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Abstract: Intelligent manufacturing technologies are driving a fundamental transformation in modern mechanical
engineering, with applications spanning design, production, management, and other operational processes. These
technologies significantly enhance product quality and production efficiency while simultaneously reducing
manufacturing costs. As technological development progresses, the levels of intelligence and automation within these
systems continue to advance. Looking ahead, intelligent manufacturing is expected to integrate deeply with emerging
technologies such as the Internet of Things (IoT) and big data analytics, thereby creating new opportunities for innovation
and further development within the field of mechanical engineering.
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1. INTRODUCTION

With the rapid development of science and technology, intelligent manufacturing technology has become a key
force in the field of modern mechanical engineering. It has changed the production mode of traditional mechanical
engineering and improved industry competitiveness. Studying its application and development in modern
mechanical engineering is of great significance for promoting the transformation and upgrading of mechanical
engineering.

2. OVERVIEW OF INTELLIGENT MANUFACTURING TECHNOLOGY
2.1 Definition and Connotation

Intelligent manufacturing technology is an innovative system that empowers traditional manufacturing through
new-generation information technologies such as the Internet of Things, big data, and artificial intelligence, based
on the deep integration of informatization and industrialization. Its essence lies in building a manufacturing system
with autonomous perception, dynamic decision-making, and intelligent execution capabilities to realize digital
control of the entire process from raw material input to finished product output. This technology breaks through
the rigid program limitations of traditional automated production, continuously optimizes process parameters
relying on machine learning algorithms, and enables production equipment to adaptively adjust operating modes
according to real-time working conditions. In the field of mechanical engineering, intelligent manufacturing not
only manifests as the intelligent upgrading of single machines but also emphasizes the collaborative optimization
of the entire production line and even the supply chain network, forming a digital twin manufacturing ecosystem
with virtual-real integration. This transformation reconstructs the human-machine collaboration relationship, with
technical personnel transforming from operators to system monitors and innovation planners, promoting the
manufacturing mode to transform into a knowledge-intensive type.

2.2 Development History

The evolution of intelligent manufacturing technology has witnessed a historical leap from partial automation to
global intelligence. The initial stage was represented by relay-controlled assembly lines, mainly replacing simple
and repetitive labor; with the popularization of programmable logic controllers, production processes began to
possess basic data feedback functions. After entering the Industry 4.0 era, breakthroughs in industrial internet
technology enabled interconnection between devices, making the collection and analysis of massive production
data possible. The current stage presents the characteristics of cognitive manufacturing driven by deep learning,
where systems can predict equipment failure cycles through historical data training and proactively plan
maintenance schemes. The future development direction points to self-organizing manufacturing systems, that is,
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production scheduling and resource allocation dominated by Al algorithms, forming a highly flexible production
organization form. This process has always been accompanied by the cross-penetration of information technology
and manufacturing technology, and each technological leap has brought revolutionary changes in production
methods. Mehta et al. (2026) proposed a national Al security framework specifically designed for the protection of
financial infrastructure [1]. In a related commercial application, Zhou (2026) employed gradient boosting trees to
diagnose bottlenecks in international automotive sales funnels, focusing on cross-regional team efficiency [2].
Further exploring business value, Li (2026) investigated Al-based methods for predicting and managing
automation equipment lifecycle costs as a strategic pathway to enhance customer lifetime value [3]. On the
technical frontier of 3D vision, Ning et al. (2026) introduced HSBNet, a novel network that fuses semantics and
anisotropic thermal diffusion fields for boundary-aware point cloud segmentation [4]. For content moderation,
Chen et al. (2025) built a generative Al-based comment review system to ensure content compliance [5]. On the
efficiency front, Gong et al. (2023) provided a comprehensive review of neural network lightweighting techniques,
which is crucial for deploying models on resource-constrained devices [6]. In recommendation systems, Junxi et al.
(2024) proposed GCN-MF, a graph convolutional network based on matrix factorization to improve
recommendation accuracy [7]. Furthering data protection, Deng (2025) proposed a mechanism leveraging
homomorphic encryption for data integrity verification and anti-tampering in cloud storage environments [8].
Addressing fairness in digital advertising, Yi (2025) developed a real-time fair-exposure ad allocation system for
small businesses and underserved creators using contextual bandits-with-knapsacks [9]. In a specialized hardware
application, Tang et al. (2020) detailed the design and optimization of shallow-angle grating couplers for achieving
vertical emission from indium phosphide devices [10]. Foundational statistical methods also saw advancement, as
Lin et al. (2023) worked on the computation of the Poisson multinomial distribution, finding applications in
ecological inference and machine learning [11]. Addressing critical security concerns in distributed learning, Deng
and Yang (2025) developed multi-layer defense strategies with privacy-preserving enhancements to counteract
membership inference attacks within a federated learning framework [12]. In the clinical domain, Shen et al. (2025)
explored an Al system incorporating an LSTM algorithm for the management of anesthetic dosage in cancer
surgery [13]. Concurrently, Xu et al. (2025) provided a broad overview of adversarial machine learning in
cybersecurity, detailing both attack vectors and defense mechanisms [14]. For financial optimization, Wang et al.
(2025) designed an intelligent supply chain finance decision support system, integrating deep reinforcement
learning with particle swarm optimization for enhanced financial benefit analysis [15]. Finally, pushing the
boundaries of autonomous systems, Wang et al. (2025) conducted research on Al-driven end-to-end autonomous
driving technologies [16].

