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Thermal Management Materials for Electronic Devices and Their
Applications in Power Electronics

JIANG Zhijie
( Shandong Huali Electric Equipment Co., Ltd.,Ji'nan 250000,China )

Abstract:This paper systematically investigates the thermal management material system of electronic devices and
its applications in power electronics. First, the heat generation mechanisms of typical devices such as vacuum tubes,
transistors, and power amplifiers are analyzed. Based on Fourier’ s law of heat conduction, the heat transfer governing
equations and thermal resistance network models are established. Subsequently, the thermal properties and application
mechanisms of high-thermal-conductivity metals, ceramics, carbon-based materials, and thermal interface materials
are studied in detail. Finite element simulation methods are then employed to analyze the temperature distribution in
electronic devices. Finally, typical heat dissipation structures and thermal failure mechanisms are discussed, and future
development trends of advanced thermal management materials and multiphysics coupled design are presented.The
results indicate that the core of thermal management in electronic devices lies in reducing interface thermal resistance,
optimizing heat conduction paths, and constructing multiscale synergistic thermal dissipation systems. This work provides
theoretical guidance and engineering references for thermal design and material optimization of high—power electronic
devices.

Key words:Electronic devices; thermal management; heat conduction; thermal interface materials; power electronics;
finite element simulation; thermal resistance model; heat dissipation structure
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Research on the Application of Embodied Intelligent Welding Robots in
Construction Steel Structure Scenarios

LI Yong
(Shanxi Construction Engineering Group Co., Ltd., Taiyuan 030022,China)

Abstract:Through a closed-loop architecture of "perception—decision—execution”, embodied intelligent welding robots
deeply integrate visual perception, process large models and robot motion control, realizing a paradigm shift from "fixed
program execution" to "autonomous intelligent welding". This paper systematically sorts out the technical connotation
and core architecture of embodied intelligent welding robots, and analyzes the applicable characteristics of three types of
robots in construction steel structure scenarios, including seven—axis ground-track inverted installation robots, intelligent
collaborative welding robots and mobile (tracked) robots. Combined with practical application cases from enterprises
such as Jiangsu Beiren, CSCEC Science and Industry Group, China Railway Baoji Bridge Group and Zhongke
Optoelectronics, this paper demonstrates the technical advantages of embodied intelligence in addressing core pain
points such as complex weld seam identification, adaptive adjustment of process parameters and compatibility with multi—
variety workpieces. The research results indicate that embodied intelligent welding robots can cut the welding process
development cycle by 60%, reduce comprehensive production costs by more than 40%, achieve a first-pass welding
qualification rate exceeding 99%, and multiply the operation efficiency of single—person multi-machine deployment.

Key words:Embodied Intelligence; Welding Robot; Construction Steel Structure; Visual Perception; Al Large Model;
Human-Machine Collaboration
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K REIRESE: SRS =REE; ¥EEE REREEN; THEE: UERE

Development and Application of Formaldehyde Dynamic Standard Gas
Generator Based on Trioxane Diffusion and Cracking

ZHENG Hui
(Wuxi Huayi Machinery Manufacturing Co., Ltd., Wuxi 214026,China)

Abstract:Aiming at the engineering application problems of traditional static cylinder formaldehyde standard gas, such as
large adsorption loss, rapid concentration attenuation, difficulty in preparing low—concentration gas and poor traceability of
measured values, an integrated formaldehyde dynamic standard gas generator integrating constant-temperature trioxane
diffusion cracking system and high—precision dynamic gas distribution system is developed in this paper. Taking solid
trioxane as the gas source matrix, the equipment realizes stable vapor release through a precision constant-temperature
diffusion unit, generates high—purity formaldehyde monomers via a high-temperature tubular cracking device for ring—
opening cracking, and then completes accurate proportional dilution relying on dual-channel mass flow controllers, so as
to realize on-line real-time preparation of formaldehyde standard gas with wide range and high stability.Featuring simple
structure, high degree of automation and low operation and maintenance cost, this equipment can be widely applied in
instrument calibration for environmental monitoring, indoor air detection, formaldehyde emission detection of industrial
building materials, laboratory scientific research calibration and other scenarios, and has good engineering promotion
value and industrial practical value.

