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Abstract In the process of manufacturing ultra-large mirrors, there is very limited space beneath the mirror’s
back, the machine platform has limited carrying capacity, so the polishing support system (PSS) should be
structured simply. Also as the mirror is suffering from fabricating load and polishing powder which is very “dirty”
spreads everywhere, PPS should not be sensitive to polishing load and its working environment. Moreover, when
one wants to speed up the polishing through online testing, PPS should be adjustable and stable enough. An equal-
force hydrostatic support system is designed, afterward the equal-force performance and static stiffness of PSS’s
single support structure are tested, then the print-through effect is predicted, finally the corresponding control
method is proposed and PPS is integrated with (GUI) operation. Applied to the polishing of a 2 m SiC mirror, PPS
restricts the magnitude of print—through effect to 13.1 nm=~1/48, which is considered stiff enough. And PPS achieves
an angle adjusting region of 0.34"~0.48° and a +5 mm motion along Z axis for the mirror. The angle adjustment makes
the corresponding XY-plane motion of the curvature center range from 50 mm to 10 pm, which is close to the size

of charge couple device (CCD)’s basic unit, showing it suitable for mirror adjustment during vertical testing. The
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proposed hydrostatic support system has a good adaptability to 2~4 m class mirrors, which are in great demand.

Key words optical fabrication; equal-force hydrostatic support; adjustment precision; ultra—large aperture

mirror; online testing for fabrication
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Fig. 1 Structural design scheme of fluid supports. (a) MMT’s pneumatic support; (b) SUBARU's hydro—support; (c) new hydro—support
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Fig.2 Force balance of a single hydrostatic support
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Table 1 Force precision of equal-force hydrostatic supports (in mm-N—t system)

Type Factor Designed value Tolerance Weight Force error Total force error
R 32 +1.00x107° 11.44 +0.1144
C 2.4 +£1.00x10° -5.944 +0.0594 +0.1978
Pod P 0.05912 +5.00x107° 2976 +0.1488 +1.2%0
m 0.001054 £2.00x10°° -9805 +0.0196
R 41.5 £1.00x10° 9.044 +0.0904
33 C 3.9 £1.00x107 -4.745 +0.0475 +0.2662
P 0.03639 £5.00x107° 4902 +0.2451 +1.6%0
m 0.001306 £2.00x107° -9805 +0.0196
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Fig.3 Experimental results of equal force performance
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Fig.4 Equal-force hydrostatic support system. (a) One piping trunk of equal-force support system;
(b) applied to fabricate ultra-large optics; (c) three trunks and pipe links
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Fig. 5 Simulating the print—though effect during polishing by spring support system. (a) Stiffness test;
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(b) analysis of the print—though effect
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Fig.6 Integration of the hydrostatic support system and its application. (a) Control scheme of the hydrostatic support system; (b)

piezometer

hydrostatic support system applied to manufacture a 2 m mirror
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Fig.7 Work flow of the software for controlling the support system
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Table 2 Performance test result of the hydrostatic support system
Response to 50000 pulses/mm Predicted for single step/mm
Pump #
Sensor 1 Sensor 2 Sensor 3 Sensor 1 Sensor 2 Sensor 3
1 —4.66x107 5.20%x107 3.80x107° -5.96x107° 6.66x10° 4.86x10°
2 4.40x10° ~4.26%107 4.60x10° 5.63x10° -5.45%10" 5.89x10°
3 2.80%10°° 3.20%10° ~3.68x107 3.58x10° 4.10x10° -4.71x107
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Fig.8 Vertical interferometer test of a 2 m mirror sitting on the hydrostatic support system.

(a) Concept of vertical test; (b) surface figure by vertical test

0822001-7



DI S R

Qb TN AR TR 0 52T L Eh T T 0 A 1 Sl X B L A% S 1 8 R B SR W R A T 2 ) L TR
2y 5% ST P B AU A R S AT — 5 ) B A, e K S AR R A B s U A B AR A R B T T S R —
RN T AR B, A BB R D b O A B A I A vl R SO R G R BRI S . SEBRiE AT
15 DU, 1 e SCH% 2R G0 ARG B2 MR RE Ak i A S ORI 220K

I T I SO R GE N T2 8 SO R G, JEI R A5 F 0 3 0 4% I B 1A ) el 3 Sl AR A AR 200K
PG TR T B ZORNE KL 8 SO B O SCH% R G0, e A5 M SCHE R G A A 3 3 2% AR IR K
S | AT AT S8CHR e G I 25 3, ) Al A i D 20 245 K 2R 3 5 0l 2 i TR B &

5 45 1

R S 7 ELAT B 9 5 A S PR B 4% N S TR 25 AE 2% LAY, 1 kPa B Y R Ty 3 A A9 45 T 1 B R R
PVAE A 77.9 nm, RMS{H y 13.1 nm , i Hs 345 R G0 ] $2 4350 J2 98 1% 4% W2 LU ) s B0V