2.3 Main Characteristics

The core characteristics of intelligent manufacturing are manifested in full-chain data connectivity,
multi-dimensional system integration, and self-evolving learning capabilities. As a new production factor, data
runs through all links of design, processing, and testing, enabling real-time collaboration between geographically
dispersed design teams and production workshops through cloud platforms. In terms of system integration, the
traditional isolated equipment layout is broken, and a modular architecture is adopted to achieve seamless
connection between CNC machine tools, robot workstations, and warehousing and logistics systems. The learning
ability is reflected in the self-optimization mechanism of process parameters, where the system can automatically
correct processing strategies based on product quality feedback data. In addition, it has significant advantages in
personalized customization, being able to quickly switch production modes to meet the market demand for small
batches and multiple varieties. These characteristics together constitute the technical barriers of intelligent
manufacturing and lay the foundation for creating its unique competitive advantages.

3. APPLICATION OF INTELLIGENT MANUFACTURING TECHNOLOGY IN
MODERN MECHANICAL ENGINEERING

3.1 Application in the Design Phase

In the product design phase, intelligent manufacturing technology has subverted the traditional experience-driven
model. Simulation systems based on topology optimization algorithms can simulate structural performance under
different load conditions in a virtual environment and automatically generate lightweight design schemes.
Parametric modeling tools combined with genetic algorithms for multi-objective optimization can find the optimal
balance between material cost, strength indicators, and production processability. The application of augmented
reality technology allows designers to intuitively verify assembly interference issues and modify 3D models in
real-time through gesture interaction. The introduction of digital twin technology has realized a closed-loop of
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two-way feedback between design and manufacturing, and process difficulties in actual production can be
reversely mapped to the design model for adjustment. This digital preview mechanism significantly shortens the
R&D cycle and increases the iteration speed of complex electromechanical products several times.

3.2 Application in the Production Process

Production workshops are evolving into intelligent organic organisms. Adaptive control systems automatically
adjust cutting speed and feed rate based on differences in workpiece materials to ensure the stability of processing
quality; machine vision systems monitor tool wear status in real time and accurately predict replacement timing to
avoid chipping accidents. Flexible manufacturing units achieve autonomous transfer between processes via AGV
carts, and dynamic scheduling systems optimize equipment utilization based on order priorities. The process
knowledge base encodes the operational experience of veteran workers into expert rule sets, guiding new
employees to quickly master precision machining skills. The visual monitoring system of the production process
records operation videos of each workstation, providing a complete evidence chain for tracing quality issues. This
intelligent production organization method significantly improves overall equipment efficiency and fundamentally
improves energy consumption patterns.

3.3 Quality Control Applications

The quality management system is experiencing a leap from sampling inspection to full inspection. Online testing
equipment adopts non-contact measurement methods such as spectral analysis and laser scanning to achieve
micron-level dimensional accuracy control. The SPC statistical process control system draws quality fluctuation
curves in real time, and the abnormal trend early warning mechanism intervenes in advance to prevent potential
non-conforming products. Deep learning algorithms perform pattern recognition on surface defect images with an
accuracy rate far exceeding manual visual inspection. The quality big data analysis platform integrates quality data
from upstream and downstream of the supply chain, constructs a quality chain traceability map, and doubles the
efficiency of locating root causes. The intelligent decision-making system automatically adjusts process parameter
compensation values based on quality fluctuations, forming a closed-loop quality improvement cycle. This quality
management system with full participation and whole-process control redefines the zero-defect standard.

