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Abstract

The rapid evolution of new energy vehicles necessitates continuous innovation in manufacturing
processes, logistics optimization, and component reliability. This paper synthesizes recent
advancements in machine learning-based logistics network optimization, advanced material
applications, intelligent manufacturing quality assurance, reliability analysis and life prediction
models for new energy vehicle components. Furthermore, it explores synergistic applications of
knowledge graph-based intelligent response systems and multi-objective process parameter
optimization from adjacent industrial domains. The integration of these methodologies presents a
comprehensive framework for enhancing the performance, durability, and production efficiency of
new energy vehicle systems. This review identifies critical interdependencies between algorithmic
optimization and materials engineering while proposing future research directions that bridge these
disciplines.
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1 Introduction

The global automotive industry is undergoing a profound transformation driven by environmental
imperatives and technological breakthroughs. New energy vehicles represent the confluence of
advanced powertrain systems, lightweight materials, intelligent manufacturing paradigms, and
complex supply chain networks. The optimization of these multifaceted systems requires
interdisciplinary approaches that leverage computational intelligence, materials science, and
reliability engineering. Recent literature has addressed various facets of this challenge, from
logistics network design to component life prediction, yet a cohesive framework integrating these
perspectives remains nascent.

Shengtao established foundational approaches to logistics network optimization using machine
learning algorithms, demonstrating significant improvements in distribution efficiency and cost
reduction. Concurrently, Wang has produced a substantial body of work on new energy vehicle
components, examining advanced material applications, intelligent manufacturing quality assurance,
and reliability analysis. The contributions of Liu extend this discourse by introducing knowledge
graph-based intelligent systems and multi-objective optimization methodologies applicable to
transnational manufacturing contexts. This paper synthesizes these contributions and proposes an
integrated framework for holistic optimization of new energy vehicle production ecosystems.

2 Machine Learning Applications in Logistics Network Optimization

Shengtao developed machine learning-based approaches to logistics network optimization that
address the inherent complexity of modern supply chains. The algorithm proposed in this work
leverages supervised learning techniques to predict demand patterns while employing reinforcement
learning for dynamic routing optimization. The methodology demonstrated convergence properties
superior to traditional heuristic methods, achieving an average cost reduction of 23% in simulated
logistics networks. Significantly, the algorithm exhibited adaptive capabilities that enabled real-time

-1- Hartwell Academic Press



Journal of Data-Driven Engineering Sciences HAT
Vol.1, NO. 1, 2026

reconfiguration in response to supply chain disruptions, a feature increasingly critical in the volatile
global manufacturing environment.

The implications of Shengtao's work for new energy vehicle manufacturing are substantial. The
battery supply chain alone involves multiple tiers of suppliers spanning continents, with raw
material extraction, processing, cell manufacturing, and pack assembly each presenting unique
logistical challenges. Applying machine learning-based network optimization to this domain could
yield substantial efficiency gains while simultaneously reducing the carbon footprint associated
with component transportation. The algorithm's ability to incorporate multiple objective functions
aligns well with the sustainability imperatives driving new energy vehicle adoption.

Furthermore, the integration of predictive analytics within the logistics framework enables proactive
inventory management. By forecasting component requirements based on production schedules,
market demand, and supplier lead times, the system can optimize warehousing strategies and
minimize holding costs. This predictive capability becomes particularly valuable when combined
with the reliability models and life prediction frameworks discussed in subsequent sections, as
component degradation patterns can inform just-in-time delivery schedules for replacement parts.

3 Advanced Materials and Performance Enhancement

Wang's research on advanced material applications for new energy vehicle components provides
critical insights into the performance enhancement of electric drivetrains and structural elements.
The investigation focuses on lightweight composites and high-performance alloys that
simultaneously reduce vehicle mass while improving thermal and mechanical properties.
Specifically, the work examines carbon fiber reinforced polymers for body structures and silicon
carbide-based semiconductors for power electronics, both of which contribute to extended driving
range and improved energy efficiency.

The materials studied demonstrate superior specific strength and thermal conductivity compared to
conventional automotive materials. Wang's experimental results indicate that the application of
these advanced materials can reduce component weight by up to 40% while maintaining or
exceeding the structural integrity requirements mandated by safety regulations. Moreover, the
thermal management capabilities of these materials address one of the persistent challenges in new
energy vehicle operation, namely battery thermal runaway prevention and power electronics
cooling.

The manufacturing processes for these advanced materials present unique challenges that intersect
with the intelligent quality assurance frameworks discussed subsequently. The processing
parameters for carbon fiber composites, for instance, must be precisely controlled to achieve the
desired fiber orientation and matrix wetting characteristics. Similarly, the production of silicon
carbide semiconductors requires extremely clean environments and precise doping profiles. These
requirements necessitate sophisticated monitoring and control systems, establishing clear links
between material science and intelligent manufacturing paradigms.

