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Dynamic Behavior of Pipe Inspection Robot Driven by Fluid Force

Makoto KANEKO, Kazuya HIYAMIZU,
Toshio TSUJI and Nobuaki IMAMURA

This paper discusses the dynamic behavior of a pipe inspection robot driven by fluid force. The
robot is composed of an inspection part, insertion roller, floats and cables to connect the floats. The
robot receives not only drag force but also lift force through each float implemented in every link
unit. Through simulation, we found that according to the shape of the pipe, there exists an optimum
fluid velocity which provides the inspection position at the center of the pipe. Such optimum velocity
is a function of mechanical impedance existing in the robot itself and the radius of curvature. We
show a method which keeps the inspection part parallel to the pipe axis irrespective of the position
of the center of the radius of pipe. We also consider the dynamic behavior of the inspection part
under various parameters, such as the radius of pipe curvature, mechanical impedance of the robot,

and the fluid flow rate.

Key Words: Mechatronics and Robotics, Moving Robot, Robot, Pipe Inspection Robot, Fluid
Force Driven Robot, Simulation, Curved Pipe
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Fig.1 An overview of the pipe inspection robot
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Table 1 Parameters for simulation

Link number 1 2--81 10
Mass [ cablelkg] | 097 | 0.97 | 0.97
{Hoatlkg] | 034 034 | 0.4
Link length [m] 0.1 0.1 0.1
Float diameter [m] 0.02 | 0.02 | 0.02
Spring Kot
constant [Nm/rad] 0.2 0.2 0.2
A'tran.a
[N/m] | 2000 | 2000 | 2000
Damping Brot
factor [Nms/rad] | 0.2 0.2 0.2
Btr«zns
[Ns/m] | 5000 | 5000 | 5600
Initial 6;[rad] 0.253 | 0.505 | 0.505
displacement zi[m] 0.1 0.1 0.1
Initial #;[rad/s] 0 0 0
velocity x;{m/s] 0 0 [
Spring constant of
pipe wall [N/m] 10000
Radius of curvature
of pipe {m] 0.2
Pipe diameter [m] 0.05
Drag coefficient Cp 1
Fluid velocity U [m/s] 5
Lift coefficient Cp. 0,1
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Fig.9 Initial postures of the robot
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Fig. 18 Initial posture of the robot
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