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Support design of secondary mirror based on active constrained

layer damping treatments
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Abstract: Active constrained layer damping treatments were applied to the secondary mirror supporting
structure for space telescopes in order to improve its dynamic performance. Active constrained layer
damping treatments, which apply piezoelectric actuators and viscoelastic materials to flexible structures,
promise to be an effective means of vibration suppression in flexible structures. A finite element model
for active constrained layer damping treatments was developed and a proportional derivative control law
was applied on piezoelectric ceramics. Effects of key parameters, such as viscoelastic layer thickness and
control gain were investigated. It is shown that the increase of viscoelastic layer thickness and control
gain could both enhance the damping capability. However, the actuation ability of piezoelectric ceramics

is reduced by the viscoelastic layer. Analysis results of the telescope indicate that natural frequencies of
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the supporting structure decrease slightly after employing active constrained layer damping treatments.

However, the frequency response at the secondary mirror is suppressed apparently and the surface

accuracy is improved as well.
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Fig.1 Structure diagram of space telescope
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Fig.2 Structure diagram of active constrained layer damping treatments
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Fig.3 Deformation of active constrained layer damping treatments
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Fig.5 Diagram of the control strategy
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Tab.3 First-order natural frequency of the

secondary mirror supporting structure

With active ~ With active constrained

Base beam

. Bare constrained layer damping and
thickness 7, . -
Jmm beam/Hz layer damping secondary mirror
/Hz supporting structure/Hz

2 140 121 96

3 212 184 153

4 280 248 212

5 343 308 268

5 10 WK 58 35 45k — B ik AL A
Fig.10 First-order mode shape of secondary mirror supporting

structure
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Fig.12 Diagram of the finite element model for space telescope
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Fig.14 Comparison of FRFs in Y direction at the secondary mirror

with and without ACLD treatments
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Fig.15 Comparison of FRFs in Z direction at the secondary mirror

with and without ACLD treatments
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Tab.4 Surface accuracy of the secondary mirror

at the resonance frequency

RMS/nm PV/nm

Bare beam ACLD beam| Bare beam ACLD beam

X direction 0.82 0.37 10.5 3.44

Y direction 0.37 0.37 3.46 3.02

Z direction 0.51 0.29 5.71 1.51
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