Key words: Formaldehyde standard gas; Dynamic gas distribution; Trioxane; Diffusion cracking; Mass flow control;
Uncertainty; Instrument calibration
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Research on the Application of Thermal Spraying Technology
in the Gas Turbine Field

LI Yanze
( Gu'an Chuanhang Technology Co., Ltd., LANGFANG 065599,China )

Abstract:This paper systematically reviews the major research achievements and engineering advancements in thermal
spray technology for gas turbine applications, based on a comprehensive logical framework encompassing "operating
conditions—coating requirements—process methods—material systems—failure mechanisms—development trends."
Chapter 1 serves as an introduction, outlining the research background, technical significance, and overall structure of
the paper. Chapter 2 analyzes the service environments of key gas turbine components and their differentiated coating
requirements. Chapter 3 provides detailed descriptions of the principles, characteristics, and application scenarios of
mainstream thermal spray technologies. Chapters 4 through 7 focus respectively on four primary coating types: thermal
barrier coatings, abradable seal coatings, erosion-resistant coatings, and oxidation/corrosion—resistant coatings. Chapter
8 discusses coating failure mechanisms and life prediction methods. Chapter 9 summarizes the entire paper and outlines
future research directions. It is hoped that this systematic review will provide valuable references for researchers and
engineers involved in gas turbine design and manufacturing, thermal spray process development, and coating materials
research.

Key words:thermal spraying technology; gas turbine; thermal barrier coating; wear-resistant coating; plasma spraying;
high—velocity oxy—fuel spraying
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The Application of Digital Twin Technology Integrated with Al in
Intelligent Oilfield Production

HOU Lei”", HE Qin’
(1.Sinopec Sales Co., Ltd., Shandong, Linyi 273400,China; 2.Sinopec Sales Co., Ltd., Shandong, Linyi 273400,China;
Sinopec Shandong Oil Transportation Co., Ltd,Dongming 274500,China)

Abstract:Based on actual engineering practices in oilfields, this paper systematically presents the architecture and
operational mechanisms of integrating digital twin and Al technologies. Focusing on three core application scenarios—
optimization of oil production schemes, predictive maintenance of oilfield equipment, and intelligent energy scheduling
across the entire field—the paper deeply analyzes technical implementation pathways, methods, practical outcomes, and
application advantages through real-world projects at Changqing, Shengli, and Daging oilfields. Practical experience
demonstrates that the integration of digital twin and Al technologies effectively addresses longstanding challenges in
traditional oilfield operations, significantly enhancing precision management, reducing operational costs, minimizing
equipment failure downtime, and optimizing energy consumption structures. This technology provides solid technical
support for the digital transformation and intelligent upgrading of oilfields, improving quality and efficiency while enabling
green and low-carbon production. It exhibits strong engineering practicality, implementability, and broad industry
promotion value, offering reliable reference for intelligent retrofitting projects in similar oil and gas fields.

Key words:Digital twin; Al technology; smart oilfield; production optimization; equipment operation and maintenance;
energy dispatching
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RMESNEBRNBAMEABBANCEHNERRE, EETRE. TUWAFNESEYEFNBEF ANARIR. AW,
BHIRE A NRENIERREZRTRBETE, SMENTERNATYESIRAURXEMRIA. FARIKNF[IEAEERE
BEBHEFPROIT, EAEEERERAEEREY. AXRFERE TI/INEFRARIEINF[EERFOYENIE, f5H
FFRBFE. MR MMENRER R ERRFERE. FEILEME, MEATIRBAL. BUARERIT. E3FR
G ECWERENNEE, HETHRERANRARER. ERSONTAELEXERS (DPWM) EEHFMG TR
RIFRMERIBIME, R T HEEERBIER (SEA) . HEEMEHZE (PEA) . BEBEMHZE (CEA) RERR
(QDD) HAFEREFEAFASREMENFTENAEER/R, FRETETHFFENAENENERREN. FARR
B, SRR AR ERF10%-15%, RFELEMIER20% A E. KX ATREKIMEHRARIRE RFEHIEITR
HTERKESKASE.

