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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
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Tab. 2 The first 10 modes of primary mirror
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Fig. 6 The first 10 modes of primary mirror similari
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Tab. 3 Calibration of primary mirror while modal vibration RMS value is unified to 1 000 nm
PV/nm RMS/nm PV/nm RMS/nm  Fiaw/N  Fon /N Fan/N 2F /%
1 4 828 1 000 4 680 998. 2 —4.53 3.48 6.92 0. 000 0.18
2 3 109 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 3.54
5 5767 1 000 5 205 952.6 —5.99 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
3.4 RMS  3.68 nm,
b o
0 , 15° , RMS ,
b
4 RMS
b
1 Tab.4 RMS of mirror surface before and after corrections
’ RMS F. Fo Fi RMS
RMS | 1 *
/nm /N /N /N /nm
RMS o
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
RMS , 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
RMS 7.68 nm 4,20 nm,




5 > :620 mm 1027
’ £ 15
RMS 27.62 nm 13.42 nm, = i 2
g | —- e P —
, g | --- AR //
= GiER
RMS g | FiER:
=
, 7 . g
=
7 )
S
=
=}
. £
v
a 0
30 0 15 30 45 60 75 90
g . o
= Altitude angle/(” )
= e 5 1] 1111 1
g - e /__':
M - - - 8 9’
g 15 Fig. 8 Comparison between fitted surface and mirror
E » /4”—‘ deformation, fitted residual and corrected re-
§ sidual with different altitude angles after the
o=
£ 3 second correction
=]
g o
0 15 30 45 60 75 90 , RMS
Altitude angle/(® )
b
7 ’ RMS >
RMS RMS .
Fig. 7 Comparison between fitted surface and mirror RMS .
deformation, fitted residual and corrected re-
. . . »RMS
sidual with different altitude angles after the
. . 4. 20 nm 2. 84 nm,
first correction
3.68 nm, ,
3.5 s
b
’ ’ ’ H
b o b
H ’ o K
F?;CO[ - FIQVCO[' _'_Fllq cor e (7)
=
F(i),cor 0 -E 30 — ¥ i
.1 .2 £ 25t - ki e —
&= — KRR
o = 20
=
=
§
RMS , 8 R E
. g
g
RMS , =
£ 0
8 0 15 30 45 60 75 90
Altitude angle/(° )
b o
s 9 RMS
s Fig. 9  Deformation (RMS) of primary mirror with
36 different altitude angles before and after cor-

rections



1028

19

R e o ey

2.5

Deformation and residual (RMS)/nm
|
=

Altitude angle/(* )

10
Fig. 10 Maximum correction force on different rings
with different altitude angles
10
o ’
b o

(1]

(2]

[3]

(4]

RAY F B. Active optics technology—an overview
[JJ. SPIE, 1991,1532:188-206.
LIl 2003,23(2);
229-233.
YU Y, CAO G R. A study on the corrective capa-
bility and optimization of active mirrors[J]. Trans-
act ions of Beijing Institute of Technology 2003,
23(2)229-233. (in Chinese)
. . 0. 5 m
[yl 2010,18(3):570~
578.
ZENG C M, GUO P G, YU J C. Deformation and
analysis on Correction of 0. 5m ultra-thin mirror
with active supports [J1. Opts. Precision Eng. ,
2010,18(3):570-578. (in Chinese)
s s , . 400 mm
[Jl. 2009,17(9) :2077-
2083.
LIHZ, LIN XD, LIU X Y, et al.. Experiment

system of 400mm thin mirror active optics [ J].

0.5 N,
4
10
RMS 7. 68 nm
2.84 nm; s RMS
27.62 nm 12. 95 nm,

[6]

[8]

Opts. Precision Eng. , 2009,17(9):2077-2083. (in
Chinese)

s ’ s

(. 2007, 29
(12).704-707.

WANG F G, YANG H B, L1 H Z, et al.. Appli-
cation and algorithm research of active optics in thin
mirrors [J]. Infrared Technology 2007,29 (12):
704-707. (in Chinese)

’

[l ,1999,17(1) .1-14.
SU D Q, CUI X Q. Active optics — key technology
of the new generation telescope [J]. Progress in
Astronomy 1999,17(1) :1-14. (in Chinese)

(Il 2008,16(8):1533-1539.
YAN Y, JIAJ Q. JIN G. Design of new type spa-
ceborne lightweighted primary mirror support [ J].
Opts. Precision Eng. , 2008,16(8) :1533-1539. (in
Chinese)

(Il 2008,16(9) :1642-1647.

GUO J, HE X. Design of support for primary mir-



,  :620 mm

1029

(9]

(10]

[11]

ror of space remote sensing camera [ J]. Opts. Pre-
cision Eng. , 2008,16(9) :1642-1647. (in Chinese)
[D]. : ,1995.
CUI X Q. Support System of Large Aperture Thin
primary Mirror with Active Optics [D]. Nanjing:
Nanjing observatory, Chinese Academy of Sciences,
1995. (in Chinese)
NEOTHE L. Use of minimum-energy modes for
modal-active optics corrections of thin meniscus
mirrors [J1. Journal of Modern Optics 1991, 38
(6):1043-1066.
SCHIPANI P, PEROTT F, AEROTTA L M. Ac

(19857)7 s ’
, 2006

. E-mail: ocean fulin@hotmail. com

(1981 —), s
s ,2003
, 2008

mail ; wu-xiaoxia(@sohu. com

(12]

[13]

[14]

tive optics correction force for the VST 2. 6m primary
mirror [J]. SPIE. 2006 6273:62733A-1-12.
XAVIER B, JEAN L C, RENAUDM Y, etal..
Optimization methods aimed at designing a force
control active mirror Il ; actuator pattern optimi-
zation [ J]. SPIE, 1997,3126.:366-377.
DOUGLAS R N, VICTOR K, JOHN A, et al..
Active tangent link system for transverse support
of large thin meniscus mirrors[J]. SPIE 2007,
6665 66650F-1-12.

MYUNG K C, RONALD S P, II K. Optimization
of the ATST primary mirror support system|[] ].
SPIE, 2006,6273:62731E-1-12.

(19867)7 ) [}
, 2008
° E*mailg
fanleil995@ sina. com. cn
(1964—), s
s ,1990
, 2008

» E-mail:zhangjx@ ci~

omp. ac. cn



