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Dynamic Frequency Control Method for Arc Bevel Gear of Missile
Launch Vehicle Vertical Device

GUO Yinghui
(School of Mechanical &. Electrical Engineering, Xi’an Traffic Engineering University, Xi’an 710300, China)

Abstract; During the erection process of a missile launcher, the missile’s weight may increase due to variations in mission
payloads, or there may be unexpected deviations in the erection angle, causing the gear load to deviate from the optimized ex-
pectation and altering the meshing force and transmission characteristics. It is difficult for a single control method to handle
such complex incentives, leading to instability in the dynamic frequency of the erection device and weakening its rapid re-
sponse capability. Therefore, a dynamic frequency control method for the spiral bevel gears of the missile launcher erection
device is proposed. Piezoelectric acceleration sensors are installed on the gearbox housing to capture the minmimum vibration
signals during operation. These signals are processed through blind source separation and fast Fourier transform (FFT), and
the dynamic frequency is determined through spectral analysis. In the static control, the seagull optimization algorithm
(SOA) is employed to optimize parameters such as the pressure angle, helix angle, axial clearance, and radial clearance,
compensating for the dynamic frequency fluctuations caused by manufacturing and installation errors. In the dynamic control,
the sensors are utilized to monitor vibration signals in real time to determine the dynamic frequency, accurately capturing the
fluctuations caused by changes in missile weight and erection angle. The real-time difference between the monitored dynamic
frequency and the expected set value is taken as the input of a fractional-order internal model PID controller, this adaptive ad-
justment is ensured to stably operate the gear system under all operating conditions, enabling a real-time response to complex
incentives. Experimental results demonstrate that after static control, the root mean square (RMS) value of the vibration ac-
celeration of the spiral bevel gears can be reduced to below 16 g. Moreover, with two operating conditions of speed mutation
and load mutation, the overshoot of the fractional-order internal model PID control method is below 1. 0%, which indicates
that through a combination of dynamic and static control, the proposed method has a better dynamic response performance

and adaptability for the missile launcher erection device.
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