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Design and analysis of adhesion performance, self-adaptability,
and trafficability of micro-pipeline robot with multiple joints

Fanghua Mei Zeguo Li
Avic Manufacturing Technolocy Institute, Beijing, 100024, China

Abstract

The demands for pipeline inspection and maintenance have continuously driven the development and iteration of pipeline robotic
technologies. After years of research and development, numerous mature robotic products have demonstrated remarkable performance
in large-scale pipeline maintenance. However, there remains a significant gap in robotic solutions for small-diameter pipelines below
100mm.Small-diameter pipelines are widely utilized in nuclear industries, where long-term operation frequently leads to issues such
as blockages and corrosion. The confined dimensions make manual inspection and maintenance extremely challenging. Focusing on
these challenges, this paper presents a detailed structural design for miniature pipeline robots. A passive pipe diameter self-adaptive
mechanism is proposed, which innovatively employs shape memory alloy (SMA) wires as the primary connecting components
between robotic modules. This design significantly enhances the passability of micro pipeline robots in constrained environments.
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