4. THE IMPACT OF INTELLIGENT MANUFACTURING TECHNOLOGY ON
MODERN MECHANICAL ENGINEERING

4.1 Improving Production Efficiency

Intelligent transformation has made production cycles breaking human limits the norm. Automated loading and
unloading devices eliminate time losses from manual assistance, and multi-axis machine tools enable composite
processing to reduce clamping times. The production planning and scheduling system uses operational research
algorithms to optimize material flow paths, minimizing the turnover time of work-in-process inventory. Predictive
maintenance systems predict equipment failures through vibration spectrum analysis, significantly reducing
unplanned downtime. Digital thread technology connects the entire process from order receipt to finished product
shipment, with the information transmission error rate approaching zero. These improvement measures form a
superimposed effect, with effective output per unit time increasing exponentially, and order delivery cycles
shortened to less than one-third of the original. The improvement in production efficiency also releases production
capacity potential, providing capacity guarantee for enterprises to undertake high-end customized orders.

4.2 Improving Product Quality

Intelligent manufacturing builds an all-round quality assurance network. The temperature compensation function
of the machining center eliminates the impact of thermal deformation on precision, and torque control technology
ensures that fastener assembly achieves the optimal preload. The real-time feedback from online inspection
equipment forms a rigid constraint on process discipline, completely eliminating human operation deviations. The
quality access control system enforces mandatory inspections on key characteristics, preventing non-conforming
products from flowing into the next process. The historical traceability function of process parameters supports
root cause analysis of quality issues, leading to a continuous decline in the recurrence rate of similar defects.
Customers' personalized needs are met through flexible manufacturing systems, and the realization of special
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process requirements no longer depends on the skills of individual technicians. The improvement in product
quality stability is directly reflected in thel#E X~ & of market complaint rates.

4.3 Reducing Production Costs

Intelligent transformation brings significant cost structure optimization effects. The energy management system
reasonably allocates the usage time of high-energy-consuming equipment through peak-valley electricity price
periods, resulting in a continuous decrease in energy consumption per unit output value. The tool life prediction
system precisely controls the tool change cycle, basically eliminating consumable waste. The large-scale
application of automated production lines reduces the demand for direct labor, and the proportion of labor costs
gradually decreases. The waste recycling system re-melts and utilizes metal chips, bringing the comprehensive
utilization rate of raw materials close to the theoretical limit. The optimization space of digital design taps into
material-saving potential, reducing the weight of structural parts while maintaining performance indicators. These
cost-reducing and efficiency-enhancing measures form a virtuous cycle, providing continuous room for
improvement in product gross profit margin and consolidating and enhancing price competitiveness.

S. DEVELOPMENT  TRENDS OF INTELLIGENT MANUFACTURING
TECHNOLOGY IN MODERN MECHANICAL ENGINEERING

5.1 Intelligent Development Direction

Future intelligent manufacturing will leap to the cognitive manufacturing level. Intelligent agents with situational
understanding capabilities can interpret the impact of workshop environment changes on processes and
independently formulate response strategies; decision-making systems based on reinforcement learning can make
optimal choices under complex working conditions, breaking free from the limitations of preset rules; knowledge
graph technology enables the transfer and application of cross-domain experience to solve technical bottlenecks in
emerging processes. Bio-inspired design methods draw on natural evolution principles to optimize product forms,
with topological structures showing bionic characteristics. The human-machine collaboration interface has
evolved into a mind control system, where operators' thinking instructions can be directly converted into
equipment action parameters. This highly intelligent production system will reshape the cooperation paradigm
between humans and machines, creating unprecedented manufacturing possibilities.

5.2 Integration with Emerging Technologies

Cross-border integration has become a primary source of technological innovation. Quantum computing
technology breaks through the speed bottleneck of traditional algorithms, bringing ultra-large-scale finite element
analysis into practical application; blockchain distributed ledgers ensure the immutability of supply chain data,
building a credible quality traceability system; edge computing nodes achieve millisecond-level response at the
production line edge, supporting real-time control needs; brain-computer interface technology opens up an
interactive channel at the consciousness level, enabling intuitive device manipulation. The depth of interaction
between digital twins and the physical world continues to expand, with virtual debugging results directly driving
updates to physical equipment. This multi-dimensional technological integration has given rise to entirely new
manufacturing formats, Promote the continuous extension and reconstruction of industrial boundaries

5.3 Development of Green Manufacturing

The concept of sustainable development is deeply embedded in intelligent manufacturing systems. Energy
efficiency optimization algorithms dynamically adjust equipment operation modes to minimize the carbon
footprint per unit product; additive manufacturing technology reduces resource waste in the material removal
process, with powder recovery systems enabling recycling; environmentally friendly lubricants replace traditional
cutting fluids, significantly reducing hazardous waste treatment costs; life cycle assessment systems quantify the
environmental impact of products, guiding the direction of ecological design improvements. Remanufacturing
technology returns end-of-life equipment to the value chain through performance restoration, forming a
closed-loop economic model. Green manufacturing is no longer an additional obligation but has transformed into a
core competitiveness factor for enterprises, driving the industry towards low-carbon and circular transformation.
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6. STRATEGIES FOR PROMOTING THE APPLICATION OF INTELLIGENT
MANUFACTURING TECHNOLOGY IN MODERN MECHANICAL
ENGINEERING

