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Study of a self-powered wireless vibration sensing system for aeroengines

Ning Yunbo' Guan Mingjie’ Liu Zhigiang' Chen Jun' Zhu Qingyuan'
(1. Pen-Tung Sah Institute of Micro-Nano Science and Technology, Xiamen University, Xiamen 361102, China;

2. School of Mechanical and Automotive Engineering, Xiamen University of Technology,Xiamen 361024, China)

Abstract: In the field of aeroengine health monitoring, traditional wired sensing systems have problems such as
complexity in cabling. poor flexibility, and high maintenance costs. To solve these problems, this paper presents a
design and implementation of a self-powered high-frequency vibration signal wireless sensing system targeted for
aircraft engines. The system is divided into two main parts: the wireless sensing system and the self-powered system.
The wireless sensing system converts vibration signals into analog electrical signals. An ESP32-S2 chip is used as the
microcontroller of the wireless sensor node. The embedded Wi-Fi module transmit the signals to a host computer.
Finally. the received signals are analyzed and shown on the host computer. Experimental results demonstrate that the
system has a sampling rate of 250 ksps. and the system has a transmission amplitude error rate within 3. 8% and a
frequency error rate within 1. 5%. The self-powered device harnesses waste heat from the tailpipe of the aeroengine to
generate electricity, consisting of a thermoelectric power generation module and an energy harvesting circuit. The
thermoelectric power generation module measures temperatures and adjusts the distance between the thermoelectric
modules and the tailpipe to maintain output power at a high level without risk of overheated damage. The energy
harvesting circuit employs the BQ25504 chip to harvest the power and store the extra energy in a rechargeable battery.
The self-powered device can generate approximately 40 mW of power, which exceeds the system’s power consumption
of 26. 42 mW, thus enabling self-sustained operation of the whole system.

Keywords: wireless sensing system; vibration monitoring; self-powered; thermoelectric power generation; wireless
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Fig. 1 Block diagram of proposed system
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Fig. 2 Flow chart of host computer
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Fig. 3 Monitoring interface of the host computer
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Fig.4 Structure diagram of thermoelectric power generation device
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Fig.5 Flowchart of adaptive control program
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Fig. 6 Diagram of data accuracy rate experiment
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Table 1 Experimental data for the verification of
wireless transmission system’s accuracy rate
WA A IR IR Vpp RS
Vpp/ B/ Vpp/ AR, RE, WE/
\Y Hz \Y Hz % %

0. 05 500 0.0519  498.942 3.8 0.2116
0.05 1000 0.050 8 997. 726 1.6 0.227 4
0.05 5000 0.048 7 4926.98 2.6 1. 460 4
0.10 500 0.102 4  498. 869 2.4 0.226 2
0. 10 1 000 0.101 2 997. 496 1.2 0.250 4
0.10 5000 0.1001 4 928.68 0.1 1.426 4
0. 50 500 0.5126  499.336 2.52 0.1328
0. 50 1000 0.510 2 997.981  2.04 0.2019
0.50 5000 0.516 9 4992.14 3.38 0.157 2
1. 00 500 1.037 4 498.197 3.74 0.360 6
1. 00 1 000 1.028 2 997.883 2.82 0.2117
1.00 5000 1.0196 4928.39 1.96 1.4322
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Fig. 7 The experimental setup for real-machine testing of the
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Fig. 8 Waveform diagram of the real-engine test output
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