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Abstract Magnetorheological finishing (MRF) process is adopted to overcome the drawback of traditional
polishing method in final finishing of SiC after silicon modified and removing the debris of optical surface in final
finishing with high efficiency and fast convergence. The requirements of magnetorheological (MR) polishing fluid
are proposed according to the actual polishing situation. The rheological characteristic and dispersion stability are
tested, which verify that the prepared MR polishing fluid possesses good performance. A silicon modified react—
bonded coaxial asphere mirror with diameter of 130 mm (effective sub—aperture is 120 mm) is polished with two
iteration in three hours approximately. The root—-mean—square (RMS) of the surface accuracy is improved from
0.0561A (A=632.8 nm) to 0.012A rapidly and the surface roughness R. reaches 0.618 nm. The results proves that the
prepared MR polishing fluid can satisfy the polishing requirement of modification layer on silicon carbide and MRF
possesses outstanding advantages in final finishing of silicon modified mirror.
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Fig.1 Schematic diagram of MRF
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Fig.2 Requirements of MR polishing fluid
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Table 1 Composition and proportion of MR polishing fluid

Components Iron particle Abrasive Base fluid
Type Carbonyl iron Nanodiamond De-ionized water Stabilizers Other agents
Parameters /nm Ds,=4000 Dsp=50 * lon dispersants Buffer agents etc.
Volume proportion /% 38 0.02 Others 1 3
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Table 2 Polishing parameters of removal function experiment

Wheel diameter /mm Rotation speed /(r/min) Polishing gap /mm Polishing time /s
160 120 1.1 20
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Fig.3 Material removal rate under different pH of base fluid
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Fig.4 Dependence of the shear stress on magnetic field intensity
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Fig.5 Dependence of viscosity on the shear rate
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Fig.6 Zeta potential testing result
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Fig.7 (a) Initial surface; (b) photograph of actual polishing
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Fig.8 Surface accuracy result after (a) first iteration; (b) second iteration
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Fig.9 Surface roughness after polishing process

0322007-6



D S S
FILC SR 2, SRJE AR 8 8 (a) i 0 1% ThI I B HiE A0 0 A7 5 — A 1 0 40, an 181 8 (b) Z8 3 1 h G T P 158 25
RMS ik #]0.012A . il 52 1 1Y T HUBE FE R,=0.618 nm , Kl 25 U 9 fr R o 25 WA R 39 3 h i
TAROG, T A Y TR B RN THDMLRS B B B T TR EOR A AR .

