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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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Fig. 3 Simplified model of M3S
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Tab.1 Mass distribution of M3S
M1 M2 M3 M4
X/kg 3425 1937 2 888 1 800
Y/kg 3425 1937 2 888 1 800
Z/kg 3400 2279 2421 1 800
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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Tab. 2 Stiffness design for M3CA

Modal frequency calculated

Direction Stiffness
in M3CA design
X 22.1Hz 3.47E7 N/m
Y 22.4 Hz 3.57E7 N/m
Z 40. 2 Hz 1. 16E8 N/m
U 26.2 Hz 3.97E7 Nm/rad
\% 26.3 Hz 1. 99E7 Nm/rad
w 17.1 Hz 2.53E7 Nm/rad
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Tab. 3 Eigenvalue Vector table
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w 0.39 0.40 0.53 0.39 0.39 0.24
U3 0.67 0.68 0.90 0.81 0.81 0.45

w 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00

3.5 RETHE
W15 Haz X D Fe 99 400 3R A1 Sy 338 T el AR
BURY — SRR AE B @ A O 8 AE A o) &, [ B
VLT 2 B i K, B RIEE L 45 R 5 AE (1)
o I, o M5 I EATRIA R
o=lw w uw X7,

K, u
KIGFEUWA
Ki:)\‘ Mi ° Lti+Ki+1 * ui+1_Kz‘+1 * ui,
Ui = Ui—1
(26)
/ﬁ\;qj:uo:oo

THEE AT LLAS 20 W) R 23 TE A 0 20 45 L nak
4 IR .

MR 4 W LUE & G 8EE I 5L Al i 38 4 W
JEB R AT AR I S AR . D3 A Ay BR
55 FR T, ] g R A R 1) R 0 O S B IR Y
Brormc. WG AL TS 40 ES AT LU St s 45
BTt EA— 400, W 43 s T R A,
XF R GE AT ORI 1 17 1k S L, JF AN BEAE ™ A%
AV THHE bR AR 09 B 5 A R R 4 i3t
AWHEIE . [RIFE, W 43 e A A ) DL R 45 545
il 2 e B W2 0 BC R ) 5 28 B R T L AE I &R
G0 5 R T L T LA S PR AR AR ) S S
7R G 550K B 1 4 AR AR

x4 REFELER

Tab. 4 Stiffness allocation results
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Ko 0.8 0.83 0.58 0.79 0.77 2.03
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Tab.5 Frequencies of the first six modal shapes
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