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Structural analysis of ground-based large telescopes
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2. Graduate University of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: To research the performance of ground-based large telescopes and to optimize the design and struc-
tures of telescopes, the finite element analysis for the whole assembly was performed. For a 1. 23 m telescope,
the structural characteristics of main parts and their relation were studied, several kinds of simplification meth-
ods for some parts were discussed and a precise finite element model of the whole telescope assembly was es-
tablished. Moreover, the gravity deformations of the telescope in both zenith and horizon pointing states were
calculated and the deformation results of the primary mirror and the secondary mirror were given. Finally,the
telescope assembly dynamic responses due to the wind loading and seismic excitation were analyzed. The ob-
tained results show that wind loading will induce the optical axis misalignment of the primary mirror and sec-
ondary mirror, and the misalignment error RMS value is allowable in 0. 025", The displacements along three
orthogonal directions induced by seismic excitation are greater, but the maximum stress is only 16. 67 MPa,
which cannot bring the damage to telescope structures.

Key words: large telescope; finite element analysis; wind loading; seismic excitation

e B 8 :2010-04-06 3 f&1T B #8 :2010-05-10.
308 B P E R B LB 5 YT = 0147 T 509 0 4 R B



Jil O A b R ORI A2 R 0 R 2 A 1 P BE S A 139

1 5 =

Bt R S B AN W7 A 8 2 1) H AR S0 )
P8 BEL G 5 ) T A8 A S Bt 9 O T B B AR Y
B Rty o B B A LA AR B = W S A
AR 5 | T U B S AR R M WL AR E M 2% L A
TRIRPERFE— RN, S 1 B e 2
LA ML R IR DA B RGN B R I AT L R
A M a2 45 R Joi S A R ) S i B Be
AL B LR B O RS AR K (B
BT B BN 5 B AT A Y 07 Lo A 6 R S
LER O A B

ST A BRIC AT X LA BT A B2 L [ A
JLF B 9 R 1 A B0 B AT R AT i R GE i A R
TC A L X B 5 A 45 ol Sl e AT T B4 W R A
SIBTRRIE . TR 24510 IR R TR Z I
gt EAEEAE RS E R
G 1 e A A A R I AR TR A D ST R R A R
TEATHTIEFE 100 X A B B R 8 R AN
P B BT AR D AR 22 BT HHR I 25 T R0 1 22 4 A
2.

B EB 4N 1,23 m ST RS A
SCPRAIRT ST 1 SR 0L B 45 R 10 45 F R o e L 4
KA X B AR G AL T AR A Y AT BROC AR
BLWEIE T A RGUAE ) R 3 7 A A
PRI 8 25 M0 3l 25 0 175 5 20 M 1 HOA TR B
SO LE A AR GEAE 1R LAY R

2 BRBARGAH RO 0 5

RS L B 45 ) 2R 8 LA S T Y 4 R A B AR
WE 1 o, Bmsi A5 B EsE AN K
B AL 7 o RO Al AR S AR S LR 23 A
IS P NI ER =S LIPS U Y S £
K 18w JCRE [ M whiffle-tree #3345 . ] 52
AR AT AT V- B e 1) 07 35 UK B R AT 2R 45 44
DY - S 2854y S 5 O 6 MUV 4k 2R T ORIk 22
T B8 A A 8 Al 4t SR R 2 I H bR .
SCH 7 bl 1)y 3 B T 310 5 Tl 14 5 1 Ay
I Z 16 s W R AR Ak 7 18] ey 25 B A D X Bl OE 1R s %
AT NS E Y 9 Jrm . S 1 e BT R T
B A4S P AT T B R N B0 AL T PR A PR

JCRERL AN 2 PR .

WBLE
4iRLR
- lf' ] {"ﬁ mj
ik
E8L%E
A1

_—HH

1

: I o Jifi
' Hhg
: HE s

K1 BLER RSN

Fig.1 Telescope mount assembly
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Fig. 2 Finite element model of telescope
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Fig. 4 Apparent stiffness of thin bond
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Tab.1 Displacements of optical components for

zenith and horizon positions (mm)

£ #% Ux Uy Uz

M, 0.105 —4.19X107°1.32X10 % —1.05X10"*
K T0U 48 1) 4
M, 0.044 —2.70X10 *1.59X10 *—4.44X10 2

M; 0.0381 —1.55X107"2.95X 10 * —3.80X 10"
KA 1]
M, 0.037 8 —2.39X10 '2.31X10 *—3.77X10 *
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Tab. 2 Relative displacements and tilted angles of optical
components for zenith and horizon positions

AAXS L # /mm fi /("
Ux Uy U, Rx Ry R,
RKI—2.28X107" 2.7X107 " 0.61X107"  0.029 0.035

FKFE—8.4X1077 —6.4X107" 3.0X107"  0.011  —  0.039
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Fig.5 Telescope deformations due to gravity
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Fig. 6 PSD curve of random wind loading
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Fig. 7 Displacement PSD of optical components due

to wind loading
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Tab. 4 Displacement RMS of optical components

due to wind loading (mm)

Ux Uy U,
FH 0 9.406X10°7  1.585X10° ' 7.209X10°7
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Fig. 8 Seismic acceleration response spectrum
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Tab.5 Displacement RMS of optical components
due to seismic excitation (mm)
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Fig. 9 Displacement PSDs of optical components due

to seismic excitation
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