24 1 Vol. 24 No. 1
2016 1 Optics and Precision Engineering Jan. 2016

1004-924X(2016)01-0152-08

30 m

1,2% 1 2 2
’ ’ ’
(1. , 130022
2. , 130033)
: 30 m (TMT) (M3S) s
M3S 15 Hz . M3S ,
6 o . .
N Adams s ,M3S s
15.1 Hz, o ’ °
:30 m ; ; - ; 3 3
. TH751 A doi;10. 3788/0OPE. 20162401. 0152

Stiffness allocation and analysis of TMT M3S
YANG Fei"**, LIU Guo-jun', ZHAO Hong-chao’, ZHANG Jing-xu’

(1. State Key Laboratory of High Power Semiconductor Laser ,
Changchun University of Science and Technology, Changchun 130022, China;
2. Changchun Institute of Optics, Fine Mechanics and Physics ,
Chinese Academy of Sciences, Changchun 130033, China)

* Corresponding author , E-mail . yang flying@163. com

Abstract; To meet the requirements of the Tertiary Mirror System (M3S) in a Thirty Meter Telescope
(TMT) for mass and stiffness, how to allocate rationally the stiffness for different parts in the system
was researched. As the first-order resonant frequency of M3S should not be less than 15 Hz, the
composition of M3S was researched, then a four-point lumped-mass model was established by the pre-
designed data. Furthermore, the stiffness of the mirror support system was calculated, and an
eigenvalue inverse solution was used to obtain the stiffness matrix of a simplified model in six global
directions. Finally, stiffness of all springs in the system was given, and the simplified model and the
calculated results were used to guide the structure design and control design later. The simulation
software Adams was used to verify the stiffness allocation and analysis process. The results show that
the stiffness allocation of the M3S is reasonable and the first modal frequency of the system can

achieve to 15. 2 Hz, which meets the design requirements. With the stiffness allocation, the system
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design can offer higher efficiency and rationality.
Key words: Thirty Meter Telescopy (TMT); Tertiary Mirror System (M3S) lumped-mass model;
inverse eigenvalue problem; first modal frequency; Finite Element Method(FEM)
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Tab.1 Mass distribution of M3S
o M1 M2 M3 M4
’ - X/kg 3 425 1937 2 888 1 800
° B Y/kg 3425 1937 2 888 1 800
’ Z/kg 3 400 2279 2 421 1 800
H ’ U/(kg+m®) 31989 14 468 3 482 1 464

V/(kg+m®) 31989 14468 4 355 730
W/(kg+m?) 3243 5632 3953 2190
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a; ’ P: 4
, p Tab. 4 Stiffness allocation results
pi == (25)
Ja, KX K00 KA OX vt WX
3.4 /ONem™) /Nem ™) /Nem ™) /Nmerad ™) /(Nme rad ™) /(N rad 1)
Dunkerley ¢ K 449 L 3.4 13.63 13,24 10,68
Gl (23 . , ’ O O (X R X N
3 K, 0.86 0.85 0.58 0.79 0.77 2,03
b o
K, 0.35 0.36 L1 0.40 0.20 0.25
3
Tab. 3 Eigenvalue Vector table 4
X Y 4 U \% w
4.1
u 0.16 0.17 0.22 0.14 0.14 0.11
ADAMS -
u, 0. 39 0. 40 0.53 0. 39 0. 39 0. 24 4 . 5 (Yoke
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u, 1. 00 1. 00 1. 00 1. 00 1.00 1. 00 ’ 30
3.5 s
[13]
15 Hz - o ,  ADAMS
, 5 s 6
’ o o ’
2 K, . 0 °
Q s Q : = Spring group §
_ T Yokese——oH .
o=luw w u X]'. e | Spring group 3
G et
K,1 Us Mirror -—-""‘--.‘-_F- { _-w,-:..» ) Y-
X=—" e Y wSprlng group 4
K, —w' M, v,
€5 CradletCell,— <
Spring group 2
A+ M, - ui+KH~l cui — Ky oo e
K= . ’ Base Spring group 1
u;—u—
(26)
4  ADAMS -
u =0, Fig.4 Model in ADAMS
I - g S
4 ) * I #
b o b
’ m T -
° ’ ’ - ’ P /.
i . om " THL s
I TE = T,

