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Conveyance leveling control strategy of double-rope winding deep
well hoisting systems

LI Xiang'?,ZHU Zhencai'* ,SHEN Gang'?,TANG Yu'~

(1. School of Mechatronic Engineering ,China University of Mining and Technology,Xuzhou 221116 , China; 2. Jiangsu Key Laboratory of Mine Mechanical
and Electrical Equipment,China University of Mining and Technology ,Xuzhou 221116 ,China)

Abstract ; In order to solve the tilt problem of conveyance during the operation of double rope winding deep mine hoist-
ing system with flexible cage guide,a conveyance leveling control strategy is proposed. Firstly, the components and
their geometrical relationship are analyzed. Considering the nonlinear problem of hoisting system and floating head
sheave hydraulic system,the control model of conveyance leveling of a double-rope winding deep mine hoisting system
is established. Secondly,due to the harsh environment of coal mine deep shaft hoisting, the wire rope tension feedback

signal is collected by wireless device. Considering the uncertain time delay while the control signal transmitting in the

WfsHEA:2019-12-02  fEEIAHA:2020-02-19  FHEHE:HHEHE  DOI:10. 13225/j. cnki. jecs. 2019. 1668
E&TH . BEE S M T &R HRI% B H (2014CB049404 ) ; EI % H AR # 4 % B35 H (U1810124,51805532)
EEBN .2 M(1990—) , 5 ILARTFE A, JHfi, E-mail :lixiang_nn@ 126. com

BWAEE  REA(1965—) 8 | ZBEIRN , #4#% . E-mail : zhuzhencai_cumt@ 126. com



www.chinacaj.net

5512 4 O RS GO R T R G AR A BT Ty ik 4229

wire rope,the time delay matrix models of conveyance levelling control is established and control signal time delay ob-
server is designed. The stability of double-rope winding deep mine hoisting system with time delay observer is proved.
Then, a sliding mode controller is designed to realize the conveyance leveling control. Considering that the differential
signal of conveyance tilt angle is needed in the controller design process,a high gain observer is employed to provide a
smooth differential signal of angle for the sliding mode controller,then the control performance is improved. Finally , the
proposed control method is verified by using an experimental system of double-rope winding deep mine hoisting. The
experimental results show that compared with the PI controller, the back-stepping controller and proposed controller
have a higher response speed. Due to the added time delay compensation observer and high-gain observer, the proposed
controller can reduce the peak and average conveyance leveling, which can ensure the safe operation of double-rope
winding deep mine hoisting systems.

Key words : double-rope winding;deep well hoisting system ; conveyance leveling control ;time delay compensation ob-

server ; high gain observer
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Fig. 1  Double-rope winding deep well hoisting system
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Fig. 3 Principle diagram of conveyance leveling control
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