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Figure 1 Overall block diagram of the wind disturbance compen-

sation control system for a 100-m-class large-aperture reflector antenna.
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Figure 2 Simulated wind spectrum and target spectrum based on the
FFT harmonic superposition method.
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Figure 4 Structure diagram of the neural network model.
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Figure 6 Comparison of predicted and simulated drag coefficient
values.
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Figure 11 Integrated virtual prototype modeling scheme.
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Figure 15 Simplified model of the motor and gear reducer.
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Figure 16 Block diagram of the simplified antenna drive model.
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Table 1 Parameter values of the antenna drive model
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Figure 17 Wind disturbance analysis block diagram.
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Figure 18 Azimuth tracking curve of the antenna PID controller.

299509-10



BERASE. R ERLE: MELE J1% ROC¥

2026 F HS6eE oM

2 NI EEH RGEMEREIR bR L
Table 2 Comparison of performance indicators of the rigid-flexible
coupled control system
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Table 3 Comparison of control system performance indicators under
different wind speeds
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Figure 19 Azimuth tracking curve of the antenna PID controller
under wind disturbance.
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Figure 21 Azimuth compensation amount.
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Figure 22 Comparison of control effects before and after
compensation.
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Table 4 Comparison of control system performance indicators before
and after compensation
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Table 5 Comparison of the electrical performance of the antenna before and after compensation
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Table 6 Comparison of performance indicators before and after beam compensation
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Hundred-meter-class large-aperture reflector antennas, whose primary reflector diameters reach the order of hundreds of
meters, represent one of the largest fully steerable monolithic engineering structures on Earth. They play a critical role in
gravitational wave detection, deep-space communication, and pulsar-based navigation systems. With the continuous
pursuit of higher observation performance and spatial resolution, antenna apertures have been steadily expanded, leading
to increasingly stringent requirements on pointing accuracy. However, the enlargement of aperture inevitably results in
reduced structural stiffness and intensified wind-induced disturbances, causing pronounced flexible deformations under
wind excitation. These deformations significantly amplify beam pointing errors, thereby severely constraining the
operational performance of large-aperture antenna systems. To address these challenges, this study establishes a rigid-
flexible coupled dynamic model of a large-aperture reflector antenna subjected to stochastic wind disturbances, enabling
an in-depth investigation of wind-induced flexible modal responses and their effects on beam pointing deviation.
Furthermore, a cooperative control strategy integrating active structural control and beam pointing compensation is
proposed. A high-accuracy zonal wind load coefficient prediction model is developed and incorporated into the control
system as disturbance input, allowing for simulation-driven performance evaluation. The results demonstrate that the
proposed approach significantly improves antenna pointing accuracy and system robustness under wind disturbance
conditions, providing both theoretical support and practical engineering solutions for the stable operation of large-scale
antenna systems in complex environments.

reflector antenna, rigid-flexible coupling, stochastic wind load, beam pointing compensation
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