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Design and verification of pyrotechnic impact load buffer device for micro-nano satellite
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(1. Changchun Institute of Optics Fine Mechanics and Physics Chinese Academy of Sciences Changchun 130033  China;
2. University of Chinese Academy of Sciences Beijing 100049 China;
3. Chang Guang Satellite Technology Co. Ltd. Changchun 130033 China)

Abstract:  Pyrotechnic impact environment is one of the worst mechanical environments experienced by satellites
and other spacecrafts especially when a spacecraft is separated from launch rocket. Star arrow separation impact can
affect normal operation of equipment with impact sensitive elements and even spacecraft and even lead to failure of launch
mission in serious cases. Therefore it is necessary to study suppression measures of pyrotechnic impact environment.
Here aiming at the problem of excessive impact response in star arrow separation test of a metal frame micro/nano
satellite during development stage combined with source of pyrotechnic impact load pyrotechnic impact transmission
mechanism and pyrotechnic impact suppression method the impact load buffer device for the whole satellite was designed
and verified with impact and vibration tests. The test results showed that the pyrotechnic impact buffer device can reduce
impact load by more than 70% ; the study results are very important for antiimpact analysis and reasonable structural
design of aerospace products.
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Fig. 1 Satellite structure breakdown diagram
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(b) Fig.4 Metal rubber vibration isolation pad
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Fig.2  Configuration diagram of impact isolation device
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Fig.5 Satellite finite element model
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Fig.7 Simulation data of shock response spectrum before and after
impact isolation
(a)
8
Fig. 8 Separation mechanism and explosive bolt
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Tab.1 Layout of impact sensor measuring points
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Fig. 6  The simulation of cloud
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Fig. 11  Measured data of shock response spectrum before and after
9 impact isolation

Fig.9 Separation test site
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Fig. 10  Separation test flow chart

Tab.2 Whole star fundamental frequency before shock

reduction
X/Hz Y/Hz 7 /Hz
105. 21 80.13 91.20
3
Tab.3 Whole star fundamental frequency after shock
reduction
X/Hz Y/Hz Z/Hz
84.77 74.72 78.28
4

100 Hz

Tab. 4 Sinusoidal and stochastic response of on-board single

machine before shock reduction

X/g Yig Zlg X/g Yig Zlg
2.1 3.7 5.8 9.8 8.1 6.8
2.1 3.5 4.9 7.8 6.2 8.7
2.4 9.4 9.8 6.4 7.2 6.9
2.3 8.7 9.9 11.3 6.4 7.6
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Tab. 5 Sinusoidal and stochastic response of on-board single

machine after shock reduction

Xlg Y/ig Zlg X/g Yig Zlg

3.5 3.9 5.9 9.0 7.5 6.5
3.7 3.6 5.2 7.1 5.9 8.1
4.1 9.7 10.5 5.8 6.8 6.6
4.3 8.8 10.7  10.6 5.8 6.9
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