5

Fig. 5

The first fourth Modal shapes



158

24
5 6 Tilt U
Tab.5 Frequencies of the first six modal shapes , 1 , 4
1 2 3 4 5 6 Simulink ,
/Hz 15.1 15.2 16.3 16.7 17.1 17.3 (K,=0), ,
7 ° Bode ]
s s 17.4 Hz,
o b
. -110
-120P_
4.2
130} \ ]
- = 140} \
Rotator, Tilt . (3 8 -150 \
. E 160 . ]
C— AX = -170f YR 1 1
X=AX+BU. | \f\
Y=CX+DU. (26) 190} ~
:AB.C D .4 '2“0100 10 102
Frequency/Hz
U
Y ) 7 Tilt Bode
Fig. 7 Bode diagram of Tilt axisresponse
Rotator w g g P
, 1 , 4
. Simulink , ]
(Ki=0), s
Bode 6 . ) ’
Rotator , Bode ’ ’
b ’ ’ )
sl 15.7 Hz,
o b
—100 _
-120\
-140 \ ]
g 6 o
I -160 1
b=
Z 0 \ ] ° ,
220 N - M3S ;
. . , 15.1 Hz R
24010“ 10! 107 10° ’
Frequency/Hz
6 Rotator Bode
Fig. 6 Bode diagram of Rotator axisresponse
tertiary mirror system (M3S) [Z]. TMT. OPT.
DRD,2012.
[ . [3] GLADWELL G M L. Inverse Problems in Vibra-
,2012(4) : 327-336. tion [ M]. Dordrecht: Martinus Noordhoff Publish-
ZHANG ] X. Overview of structure technologies of er,1986.
large aperture ground-based telescopes [J]. Chinese [4] RAM Y M, GLADWELL G M L. Constructing a

Optics, 2012(4):327-336. (in Chinese)

[2] TMT GROUP. Design requirements documentfor

finite element model of a vibrating rod from eigenda-

ta [J1. J. of Sound and Vibration,1994,169(2)



9 :301’1’1

159

(5]

(6]

[7]

[8]

[9]

229-2317.
Jacobi (1. ,2000,22 :345-354.
HU X Y, ZHANG L, PENG ZH B. On the con-
struction of a Jacobi matrix from its defective eigen-
pair and a principal submatrix [J]. Mathematica
Numerica Sinica, 2000, 22.:345-354. (in Chinese)
[JJ.
,2013, 21(2):416-422.
AN Y, JIA X ZH, ZHANG L, et al.. Optimizing
design of CFRT based main backbone with high
stiffness ratio for space camera [J]. Opt. Precision
Eng. ., 2013, 21(2) . 416-422. (in Chinese)
) .S
. ,2013, 21(2) ; 388-393.
LIU SH J, HAO Y P. Calculation for spring constants
of folded serpentine micro-cantilevers [ J]. Opt. Preci-
sion Eng. , 2013, 21(2) . 388-393. (in Chinese)
(1. . 2012, 20 (7).
1509-1516.
WANG H, DAI SH, ZHANG J X. Azimuth shaft-
ing bearing structure in a large Alt-azimuth tele-
scope [J]. Opt. Precision Eng., 2012, 20(7):
1509-1516. (in Chinese)
[M].
,2003.
CHENG ] Q. Principles of Astronomical Tele-

(1982*)5 > ’
,2003
, 2009

. E-mail. yangflying
@163. com

scope Design [ M. Beijing: China Science & Tech-
nology Press, 2003. (in Chinese)
[10] BELY P Y. The Design and Construction of Large
Optical Telescopes [ M]. Springer-Verlag, 2003,
[11] . — . . .
[M]. : , 2004, 2.
91-124.
SHI H M. Vibration Systems—Analyzing « Tes-
ting « Modeling * Controlling[ M]. Wuhan; Hua-
zhong University of Science and Technology Press,
2004, 2: 91-124. (in Chinese)
[12] ; , ,
[Jl.
,2013, 21(7) . 1803-1810.
LIU SH T, HU R, ZHOU P, et al.. Topologic
optimization for configuration design ofweb-skin-
type ground structure based larg&aperture space
mirror [J]. Opt. Precision Eng. ., 2013, 21(7):
1803-1810. (in Chinese)
[13] BOOR C De, GLOUB G H. The numerically sta-
ble reconstruction of a Jacobi matrix from spectral
data [J]. Linear Algebra Appl, 1978 (21).
245-260.
[14] GRAY L J, WILSON D G. Construction of a Ja-
cobi matrix from spectral data [J]. Linear Algebra
Appl. \1976(14); 131-134.
[15] HALD O H. Inverse eigenvalue problem for Jacobi
matrices [ J]. Linear Algebra Appl.,1976 (14):
63-85.



