials

The basic properties of new materials involve their mechanical properties, physical properties,
chemical stability, and environmental adaptability, among others. Mechanical properties are an
important criterion for evaluating new materials, including strength, hardness, toughness, and fatigue
life. For example, ultra-high-performance concrete (UHPC) has extremely high compressive strength
and durability, making it suitable for demanding engineering structures. Physical properties such as
electrical conductivity, thermal conductivity, and optical properties are especially important for the
application of functional materials. For instance, the electrical conductivity of semiconductor
materials directly affects their performance in electronic and optoelectronic devices.

Chemical stability refers to the stability and corrosion resistance of materials in various chemical
environments. In harsh environments, materials with high chemical stability can maintain
performance and extend service life. Environmental adaptability emphasizes the stability and
functional maintenance ability of materials under extreme temperatures, humidity, radiation, and
other conditions. For example, in the aerospace field, materials need to be able to withstand extreme
temperature changes and strong radiation to ensure the normal operation of spacecraft. The
combination of these properties demonstrates the application potential and research value of new
materials in industries such as mechanical manufacturing.

3. Applications of New Materials in Mechanical Manufacturing

3.1. Applications of New Materials in Enhancing the Practicality of Mechanical Structural
Components

In the field of mechanical manufacturing, the application of new materials has significantly
enhanced the practicality of mechanical structural components. The use of new high-performance
alloys and composite materials, such as titanium alloys and carbon fiber-reinforced composites
(CFRP), can substantially reduce the weight of structural components while maintaining or enhancing
their mechanical strength and corrosion resistance [2]. This is particularly important for the aerospace
and automotive industries, as weight reduction directly correlates to improved fuel efficiency and
reduced emissions.

The use of new materials also enhances the manufacturing precision and surface performance of
components. For example, the adoption of ultrafine grain materials and nanomaterials, with their
excellent wear resistance and fatigue resistance, can extend the service life of components. The high
strength and hardness characteristics of these materials make them particularly favored in high-
precision machining, such as in the manufacturing of high-precision gears and bearings.

The introduction of new materials also promotes innovation in component design. By utilizing
computational materials science and simulation technology, designers can predict material behavior
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at the design stage and optimize structural design. This not only reduces the number of design
iterations but also makes the production of complex structural components more feasible, such as
complex internal channels that can be manufactured directly through 3D printing technology,
enhancing design flexibility and component functionality.

3.2. Applications of New Materials in Enhancing the Functionality of Mechanical Equipment

The application of new materials in mechanical equipment not only improves the performance of
the equipment but also expands its functional range. The use of functional materials, such as shape
memory alloys and piezoelectric materials, enables mechanical equipment to achieve precise control
and action execution without external power sources. The intelligent response characteristics of these
materials are suitable for precision machinery and biomedical devices, such as in the manufacturing
of adaptive wing surfaces for aircraft or intelligent exoskeletons.

New coating and surface treatment technologies, such as laser surface alloying and atomic layer
deposition (ALD), provide mechanical components with extremely high wear resistance and
corrosion resistance. These technologies play a key role in improving the reliability and lifespan of
equipment in harsh environments, especially in fields like chemical, mining, and marine engineering.

The integration of advanced sensor materials and smart materials gives mechanical equipment
self-sensing and adaptive capabilities. For example, composite materials integrated with sensors can
monitor and feedback data in real-time when the structure is damaged, thereby enabling real-time
health monitoring and preventative maintenance of the equipment. This intelligent material
application greatly enhances the operational safety and maintenance efficiency of mechanical
equipment.

3.3. Manufacturing Process Innovations Led by New Materials

The development and application of new materials also drive innovations in manufacturing
processes. The advancement of three-dimensional printing technology (3D printing) allows for the
direct production of complex components from digital models. This "additive manufacturing”
technique is particularly suited for the use of high-performance composite materials and customized
designs, significantly shortening the product cycle from design to manufacturing while reducing
material waste [3].

The application of nanotechnology changes the performance and structure of materials at the
microscopic scale, allowing for precise control at the atomic level. For example, nanocoating
technology not only provides stronger wear resistance and corrosion resistance but also adds specific
functionalities, such as antibacterial properties or reduced friction. The application of these
technologies provides unprecedented performance enhancements for mechanical equipment.

The development of smart manufacturing and automation technologies depends on the
characteristics of new materials. High-performance sensor and actuator materials enable robots and
automated equipment to operate more precisely and efficiently. Additionally, the integration of these
materials makes the manufacturing process more flexible, capable of adapting to constantly changing
production demands and conditions. This innovation in processes not only enhances manufacturing
efficiency but also improves the quality and reliability of products.

4. Performance Evaluation of New Materials
4.1. Selection and Design of Testing Methods

In the performance evaluation of new materials, selecting appropriate testing methods and
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designing experiments is a crucial first step. Initially, the choice of testing method should be
determined based on the type of material (such as metals, ceramics, composites, etc.) and the intended
application. For example, for high-performance composite materials, testing methods capable of
evaluating their complex stress responses are necessary. Secondly, experimental design must ensure
effective data collection to assess specific material properties. This typically involves controlling
experimental conditions such as temperature, loading rate, and choosing appropriate sample shapes
and sizes to ensure the reliability and representativeness of the results.

