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Dynamic Response of Axial-Vertical Coupled Elastic Beams under High-
speed Moving Loads

YAN Kangwei LU Junyong™ ZENG Delin  CHENG Long TAN Sai
Naval University of Engineering, Wuhan, 430033

Abstract: A dynamic response analysis framework was proposed for elastic beams to solve the prob-
lem of rail dynamic response stimulated by high-speed moving loads. incorporating axial-vertical coupled
deformation of the rail and frictional sliding at assembly interface. By integrating the spatiotemporal distri-
bution characteristics of input loads such as electromagnetic repulsive force, armature expansion force, pre-
load force, recoil force, and friction force, a comprehensive structural dynamics model was established ,
which included the vertical and axial coupling vibration of the rail, the axial vibration of the containment/in-
sulator, and the dynamic slip characteristics of the containment-rail-insulator assembly interface. The accu-
racy of the proposed model was examined by comparing it with strain data measured by fiber Bragg grating
(FBG) sensors. It was found that significant axial deformation occurred in the mid-front section of the rail
due to the effects of electromagnetic recoil force and armature-rail friction force, after the armature passed
through and before it exited, which may lead to degradation damage such as low-cycle fatigue and creep. In
addition, a high-speed precursor wave was observed ahead of the armature on the rail, which was inferred
to have originated from the forward propagation of the axial stress wave caused by the electromagnetic re-
coil force. These findings fill the gap in axial-vertical coupled deformation analyses in current rail dynamic
response research, and provide a theoretical basis for the lifespan optimization and reliability assessment of
the containment-rail-insulator assembly structure.

Key words: elastic foundation beam; axial deformation; assembly interface slip; implicit finite differ-
ence; strain measurement
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Fig.1 Schematic of force distribution in electromagnetic launcher structure
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Fig.2 Schematic of slip occurring at the interfaces

between containment, rail, and insulator
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Fig.3 Flowchart of model calculation
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Fig.4 Layout diagram of strain sensors along the rail
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