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Abstract: By taking the effect of Tool Influence Function(TIF) used in the NC program on the polis-
hing accuracy for optical elements into account, the method how to obtain the optimized TIF based on
the aspheric parameters to be polished and polishing pad parameters is proposed. As the key to calcu-
late the TIF of aspheric elements is to obtain accurately the dynamic pressure distribution between
polishing pad and mirror, this paper analyzes the pressure distribution between polishing pad and mir-
ror by finite element method and obtains the TIFs in different positions on the aspheric surface by
classic Preston equation and planet motion. The variation tendency of the pitch polishing pad in polis-
hing an aspheric element is analyzed in different polishing positions based on the dynamic pressure dis-
tribution model. The TIF spot experiment is carried out on an aspheric element with a curvature of
1 000 mm. The result shows that the shape of TIF simulated by the theory introduced in the paper is

more similar with that of the actual situation, and the Pearson correlation coefficient reaches 0. 977. It
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concludes that the method can obtain the pressure distribution conveniently by changing the parameter

of polishing position and can optimize the TIFs, which provides a theoretical basis for improving polis-

hing efficiency and polishing accuracy.

Key words: aspheric polishing; dynamic pressure distribution; curvature-changing tool influence func-

tion; Finite element method
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Fig. 1 Diagram of cube element

TEAS TR BB TE b dE S R A FR R . 4 (&
ORI AR TR AR &R BT R R (2 KR
Js%ux@)
S d(y yo) s (2)
§:—(z*z))

Horb d TR0 53 N7 5 R R AR U 1 & A T
FYBR S E SOB R R ECh -
8

N1(597}9§):

(i:1929"'98). (3)
ZEITHY L B R AT DL R R U AR R B £

PR B N, B 0 R B % R Y TH A A7 B
8
U: 2 Niui
i=1
8
V= Z Niv; s 4)
W = E Niw;

{1 7 R LY XIE—IU«{%E‘%/I\ijﬁﬁ’JH*&J&

BNt FH TR A0 A% 4 P R T AH R 1 O AR R R
W) 2R 7R 2y XoF IO TO0 A5 A9 “ A ™, 3k 0 2 A B B T vk
AT DLE AL R B3 B il . 550 I A () o AT DA
Hl )

du dv Iw du

— T )% Z°
€ {51-7€y’€:’71-y"yy:"ya} {glfyay’azyay

dw dw, du Ti .
TS 31+92} — B5°, 5)

dv dv

Iz dz

Hod B o LA SE % L 8 SN BT T S A A 7]
B=[B, B, B, B, B, B]

N,
EPe 0 0
IN.
N
Jd N,
0 0 Js
B,': ) (6)
IN, AN,
(’]y Jdx
, 2N AN,
Jz  dy
d N; 0 d N;
L dz dx |

AR Al 25 44 B A s e A BT N T 5
AR Z BN R R (DRI LR .
{6)={6, o0, 0. Ty T 7T.)=Deg, 7

D— E(d—w .
A+mwd—2w

7
ey 0 0 0
l=p 1—p
1*# 1—p
e 1 0 0 0
l=p 1—p
1—2
0 0 —“—2(]7@ 0 0
1—2
0 0 0 0 —”—2(17#) 0
0 0 0 0 0 12
2(1—w

Hoh D g BT SRR [, A DU T AR AR
5 E g e, p AR H . AR R D) U5 AR
TE—E W AL RS [ i A8 T, A 3(8)

A8' - F= m‘Awdxdydz = ASTJHBTDdedde,

(8)
RESHAXOBBEMT LR,

F=Ks — MB’I‘DBd.Tdydz- 5 (®



3064 ﬁ%%

5 24 &

Hov KBRS B0 W EE 40 B, A B B o0 3k 1 %0 S
REUR 2 Sl ) A B T I R A TR D G i A
W BERE I e BT S iR s g i 8 52 . W T IE
SRR R (O HESE K.

E I{11 cee KIS
K:1m1+#§}—2m ' - U0
KSI cee ng
HorpxtFAEE M K, #A 0T g,
by ko ks
K=k ke ks an
By ke ks

e N
[—’Id—’}[wa 58 45 12 |1+55] ]
£ a5

ks ko 5 Ry BB AL, T H AR I by 1Y
T, Ay e A I 6 O B T T A 1 1 ok
195 SR I5 5 =k () B 28, % T A e
TR RN P 4 e AR A B AR R I v SRR R AT LA
) B AR I 3 4 o, AR S 8 %o (B A T MO B R AT
GIHT R IE 2 B 7R 150 43 J7 28 A 48 s 1]
SR A% S BT B R Y — A T i B
A IO HRAE 1B Y B A BT s AT,

B2 fiot & ookl o
Fig. 2 Element division of polishing pad

FE N R A AR 10 AR B G (9) L eI A 32
AR R T

(D MR T W —Z 89 88 = J7 6 5%
A1 5 R HG R i ) A K TRTAY JR) DI AR W) A

(2) MOt REAR LW —Z P A 3 A = 05
GZEICE

(3) AR B R 14 32 00 P A5 A7, b 2% 0 0 N
Z AR T O FLR R E Y S 2 BB R
rﬂié’aﬂﬂ)'ﬁﬁ F,

