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Optimal Mechanism Design of In-pipe Cleaning Robot

C. D. Jung*, W. J. Chung’, J. S. Ahn’, G. S. Shin™, S. J. Kwon"

Abstract

Recently, interests on cleaning robots workable in pipes (termed as in-pipe cleaning robot) are increasing because Garbage
Automatic Collection Facilities (i.e, GACF) are widely being installed in Seoul metropolitan area of Korea. So far research
on in-pipe robot has been focused on inspection rather than cleaning. In GACF, when garbage is moving, the impurities
which are stuck to the inner face of the pipe are removed (diameter: 300 mm or 400 mm). Thus, in this paper, by using
TRIZ (Inventive Theory of Problem Solving in Russian abbreviation), an in-pipe cleaning robot of GACF with the 6-link
sliding mechanism will be proposed, which can be adjusted to fit into the inner face of pipe using pneumatic pressure(not
spring). The proposed in-pipe cleaning robot for GACF can have forward/backward movement itself as well as rotation
of brush in cleaning. The robot body should have the limited size suitable for the smaller pipe with diameter of 300 mm.
In addition, for the pipe with diameter of 400 mm, the links of robot should stretch to fit into the diameter of the pipe
by using the sliding mechanism. Based on the conceptual design using TRIZ, we will set up the initial design of the robot
in collaboration with a field engineer of Robot Valley, Inc. in Korea. For the optimal design of in-pipe cleaning robot,
the maximum impulsive force of collision between the robot and the inner face of pipe is simulated by using RecurDyn®
when the link of sliding mechanism is stretched to fit into the 400 mm diameter of the pipe. The stresses exerted on the
6 links of sliding mechanism by the maximum impulsive force will be simulated by using ANSYS® Workbench based
on the Design Of Experiment(in short DOE). Finally the optimal dimensions including thicknesses of 4 links will be decided
in order to have the best safety factor as 2 in this paper as well as having the minimum mass of 4 links. It will be verified
that the optimal design of 4 links has the best safety factor close to 2 as well as having the minimum mass of 4 links,
compared with the initial design performed by the expert of Robot Valley, Inc. In addition, the prototype of in-pipe cleaning
robot will be stated with further research.
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Fig. 9 6-link sliding mechanism using pneumatic pressure

Table 1 Initial design of links

Links 1 2 3 4
Length 91 91 37 145
(mm)

Thickness 10 5 5 10
(mm)

Fig. 11 Contact constraint
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Table 2 Level of design variables

Factor o ! 2 3 4
Thicllc;izls(sl(mm) > 10 3 8
ThiclI;le{sz(mm) 5 10 3 8
Thiclfrizls?(mm) > 10 3 8
Thiclfrigi(;mm) > 10 3 8
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Fig. 15 3-D model of ANSYS® Workbench
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