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Abstract

Aiming at the problems of low efficiency and high operation risk of manual inspection for DN300-
DN400 sewage pipelines in old residential communities, as well as the insufficient passing capacity
of existing pipe robots at diameter-variable sections and elbow joints, this paper designs the
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traveling mechanism and vehicle body structure of a swing-arm tracked pipe robot. The traveling
system adopts a layout with three sets of tracked feet uniformly distributed at 120° intervals along
the frame circumference, each driven by an independent motor. The diameter-varying mechanism
adopts a composite scheme of active lead screw-nut adjustment combined with cross-link follow-
up support, realizing adaptive diameter adjustment in the range of 260~370 mm. The parameter
design and combined bending-torsion strength check of the main transmission shaft, spur gear pair
and bevel gear pair are completed, the mechanical model of the diameter-varying mechanism is
established, and the selection and matching of the lead screw drive motor are fulfilled. Static finite
element analysis is carried out on key load-bearing components and the whole machine via Solid-
Works Simulation, and dynamic simulation verification of 90° elbow passability is completed sim-
ultaneously. The research results can provide theoretical basis and data support for the optimal
design of pipe robot traveling mechanisms in complex sewage environments, and have engineering
reference value for the research and development of automatic operation and maintenance equip-
ment for underground drainage pipe networks.
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Table 1. Comparison of typical pipeline robot solutions
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Figure 1. Stress and strain contour plots of the main drive shaft
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Figure 2. Stress and strain contour plots from the analysis results
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Figure 3. Robot tube-bending constraint diagram
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Figure 4. Velocity curves in various directions during robot cornering
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Figure 5. Displacement curves in various directions during robot cornering
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