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Effect of Wind Shear on the Dynamics Response of Shipborne
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Abstract: The shipborne tethered unmanned aerial vehicle (UAV) system operating on the ocean is inevitably affected
by ocean winds, which exhibit vertical shear. To investigate the impact of vertical shear on the dynamic response of
the shipborne tethered UAV system, this paper employed an exponential law model to describe the vertical shear in
the ocean wind field while excluding factors such as atmospheric junction state and boundary layer thickness. Addi-
tionally, owing to the coupling between the UAV system and the tethered cables, the UAV platform was treated as
the boundary condition at the tether endpoints. Considering the ship’s heave motion as the vertical excitation at the
cable lower end, a dynamics model of the shipborne tethered UAV system under vertical shear wind conditions was
developed. The maximum tension at each position along the cable, as well as the speed and displacement of the UAV
system under different shear indices, were calculated. The effects of shear indices on the maximum tension in the

cable and the drone motion of the UAV system were analyzed. The results show that the distribution of maximum ten-
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sion along the cable exhibits a nonlinear upward trend. Compared with the case where shear is not considered when

the shear index is 0.30, the maximum wind speed at the upper endpoint increases by 1.37 times, while the maximum

tension in the cable decreases by 11.4%. This indicates that the influence of wind shear is significant and cannot be

ignored. Under the three wind speeds, the maximum tension in the cable firstly decreases and then increases,

meaning that the maximum tension has a minimum value. As the wind speed increases, the shear index at which the

minimum tension occurs decreases. The increase in the shear index does not alter the motion characteristics of the

UAV, which always exhibits period-doubling motion. However, it does affect the UAV offset: within the range of

the calculated parameters, the maximum horizontal offset increases by 9.4 m, while the maximum vertical offset

decreases by 3.1 m, with the horizontal offset being the primary change. The research results highlight the effect of

wind shear on the shipborne tethered UAV system and provide a reference for the engineering design and safety of

such systems.

Keywords: vertical shear; shipborne tethered unmanned aerial vehicle (UAV)system; dynamics response; cable

tension; drone motion
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Fig.1 Schematic of the shipborne tethered UAYV system
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