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Adaptive motion control of wheeled machining robot
in conical thin-walled cylinder

Li Te'*,Ge Yuhang'?, Ai Jingchao'*,Lan Tian'*,Wang Yongqing'’

(1. State Key Laboratory of High-performance Precision Manufacturing, Dalian University of Technology, Dalian 116024, China;
2. School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: When a wheeled robot moves inside a tapered thin-walled deep cavity cylinder, how to reduce the coaxial deviation between
the robot and the cylinder parts is crucial for improving machining accuracy. However, the wheeled robot system using the distributed
cylinders as the variable radius mechanism has nonlinear, time-varying, and complex frictional characteristics, which make precise
control of coaxial motion deviation extremely difficult. Therefore, this article proposes an adaptive motion control method based on the
variable domain fuzzy control theory to improve the precision of robot motion radial displacement and yaw and pitch angle control
precision. Firstly, the tree-like kinematic model of the wheeled robot walking mechanism is formulated, and a pose calculation method is
proposed. Then, the adaptive motion control method is proposed, and a joint simulation system based on Simulink and Adams is
established to evaluate the effectiveness of the method. Finally, the cylinder internal motion control experiments are implemented by
using a robot prototype. The results show that the proposed adaptive motion control method can reduce the internal motion deviation of the
robot and ensure that the radial displacement deviation of the robot is <+1 mm and the yaw and pitch angle deviation are <=1°.

Keywords : specialized robot; pipeline robot; control of motion; fuzzy control
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Fig. 1 Robot structure diagram

KA 2 Fros iy Z R AR 1) B 55 R ST
AEIEER MR e as , HE T P BOR G W LA 2) 34 m
I TR LRI AN ] LM B EMERE , 5 AN E I T
2;3) TR IR 4) T dE LOBTAH) 3% 12258 1
L,

1)V 2 I PRI

4 LR th I
2RIMSERIARRE
HETIREHKR T

B2 BLAS AL X TR RE A #20

Fig.2 The influence of robot attitude on machining accuracy
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Fig. 16  Cylinder displacement value in the initial
state of the robot
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Fig. 17  Cylinder displacement value in no algorithm

mode of the robot
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Table 5 Comparison of cylinder displacement deviation

in prototype test mm

20531 F-HH 2% &, e, IhZE e,
AT ) 48.77 2.23 -0. 07 -2.17
A ) 48.27 0.33 0. 63 -0.97
B(AEHIS ) 44.50 -1.70 2.50 -0. 80
B(fEHI%) 44.03 0.57 0.37 -0.93
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Table 6 Comparison of attitude deviation of prototype

experimental robot (°)

Esiesi] A (IR Ag (IWILFA)
BfE CREASE) -0.63 -1.78
B (RS -0.57 -1.03
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