KERSNEEE: ARIRENES: MEREF: FEERKERG; BERE); gEEDY,; #HERK

Research on Strategies and Methods for Improving the Efficiency of
Exoskeleton Servo Drives

ZHANG Nan
(Beijing Haizhi Automation Co., Ltd., Beijing 100095,China)

Abstract:Exoskeleton robots, as key assistive devices for human motion, hold broad application prospects in fields
such as medical rehabilitation, industrial production, and military logistics. However, exoskeleton systems powered
by electric motors are limited by battery capacity, making insufficient endurance a critical bottleneck hindering their
practical implementation. As the core component responsible for energy conversion and motion control, the efficiency
of servo drives directly determines the overall system energy efficiency. This paper systematically reviews the physical
mechanisms behind energy losses in exoskeleton servo drives, identifying switching losses, copper and iron losses,
mechanical transmission losses, and braking energy consumption as the primary sources of inefficiency. Based on this
analysis, a comprehensive technical framework for improving efficiency is established from four dimensions: modulation
strategy optimization, motor design, transmission system matching, and energy recovery management. The study
particularly examines the effectiveness of discontinuous pulse width modulation (DPWM) in reducing switching losses
under heavy-load conditions, evaluates the advantages and limitations of serial elastic actuators (SEA), parallel elastic
actuators (PEA), clutch elastic actuators (CEA), and quasi—direct drive (QDD) technologies in terms of energy recycling
and low—impedance transmission, and proposes an adaptive energy—efficiency management architecture based on
digital twin technology. Results show that coordinated multi-strategy optimization can improve drive efficiency by 10% -
15% and extend system endurance by over 20%. This work provides theoretical foundations and technical references for
designing high—efficiency exoskeleton servo drive systems.

Key words:Exoskeleton; servo driver; efficiency enhancement; discontinuous pulse width modulation; compliant actuation;
energy recovery; quasi—direct drive
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Research on Environmental Perception Technology

in Unmanned Delivery Vehicles

ZHOU Qiu
(Tianjin Yingzeng Trading Co., Ltd., Tianjin 300499,China)

Abstract:This paper comprehensively reviews the mainstream environmental perception technology systems for
autonomous delivery vehicles, systematically analyzing the working principles, technical architectures, performance
parameters, application scenarios, and advantages and disadvantages of four primary sensing technologies: LiDAR,
visual cameras, millimeter—-wave radar, and ultrasonic sensors. It delves into core algorithms, fusion architectures, and
implementation processes of multi-sensor fused perception. Drawing on real-world deployment cases from leading
companies such as JD.com, Meituan, and Nuro, and supported by authoritative 2025 industry statistics and market
analysis in autonomous delivery, the study systematically summarizes current technological bottlenecks, scenario
adaptation challenges, and engineering implementation gaps in environmental perception for autonomous delivery
vehicles. Targeted optimization strategies are proposed, along with predictions on future technological evolution and
industry development trends. The research provides theoretical foundations and practical references for optimizing
perception systems, facilitating engineering deployment, and advancing industry—standardization efforts in autonomous
delivery vehicles, while also offering reliable support for upgrading intelligent logistics equipment and advancing applied
engineering research.

Key words:Unmanned delivery vehicle; environmental perception; multi-sensor fusion; LiDAR; visual perception;
millimeter—-wave radar; smart logistics
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Application of Smart Valves in Wastewater Treatment Systems

TAN Tu
(Tianjin Yingzeng Trading Co., Ltd., Tianjin 300499,China)

Abstract:This paper systematically outlines the overall structural composition, core classification criteria, and closed-
loop operating principles of smart valves, and specifically investigates their application methods, operational logic,
and practical value in five key process modules: influent control systems for wastewater treatment, biological aeration
systems, sludge recirculation systems, chemical dosing systems, and remote intelligent monitoring systems. From
an engineering application perspective, it deeply analyzes the core technological advantages of smart valves over
traditional valves, and objectively identifies current challenges in equipment promotion, including high cost barriers,
limited adaptability to complex operating conditions, shortage of professional maintenance personnel, insufficient system
compatibility, and weak data security. Finally, considering industry trends such as smart water management, dual-carbon
policies, and intelligent manufacturing, the paper forecasts future development directions for smart valves, including
higher precision and durability, full-domain intelligence, industry standardization, and green, energy—efficient integration.

Key words:smart valve; wastewater treatment; automatic control; process system; smart water management; Internet of
Things
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