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Abstract

With the continuous development of modern society, the application scope of in-pipe robots has been
expanding across various industries. However, most existing small and medium-diameter in-pipe ro-
bots suffer from insufficient traction and poor environmental adaptability, which severely limit their
working performance and practical promotion. To address the above drawbacks, this paper proposes
a small and medium-diameter adaptive in-pipe robot system. Equipped with an adaptive supporting
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structure and suspension system, the robot can provide sufficient supporting force and traction to
adapt to pipelines with non-structural inner wall and various inner wall conditions. The mechanical
structure, drive system and control system of the robot are designed and analyzed in this paper, and
a prototype is finally manufactured for performance verification tests. This research provides val-
uable references for the theoretical research and engineering application of in-pipe robots in terms
of high traction output and stable motion control.
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Figure 1. Schematic diagram of the overall structure of the adaptive pipeline robot
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Figure 2. Three-dimensional model diagram of the adaptive support module
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Figure 3. Pneumatic schematic diagram of the adaptive pipeline robot
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Figure 4. Force analysis diagram of the support mechanism under no-load condition
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Figure 5. Schematic diagram of the support link mechanism
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Figure 6. Force analysis diagram of the support mechanism under clamping condition
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Figure 7. Motion flow diagram of the adaptive pipeline robot
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Figure 8. Control program flow diagram of the adaptive pipeline robot
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Figure 9. Operation interface of the remote control software for the adaptive pipeline robot
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Figure 11. Motion test of the principle prototype of the adaptive pipeline robot
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