Moreover, the design of testing methods must also consider the needs for data analysis. Using
statistical methods to analyze experimental data can help understand the variability of material
properties and their relationship with parameters in the manufacturing process. Additionally, modern
testing techniques such as Digital Image Correlation (DIC) and Acoustic Emission Analysis can
provide more detailed local performance information, aiding a deeper understanding of material
behavior.

4.2. Mechanical Performance Testing

Mechanical properties are a fundamental aspect of new material assessment, including parameters
such as hardness, strength, toughness, and fatigue life. Firstly, static mechanical tests, such as tensile,
compression, and bending tests, are basic methods for evaluating mechanical properties. These tests
provide crucial data like elastic modulus, yield strength, and fracture strength [4]. Secondly, dynamic
mechanical tests, such as impact tests and high-speed tensile tests, are used to evaluate material
performance under rapid loading conditions. These tests are particularly important for understanding
material behavior in practical applications, such as vehicle collisions.

Fatigue testing is another critical evaluation method, especially for structural materials in the
aerospace and automotive industries. Fatigue tests involve applying repeated loads to simulate
conditions of actual use, assessing the durability of materials after prolonged use. The design of these
tests must consider factors such as load frequency, amplitude, and environmental conditions to ensure
the practicality and relevance of the results.

4.3. Thermal and Environmental Stability Evaluation

Thermal performance tests include evaluating the coefficient of thermal expansion, thermal
conductivity, and thermal stability. These tests are critical for materials used in environments with
significant temperature variations. For example, determining the coefficient of thermal expansion can
help engineers predict material dimensional stability with temperature changes. Environmental
stability assessment involves exposing materials to specific conditions such as high humidity,
ultraviolet radiation, and chemical corrosive environments to evaluate their performance changes
under these conditions.

Additionally, thermal cycling tests and aging tests can be used to assess material behavior under
long-term exposure to cyclical thermal stresses and environmental factors. These tests are crucial for
predicting the material's lifespan and maintenance needs. By simulating extreme conditions likely
encountered in actual applications, the materials' environmental adaptability and reliability can be
effectively evaluated.

4.4. Corrosion Resistance and Wear Resistance Testing
Evaluating the corrosion resistance and wear resistance of new materials is key to ensuring their

reliability in harsh environments. Corrosion tests typically involve exposing material samples to
corrosive media (such as saltwater, acids, or alkalis) and measuring their weight loss, corrosion rate,
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and surface degradation. These tests help determine the chemical stability of materials and the
effectiveness of protective measures. Wear resistance tests assess material performance under friction
or abrasion, which is particularly important for evaluating material suitability in mechanical
components.

Furthermore, advanced surface analysis techniques such as Scanning Electron Microscopy (SEM)
and Energy Dispersive X-ray Analysis (EDS) can provide detailed observations of the microscopic
structure of surfaces after corrosion and wear. These analyses help researchers understand the
mechanisms of corrosion and wear, thereby developing more durable materials. Through these
comprehensive tests and analyses, the long-term performance and reliability of new materials in
practical applications can be thoroughly evaluated.

5. Performance Optimization of New Materials in Mechanical Manufacturing
5.1. Structural Optimization of Mechanical Components

Structural optimization is a key strategy for enhancing performance in mechanical component
design. By applying Computer-Aided Design (CAD) and Finite Element Analysis (FEA) tools,
engineers can intricately simulate the behavior of components under various mechanical loads and
constraints during the design phase. These advanced simulation techniques allow for the prediction
of material responses, thereby achieving optimized designs, such as reducing structural weight while
enhancing mechanical strength [5]. This approach not only improves the reliability of designs but
also effectively reduces the cost and time associated with prototype production and testing.

The application of new materials such as high-performance alloys and composites offers greater
flexibility in component design. For example, carbon fiber composites, with their exceptional
strength-to-weight ratio, can be designed to withstand loads in specific directions, significantly
enhancing the load capacity and durability of components. The use of these materials greatly expands
the possibilities of design, allowing engineers to explore complex and efficient structural solutions
that are unachievable with traditional materials.

Topology optimization technology is an effective means to further reduce material usage and
optimize component functionality. By automatically adjusting the distribution of material within a
component, topology optimization designs the structure based on load transmission and stress
distribution to achieve the lightest weight while meeting performance requirements. This
optimization not only reduces material consumption but also significantly enhances manufacturing
efficiency, positively impacting environmental sustainability.

5.2. Adjustment of Process Parameters

Precise adjustment of process parameters is a critical factor in maximizing material performance.
In various manufacturing processes, such as casting, forging, and welding, the correct setting of
process parameters, such as temperature, pressure, and treatment time, is crucial for determining the
microstructure and ultimate performance of materials. For example, in heat treatment processes,
finely adjusting the heating rate and holding time can significantly enhance the hardness and
toughness of steel. This optimization ensures that materials meet expected mechanical performance
standards while also extending the product's lifespan.

