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S11 CONSTRUCT A POSITION SWING ANGLE SYSTEM
MATHEMATICAL MODEL OF A BRIDGE CRANE, CONSTRUCT A
TROLLEY POSITION SUBSYSTEM CONTROLLER AND A LOAD
SWING ANGLE SUBSYSTEM CONTROLLER ON THE BASIS OF A
BACKSTEPPING SLIDING MODE CONTROL THEORY, COMBINE
THE TROLLEY POSITION SUBSYSTEM CONTROLLER WITH THE
LOAD SWING ANGLE SUBSYSTEM CONTROLLER TO
CONSTRUCT A POSITION SWING ANGLE GLOBAL SLIDING MODE
SURFACE, AND INTRODUCE A TIME-VARYING FUNCTION INTO
THE POSITION SWING ANGLE GLOBAL SLIDING MODE SURFACE
TO CONSTRUCT A POSITION SWING ANGLE SLIDING MODE
CONTROLLER

S12 CONSTRUCT A ROPE LENGTH SYSTEM MATHEMATICAL
MODEL OF THE BRIDGE CRANE, AND CONSTRUCT A ROPE
LENGTH SLIDING MODE CONTROLLER ON THE BASIS OF THE
BACKSTEPPING SLIDING MODE CONTROL THEORY

§13 OBTAIN A TROLLEY POSITION PARAMETER, A LOAD SWING
ANGLE PARAMETER, A TIME PARAMETER, AND A ROPE LENGTH
PARAMETER

$14 INPUT THE TROLLEY POSITION PARAMETER, THE LOAD
SWING ANGLE PARAMETER, AND THE TIME PARAMETER INTO
THE POSITION SWING ANGLE SLIDING MODE CONTROLLER
AND INPUT THE ROPE LENGTH PARAMETER INTC THE ROPE
LENGTH SLIDING MODE CONTROLLER

515 THE POSITION SWING ANGLE SLIDING MODE CONTROLLER
AND THE ROPE LENGTH SLIDING MODE CONTROLLER
RESPECTIVELY OUTPUT A HORIZONTAL TRACTION FORCE AND
AN ALONG-ROPE TRACTION FORCE OF A TROLLEY

w0 2021/036626 A1 | NI 0000 KA O 0

(57) Abstract: A bridge crane anti-swing method, apparatus, and device based on a sliding mode surface, and a storage medium.
After a trolley position subsystem controller and a load swing angle subsystem controller are designed layer by layer on the basis of a
backstepping control algorithm, the trolley position subsystem controller and the load swing angle subsystem controller are combined
to construct a position swing angle global sliding mode surface; a time-varying function is introduced into the design of a sliding
mode surface to construct a position swing angle controller; on the basis of a backstepping sliding mode control theory, a rope length
controller is designed layer by layer by combining a state space function of a rope length with a Lyapunov function, and thus, the
asymptotical stability of a lifting rope subsystem is realized. The present method not only can solve the unmatched uncertainty problem
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of a system and maximally eliminate a chattering phenomenon existing in a traditional sliding mode control algorithm, but also can
improve the robustness of the anti-swing control of a crane system, and make the system have an anti-interference capability, thereby
further improving the stability and control performance of a bridge crane system.
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