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Friction compensation control of pneumatic position
servo system based on the adjustable stiffness

WEI Qiong, LU Hao, WU Zilong, BAI Linyong, ZHANG Daode, LI Yi

(School of Mechanical Engineering, Hubei University of Technology, Wuhan 430068, China)

Abstract: Due to the characteristics of low stiffness, low air source pressure, and easy fluid saturation of the pneu-
matic servo system, the energy dissipation of the system during the working process is large, the system is easily af-
fected by friction, and the compensation effect is not obvious. Especially, the " Flat roof phenomenon" will become
stronger when changing the speed direction. It seriously affects the tracking accuracy of the pneumatic servo system.
In this paper, the independent metering valve control structure is proposed to eliminate the energy dissipation
caused by the coupling of two chambers, so that the air fluid characteristics are within the linear range as far as pos-
sible. The nonlinear adaptive robust control method is designed for the uncertainty of some parameters in the fric-
tion, external disturbances, and dynamic loads in the pneumatic system. At the same time, the stiffness adjustment
and adaptive robust control of the system are coordinated to improve the dynamic performance of the pneumatic posi-
tion servo system. The simulation and experimental results show that the adaptive robust controller with stiffness ad-
justment can effectively reduce the energy dissipation of the system, improve the position tracking accuracy of the

system, and weaken the " Flat roof phenomenon" caused by friction.

Keywords: friction compensation; pneumatic position servo; stiffness control; load port independent control

I HIF, b5, RTE, ¥ EFHETHEGAHMTERKEZEEANEEF[T]. AT WA FFR,2024,42(1) :
138-148
WEI Qiong, LU Hao, WU Zilong, et al. Friction compensation control of pneumatic position servo system based on the ad-

Jjustable stiffness[ J]. Journal of Northwestern Polytechnical University, 2024, 42(1) : 138-148 (in Chinese)

© 2024 Journal of Northwestern Polytechnical University.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License ( hitp://creativecommons.org/licenses/by/4.0) , which

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.





