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Fatigue Damage Characteristics of Deformable Mirrors for Wavefront Correction
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College of Electronics and Information Engineering, Sichuan University, Chengdu, Sichuan 610065, China

Abstract A distorted wavefront to be corrected is built up based on the random phase screen. Then, the stress load
spectrum of deformable mirror (DM) in the correction process is obtained by the stress analysis model with finite
element analysis method. The fatigue life prediction model is proposed based on stress-cycle (S-N) curve and Miner
cumulative damage theory. On this basis, the fatigue damage characteristics of DM for wavefront correction process
are analyzed, and the influence of the different driving ways and different structural parameters on the lifetime of
DM is discussed in detail. The results indicate that, in the wavefront correcting process, the fatigue damage of rear
surface of DM substrate is more serious than that of front surface, and the joints between substrate and poles are
most likely to be damaged. For a given shape of the distorted wavefront to be corrected, the fatigue life of DM
decreases gradually with the increasing of the peak valley (PV) value of the wavefront. On the other hand, when
the PV value of the wavefront is determined, the fatigue life also decreases due to more obviously concentrated
stress caused by the increasing high frequency components in the distorted wavefront. Furthermore, the fatigue life
can be affected by the structural parameters of DM as well. The life of DM decreases gradually with the increasing
of the thickness of substrate, the decreasing of the length of poles and the increasing of the diameter of poles,
among which the effects caused by the variation of the diameter of poles are more significant.
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Fig. 2 Model of DM. (a) Structure diagram; (b) distribution schematic illustration of actuators
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Table 1 Thermo-physical properties of substrate material

v 1 Density Specific heat Heat conductivity Thermal Young's Poisson's Refractive
ateria
/(kgem *) /[Je(kg*K) '] /[W+(m+K) '] expansion /K ' modulus /GPa ratio index
Si 2329 733 173.6 4.15X107°8 130.9 0.266 3.44—i2.4X10""
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Fig. 3 Finite element model of DM
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Fig. 5 Distorted wavefront and fitting wavefront. (a) Distorted wavefront; (b) fitting surface shape
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Table 2 Fatigue life of DM in different driving models

Parameters Group 1 Group 2
PV of distorted wave-front /A 3 3 4 4
Proportion of high-frequency /% 25.59 4.20 19.53 2.08
Deformation range of DM /pm —5.04~6.50  —4.61~8.84 —4.51~9.38 —7.14~8.21
Maximum stress in front surface of DM /MPa 18.47 9.53 21.96 8.96
Maximum stress in rear surface of DM /MPa 36.20 15.50 44.00 14.20
Logarithmic fatigue life 9.13 11.85 8.53 11.90
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