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Based on Statistical Characteristics
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Abstract: In order to detect and identify the foreign object impact events of fan in the process of aero—en-
gine operation, a non—contact tip vibration measurement system was used to collect and detect the vibration dis-
placement of fan blade tip in real time. According to the statistical analysis on non—contact blade tip vibration dis-
placement data of fan, it is found that vibration displacement of fan blade tip obeys normal distribution, which is
proved by Epps—Pulley hypothesis test. Based on the statistical characteristics, an algorithm for detecting the vi-
bration displacement of the blade tip impacted by the foreign object is designed. Meanwhile, with this method,
the detection threshold of the vibration displacement of blade tip impacted by the foreign object is obtained at dif-
ferent rotational speeds of the fan. The vibration displacement data of the projectile with the diameter of 16mm
and the mass of 2.9g impacting on a fan blade at the rotor speed of 3000r/min are analyzed. Furthermore, the reli-
ability of the identification result is verified by a high—speed camera system. The results show that the detection
method based on statistical characteristics can accurately identify the event of foreign object impacting the fan
blade and the number of the impact blade.
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Fig.1 Fan blade foreign object impact test platform

Fig.2 Foreign projectile bodies
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Fig. 3 Non-contact blade tip vibration measuring system
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Fig. 4 Circumferential layout diagram of non-contact

vibration sensors
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Fig. 5 Vibration displacement of S, sensor at 4000r/min

Fig. 6 High-speed camera system
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Fig. 7 Image captured by a high-speed camera at
4000r/min of fan
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Fig. 8 Vibration displacement of 1# blade tip at 4000r/min
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Fig. 12 Displacement threshold of foreign object impact

vibration of fan at different rotational speeds
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