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Mechanism and experimental study of beam director sealing
based on magnetorheological fluid

Shen Yurui, Wang Qiyu,Peng Lai,Hua Dezheng,Liu Xinhua

(School of Mechanical and Electrical Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: The beam director is the core component of the optical system, and the gas sealing of the internal optical transmission channel
plays a decisive role in the overall performance of the system. To address the issues of easy wear and significant relaxation in traditional
packing seals, this paper designs a beam director sealing structure based on magnetorheological fluid and studies the working principle
and theoretical model of magnetorheological fluid sealing ( MRFS) technology. Firstly, a MRFS structure with permanent magnet array
and anti-centrifugal type is designed to meet the specific requirements of large diameter seal of beam directors. Secondly, the observation
experiment of the rheological properties of the micro-magnetorheological fluid is carried out to analyze the mechanism of MRFS at the
micro-scale. At the same time, the macroscopic rheological properties are tested based on rheometer, the yield model of
magnetorheological fluid based on magnetorheological complex field is fitted, and the modified MRFS pressure resistance formula and
friction moment model are further established. Finally, the equivalent experimental platform of the MRES of the optical path of the beam
director is built, and the pressure resistance test and friction torque test were carried out under different temperature conditions, rain and
salt spray simulation conditions. The experimental results show that the MRFS can fully meet the requirements of the optical path seal of
the beam director, and the modified model can effectively reflect the influence of temperature on the performance of MREFS. It provides
an important theoretical basis and practical guidance for the innovation of the optical path seal technology of the beam director shafting.
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Fig. 1 Working principle of MRFS
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Fig.2 Conventional sealing scheme of beam director

optical path
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Table 1 Sealing requirements for beam director

S8 Hufe
W71/ MPa 0.1~0.15
R (BEN ) /°C 0~60
F&FI(1 h)/(mm-h™") 20
%/ (mg-m™) 2.5
AL/ (N+m) <10
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Fig. 8 Microstructure of MRF with different volume fractions
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Table 3 Pressure withstand value of MRFS under different

working conditions
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Fig. 13 Pressure values of MRFS at different temperatures
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Fig. 14  Test results of friction torque under multiple
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