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Engineering reliability design and improvement for pulsed
neutron scintillation detector

Ma Lichua,  Chen Shuang, LiHongtao, Peng Xusheng, Zhang Botao, LiBo, Wang Cheng, Ailie
(Institute of Fluid Physics, CAEP, P.O.Box 919-120, Mianyang 621900, China)

Abstract: A series of reliability design work is carried out for a scintillation detector which can detect pulsed
neutrons in complex environment. In the design, the inherent reliability of the detector is improved by means of
redundant backup of test channels and anti-vibration design. The mission reliability objectives of each component of
the detector are defined by means of reliability modeling and index assignment. Through FMECA analysis method, the
failure modes and their effects of each component of the detector are studied, and the important component of
reliability is determined. The reliability of the detector is further improved by using environmental stress screening test
and reliability enhancement test. It is proved that the mission reliability of the pulsed neutron detector with the above
reliability design assurance technology is not less than 0.999.
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Fig. 1 Functional principle diagram of the detector
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Fig. 2 Reliability model of pulsed neutron detector
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Table 1 Reliability index distribution of pulsed neutron detector

No functional unit reliability distribution value notes
1 scintillator 0.9999 It is almost impossible to fail below the softening temperature.
2 high voltage module 0.999 0 —
3 high voltage divider 0.999 0 —
4 PMT 0.980 0 Sensitive to the environment and has a history of failures.
5 amplifier 0.990 0 Has a history of failures.
6 connecting system 0.990 0 Has a history of failures.
total — 0.9982 —
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Table 2 FMECA table of the pulsed neutron detector (PMT part)
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Fig.3  Settings of temperature cycle screening test Fig. 4 Settings of random vibration screening test
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