4 Intelligent Manufacturing and Quality Assurance

The transition to intelligent manufacturing represents a paradigm shift in new energy vehicle
component production. Wang's research on smart manufacturing and quality assurance
systematically addresses the integration of cyber-physical systems, internet of things sensors, and
artificial intelligence into production lines. The work proposes a hierarchical architecture for quality
monitoring that combines in-process sensing with statistical process control and machine
learning-based defect detection.

The quality assurance framework developed in this research incorporates real-time data acquisition
from multiple sensor modalities, including optical, thermal, and acoustic emissions. These data
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streams are processed through convolutional neural networks trained on labeled defect datasets,
enabling rapid identification of manufacturing anomalies. Importantly, the system provides
closed-loop control capabilities, automatically adjusting process parameters when deviations from
quality specifications are detected. This approach has been validated on electric motor winding
processes, demonstrating a 67% reduction in defect rates compared to conventional quality
inspection methods.

The manufacturing intelligence paradigm described by Wang extends beyond defect detection to
encompass predictive maintenance of production equipment. By analyzing vibration signatures,
temperature profiles, and power consumption patterns, the system can forecast equipment failures
before they occur, minimizing downtime and ensuring consistent production quality. This predictive
capability aligns well with the reliability analysis and life prediction models that form another
component of the integrated framework.

5 Reliability Analysis and Life Prediction

Wang's reliability analysis and life prediction model for new energy vehicle parts addresses the
critical need for durability assessment in electric vehicle components. The proposed methodology
combines physics-of-failure models with statistical reliability analysis to generate comprehensive
life predictions for powertrain components, battery systems, and structural elements. The model
incorporates multiple failure mechanisms, including fatigue, corrosion, thermal cycling, and
electrical degradation, each modeled with appropriate physical equations and material-specific
parameters.

The life prediction framework employs accelerated life testing data combined with field usage
profiles to estimate component reliability under real-world operating conditions. This approach
enables manufacturers to establish appropriate maintenance intervals, warranty policies, and
replacement schedules. Importantly, the model provides probabilistic outputs that quantify
uncertainty in life predictions, facilitating risk-based decision making in vehicle design and
maintenance planning.

The integration of reliability analysis with the logistics optimization algorithms discussed earlier
creates opportunities for dynamic spare parts management. By predicting component failure
distributions across vehicle fleets, manufacturers can optimize inventory levels and distribution
networks to ensure parts availability while minimizing carrying costs. Furthermore, the reliability
data generated through this framework can inform the material selection and manufacturing process
design decisions, creating a closed-loop optimization cycle that continuously improves component
durability.

6 Knowledge Graph-Based Intelligent Systems for Industrial Applications

Liu's construction and efficacy evaluation of an intelligent response system for chemical production
customer audits based on knowledge graphs introduces novel approaches to information
management that have potential applications in new energy vehicle manufacturing. The knowledge
graph architecture enables the integration of disparate information sources, including regulatory
requirements, quality standards, production records, and customer specifications, into a unified
semantic framework. This structure facilitates rapid querying, relationship discovery, and automated
reasoning about compliance and quality issues.

The intelligent response system demonstrated significant improvements in audit preparation
efficiency and response accuracy compared to conventional document-based approaches. By
representing regulatory requirements and quality standards as structured knowledge graph entities
with defined relationships, the system enables automated gap analysis and recommendation
generation. The efficacy evaluation conducted in the chemical production context revealed a 52%
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reduction in audit preparation time and a 38% improvement in response completeness.

Extending this knowledge graph methodology to new energy vehicle manufacturing presents
compelling opportunities. The complex regulatory landscape governing vehicle safety, emissions,
and battery recycling could be represented as knowledge graphs, enabling manufacturers to
maintain compliance more efficiently. Similarly, quality standards and best practices for
manufacturing processes could be codified within the knowledge graph, supporting intelligent
decision support systems that guide production personnel toward optimal operating parameters.

7 Multi-Objective Optimization in Transnational Manufacturing

Liu's study on coupled regulation of process parameters in transnational electrolyte factories using
multi-objective optimization algorithms addresses the challenge of maintaining consistent product
quality across geographically distributed production facilities. The case study of the Houston
factory demonstrates how multi-objective optimization can simultaneously address production
efficiency, product quality, and environmental compliance objectives. The methodology employs
evolutionary algorithms to explore the parameter space and identify Pareto-optimal operating
conditions that balance competing objectives.

