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DEVELOPMENT OF A DUST-MITIGATION CONNECTOR CONCEPT FOR HUMAN LUNAR
SURFACE INFRASTRUCTURE

Abstract

The Apollo program identified lunar dust as an unavoidable operational hazard affecting mechani-
cal systems, electrical interfaces, and general crew operations. As international partners, including the
European Space Agency, contribute to renewed human lunar exploration under the Artemis program, a
sustained presence on the lunar surface will require a reliable infrastructure that can operate within the
abrasive and electrostatically active regolith environment. Electrical connectors are a critical yet currently
an under-standardised vulnerability within emerging lunar surface architectures.

Lunar dust consists of angular, micron-scale particles formed without atmospheric weathering. Under
vacuum and solar ultraviolet radiation, particles become electrostatically charged, promoting adhesion
and mechanical ingress. The high mineral hardness of regolith makes it strongly abrasive relative to
common connector materials, increasing the risk of seal degradation, contact contamination, and electrical
failure. Apollo mission data reported clogging, false instrument readings, thermal control degradation,
and mechanical wear as some of the main effects of lunar dust. These effects are directly relevant to future
surface habitats, mobility systems, robotic assets, and distributed power networks.

This paper investigates dust-related failure mechanisms affecting lunar signal and power connectors
and addresses the absence of dedicated connector-level dust mitigation standards within existing ESA and
NASA frameworks. The objective is to develop a connector that minimises dust ingress while maintaining
electrical and mechanical integrity, while being compatible with astronaut glove operation and considering
future autonomous operation.

The proposed solution is a cable-based lunar connector incorporating a bayonet locking mechanism.
A structured engineering methodology was applied, including failure mode and effects analysis (FMEA),
mechanical ingress pathway assessment, and a comparative trade study of sealing and locking approaches.
The controlled engagement kinematics of the bayonet interface ensures consistent seal compression and
improves alignment under contaminated conditions. The design integrates recessed contacts, debris-
tolerant geometry, and sealing strategies informed by mechanical ingress and abrasion analysis.

The trade study and ingress assessment were performed through analytical modelling under represen-
tative lunar environmental assumptions, incorporating thermal cycling and vacuum-driven effects on dust
adhesion and material behaviour. The resulting conceptual protection strategy contributes to the devel-
opment of resilient lunar surface infrastructure, supporting long-duration human and robotic exploration
and preparatory activities for future solar system missions.
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