For the processing of composite materials, adjustments such as the curing cycle of resins and the
applied pressure are crucial. Through these adjustments, the bonding between fibers and the matrix
can be optimized, significantly enhancing the overall structural strength and durability of the material.
This fine control not only improves the mechanical properties of composites but also enhances their
performance in extreme environments.
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In additive manufacturing technologies, such as 3D printing, precise control of printing speed,
material flow, and layer thickness is also critical [6]. These parameters directly affect the structural
precision and mechanical properties of the products. Through rigorous experimental and simulation
testing, the optimal combination of parameters can be discovered, ensuring that the manufactured
products not only meet design aesthetic requirements but also exceed performance standards.
Furthermore, this optimization process also helps to reduce material waste and enhance production
efficiency, pushing the manufacturing process towards greater economy and environmental
friendliness.

5.3. Surface Treatment and Post-processing Technologies

Surface treatment and post-processing technologies are important means to enhance the
performance of new materials, significantly improving their mechanical properties, durability, and
aesthetics. Surface treatment techniques such as plating, anodizing, and Chemical Vapor Deposition
(CVD) not only enhance the material's wear resistance and corrosion resistance but also improve its
aesthetic quality. For example, anodizing titanium alloys forms a uniform and dense oxide layer on
the surface, which effectively isolates environmental corrosive agents, significantly enhancing the
material's stability and lifespan in harsh environments. Additionally, physical methods like laser
hardening and shot peening are widely used to enhance the hardness and fatigue resistance of material
surfaces, thereby effectively extending the service life of mechanical components and reducing the
frequency of maintenance and replacement.

Post-processing technologies, such as heat treatment and precision machining, are also
indispensable. Heat treatment adjusts the microstructure and phase transitions of materials by
controlling heating and cooling processes, thereby optimizing their mechanical properties and
chemical stability. For example, adjusting the temperatures and durations of quenching and tempering
can significantly enhance the hardness of steel while retaining necessary toughness. Precision
machining focuses on the final dimensions and surface accuracy of materials, ensuring precise fit and
long-term reliability in high-performance applications. These post-processing steps ensure optimal
performance of materials and components under stringent working conditions, providing robust
support for complex engineering applications.

Through these advanced surface and post-processing technologies, the performance of new
materials is fully exploited to meet broader application needs and more stringent working conditions.
The application of these technologies not only enhances the efficiency and economy of material use
but also advances the fields of material science and mechanical manufacturing technology.

5.4. Integration of Automation and Intelligent Manufacturing

The integration of automation and intelligent technologies is key to enhancing the efficiency and
quality of new material processing. By using robotic automation and Computer Integrated
Manufacturing Systems (CIMS), production processes can be standardized and optimized, reducing
human errors and enhancing production efficiency. For example, in the complex manufacturing of
aerospace components, robots can perform precise welding and cutting operations, ensuring high
quality and repeatability.

Intelligent manufacturing systems can monitor production parameters in real-time and optimize
manufacturing processes through machine learning algorithms. These systems can automatically
adjust processing parameters, such as temperature and pressure, based on real-time feedback to adapt
to the uncertainties of material behavior. Additionally, through the Internet of Things (1oT) technology,
data across the entire production chain can be integrated and analyzed, achieving comprehensive
optimization and intelligent decision support for the production process.
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5.5. Environmental Impact Assessment and Optimization

The development and application of new materials need to consider their environmental impact to
achieve sustainable production and use. Assessing the life cycle assessment (LCA) of materials helps
understand their entire environmental footprint from production to disposal. By optimizing material
composition and production processes, energy consumption and waste production can be reduced.
For example, using recycled materials and bio-based materials can lower carbon emissions during
production.

By improving design and manufacturing processes, material and component recyclability and
reusability can be increased. For example, designing detachable and recyclable component structures
allows for easier material recycling after the product's life ends. Additionally, using environmentally
friendly alternative materials and reducing the use of hazardous substances are effective ways to
lessen environmental impact.

The application of intelligent systems and automation technologies can optimize energy and
material consumption during the production process, reducing waste and environmental pollution.
These technologies not only enhance production efficiency but also promote environmental
protection and sustainable resource use.

6. Conclusion

This study comprehensively analyzes the application and performance of new materials in the field
of mechanical manufacturing, confirming the effectiveness of new materials in enhancing the
structure and functionality of mechanical equipment. Additionally, this paper explores the potential
of new materials to improve traditional manufacturing processes and enhance environmental
sustainability. Although new material technologies show significant advantages in mechanical
manufacturing, future research needs to address challenges such as high costs, production complexity,
and scalability. Future research directions include developing more cost-effective new materials,
optimizing material production processes to reduce energy consumption, and further enhancing the
environmental adaptability and recyclability of materials.
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