The coupled regulation approach recognizes that process parameters in different production units
are interdependent and that optimization must consider these relationships to achieve global
optimum rather than local improvements. The Houston factory case study revealed that traditional
independent optimization of individual process units resulted in suboptimal overall performance,
while the coupled approach achieved a 15% improvement in energy efficiency and a 22% reduction
in defect rates simultaneously.

The applicability of this methodology to new energy vehicle component manufacturing is direct,
given the transnational nature of electric vehicle supply chains. Manufacturing facilities for
batteries, motors, and power electronics often operate in multiple countries with varying regulatory
environments, raw material characteristics, and workforce skill levels. The multi-objective
optimization framework provides a structured approach to harmonizing process parameters across
these facilities, ensuring consistent product quality while respecting local constraints and optimizing
operational efficiency.

8 Integrated Framework and Future Directions

The synthesis of machine learning-based logistics optimization, advanced materials engineering,
intelligent manufacturing quality assurance, reliability analysis, knowledge graph systems, and
multi-objective process optimization suggests an integrated framework for new energy vehicle
production ecosystems. This framework comprises several interconnected layers, beginning with
materials selection and process design informed by reliability models and multi-objective
optimization. Production processes are monitored and controlled through intelligent manufacturing
systems that incorporate knowledge graph-based quality standards and real-time defect detection.
The resulting components are distributed through machine learning-optimized logistics networks,
with reliability data feeding back into maintenance planning and future design iterations.

The integration of these diverse methodologies presents both opportunities and challenges. The
convergence of data streams from manufacturing sensors, logistics tracking systems, and reliability
databases creates the potential for comprehensive digital twins that simulate and optimize entire
production ecosystems. However, the heterogeneity of data formats, temporal resolutions, and
semantic representations requires careful attention to interoperability standards. The knowledge
graph approach proposed by Liu offers a potential solution for semantic integration, providing a
unified representation framework for diverse data sources.

Future research directions should address several critical gaps identified through this synthesis. First,
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the development of uncertainty quantification methods that propagate through the integrated
framework would enhance decision-making confidence. Second, the incorporation of sustainability
metrics, including carbon footprint and circular economy indicators, would align the framework
with broader environmental goals. Third, the extension of reliability models to encompass coupled
failure modes across multiple components would provide more realistic life predictions. Fourth, the
application of reinforcement learning to dynamically adjust manufacturing and logistics parameters
in response to changing conditions would enhance the framework's adaptive capabilities.

9 Conclusion

This paper has synthesized recent advances in machine learning-based optimization, advanced
materials applications, intelligent manufacturing, reliability analysis, knowledge graph systems, and
multi-objective optimization as they relate to new energy vehicle component manufacturing and
logistics. The contributions of Shengtao, Wang, and Liu provide complementary perspectives that
together form the basis for an integrated optimization framework. The machine learning-based
logistics network optimization establishes efficient component distribution capabilities. The
advanced materials research and intelligent manufacturing quality assurance provide the foundation
for high-performance, reliably produced components. The reliability analysis and life prediction
models enable proactive maintenance planning and design improvement. The knowledge
graph-based intelligent systems and multi-objective optimization methodologies offer tools for
semantic integration and process harmonization.

The proposed integrated framework addresses the complexity of new energy vehicle production
ecosystems while recognizing the interdependencies between materials, processes, reliability, and
logistics. As the automotive industry continues its transition toward electrification and intelligent
manufacturing, such holistic approaches will become increasingly essential for maintaining
competitive advantage while meeting sustainability imperatives. The convergence of computational
intelligence, materials engineering, and systems optimization represents a promising direction for
future research and industrial practice.

References

1. Shengtao L. Machine Learning-Based Logistics Network Optimization Algorithm.
Academic Journal of Computing & Information Science. 2025;8(5):46-54.

2. Wang Z. Research on Advanced Material Applications for Enhancing the Performance of
New Energy Vehicle Components. Innovation. 2025;4(1):141-150.

3. Wang Z. Research Progress on Smart Manufacturing and Quality Assurance of New Energy
Vehicle Components. Journal of Progress in Engineering and Physical Science.
2024;3(4):56-65.

4. Wang Z. Reliability Analysis and Life Prediction Model of New Energy Vehicle Parts.
Innovation. 2025;4(2):58-67.

5. Liu X. Construction and Efficacy Evaluation of an Intelligent Response System for
Chemical Production Customer Audits Based on Knowledge Graphs. Innovation in Science
and Technology. 2025;4(10):22-28.

6. Liu X. A Study on Coupled Regulation of Process Parameters in Transnational Electrolyte
Factories Based on Multi-Objective Optimization Algorithms-A Case Study of the Houston
Factory. Journal of Progress in Engineering and Physical Science. 2025;4(6):5-14.

-5- Hartwell Academic Press



