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1  Summary

With the advancement of science and technology, complex engineering structures are widely used in extreme environments [1]. In equipment service, many uncertainty factors significantly affect safety and reliability [2–5]. Therefore, ensuring high reliability of structures has become an important research direction in engineering design. At the same time, the importance of equipment health management of complex engineering structures is becoming increasingly prominent [6–8]. Computer-aided uncertainty modeling and reliability assessment have become key tools, and finite element simulation and algorithmic innovation play a key role in the reliability analysis of complex equipment [9,10]. These techniques can accurately simulate stress and damage accumulation under various operating environments, providing engineers with important decision support and optimization solutions.

Reliability analysis is critical in complex engineering structures or specific engineering situations that often involve multiple interactions and complex system relationships, where the failure of any one component can lead to the collapse or loss of functionality of the entire system [11]. Therefore, through in-depth reliability analysis, engineers are able to identify potential risk points and critical failure modes so that preventive measures and design improvements can be made to ensure safe and reliable system operation despite extreme conditions.

In this special issue, several papers about reliability analysis in complex engineering structures or complex working conditions have been accepted. In order to solve the planning problem of UAV swarm combat tests, based on the multi-phase characteristics of UAV swarm missions consisting of three phases: launch, flight and combat, Jiang et al. [12] proposed a methodology to find test scenarios that can maximize the reliability of the mission. Li et al. [13] proposed a random forest model for improving the computational efficiency and accuracy of reliability design in order to solve the problem of poor computational efficiency and accuracy arising from multiple occurrences of reliability calculations and implicit high nonlinear limit state function calls in the fatigue reliability-based structural design optimization of aero-engines. Zhang et al. [14] used a Kriging element model to establish a mathematical relationship between design parameters and contact stresses. A hybrid algorithm that merges a genetic algorithm and a quantum particle swarm optimization algorithm was also used to tune the parameters of the Kriging metamodel to determine the relationship between the computed contact stresses and the studied parameters for a circular-geared pitch cylindrical gear. Besides, some scholars have innovated and summarized the reliability analysis methods. Wang et al. [15] then proposed an efficient decoupled Reliability-Based Design Optimization (RBDO) method combining High-Dimensional Model Representation (HDMR) and Weight Point Estimation Method (WPEM), Xia et al. [16] proposed a reliability analysis method based on T-S Fault Tree Analysis (T-SFTA) and Hyper-Elliptic Bayesian Networks (HE-BN) when dealing with the problem of analyzing the reliability of high systems in the military, aerospace, and railroad fields. Xu et al. [17] introduced the theory of evidence to assess the level of performance conditions in each situation, and the method is able to calculate the weights of each performance condition and modify its multipliers to make the estimation more reasonable. Meng et al. [18] provided a summary review of the methods of saddle-point approximation used in reliability analysis and reliability-based design optimization problems, describing the saddle-point approximation strategies of each order and application. All of these papers explore different analysis methods and strategies around the researched fields to enhance the safety and reliability of engineering structures, and there are also summaries of reliability analysis methods in the researched fields for future generations to make innovations based on them. All these results provide valuable technical support for actual engineering practice, as well as important guidance and insights for future complex engineering design and maintenance management.

Relevant research in the field of health management of complex engineering structures, such as condition monitoring, fault diagnosis and health monitoring, can improve the safety and reliability of engineering structures, achieve timely diagnosis and prediction, and reduce downtime and the cost of maintenance. A number of authors in this special issue have also investigated the health management of some equipment with the assistance of computer modeling. Ren et al. [19] used the CatBoost model in the condition monitoring of stirred reactors, and the validation results showed that the detection accuracy of the model was 100%, and the diagnostic accuracy of the fault types was 98%. Kang et al. [20] coupled a conventional Tuned Mass Damper (TMD) with an inertial device to form a passive dynamic vibration absorber as a way to reduce the cost of the tuned mass damper inertia. Ai et al. [21] proposed an anomaly detection method based on a dynamic prediction model modeled with a rolling time window to achieve dynamic prediction. In order to solve the problem of misclassification and lack of performance of target samples due to the use of migration learning alone in the deep learning-based mechanical fault diagnosis method approach, Guo et al. [22] proposed a Deep Discriminative Adversarial Domain Adaptive Neural Network (DDADAN) for bearing fault diagnostic model, which was able to maintain an accuracy of more than 97.53% under a variety of transmission tasks. Wang et al. [23] proposed a hybrid fault diagnosis method for high-speed wire-finishing machine tools based on expert experience and data-driven. Computer-aided health management of complex engineering structures is an indispensable part of modern engineering practice, and it is an important guarantee for the sustainable operation of complex engineering.

In the reliability and safety analysis of modern complex engineering structures, the cost of realistic reliability analysis and health management prediction is usually higher because of the complexity of the structure so that some scholars will assist the relevant analysis through the study of finite element simulation tools and algorithms. There are also many papers in this special issue that have carried out this kind of research on reliability with the assistance of computer tools. Wu et al. [24] have carried out modular and parametric programming of underground works under complex geological conditions by means of finite element simulation to quickly and accurately simulate and analyze the complex underground works. In order to solve the problem that the traditional optimal preload prediction methods are limited by practical conditions and uncertainties, Jiang et al. [25] proposed a multi-sensor fusion method for rolling bearing preload testing based on the improved D-S evidence theory. Du et al. [26] established a time-frequency matrix to argue that the CSI has a low-rank potential and proposed a distributed decomposition algorithm to effectively separate the stable structural information and contextual fluctuations in the CSI matrix. Diao et al. [27] proposed an adaptive H∞ filtering algorithm with combinatorial constraints in order to solve the problem of data fusion of track information, train state and other a priori information in train localization, which is capable of significantly reducing the train localization error and verified the validity of the algorithm. Wang et al. [28] established an intrinsic model for the interface of sandblasted interface and wine-sprayed basalt aggregate interface with no shear connectors for the connection between ultra-high-strength concrete and steel plates. Li et al. [29] proposed a variable gain and finite area design method to solve the problem of rising control power due to the fixed limiting area of the active mass damper in the collision avoidance device, and the comparison of the results revealed that the proposed method has superior travel limiting performance. Su et al. [30] proposed a new Pearson correlation coefficient-based dependence between PSFs in SPAR-H to solve the problem of inconsistency with the real situation in the classical SPAR-H method due to neglecting the dependence between Performance Shaping Factors (PSFs) and proved the effectiveness of the proposed method through a case study. With the help of modern computer tools and software algorithms, we are able to minimize the cost of reliability analysis when facing some complex engineering structures, which not only improves the accuracy and efficiency of engineering design but also provides engineers with effective decision-making support and risk management tools, thus promoting the continuous innovation and development of the engineering field.

This special issue brings together cutting-edge research results on the reliability analysis of complex engineering structures and working conditions in different research fields, including innovative research on theoretical methods and practical engineering applications. From theoretical discussion to practical application, each paper discusses the key role of modern computer tools and algorithm optimization in enhancing the analysis of complex engineering structures or working conditions. The authors of the papers validate the proposed efficient and accurate methods by means of example verification and finite element simulation, providing new technical perspectives and solutions for engineering practice. All in all, this special issue provides profound thinking and practical guidance for academic innovation and practical application in the field of complex engineering and lays a solid foundation for the reliable and sustainable development of complex engineering equipment in the future.
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