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Abstract

Industrial networks carry control, safety and telemetry traffic across environments with electrical noise, vibration,
wide temperature swings and long service intervals. This paper outlines a practical design method for building
resilient industrial Ethernet topologies using ruggedised switches, ring redundancy and optical uplinks.

1. Topology and Redundancy

A ring topology with RSTP or ERPS provides sub-second recovery from a single link failure at a fraction of the cost
of full duplication. Design for a single fault domain per ring, keep the ring diameter small, and always reserve
capacity for future nodes. Dual-homed star topologies remain appropriate where each cell can tolerate a short
outage.

2. Environmental and Electrical Protection

Select equipment rated for the ambient temperature at the cabinet, not the room. Redundant DC inputs with
reverse-polarity protection prevent a single power-supply fault from taking down a cell, while 6 kV surge protection
and shielded cabling mitigate the transients introduced by motor drives and switchgear.

3. Fibre for Reach and Isolation

Optical uplinks remove the practical 100 m copper limit and provide galvanic isolation between buildings and
between noisy and sensitive zones. Choose single-mode transceivers for reach beyond 2 km, and industrial-grade
modules where the cabinet itself is exposed to temperature extremes.

4. Segmentation and Security

Segment control traffic from IT traffic with VLANSs, apply port-based access control, and manage devices over
SNMPV3 with authentication and encryption. Disable unused ports, log configuration changes, and keep firmware
current through a controlled maintenance window.

5. Lifecycle and Documentation

Maintain an up-to-date topology drawing, port map and spare-parts list. Record the firmware revision of every
device, and pair each spare unit with a tested configuration so replacement is a plug-and-go operation rather than
a commissioning project.

Conclusion

Resilient industrial networks are the result of deliberate topology choices, correct environmental grading and
disciplined documentation - not of a single product selection. Applied together, the measures above raise
availability while keeping the design simple enough to operate for a decade.
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