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Energy efficiency optimization and carbon emission
modeling analysis of mechatronic equipment

Guanhua Zhou
Qinhuangdao Water Supply Co., Ltd., Qinhuangdao, Hebei, 066000, China

Abstract

As a critical energy-consuming component in manufacturing systems, mechatronic equipment directly impacts energy efficiency and
carbon emissions through performance variations. Under the dual carbon goals, the importance of energy-saving and low-carbon
operations has grown significantly. However, challenges such as mismatched power matching, crude control strategies, frequent
load fluctuations, and inadequate condition assessment make energy consumption and emission quantification difficult. This study
analyzes energy consumption mechanisms from drive systems, actuators, control logic, and operational characteristics. A carbon
emission model integrating electrical energy consumption, mechanical efficiency degradation, load coupling, and lifecycle data is
developed to dynamically evaluate emission intensity across different operating conditions. Results demonstrate that this model
effectively identifies potential energy efficiency improvements, providing actionable pathways for enterprises to reduce energy costs
and advance green manufacturing.

Keywords

mechatronic equipment; energy efficiency optimization; carbon emission modeling
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Influence Factors and Improvement Strategies of Chemical
Safety Management System Execution

Kui Tong
Jiangsu Yabang Wal Dye Co., Ltd., Lianyungang, Jiangsu, 222000, China

Abstract

The chemical industry is characterized by high risk and complexity, and the effective implementation of safety management systems
is the core guarantee for preventing safety accidents. Currently, although some chemical enterprises have established a sound system,
frequent accidents occur due to insufficient enforcement. Research shows that approximately 70% of chemical safety accidents
originate from failures in the execution of systems, rather than technical or equipment defects. Based on the production practices
of chemical enterprises, this paper deeply analyzes the key factors affecting the enforcement of safety management systems from
four dimensions: the system itself, personnel quality, supervision mechanisms, and technical support. It systematically reveals the
internal connections and coupling effects among these factors. Combined with typical industry cases, this paper further proposes
targeted improvement strategies such as building personalized system frameworks, strengthening personnel capability development,
improving full-chain supervision, and innovating technological applications. The aim is to form an integrated comprehensive
management solution combining \”people, systems, technology, and management\”, providing systematic theoretical and practical
references for chemical enterprises to break through enforcement bottlenecks, build long-term safety mechanisms, and achieve the
goal of inherent safety.

Keywords
Chemical Safety; Management System; Execution Power; Influencing Factors; Improvement Strategies
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Analysis and Solution of Quality Problems Caused by
Carbon Deposit in Gasoline Engine Cylinder

Haichao Pan Na Wei Zhan Shen
Great Wall Motor Co., Ltd., Baoding, Hebei, 071000, China

Abstract

Prolonged operation of gasoline engines often leads to carbon deposits in cylinders due to factors such as insufficient fuel
atomization, incomplete combustion, and lubricant carryover. These deposits impair combustion efficiency, cause engine knock,
reduce power output, and worsen emissions. This study combines field testing with laboratory experiments to analyze the formation
mechanisms, characteristic manifestations, and performance impacts of carbon deposits. Through microscopic structure analysis
and chemical composition testing, we reveal their physicochemical properties. Using kinetic simulations, we investigate airflow
patterns and thermal load distribution in the combustion chamber, proposing a comprehensive management system that includes
fuel optimization, injection strategy adjustments, clean combustion design, and periodic maintenance. Results demonstrate that
these integrated measures can reduce carbon deposit thickness by approximately 40%, improve combustion efficiency by 3.6%, and
decrease particulate emissions by 25%, validating the effectiveness and engineering feasibility of this solution.

