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Abstract: In order to improve the surface precision of a thin primary mirror in a large aperture tele-
scope at different altitude angles, the active correction procedure based on vibration modal calibration
was proposed. For a thin primary mirror with the 620 mm in diameter, 18 mm in thickness and the
axial munting in 36 points for the active support, the lateral mounting in 6 tangent points for the pas-
sive support, the free vibration mode of primary mirror was analyzed by finite element method and the
first 10 vibration modes of the primary mirror were calibrated. Their RMS values were unified to
1 000 nm, also the calibration forces were calculated. Furthermore,the surface of the primary mirror
with different altitude angles was analyzed, the deformations were fitted by the modal vibration mode

using least square method, and the corrective forces were calculated. Finally, the corrected surface
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precision and initiative surface precision were compared, and the fitted surface precision and remanent
surface precision were analyzed after the second active correction. Corrected results demonstrate that
the deformation (RMS) of the primary mirror is corrected from 27. 64 nm to 12. 95 nm while it is ver-
tically positioned by using the maximum corrective force of 2. 23 N, and from 7. 68 nm to 2. 84 nm
while horizontally positioned by using the maximum corrective force of 0. 59 N. The simulation shows
that the algorithm using modal vibration to actively correct the primary mirror surface is feasible.

Key words: active optics; thin primary mirror; surface calibration;supporting structure; modal vibra-

tion; least square method; finite element method
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Fig. 1 Flow chart of active correction of primary mirror
3 EZIRE
3.1 EHFTERGER

F ot el 5 & g0 b B R I 3 B AR
KO B3, S HNT .

H# D:620 mm

FrlfL Do :170 mm

JEE .18 mm

M %42 SR:2 841. 2 mm

spE R E.90600 MPa

TAM L v:0. 26

B 0:2.53X10 7 t/mm’

FEFE m:12.75X10 ° ¢

F B AL T SR 3 18 36 s E B 5L
P24 3 B KT 0 E B R A S T B R
3.474 N, AR AR T B S s K 2 AH [ 8
J3 555 ] A BR IT 53 B D6 Ak S e i 7 " R S H
RS 2 s, R LG T A KRR
F S B0 E DA SR i S RN KOF
i B % TR T (19 RMS AT LLIAE 3. 67 nm,

x1 IHZTESIMEBERAUER
Tab.1 Optimized location of active support points
XHEE S XERER N XHED
i AgE| /mm b/ () A /N
1 6 224 60 3. 470
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3 18 548 20 3.477
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Fig. 2 Primary mirror and its active support points
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Fig. 3 Active support of primary mirror and its FE
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Tab. 2 The first 10 modes of primary mirror

B AR BEF X RS PRI/ He
1 2 2 256. 52
2 2 0 517. 64
3 3 3 630. 18
4 3 1 962. 65
5 4 4 1101.5
6 4 2 1601. 1
7 5 5 1667. 6
8 4 0 2283.2
9 6 6 2323.5
10 5 3 2451.4
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Tab. 3 Calibration of primary mirror while modal vibration RMS value is unified to 1 000 nm

- 13—k g (E FEARAE R FERRIRZE
B PV/nm RMS/nm PV/nm RMS/nm  Fin/N Fomax /N Fimax /N >F /%
1 4 828 1 000 4 680 998. 2 —4.53 3.48 6.92 0. 000 0.18
2 3109 1 000 2 880 957.0 —19. 39 —7.77 11.76 —0.017 4,30
3 5 320 1 000 5 051 981. 2 3.05 —1.28 20.45 0. 000 1. 88
4 4 292 1 000 4 183 964. 6 23.85 —24.10 14. 29 0. 000 3. 954
5 5 767 1 000 5 205 952. 6 —95.99 5.55 —47.92 —0. 005 4.74
6 3791 1 000 3 344 866. 3 57.94 —83.15 40. 07 0. 000 13. 37
7 6 088 1 000 5187 895.0 10, 37 27.67 98.76 0. 000 10. 50
8 3419 1 000 2 648 741.6 119.40 —105. 26 31.09 0.025 25. 84
9 6 363 1 000 4 525 805. 8 1. 61 —1.28 —162.57 0. 000 19.42
10 3 945 1 000 3161 793. 4 —68. 30 123.57 59.17 —0. 046 20. 66
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Tab.4 RMS of mirror surface before and after corrections

o %Eﬁ/} RMS  Finax Fomax Fime  BIE RMS

/nm /N /N /N /nm
0 7.68 1. 221 —1.221 —0.090 4.20
15 10. 30 1.238 —1.274 —0.622 5. 18
30 15. 33 1.171 —1.322 —1.227 7.51
45 20. 27 1.034 —1.354 —1.701 9.76
60 24.23 0.797 —1.048 —2.214  11.90
75 26.75 0.523 —0. 805 —2.492 13.10
90 27.62 0.231 —0.637 —2.524  13.42
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