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Application of vibration fatigue life analysis to design
of primary mirror supporting structure
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Abstract; It is not perfect to estimate the reliability of primary mirror supporting structures in space cameras
based on the peak value of stress response at a random vibration environment. In accordance with the fracture
of supporting structure in a random vibrating test, this paper presents an analysis method of vibration fatigue
life to explore the reliability of primary mirror supporting structures, and uses a simulation technology to pre-
dict the fatigue lifespan of a supporting structure. Based on the theories of Finite Element Method and random
vibration fatigue, the random vibrating fatigue life of the primary mirror supporting structure for a space camera
is analyzed by an analysis software. The fatigue lifespan distribution of the whole body and the lifespan values
of the most dangerous points are obtained. Experimental results indicate that the simulation results are consist-
ent with the experimental data, which means the proposed method is feasible.
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Fig. 1  Flowchart of vibration fatigue life analysis
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Fig.2 Components of primary mirror
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Fig.3 FEM model of components of primary mirror
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Tab.1 Material properties of components of primary mirror

ok i I p(10 °kg/mm’)  FAPERTEE E(MPa) MRt BAKFRE a(107°/C)
O & Zerodur 2.53 88 788 0.24 0.03
BN 4)32 8.1 138 180 0.25 0.03
&4 TC4 4.44 106 820 0.34 8.9
F2 BEHUIRSNEINFMG
Tab.2 Input conditions of random vibration
Y91 % 3 [ (Hz) LS (& /Hz) Y977 M 5 Jn# 7 18] e
10 ~40 0.001 96 ~0.039 2 11.62g z 2 min
40 ~70 0.039 2 ~0.588
70 ~90 0.588
90 ~ 130 0.588 ~0.196
130 ~200 0.196 ~0.078 4
200 ~ 600 0.078 4
600 ~2 000 0.078 4 ~0.002 48
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Fig.4 Restriction of components of primary mirror
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Fig.5 Stress cloud of supporting structure
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Fig.6  Sketch map of rupture
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