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Abstract Traditional monitoring systems for railway axle box bearings face issues such as complex wir-
ing, high maintenance costs, and limited flexibility, which hinder their application in the intelligent
management of industrial equipment. Therefore, a variable rotational energy harvester (VREH) based
on a built-in variable reluctance generator (VRG) for double-row tapered roller bearings is proposed, ai-
ming to provide continuous power support for sensors and wireless transmission modules in bearing mo-
nitoring systems, thereby facilitating the intelligent design of bearings. The VREH converts mechanical
energy generated during bearing operation into electrical energy through the variable reluctance effect,
powering the wireless transmission module. The wireless transmission module then sends signals to a

mobile PC, enabling wireless signal transmission. The power generation principle of the VRG was vali-

2025-03-10 W B 55 1 Fi »2025-03-31 W BME B
* [ 5 HARFH A SR G BB I H (12272199,12102011) , 42 6 1 5 55 4 % PR (SKLMT-ZZK T-2024R06) , National Natural Science Founda-
tion of China (12272199,12102011), National key laboratory project (SKLMT-ZZKT-2024R06).
T {FE/E# E-mail: hanqinkai@mail. tsinghua. edu. cn



46 g o o 5 E M o M

2025 4FE%F 23 &

dated through theoretical and simulation analysis. Key design parameters, including the number of coil

turns, the distance between the coil and the toothed metal ring, and the core material, were tested and

analyzed for their impact on the self-powering performance of the VRG. Wireless transmission experi-

ments demonstrated that the VREH can operate stably in the railway axle box bearings, achieving effi-

cient energy harvesting, providing continuous power support for the wireless transmission system.

Key words variable reluctance generator,

self-powered, wireless transmission
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of the VREH; (b) Structure diagram of the VREH ;
(¢) Explosion view of the VREH
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(a) Air gap variation diagram; (b) Magnetic circuit diagram
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Fig. 5 Output characteristics under different working conditions: (a) Waveform of open circuit voltage; (b) Waveform of short circuit

current; (¢) Influence of D,
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Fig. 6 Schematic diagram of transmitting and receiving module:

(a) Structure diagram of transmitting module; (b) Rectifier circuit
structure diagram; (c) Physical diagram of the launch module;
(d) Receiving module structure diagram; (e) Physical drawing

of receiving module
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