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Research on the Technology for Enhancing the Reliability of Electrical Control
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Abstract : This paper focuses on the research of technology for enhancing the reliability of electrical control
systems in water conservancy projects. It analyzes the failure mechanisms from three core modules:
hardware, software, and communication networks, and constructs a multi-level reliability analysis
system that integrates traditional methods such as Fault Tree Analysis (FTA) and Failure Mode
and Effects Analysis (FMEA) with Fuzzy Fault Tree Analysis (FFTA) and Bayesian Networks (BN).
Furthermore, it achieves multi—-domain collaborative simulation evaluation based on tools such as
MATLAB/Simulink and OPNET, verifying the consistency between the model and measured data
(with an error of 4.8%). The paper proposes integrated enhancement technologies including hardware
redundancy design (with dual PLC hot standby switching time < 50ms), anti—interference optimization,
and full lifecycle management; software modular fault—tolerant programming and real-time scheduling
optimization; and communication network three—level redundant topology with full-link protection. It
constructs a "hardware—software—environment" trinity state monitoring system, integrates machine
learning and deep learning for intelligent fault diagnosis, and establishes a "data—model" dual-driven
predictive maintenance mechanism, forming a digital intelligent operation and maintenance solution.
The technology can significantly improve the system's Mean Time Between Failures (MTBF reaching
8600h) and emergency response capability, providing theoretical support and technical references
for the reliability design, optimization, and operation and maintenance of electrical control systems in
water conservancy projects.

Keywords : water conservancy projects; electrical control systems; reliability enhancement; redundancy design
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