5 4 ik
AR T 2 40 ' R B9 S B I T SR, B TR I A T I YR A P BE R AR A 2 B AL B G o) — Ao
T A TR A ' ) DA DR e 2% R PR R B R B, R R T — RO 2 R BIT F RABAA i i
il A D' R Y 25 BRSO PRR 5 T 31.3% VRR 42 = 1 32% , EBRACE I R 42 71, Q2R 52 i 9t 06wy i AR AR 3 4
$2 75 0.3% , PRR HI VRR 43 3 1l 35 7 wm/min F1 0.123 mm*/min. T g 5 90 56 7 19 28 1% 37 K6 B8 (2455 1, 100 r/min
)AL 0.26Pa-s fERE 7 0.3T T , B9 Uit RN F13% 2] 32K Pa, 8 310 8 DGR 43 HC A 2R (9 353K -38 mV DAL, F7
FEAR AL 2 SR C XS MO REEESR o @ A X — B ELAR O 130 mm (A7 20 A48 120 mm ) B4 ik 2 1 A9 1] Al A
BRI RB-SiC T FHEAT SE bRl S , 2008 W4~ A 1 249 3 /I (990 56 , R A B RMS ML 0.0524 (A=632.8 nm ) PR i
S 0.0122 , HLRE FZ R.3K 0.618 nmo S 3iE 1 A I ] A0 G M RE DL R, W U 78 41 't J2 S0P i 2 i EA 5 S G By
BUA RO T B it — 20 S IRE AL I 06 AE R D AR A 2% T 5627 T RO O BT, $2 8 T AT SE R 3¢
#.
& % 3 Bk
1 Zhang Jianhan, Zhang Yumin, Han Jiecai, et al.. Design, fabrication and testing of space—borne SiC mirror [J]. Optics and Precision
Engineering, 2006, 14(2): 179-184.
SR BITE, 5T IR, SRS, AF. s ) AR A Rk S S B T 3 5 AL, D2 RS AR, 2006, 14(2): 179-184.
2 Yan Yong, Jin Guang. Material preparation, surface modification and aspheric processing of RB— SiC mirrors [J].Optics and
Precision Engineering, 2011, 19(8): 1750-1756.
Fl5, & ot RB-SIC SR B 9 bRHR 5 R Ve SR BRI TLJ]. Jt% K5 % TR, 2011, 19(8): 1750-1756.
3 Zhang Feng, Xu Lingdi, Fan Di, et al.. Fabrication of surface modification aspheric SiC mirror[J]. Optics and Precision Engineering,
2008, 16(12): 2479-2484.
gk U R, 5 R A T AP Il R AR KR BT BRI T[T, Ot RS TR, 2008, 16(12): 2479-2484.
4 Zhang Feng. Combine type polishing of silicon modification layer on silicon carbide mirror for space camera [J]. Chinese ] Lasers,
2013, 40(7): 0716001.
gk W 2 ) AR LI P Ak S S 2 1 O 2 9 AL KDL R O, 2013, 40(7): 0716001
5 Ajay Sidpara. Magnetorheological finishing: a perfect solution to nanofinishing requirements [J]. Opt Eng, 2014, 53(9): 092002.
6 Liu Zenyu, Luo Xiao, Deng Weijie, et al.. Multi-mode optimization for large aspheric mirror [J]. Optics and Precision Engineering,
2013, 21(11): 2791-2797.
XRT, % W, B, L R D ARAEBRIE YA N ). O65E % AR, 2013, 21(11): 2791-2797.
7 D C Harris. History of magnetorheological finishing [C]. SPIE, 2011, 8016: 80160N.
8 Shi Feng, Dai Yifan, Peng Xiaoqiang, et al.. Magnetorheological finishing for high precision optical surface [J]. Optics and Precision
Engineering, 2009, 18 (7): 1859-1864.
A W, B, /IR, AR R B R I TR B TE D). D6 R4 LR, 2009, 18(7): 1859-1864.
9 Dai Yifan, Shi Feng, Peng Xiaoqiang, et al.. Deterministic figuring in optical machining by magnetorheological finishing [J]. Acta
Optica Sinica, 2010, 30(1): 198-205.
WML, A W, SEUINIR, SO B TR R A E PR BT 1 S BRLD). Dt 2 4R, 2010, 30(1): 198-205.
10 Li Longxiang, Deng Weijie, Zhang Binzhi, et al.. Dwell time algorithm for large aperture optical element in magnetorheological
finishing [J]. Acta Optica Sinica, 2014, 34(5): 0522001.
IR, ARG, SRR, A5 R ARG T0 R R A 78 I B B A R] SR AR B R )], D624, 2014, 34(5): 0522001
11 Bai Yang, Zhang Feng, Deng Weijie, et al.. The preparation of MR polishing fluid and the polishing stability study [J]. Acta Optica
Sinica, 2014, 34(4): 0416001.
H 4.5k 0, X0, 45 REUR AL W R TC ) B B R E PR (], Sb 444l 2014, 34(4): 0416001,
12 S D Jacobs. MRF with adjustable pH [C]. SPIE, 2011, 8169: 816902.

0322007-7



DI S S
13 C L Miao, S N Shafir, ] C Lambropoulos, et al.. Shear stress in magnetorheological finishing for glass [J]. Appl Opt, 2009, 48(13):
2585-2594.

14 William Kordonski, Sergei Gorodkin. Material removal in magnetorheological finishing of optics [J]. Appl Opt, 2011, 50(14):1984~
1994.

15 Hans Mollet, Arnold Grubenman. Formulation Technology: Emulation, Suspensions, Solid Forms [M]. Yang Guang Transl. Beijing:
Chemical Industry Press, 2004. 618-624.
DUT - BERNR , B3 48 - A 1) ZLR P R T A TC 5 B R 5 R T IM. #2006, 338 Bt 62 Tl i i, 2004.

16 S Komkrit, J] K Jiang, S Manoranjan, et al.. Role of surface area, primary particle size, and crystal phase on titanium dioxide
nanoparticle dispersion properties [J]. Nanoscale Res Lett, 2011, 6(27):1-8.

17 Stoll Serge. The importance of zeta potential measurements & role of ionic strength in flocculation processes [J]. Water Technol,
2013, 4(1): 1-5

RS %

0322007-8



