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[ Abstract ] As the core communication medium of industrial control systems, the operational stability of industrial Ethernet

directly determines the continuity and reliability of industrial production. To address communication failures ca
used by link disruptions or equipment malfunctions in industrial environments, this paper thoroughly examines
the fundamental principles and implementation mechanisms of industrial Ethernet ring network redundancy tech
nology, summarizes the technical characteristics and application scenarios of mainstream redundancy protocols,

with a focus on the principles and implementation of the ERPS protocol. At the system implementation level,

a collaborative architecture based on FPGA and a gigabit switching chip is proposed: the SERDES interface of
the switching chip connects an optical module to form an optical fiber ring network; its electrical ports featu
re built-in PHY modules that connect to industrial terminals via network transformers; the switching chip handl
es high-speed data exchange, while the FPGA implements core control logic including the ERPS protocol state
machine, fault detection, and redundancy switching. Comparative analysis with integrated ERPS solutions in s
witching chips demonstrates that the switching latency of this FPGA-based architecture can be reduced to with
in 5 ms—over 60% lower than chip-integrated solutions— Meeting stringent real-time performance and reliabili
ty requirements for industrial applications, this study provides theoretical foundations and technical references f

or the engineering implementation of industrial Ethernet ring network redundancy systems.
[ Key words ] Industrial Ethernet; Ring Network Redundancy; ERPS; FPGA; Switching Chip; Fiber Optic Ring Network; Fa

ult Switching
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