Keywords
gasoline engine; in-cylinder carbon deposits; combustion efficiency; quality control; clean combustion technology
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Difficulties and Countermeasures in the Construction of
Work Safety Standardization for Small and Medium-sized
Enterprises

Huixing Chen

Lianyungang Xinjiang Environmental Protection Materials Co., Ltd., Lianyungang, Jiangsu, 222000, China

Abstract

As small and medium-sized enterprises(SMEs)play a vital role in China’s economy,the construction of standardized safety production
in these enterprises has become particularly important. Although the national and local governments have gradually introduced a
series of policies to promote the improvement of safety production management in SMEs,they still face numerous challenges in the
process of building safety production standards.Issues such as insufficient funding,weak safety awareness,and outdated technologies
and equipment significantly hinder the effectiveness of safety management.Therefore,strengthening the standardized safety
production construction in SMEs and improving their safety management levels have become key measures for achieving sustainable
development.

Keywords

Small and medium-sized enterprises;safety production;standardized construction;technological innovation;safety management
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Production process and cost control of potassium nitrate
for agriculture by ammonium nitrate double decomposition
method

Wenguo Shi
Yunnan Ouroham Fertilizer Technology Co., Ltd., Luliang, Yunnan, 655600, China

Abstract

The production equipment, process and process of potassium nitrate for agriculture by ammonium nitrate double decomposition
method were upgraded and optimized. Raw material potassium chloride and ammonium nitrate ratio, concentration and production
system concentration, temperature adjustment test summed up the ideal operation control point, During the test, the process and
equipment were optimized to achieve stable and high yield, and the product quality was 100% first grade. Energy consumption
reduced to 1.2 tons of steam per ton of potassium nitrate, 100 KWh of electricity, Raw material consumption per ton of potassium
nitrate consumption of 750kg, 820kg ammonium nitrate

Keywords

potassium nitrate for agriculture; ammonium nitrate; potassium chloride; double decomposition; optimization
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Research Progress of Precision Machining Technology for
High Temperature Alloys: From Traditional Cutting to
Special Machining Challenges and Prospects

Shuhao Zhao' Chang Li' Yinan Zhao® Xing Han"

1. Liaoning University of Science and Technology, Anshan, Liaoning, 114051, China
2. Huazhong University of Science and Technology, Wuhan, Hubei, 430074, China

Abstract

High-temperature alloys are extensively utilized in aerospace and gas engines, yet their exceptional machinability challenges impose
stringent requirements on processing efficiency and surface integrity. This review synthesizes the latest advancements in conventional
and specialized machining technologies—including mechanical, grinding, electrolytic, EDM, and arc machining—conducting
comparative analyses of material removal, processing quality, and application scenarios. The findings demonstrate that grinding
excels in precision forming but is heat-sensitive; electrolytic machining eliminates mechanical stress but is constrained by flow field
limitations; EDM demonstrates strong structural adaptability but generates recast layers; while arc machining achieves high efficiency
but suffers from insufficient surface stability. Current challenges primarily involve multi-physical field coupling mechanisms and
surface integrity preservation. Future research will focus on elucidating machining mechanisms to establish unified quality standards.

Keywords
superalloy; precision machining; special machining; surface integrity; intelligent manufacturing
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Macro Programming for Machining Ladder Thread Based
on FANUCO0i-TD CNC System

Pu Zhang Xudong Qin Kai Li Jiahao Yang Xiao Zhang
Shaanxi Construction Machinery Co., Ltd., Xi’an, Shaanxi, 710200, China

Abstract

As a widely used transmission thread in mechanical engineering, trapezoidal threads are extensively applied in machine tool lead
screws and screw jacks. These threads offer advantages such as high transmission efficiency and strong load-bearing capacity.
However, their machining process remains challenging, requiring advanced techniques and specialized tools. With the advancement
of CNC technology, macro-program machining has demonstrated unique advantages in trapezoidal thread processing, effectively
enhancing both precision and efficiency. Moreover, a thorough understanding of the relationship between helix angle and tool
selection is crucial for optimizing the machining process and extending tool life. Therefore, comprehensive analysis of trapezoidal
thread machining techniques holds significant practical value ™. Taking the MJ-520 CNC lathe from Jinan No.1 Machine Tool
Factory as an example, this paper introduces an efficient macro-program-based machining method for trapezoidal threads using the
FANUCOi-TD CNC system. By programming variable parameters to control layered cutting depth and tooth profile feed trajectories,
the method achieves integrated roughing and finishing operations, significantly improving thread surface quality, pitch accuracy, and
machining efficiency. This approach provides valuable references for batch processing of similar transmission components.

