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Impact detection system of femtosecond fiber bragg
grating for spacecraft micro-collisions

Li Haoye'”> Zhang Wen'> Song Yanming'®> Dong Mingli'> Zhu Lianqing"’

(1. Beijing Laboratory of Optical Fiber Sensing and System, Beijing Information Science & Technology University,
Beijing 100192, China;2. Key Laboratory of the Ministry of Education for Optoelectronic Measurement Technology
and Instrument, Beijing Information Science & Technology University, Beijing 100016, China)

Abstract: In order to detect the impact energy generated by spacecraft micro-impact, a femtosecond fiber grating impact detection system
for spacecraft micro-impact was designed and the impact energy was detected. The strain sensing model and edge filtering demodulation
model of femtosecond fiber grating are established. The finite element analysis software is used to simulate the impact energy distribution
of micro-collisions. An impact detection system was built to test the impact energy sensing characteristics of femtosecond fiber grating,
and the energy transfer characteristics were analyzed by using the time-domain envelope extraction method. Experimental results show
that when the balls with the mass of 10, 20, 40, 60 and 80 g fall at the same position, the collision signals detected by the grating
system show a linear increasing trend, the maximum impulse voltage retrieved by edge filtering algorithm is 30. 8 mV. When the same
mass ball falls at different positions, the collision signals detected by the grating system show a linear downward trend, the detected
impulse voltage can be as low as 16.5 mV. The system can detect the impact energy generated by the micro-collision, which has a
certain reference significance to the problem of spacecraft micro-collision detection.
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Fig. 1 FBG sensing schematics
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Fig.3 In-plate acoustic signal propagation contour
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