45 11 2016 11

Vol.45 No.11 Infrared and Laser Engineering Nov. 2016
1,2 1 1 1 1
(1.
130033 2. 100049)
: TH751 : A DOI: 10.3788/IRLA201645.1118001

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.

Key words: space telescope; secondary mirror supporting structure;

active constrained layer damping treatments; finite element method; dynamics

[22-23)
o
b
b
[11 )
N o
b
b b
o]
b
, PD
b
b
N N
[2-7] ’
o
b b
o
’ ’ 1
o]
1 )
8-9
[ ], s
> b b
o] _ S ,
’
11
N [ lo o
b
, Kerwin Secondary
mirror Light
) assembly shield
’ Support
; frame
[12]
- Mead Support
ring
b
13 14
[ ],Rao [ 10
Kerwin Bottom
cover
[15-16]
’ o
Reddy , 1
Fig.1 Structure diagram of space telescope
b
17-18
0= - Baz )
b
[19-21]
2

L138001-+2



11 www.irla.cn 45

24] 3

Fig.3 Deformation of active constrained layer damping treatments
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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

[1] Han Changyuan. Study on optical system of high resolution
space camera [J]. Optics and Precision Engineering, 2008,

16(11): 2164-2172. ( in Chinese)

-=-- Bare beam
A —— ACLD beas . . . . .
E ’ ¥ ACED thesm [2] Li Wei, Liu Hongwei, Guo Quanfeng, et al. Combined
B 107
é‘ supporting structure of thin wall joint cylinder and supporting
g 107k bar between primary mirror and second mirror in space
b
% camera [J]. Optics and Precision Engineering, 2010, 18
= -4L
gl (12): 2633-2641. ( in Chinese)
=)
o ) [3] Wang Fuguo, Zhang Jingxu, Yang Fei, et al. Crossed-plate
%0 300 450 #0 type support structure of the second mirror [J]. Acta
Frequecy/Hz
Photonica Sinica, 2009, 38(3): 674—676. (in Chinese)
15 ACLD 7 [4] An Qichang, Zhang Jingxu, Zhang Limin. Dynamics analysis
Fig.15 Comparison of FRFs in Z direction at the secondary mirror of telescope third mirror wire support structure [J]. Infrared

with and without ACLD treatments

and Laser Engineering, 2013, 42(8): 2115-2119. (in Chinese)

L138001-~8



11

www.irla.cn

45

(5]

(o]

(71

(8]

(91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Xin Hongwei, Yang Jinsong, Gao Minghui, et al. Support

design for secondary mirror of high resolution space
telescope [J]. Infrared and Laser Engineering, 2011, 40(9):
1724-1729. ( in Chinese)

Zhao Hongchao, Zhang Jingxu, Yang Fei, et al. Preloading
eight-vane spider for supporting structure of secondary mirror
[J]. Optics and Precision Engineering, 2013, 21(5): 1199—
1204. (in Chinese)

An Qichang, Zhang Jingxu, Zhang Limin. Dynamics
modeling and wind load function analysis of the secondary
mirror support[J]. Infrared Technology, 2013, 35(12): 798—
802. (in Chinese)

Johnson C D, Vatta V. Design of passive damping systems
[J]. Journal of Vibration and Acoustics, 1995, 117: 171-176.
Liang Lu, Shen Zhichun, Qi Xiaojun, et al. Whole satellite
vibration attenuation with damping investigation into
experiment phenomenon [J]. Aerospace Shanghai, 2008 (4):
39-45. (in Chinese)

Nakra B C. Vibration control in machines and structures
using viscoelastic damping [J]. Journal of Sound and
Vibration, 1998, 211(3): 449-465.

Huang S C,

Inman D J, Austin E M. Some design

considerations for active and passive constrained layer
damping treatments [J]. Smart Mater Struct, 1996, 5 (3):
301-313.

Kerwin E M. Damping of flexural waves by a constrained
viscoelastic layer [J]. The Journal of the Acoustical Society
of America, 1959, 31(7): 952-962.

Mead D, Markus S. The forced vibration of a three-layer,
damped sandwich beam with arbitrary boundary conditions
[J1. Journal of Sound and Vibration, 1969, 10(2): 163-175.
Rao D. Frequency and loss factors of sandwich beams under
various boundary conditions [J]. Journal of Mechanical
Engineering Science, 1978, 20(5): 271-282.

Deng Nianchun, Zou Zhenzhu, Du Huaming, et al. A finite
element dynamic analysis of constrained plates[J]. Journal of
Vibration Engineering, 2003, 16(4): 489—-492. (in Chinese)
Zhu Demao. Vibration

Qian Zhendong, Chen Guoping,

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

H138061-+9

analysis of plate attached to constrained damping layer [J].
Journal of Nanjing University of Aeronautics & Astronautics ,
1997, 29(5): 517-522. (in Chinese)

Reddy J N. A simple higher-order theory for laminated
composite plates [J]. Journal of Applied Mechanics, 1984,
51(4): 745-752.

Hu H, Belouettar S, Potier-Ferry M, et al. Review and
assessment of various theories for modeling sandwich
composites[J]. Composite Structures, 2010, 29(4): 107-110.
Baz A, Ro J. Performance characteristics of active
constrained layer damping[J]. Shock and Vibration, 1995, 2
(1): 33-42.

Baz A, Ro J. Vibration control of plates with active
constrained layer damping[J]. Smart Materials and Structures,
1996, 5(3): 272-280.

Ray M C, Ro J, Baz A. Active constrained layer damping of
thin cylindrical shells [J]. Journal of Sound and Vibration,
2001, 240(5): 921-935.

Zheng Ling, Wang Yi, Xie Ronglu. Vibration control of
active constrained layer damping structure [J]. Journal of
Chonggqing University, 2010, 33(2): 1-7. (in Chinese)

Shi Yinming, Zhang Hongyuan, Hua Hongxing, et al. The
finite element modeling and model reduction for a cantilever
beam with active constrained layer damping [J]. Journal of
Vibration and Shock, 2001, 20(2): 29-31. (in Chinese)
Sher B, Moreira R. Dimensionless analysis of constrained
damping treatments [J]. Composite Structures, 2013, 99:
241-254.

Liu Dahsin, Li Xiaoyu. An overall view of laminate theories
based on displacement hypothesis [J]. Journal of Composite
Materials, 1996, 30(14): 1539-1561.

Johnson C D, Kienholz D A. Finite element prediction of
damping in structures with constrained viscoelastic layers [J].
AIAA Journal, 1982, 20(9): 1284—-1290.

Cote F, Masson P, Mrad N, et al. Dynamic and static
modeling of piezoelectric structures

composite using a

thermal analogy with MSC/NASTRAN [J]. Composite

Structures, 2004, 65: 471-484.