Keywords
trapezoidal thread; NC programming; macro program; layered cutting
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Research on Corrosion Mechanism, Case Analysis and
Comprehensive Protection Strategies of Petrochemical Equipment

Hongwei Wu
Lianyungang Petrochemical Co., Ltd., Lianyungang, Jiangsu, 222000, China

Abstract

Corrosion is the primary factor threatening the safety, stability and long-term operation of the petrochemical industry, causing huge
economic losses and potential environmental and safety risks every year. This paper systematically expounds the common types of
corrosion and their mechanisms in the petrochemical environment, with a focus on the most widely used carbon steel equipment and
stainless steel equipment as representative corrosion-resistant materials. Through specific case analysis, it deeply explores the causes
of uniform corrosion, local corrosion (such as pitting corrosion, under-deposit corrosion) and environmentally sensitive fracture (such
as wet hydrogen sulfide damage) in carbon steel; and reveals the complexity of local corrosion such as pitting and stress corrosion
cracking in stainless steel under specific conditions (such as chloride environment, polythionic acid environment). On this basis,
this paper proposes a multi-level and systematic comprehensive protection strategy covering correct material selection, process
optimization, corrosion monitoring, corrosion inhibitor application, surface treatment and advanced coating technology, aiming to
provide theoretical basis and practical guidance for the integrity management and extended operation of petrochemical equipment.

Keywords
Petrochemical; Equipment corrosion; Carbon steel; Stainless steel; Corrosion mechanism; Protection strategy
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Simulation and Optimization of Ethylene Cracking
Furnace Based on Reaction Kinetics

Yu Wang'*

1. Xi ‘an University of Science and Technology, Xi’ an, Shaanxi, 710000, China
2. Second Branch of Olefins Division Guoneng Group Ningxia Coal Industry Company, Yinchuan, Ningxia, 750411,
China

Abstract

To address the issues of low energy efficiency and difficult optimization of ethylene yield in ethylene cracking furnaces, this study
focuses on the key equipment, the ethylene cracking furnace. Based on the Aspen Plus software, a full-process model coupling
molecular reaction kinetics and coking kinetics was constructed. By comparing the simulation errors of the Kumar model and the 25
reaction kinetics model, it was determined that the 25 reaction kinetics model (with an ethylene yield error <8%) is more suitable for
industrial cracking processes. The Kumar Coking Model II (with a hydrogen yield error of 2.16%) was used to describe the coking
behavior of the furnace tubes. A systematic analysis was conducted on the effects of parameters such as feedstock, temperature,
pressure, and vapor-to-hydrocarbon ratio on ethylene yield and effective energy loss. The results show that naphtha feedstock
at 910°C, 4.5 bar, and a vapor-to-hydrocarbon ratio of 0.35-0.5 achieves an ethylene yield of 33.13wt%, with optimal economic
performance. The radiant section is the primary source of effective energy loss (accounting for 62.38%).

Keywords
ethylene cracking furnace; reaction kinetics; Aspen Plus simulation; energy efficiency analysis
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Research on the Evaluation of the Effect of Cathodic
Protection for Long-distance Pipeline

Yanke Gong
China National Petroleum Pipeline Network Group Co., Ltd., Central China Branch, Wuhan, Hubei, 430000, China

Abstract

Long-distance pipelines play a vital strategic role in oil and gas transportation and storage systems, where their operational lifespan
and safety performance are directly determined by the effectiveness of anti-corrosion systems. As the core technology for controlling
electrochemical corrosion, cathodic protection faces challenges during long-term operation due to multiple factors including
geological variations, soil resistivity changes, coating aging, electrochemical interference, and measurement errors, leading to
uncertainties in assessing protection efficacy. This study systematically analyzes key factors affecting protection effectiveness and
evaluation methods based on cathodic protection mechanisms. It examines the limitations of the traditional “-850 mV (Cu/CuSO,
reference electrode)” criterion in complex environments and proposes a comprehensive evaluation system incorporating multiple
parameters such as steady-state potential, transient response, AC interference, and coating integrity. Through multi-source monitoring
data fusion and intelligent algorithm modeling, the research achieves dynamic identification and quantitative analysis of cathodic
protection status, providing theoretical foundations and engineering support for optimizing anti-corrosion design and operational
maintenance of long-distance pipelines.