ARG R A TORG B I T LA R AR B S A O TAR RS MR MR R . R RS
FHF B T00 5 it 2221422 6040 mm 19 2 m S5 B8 19 37 OG22 K 0, %o 58 1k 328 25 T o) 8 1) e /N A BE Oy 0347 e K
1 BE R 0.48° 18 W] SEILUT Z 75 1] £5 mm 1932 35 5 X il 58 O 78 XOY - 1T Y 55 R R 1 JE ] dR,.~50 mm,
ANE TS ] dR,~10 pm, 5 CCDARIT RSF AR S, W] i 2 TRl 22K

R RO o 3] 4 B B K R S A R R TE T AR 0 S AN BRI AT A T Al
K ARG B /)N o A o A T ) 7 B A SR, 4 e L W DO B2 o o H A LA B R R SR Y 2~4 mom R S B T
TS SO R S AR G S AR O vk BT B A M

£ E XM

1 Liu Yongming, Xie Jun, Li Xiangqin, et al.. Optimization and figure analysis of elastic thin—film liquid lens[J]. Chinese J Lasers,
2013,40(12): 1216001.
XU B, W A, A, A5 Sk WSRO GE BT 0 A AL BT BT A3 T[], H O, 2013, 40(12): 1216001

2 Jia Yong, Gao Yun—guo, Shao Shuai. Opto—mechanical optimization for laser expander system under thermal loads[]J]. Chinese J
Lasers, 2014, 41(1): 0116003.
WoOm, maE, A I A T RO R Rk TP E#OE,2014,41(1): 0116003.

3 Wu Xiaoxia, Li Jianfeng, Song Shumei, et al.. Active support system for 4 m SiC lightweight primary mirror[J]. Optics and Precision
Engineering, 2014, 22(9): 2451-2457.
R/NE, ZEOIRE, R, 4. 4m SiC R ALK B B S RG] L R TR, 2014, 22(9): 2451-2457.

4 Martin H M, Callahan S P, Cuerden B, et al.. Active supports and force optimization for the MMT primary mirror{C]. SPIE, 1998, 3352:
412-423.

5 Li Hongzhuang, Zhang Zhenduo, Wang Jianli, et al.. Active aurface—profile correction of 620 mm thin—mirror based on flotation support
[J]. Acta Optica Sinica, 2013, 33(5): 0511001.
Z0M, AR IRER, LAy, S BT VR S AW 620 mm W BT TEE £ AR IE ()] AR, 2013, 33(5): 0511001.

6 Tang Jinlong, Zhang Jun, Wang Shaobai, et al.. Pneumatic force actuator for telescope primary mirror support|J]. Acta Optica Sinica, 2012,
32(6): 0623005.
FEaTe, ik R, A, S B R )RS g B[] b aE i, 2012, 32(6): 0623005.

7 Schipani P, Capaccioli M, D*Orsi S, et al.. The VST active primary mirror support system[C]. SPIE, 2010, 7739:773931.

8 Martin H M, Allena R G, Cuerdena B, et al.. Manufacture of the second 8.4 m primary mirror for the large binocular telescope[C]. SPIE,
2006, 6273: 62730C.

9 Huang Qitai, Guo Peiji, Yu Jingchi. Controlling distortion in the process of ultra—thin mirror manufacture[J]. Opto—Electronic Engineering,
2008, 35(8):128-133.
B R A%, SRR, Ay . R A H v S S ) o Ao AR b G AR TR RIS ()], O T AR, 2008, 35(8): 128-133.

10 Hu Haifei, Luo Xiao, Xin Hongwei, et al.. Layout optimization of equal—force supports for ultra—large optical fabrication[J]. Acta Optica

Sinica, 2014, 34(4): 0422003.
WKL W, R AT, A B OR DR sA i Y ) S A R AR )] Dt 24, 2014, 34(4): 0422003,

0822001-8



DI S R

11 Smith W S. Manufacture of an 8—meter class primary mirror[C]. SPIE, 1994, 1994: 208-217.
12 Hu Haifei, Luo Xiao, Zheng Ligong, et al.. Hydrostatic Support Equipment Applied to Manufacture Ultra—Large Optics. China Patent:
201310339253.7[P]. 2013-11-20.
IR, Y W, OSE L, B TR R ARG TR R S A L P R 201310339253.7[P]. 2013-11-20.
13 Zhong Xianyun, Xu Qinglan, Fan Bin. Study on elimination of “imprinting effect” of lightweight reflector[J]. Acta Optica Sinica, 2011,
31(7): 0722002.
PR, BRI 25, k. T R R BT R A BRER BN T B EORWESE )] Dt 24k, 2011, 31(7): 0722002,
EERE: H %

0822001-9