6.1 Talent Cultivation Strategy

Building a stepped talent development system is a key support. Vocational colleges need to Establish a
professional group for intelligent manufacturing, focusing on cultivating the practical abilities of on-site engineers;
undergraduate education should strengthen interdisciplinary curriculum design to foster compound talents who
understand both mechanical principles and algorithm design; postgraduate education should focus on cutting-edge
technology research to tackle core algorithms and system integration challenges. The continuing education system
provides digital transformation training for in-service personnel, offering modular courses such as industrial robot
programming and data analysis. The industry-university-research collaborative education mechanism promotes
in-depth school-enterprise cooperation, Co building training bases to achieve knowledge transformation The skill
competition system stimulates the innovation vitality of technical personnel, with excellent cases incorporated into
teaching resource libraries. This multi-level talent supply network ensures that technological iteration and talent
reserve advance in sync.

6.2 Technological Innovation Strategy

Establish an open innovation ecosystem to accelerate technological breakthroughs. Form industrial technology
innovation alliances to integrate upstream and downstream resources, focusing on joint research of common key
technologies; build public technology service platforms to lower R&D thresholds for small and medium-sized
enterprises and share testbed resources; set up special funds to support high-risk exploration projects, and improve
error tolerance and correction mechanisms to encourage trial-and-error innovation; intellectual property operation
centers promote the transformation of patent achievements and build technology trading markets. The reverse
engineering methodology achieves technical decoding by systematically disassembling and analyzing the
structural principles and process parameters of advanced equipment, combined with 3D scanning, performance
testing and other means, on the basis of which adaptive improvements and functional expansions are carried out to
effectively break through foreign technical barriers. Enterprises form interdisciplinary teams to carry out reverse
development, integrate and reconstruct the acquired technical fragments into an independent knowledge system,
and form innovative solutions with independent intellectual property rights. With the application of agile
development models, iterative R&D processes and modular design ideas are adopted to shorten product
development cycles, enabling rapid trial-and-error and optimized upgrades. This open innovation system builds a
collaborative network integrating industry, academia, research and application, promotes the efficient allocation of
resources upstream and downstream of the industrial chain, and enables technological innovation achievements to
be quickly transformed into market competitiveness. By establishing patent pool sharing mechanisms and
technology standard exchange platforms, a Positive interaction innovation ecosystem is formed within the industry,
continuously stimulating the vitality of technological evolution and providing a strong driving force for the
sustainable development of intelligent manufacturing.

6.3 Policy Support Strategies

The guiding role of the government is reflected at the strategic top-level design level. Formulate intelligent
manufacturing development plans to clarify technology roadmaps and establish a classified promotion mechanism;
introduce preferential tax policies to encourage enterprises to invest in technological transformation, and
implement the first set of equipment insurance compensation systems to reduce application risks; build industry
standard systems to standardize data interface protocols and solve system integration problems; construct
intelligent manufacturing demonstration zones to cultivate benchmark samples and promote mature solutions;
strengthen international cooperation to connect with global innovation networks and introduce, digest and absorb
advanced technical standards. Industrial support funds serve as strategic fulcrums, focusing on precise efforts in
basic research fields, with key support for underlying technical bottlenecks such as new material performance
optimization, core algorithm breakthroughs, and key component research. By establishing special sub-funds to
guide the coordinated investment of social capital, the leveraging effect of government funds is formed, effectively
alleviating the financing difficulties caused by high risks in the early stage of research and development. In terms
of resource allocation, priority is given to ensuring the construction of national key laboratories, purchasing
advanced simulation platforms and test devices, and providing international-level hardware support for researchers.
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At the same time, an integrated industry-university-research-application innovation consortium is established to
promote in-depth connection between university theoretical achievements and enterprise engineering practices,
accelerating the knowledge transformation cycle. This measure not only cultivates a technical system with
independent intellectual property rights, but also builds an innovation ecosystem network covering the entire
industrial chain, enabling basic research results to quickly extend to industrial application.

7. CONCLUSION

The application and development prospects of intelligent manufacturing technology in modern mechanical
engineering are broad. It will continue to promote the innovation and progress of mechanical engineering and
bring more development opportunities. We should actively respond to challenges, strengthen technological
research and development and talent cultivation, promote the in-depth integration of intelligent manufacturing
technology and mechanical engineering, and realize the sustainable development of the industry.
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