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Abstract: In order to relieve the coupling effect of 4 m lightweight mirror support system, a generalized
least square method was proposed to calibrate active optics. Firstly, the support system of 4 m lightweight
mirror was introduced, and the constraints needed to meet in hydraulic Whiffletree passive support system
was deduced. Then the Zernike polynomial corrected by node area weighted factor was used to fit the
mirror deformation, resulting to influence matrix between Zernike coefficients of mirror deformation and
active forces. After that, a generalized least squares method was adopted to obtain the optimal correction

forces which simultaneously satisfied the equality and inequality constraints. Finally, the proposed method
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was applied to the calculation of the optimal active forces to correct the mirror deformation caused by the

gravity, and the influence of different damping factors on the calculation results were analyzed. Results

show that the optimal correction effect is achieved when the damping factor is 7.4e—9, and the RMS of

the mirror deformation is changed from the original 271.5 nm to 8.3 nm after correction, verifying the

feasibility of the generalized least squares method to the calibration of the 4 m lightweight mirror active

optics.
Key words: active optics; mode calibration;

generalized least square method
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under gravity

BT O ERRE RS BRI S E NS
F Zernike F BO% 2 1 3245 75 T 1 1 Sy I 7 4 0 28
R AR 2 e, BLJE T p 7EIX[H] 107~107"
PR e o 25025 1D B B 100 AT, 48 A 2R (1), fif 1
FABLE T p AR AOREIE S | T 5% 22 4 7 AR
{ RMS |, K TF 3 20 Rk 36 5001 £ 11, BB 4 1 41 Rk it
SERNT - A1 RIS IE S 4 IE 55 JE 8 1L, W 4 B
Sy R TR BELJE B+ p %458 1F it B 4% SR 114 52 0 gl
S AT HIBELJE PRI AR A T 7 00 BE DA R I
HELJE A T P AN T 5% 25 4 RS /N | S
Z G TR B KR IE 7 4 TE 55 T B (4
SHEFAN F1) K, BLE B FAE 10~107 [X ]
{12 028 0 1 B 2ok 3 s, B T %ok 3 4 1T T 114
AR TE 3 B 2 1079~ 107 X [ HUff | 2 07 740
WKL 805 3 A T T 1 28 7 AR /N T T 2%
2 14977 Rt 2 R B0 28 5 R g it 4k AL R
BELJE P F-7E 107~107" X [ B, BELJE P X412 3 2%
() SE VAR TR 5 | 1T T 5% 2 15 3 77 de e P G TE AR
A 22 R TR

0617001-5



9Nk TAE

% 6 4 www.irla.cn % 46 %
N -3 Unit:mm
g 10 2000 s
£ @ . pvsromm RMs—s3mm | 3010
g2 10¢ 1500} 1.5x10°
f 1000 + 1.0x107°
S 1 n-5] -5
ER E sool- g.leo
] N
[ -4 L L " L " " (a) @ 0 )‘ -
190" 10* 10° 10° 107 10° 10° 10" E ool ~0.5x10°
Damping factor S -1.0x10°°
-1000[ * -1.5x10°°
- -1500f -2.0x10°
. . \ . -2.5%x107
Bz 107 2007500 s00 500 1500
E g 10° Mirror size/mm
=
5= 3.5x107"°
28107 ®
. ®) 3.0x107}
107 I L L I 1 I
10* 10° 10° 10° 10° 10° 10° 10" 2.5%107)
Damping factor ~
g 2.0x10™
&
107 % 1.5x10™
5 < 10" 1.0x107f
o
g {5010’” 0.5x10™F
5.5 107 0 . . .
28 o 0 1000 2000 3000 4000
o Lo . ) . ) . . © Separation/mm
10* 10* 10° 10° 107 10®° 10° 10" ) o )
Damping factor 5 1 1E J5 19 5 31455 1 T8 2 BRI 45+ pR 5L
Fig.5 Structure function and cloud chart of mirror deformation
g 120 after correction
3 100
£ sof
o
601 A
g o 5 4 it
<
§ 20r .. - . . -
3 ) SCH VR X R Whiffletree 324 F B 4m 251k

0 ; . L .
10° 10" 10° 10° 107 10° 10° 10™
Damping factor
P 4 BHJE A1~ %) E 38 1 1 i 45 A
Fig.4 Effect of damping factor on the calculation results of active

correction force

W TERARTIE B I R E A oKk R H, SBU™ X
/N ISR A ARG T R WA R an
Kl 4 Frs, #A J1 REBGEE /N T4 1E 1 R
TE, D) SR/ 3R ik SR i R A TE 1 ™= AR 1
XHERGMAVERT L ZBEATT

MEHJEHTF/NT 7.4e-9, KEIE S4H M TE55 10k
{HRT 100N, @ 1 e shas i@ ik o fE ., Pt
¥ P=7.4e-9 ¥ A3 (10), AT LISR fiff H i K 24 o2
SR EAERIE T4, K IEJE SR AR N AR TE = & an
Bl 5(a) iz, TR B3 07 #E A 8.3 nm,, &l 5(b) K5k
AXTAE XTI () 4540 ki, PT N ad =30 K IE 5 H
T 7 B RN 7 A 04 RS AR 25 R AL R OE
T T 5 R TE ST BRI, e M B S 4% s b 1 722 1
WA IR B e AL IE SR

SR E S B ACE AR TR A R, SR — R
St /N e A SR A R SO R G RN SRR B A
BETE T2, A6 52 M B SR At R rh g LA T a5 T AR
TR F16 1F J5 14 Zernike 22301 245 25 1 8% i 25 12
HYEEHRE L, JF FOE LG S R Sy mir b B E 15K
ff TR KRR I N T EE BN GE R ) BRI
W FEFHCFRIE, 25 RRVIFHJE N FHL 7.4e-9 ],
IR BT R LIRS A B AR TERICR, B i T Y
HUE H 271.50m A TEF] 8.3 nm , f1 T 32 44 5 28 [a) F AR
A R I AR TR AS B T AR RIRE

Sk

[1] Ray F B. Active optics technology-an overview, analysis of
optical structures[C]//SPIE, 1991, 1532: 188-206.

