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The Influence of Communication Delay on the Stability of Industrial Automation Control System
and Its Optimization
Zhen Yu
CNPC International Pipeline Co., Ltd.
[Abstract] In industrial automation control systems, the reliability and real—time performance of
communication networks play a decisive role in overall system stability. With the rapid development of the
industrial Internet and intelligent manufacturing, the distributed nature of control systems has become
increasingly prominent, leading to more significant communication delay issues. Communication delays not
only cause lag in control signals but may also induce system oscillations, performance degradation, or even
instability. Through theoretical analysis and model—based research, this paper investigates the mechanisms by
which communication delays affect the dynamic characteristics of industrial automation control systems, analyzes
their impact on system stability margins and response performance, and proposes comprehensive optimization
strategies based on control algorithm enhancement, network scheduling improvement, and fault—tolerant system
design. The research results indicate that appropriate delay compensation and network optimization techniques
can effectively mitigate the adverse effects of communication delays, enhance system robustness and real—time
capability, and provide technical support for high—precision control in intelligent manufacturing environments.
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