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Abstract

To enhance the cleaning efficiency of scaling deposits on the inner walls of medium-to-large transpor-
tation pipelines, a track-type pipeline cleaning robot capable of operating in pipelines with diameters
ranging from 800~1200 mm has been designed in this paper. The overall structural design of the pipe-
line robot is determined based on specific working conditions, enabling the robot to adapt to diverse
operational environments through different assembly configurations. This paper elaborates on the
operational principles of the robot and conducts passability analysis on both the flexible diameter-
adaptive crawler-type locomotion mechanism and the pipeline diameter adaptability of the robot. The
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geometric constraint motion and kinematic behavior of the robot within pipelines are systematically
investigated, and robot’s passability is performed through ADAMS simulations. Results demonstrate
that the robot design is reasonable, with validated geometric constraints and motion boundary condi-
tions. The robot exhibits stable locomotion capabilities in both straight pipelines and L-shaped bends
within the specified diameter range.
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Figure 1. Overall structure of the pipeline cleaning robot
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Figure 2. Geometric position of the robot within a curved pipe
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Figure 3. Schematic diagram of the transition phase for pipeline cleaning robot
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Figure 4. Schematic diagram of the rotational phase for pipe-
line cleaning robot
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Table 1. Main parameters of the pipeline cleaning robot
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Figure 5. Schematic diagram of the drive system for pipeline cleaning robot
B 5. EEFENEARNIER

4.1. Pl NEEBETIFNIE S 4
1 BRI 1E 9 1000 mm LFEBEE K FRE . K 6 i, NEIEEHISANE S SAERE

>

ul

CIE AL A AR R o

DOI: 10.12677/met.2025.142021

213 DI BREESE SN


https://doi.org/10.12677/met.2025.142021

FIRTE %

3000.0 jishen.CM_Position. 300 jishen.CM__ Position.X]
- - jishen.CM_Position.Y]
2000.0 F-—-—jishen.CM_Position.Z e
i 328.0 |
1000.0 | P
’g 00 : . ’§326.0 -
g £
B ®
2l L0000 Y & 3240 -
-2000.0 | .
T 322.0 -
-3000.0 | Ssee
~4000.0 ' . B = 320.0 - ! -
0.0 5.0 10.0 15.0 20.0 0.0 5.0 10.0 15.0 20.0
D) B [ (s)
(@) (b)

Figure 6. Displacement variation curve of a pipeline cleaning robot within the pipeline structure: (a) Displacement variation
curve of the main structure; (b) Displacement variation curve along the X-axis
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Figure 7. Velocity variation curves of a pipeline cleaning robot within the pipeline: (a) Velocity variation curve in the X-
axis; (b) Velocity variation curve in the Y-axis; (c) Velocity variation curve in the Z-axis
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Figure 8. Velocity variation curves of tracked vehicles across diverse pipeline configurations: (a) Velocity variation curve of
the tracked vehicle in a horizontal straight pipeline; (b) Velocity variation curve of the tracked vehicle in the curved pipeline;
(c) Velocity variation curve of the tracked vehicle in the vertical pipeline
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Figure 9. Variation curves corresponding to the contact between the track of Tracked Vehicle No. 2 and the pipeline wall: (a)
Variation curve of track-pipe wall contact force for Tracked Vehicle No. 2; (b) Variation curve of angular acceleration for Tracked
Vehicle No. 2 under maximum contact force condition; (c) Acceleration variation curve of Tracked Vehicle No. 2
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Figure 10. Simulation diagram of robot trajectory: (a) The first phase; (b) The second phase
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Figure 11. Robot variable diameter range curves: (a) Variable diameter range curves of traveling structure; (b) Variable diam-

eter range curves of cleaning structure
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Figure 12. Displacement curves of movement in three-axis directions: (a) Displacement curves of the wheel structure moving
in three-axis directions; (b) Displacement curves of the cleaning structure moving in three-axis directions
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Figure 13. Velocity curves of the robot’s motion along the
three-axis directions
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