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Design and validation on impact damping performance of a gamma ray detector

ZHANG Zhigang', MENG Chunling!*, WANG Ruijie*", DONG Yongwei?, SUN Jianchao’
(1. School of Artificial Intelligence, Beijing Technology and Business University, Beijing 100048, China;
2. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In view of the serious damage to the sensitive components of a gamma ray detector from
impacting, the influence of damping layer dimension parameters of the shock absorber on its overall natural
frequency and impact resistance performance was studied. The effect of the thin-walled structure on the vibration
suppression and impact transmission was also investigated. The vibration reduction was completed by proper
design of the shock absorber, reasonable selection of damping layer dimension parameters, adding the secondary
stage damping buffer, and improving the thin-walled structure. Finally, the design was verified through
simulation and test. It is shown that the shock absorber can reduce the structural stiffness and significantly
attenuate the impact. The outer diameter of the damping layer is the main factor for improving the shock
resistance, as both the overall natural frequency and the impact response decrease with the increasing diameter.
The thin-walled structures have an amplification effect on excitation, whose impact response can be reduced by
adjusting local structures. The secondary stage damping buffer exhibits a good vibration reduction effect on the
key components, and the effect is more pronounced at low frequencies. The above study may provide a reference
for the shock attenuation of spacecraft with structural constraints.

Keywords: vibration reduction design; finite element method; damping layer; impact damping; secondary
stage damping buffer vibration reduction
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Fig. 1 Structure of the gamma ray detector
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Fig.2 Positions of the measurement points in the detector
impact test
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Table 1 Impact test results of the detector
W | WIS an, /g | ph b R R
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2 495 1.98

3 764 3.06

4 866 3.46
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6 440 1.76
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9 715 2.86

10 1480 5.92
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Fig. 3 Impactresponse acceleration curves of the measurement
points in the detector impact test
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Fig. 5 Structure of the absorber used for the gamma ray
detector
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Fig. 6 Influence of damping layer dimensions on natural
frequency of the detector
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Table 3 Comparison of mechanical properties of the detector
before and after improvement
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after vibration reduction design
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W | AR By /g | iR B R
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