Keywords
long-distance pipeline; cathodic protection; potential measurement; corrosion assessment; polarization criterion
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Translation of “Development of a Comprehensive Testing
System for Output Characteristic Parameters of Nerve and
Muscle Stimulators Based on YY/T 0696-2021

Chao Shan' Xiaolong Qiang’ Chao Zhang® Jiming Liu’

1. Heilongjiang Institute for Drug Control, Harbin, Heilongjiang, 150088, China

2. Guangxi Zhuang Autonomous Region Medical Device Testing Center, Nanning, Guangxi, 530021, China
3. Kingpo Technology Development Limited, Dongguan, Dongguan, 523869, China

Abstract

Nerve and muscle stimulators play a significant role in pain management, rehabilitation therapy, and neurological function recovery,
with their output characteristics directly affecting treatment efficacy and patient safety. The YY/T 0696-2021 standard provides
specifications for measuring output characteristic parameters. This study designs and develops a comprehensive testing system
to accurately measure key parameters such as voltage, current, pulse width, and frequency of stimulators. The system employs a
modular design, integrating high-precision data acquisition, signal processing, and automated analysis functions. Experimental
validation confirms that the system meets the standard’s requirements, with a measurement error of less than 0.5%, a repeatability
standard deviation below 0.2%, and significantly improved testing efficiency compared to traditional methods. This paper elaborates
on the system’s design principles, experimental validation, and application prospects, offering an efficient solution for quality control
of medical devices.

Keywords
nerve and muscle stimulators; YY/T 0696-2021; Output characteristics; Comprehensive testing system; medical device
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Application of weak magnetic detection technology in
petrochemical pipeline integrity assurance

Jian Du Wenzhen Qian Yunfei Li Enze Wei
Shandong Province Natural Gas Pipeline Co., Ltd., Jinan, Shandong, 250101, China

Abstract

As critical infrastructure in the petrochemical industry, the integrity of pipelines directly impacts production safety and economic
efficiency. Weak magnetic detection technology, with its unique advantages, is playing an increasingly vital role in pipeline integrity
assurance. This paper provides a detailed explanation of the technical principles of weak magnetic detection, delving into its
applications through pipeline inspection processes, data processing and analysis, defect identification and evaluation. It explores
challenges and countermeasures in practical implementation while forecasting future development trends. The study aims to offer
theoretical and technical support for enhancing pipeline integrity assurance in the petrochemical sector.

Keywords
weak magnetic detection technology; petrochemical pipeline; integrity assurance; application analysis
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Analysis of Lubricant Performance Optimization Strategy
in Lubrication System of Metallurgical Machinery

Xianyong Su
China Metallurgical Jingcheng Engineering Technology Co., Ltd., Beijing, 100176, China

Abstract

In metallurgical production, the operational efficiency of mechanical equipment is significantly influenced by lubrication systems.
Inadequate lubrication not only accelerates component wear and increases energy consumption but may also lead to premature
equipment failure or even safety incidents. Therefore, to ensure safe and efficient metallurgical production, it is essential to prioritize
lubricant performance and implement effective optimization strategies to enhance lubricant properties. This approach improves the
operational status of metallurgical machinery lubrication systems, thereby achieving cost reduction and efficiency improvement
in production. Based on this, the article provides an overview of metallurgical machinery lubrication system operations and
explores optimization strategies for lubricant performance through the application of performance testing methods. Considering the
characteristics and limitations of lubricating oils and greases, this paper introduces the application of intelligent oil-gas lubrication
technology in the metallurgical industry.

Keywords
metallurgical machinery; lubrication system; lubricant properties; optimization strategy; intelligent oil-gas
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