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Abstract: To address the common issues of hydraulic supports in underground coal mines caused
by conventional high-pressure, large-flow, and high-water-based on-off valve control systems
(such as low posture control accuracy., poor straightness of the support group, and severe
hydraulic shock during start and stop operations), a novel three-spool follow-up proportional
valve for high-pressure and large-flow water-based mining applications is developed. A dual
closed-loop velocity-position compound control method based on a linear extended state observer

(LESO)is proposed, and an improved grey wolf optimizer (IGWQO)is employed for the offline
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optimization of PID parameters. Through the establishment of a simulation model and an
experimental platform, comparative tests were conducted among the traditional on-off control,
PID control, and the proposed compound control. The results show that the maximum position
tracking errors under the on-off control and PID control are 7. 50 mm and 4. 51 mm, respectively,
whereas the error under the novel velocity-position compound control is only 1. 22 mm. Compared
with the two traditional control methods, the error is reduced by 83.7% and 72.9%,
respectively. Under the two traditional control methods, the pressure overshoots during the start
and stop phases of the hydraulic cylinder are 102.1% and 48%, respectively, whereas the
proposed compound control method completely eliminates pressure overshoot. The novel water-
based proportional valve and the IGWO-optimized velocity-position dual closed-loop compound
control strategy proposed in this study successfully achieve continuous and smooth regulation of
the velocity and position of the advancing cylinder in the hydraulic support, eliminate hydraulic
shock in the system, and improve control accuracy. This provides an effective reference for high-
precision posture control of hydraulic supports and automatic straightness correction of the
support group in intelligent coal mining.
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hydraulic control; hydraulic shock
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Fig. 1 Structure and principle of the three-core follow-up

water-based proportional valve
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Fig. 2 Schematic of the valve-controlled cylinder system
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Table 1 Key parameters of the valve-controlled cylinder

system
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Fig. 3 Root locus diagram of the valve-controlled cylinder

system
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