[2] Cheng Jingquan. Principle and Design of Astronomical
Telescope [M]. Beijing: China Science & Technology Press,
2003. (in Chinese)

4. ROCEIL B R A M]. dbat: dhEREEHR
Hi AL, 2003

0617001-6



9Nk TAE

% 6 4 www.irla.cn % 46 %

[3] Nicolas Roddier, Dan Blanco, Larry Goble, et al. The WIYN TR G AME T N5 S BOE TR, 2014, 43
telescope active optics system [C]//Proceedings of SPIE, (6): 1889-1893.

1995, 2479: 364-376. [12] Yu Yang, Cao Genrui. A study on the corrective capability

[4] James E K, David Gr. AEOS 3.67 m telescope primary and optimization of active mirrors [J]. Transactions of
mirror active control system[C]//Proceedings of SPIE, 1998, Beijing Institute of Technology, 2003, 23(2): 229-233. (in
3352: 400-411. Chinese)

[5] Stefano S, Legrand P, Baty A, et al. Design and construction T, AR SR, B30 SR R R IE R ) K H Ak
of the VLT primary mirror cell [C]//Proceedings of SPIE, B[], dEECH TR 22224, 2003, 23(2): 229-233.

1997, 2871: 314-325. [13] Zeng Chunmei, Guo Peiji, Yu lJingchi, Demonstration and

[6] Neothe L. Use of minimum-energy modes for modal-active analysis on correction of 0.5 m ultra-thin mirror with active
optics corrections of thin meniscus mirrors [J]. Journal of supports[J]. Optics and Precision Engineering, 2010, 18(3):
Modern Optics, 1991, 38(6): 1043—-1066. 570-578. (in Chinese)

[7] Cui Xiangqun. Support system of large aperture thin RO, EREHE, ARt 0.5 m B AL Ea X EmIE K IE

monolithic primary mirror with active optics [D]. Nanjing: KSEEG[I]. e K% TR, 2010, 18(3): 570-578.
Nanjing Institute of Astronomical Optics and Technology of [14] Wu Xiaoxia, Li Jianfeng, Song Shumei, et al. Active support
Chinese Academy of Sciences, 1995. (in Chinese) system for 4 m SiC lightweight primary mirror [J]. Optics
B RHESOLFMROR AR MBS LRSS and Precision Engineering, 2014, 12(9): 2451-2457. (in
[D]. B at: H ERE I 0 R SR BT ) R, 1995. Chinese)

[8] Chen Fulin, Zhang Jingxu, Wu Xiaoxia, et al. Deformation of SNEE, R, RIBA, 4. 4m SiC BaEfb F5a £
thin primary mirror fitted with its vibration mode [J]. TR b KB TR, 2014, 12(9): 2451-2457.
Infrared and Laser Engineering, 2011, 40(11): 2238-2243. [15] Fan Lei, Zhang Jingxu, Shao Liang, et al. Axial support for
(in Chinese) large aperture primary mirror based on hydraulic Whiffle-tree
BRI, TkFE, AN, 4. BSR4 8 6 1 AR TE A [J]. Infrared and Laser Engineering, 2013, 42(8): 2126—
MrT]. £04h 5 808 TR, 2011, 40(11): 2238-2243. 2131. (in Chinese)

[91 Su Dinggiang, Cui Xiangqun. Active optics-key technology YA, RN, B, & RAWE Whiffletree K 1148 5%
of the new generation telescope [J]. Progress in Astronomy, B L. 204N SO T AR, 2013, 42(8): 2126-2131.
1999, 17: 1-13. (in Chinese) [16] Shao Liang, Wu Xiaoxia, Yang Fei, et al. Improvement on
P e A 1 e S B o TR AW N = B s A L £ N hydraulic Whiffletree support system for SiC lightweight
[J]. RC#uERE, 1999, 17: 1-13. primary mirror [J]. Infrared and Laser Engineering, 2014,

[10] Li Hongzhuang, Zhang Zhenduo, Wang lJianli, et al. Active 43(11): 3820-3824. (in Chinese)
surface-profile correction of 620 mm thin-mirror based on A=, R/NEE, ¥ K, &, SiC 2 &1k £ 55 ) & Whiffletree
flotation support [I]. Acta Optica Sinica, 2013, 33 (5): ZERGE WU (3] 445 oL TR, 2014, 43(11):
0511001. (in Chinese) 3820-3824.

Zgetl, SRR, Esr, & TR S AT 620 mm R [17] Yang Fei, Liu Guojun, An Qichang. Error allocation of opto-
SBEEE EIRIE ], Yese2E4Rk, 2013, 33(5): 0511001. mechanical system for large aperture telescope based on
[11] Wang Honggiao, Fan Bin, Wu Yangqian, et al. Analysis and structure function [J]. Optics and Precision Engineering,

calculation for compensation force in axial support system in
@1.2 m primary mirror optical fabrication [J]. Infrared and
Laser Engineering, 2014, 43(6): 1889-1893. (in Chinese)

FUbAR, S, RACHT, B, 01.2 m FEEG N T Al

0617001-7

2015, 23(1): 117-121. (in Chinese)

&, XIEE, ZHE . 3T 450 o 50k 02 E 5ok
MLRG R Z /L[], 62 % T#, 2015, 23(1): 117-
121.



