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Research on Low-Pressure Breakdown Protection and Reliability Reinforcement for In-Line Ignition Systems
MA Hong-ling, CHEN Yue-yue, WU Ri-na, HOU Wen-guo, YIN Rui

(Shanghai Space Propulsion Technology Research Institute, Shanghai, 201108)

Abstract: In order to boost the operational reliability of in-line ignition systems in low-pressure environments, the ignition
performance of a specific in-line ignition product under low-pressure condition was studied deeply. Based on low-pressure
discharge theory, it is found that in airmedium environment, the minimum gas breakdown voltage is roughly 300 V, with the
pressure-plate spacing product being about 0.066 kPa « cm. Furthermore, the influences of working height, conductor spacing,
temperature, and dielectric type on low-pressure breakdown voltage were analyzed, the extreme conditions for low-pressure
breakdown voltage were determined, which are at a conductor spacing of 3 mm, the breakdown risk peak is at 30 km (1.197 kPa)
within the 0~30 km height range; within the 0~60 km range, the risk maximum is at 42.5 km (0.206 kPa). In light of these
findings, this study proposes optimal measures in five areas: circuit redundancy design, structural sealing technology, PCB layout
optimization, potting process improvement, and screening tests. The effectiveness of these measures have been verified through
actual flight tests, which show they considerably enhance the in-line ignition system's reliability in low-pressure environments.
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Fig.1 Block diagram of the in-line ignition system
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Fig.2 Circuit diagram of the pulse power unit
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Tab.2 The verification results of shell sealing performance
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