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Abstract: To solve the problem of strong impact vibration and frequent overload during the rock
break and excavation process of tunnel boring machines, a hybrid magnetic coupler based on
flexible drive technology was proposed. According to the structural features of the hybrid

magnetic coupler, the calculation formula of air gap magnetic flux density was established by

“ &

turning “electromagnetic field” into “electric circuit”. Based on the current superposition
property, the current was converted to the surface of the copper conductor, and the
electromagnetic torque model of the space magnetic field was established by integrating the
induced electromotive force along the circumferential direction. To verify the correctness of the
theoretical analysis, an experimental prototype of the hybrid magnetic coupler at a scale of 1:2
was designed and produced. Then simulation verification and experimental measurement for its
mechanical behavior were performed. Results show that under the same slip ratio, the relative
errors among theoretical, experimental and simulation values are less than 10%; and under the
condition of same volume size, the transmission ability of the hybrid magnetic coupler is stronger

compared with that of the general double-disc type magnetic coupler. Compared with the hard
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rock boring machine with the same capacity of asynchronous motor, the linear operating region of

the hard rock boring machine equipped with the hybrid magnetic coupler is wider, and the

mechanical behaviors are soft, so the overload protection ability is stronger. This research may

provide a reference for design and application of mechanical equipment under great start impact

and frequent overload.

Keywords: tunnel boring machine; hybrid magnetic coupler; flexible drive; electromagnetic

torque model; mechanical behavior
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