FAFAT Z2 PP N5 i AR SCR I 2 T
j@ﬁz&iu&ﬁ Bk, &0 (D)L (2) R e R
L A (3D SR R B AT A N . R R AL
A1 S 28 0t o B 2, DA G (BRGNS

4 ZRE55H

4.1 ZHHHMHEER

H T4 O AR BR 2 R 3 T O 1 RE
T PR IH A 5 28 A L 2 ) DR A A Oy L Ak
1 USRS W A O Al e b ORE, OE B4R O 15
mm, JEE Ry 8 mm, R TG R AR 2 000
mm, fiij 03 & S 1 B AR BR T AE R A 42
O ML B E A TR AL o R T A SO S AR T A
B R B A XS 2 4L A Preston J5 & P A H
FARBN 1, BAR I (E 5 2R 06 58 PR 52 56 25 R i
RV . AT B BT 2 Y IR g oA AN & 3
FE7R o AT LA B 1 IR S o AR B A AR
G 7 BB T DR T Gk B TR T B
TE N T3 e v 25 Bk ok RO A 2 — A G 22
o SR A B AT T A O AR X A
(4 15 3 oA, AR Bk B by AR 2 50 s ) B e AR Y &

B R A E 5 R BR R AU S AR B a5 A R
290,

0.8 : ' |

06 -

w04 _ ) _
0.2 y
0
20

B3 T A Sy 43 A

Fig. 3 Pressure distribution in vertex

4.2 EBRIFHEMRL

JINES S 4 3 R FH B S AT R AR R Sk
f32 Bl Pl 2 B R A e S5 2H L, G A R A Y
IMTSE R ENFEBRE N /s, B ¥ B E



%12 4

ZEORER . 5 BESN R 1434 T B9 AR BRI 5 5 BR BR 2K 3065

K 2wr/ 5. AR 8 mm, 15 B AY 2= BR BRI
K A s BRR B 3 BUE BCE N — 2nr/ s, A%
AR 8 mm AL A F Y R eRECAn A 4 (b)
JI7s o ANHER BRI 28 % J7 1) AR % n T AsE =X
FEREL B e AR R A — 1/2 BB,
AT DL ARAT B 1 2 B 2R, A5 30 1Y 2 B oR BR0AR A
BRI A . T A TR /N S AR sk
AR eSO TR A AN S R T e
WEHN—1/2, N 0 mm 2] 14 mm &FFE 2
mm WA, FER A B B9 25 BR R8T o Oy 1) 1Y £ 8
B 53R s,

= A
1 2001 :
100'] ) )
0 4
40 ™~ ~ 40
—ZO\A\\,H\ o %
0 'JE\ 2 0
20 20
L 40740 )

(DA BFHR1/2

(a) The ratio of revolution speed to rotation speed is

1/2
Lo E{28 mm
|500]
1 000 .
weo ‘ ¢ i . e
500 : e,
01 g
40 40
20 ‘x’//zo
0~ 0
20,20
x 40 -40

(DN HFE R —1/2
(b) The ratio of revolution speed to rotation speed is
—1/2
Bl 4 AkEARH 8 mm kB pE AL

Fig.4 TIF with revolution radius of 8 mm

MEF ] PIFE B Y w0 4% F 0 mm A,
FBRRBCRIT AL MBS, T2 0 BE 32T 8
mm B, F3 B eR B 12 1] i 3 B 40 A 5 0T, 25 RO
FER T 8 mm B, 2B R B I IR 28 [0 M 7Y Sy

1200

1 000

800

600

TIF/X

400

200

Bl 5 Je bR bR RS B AN e A A 1R

Fig. 5 Evolution of TIF profile varies with radius of

revolution

A BRI 6~ 10 mm J2& i O FE B A 0% 358 35 0 1.
T3 A0 s 0T LAAR B I 2 B L 7E I 1 25 B R R
R EREN AT I TR S S8R, A
FAZR 37 0] DA i b AR 4 EL AR 22 Jn T A Bk
[OPIALE- AN GRS PANSELRIE = 3 SUNTIEE Epiil
REL) 30T v S R 1 25 B pRAK
4.3 dFKEEEBREHTH

H T R | R B B Yl BR T ' A
G117 S B ) O = e A - T N S s T
I bR B A ) R b B i B T RS B Y
KA, TR U OGS BR pR B R IR A
i 9 Y B A . HLAS 5 B s iR 22 L 15 B 4
F1%) 29 T REDRE 5 235 S DXL oG R R 00 T 4 Ot Al Bk
T2 SC RN T 8 ) )% . 38 5 e DB EE
K T B 238 D T A TR S VSRR A A W 2
Sk T ot TEDR AR X RE R A0S T R T S 3L
(49 1 7 W 224 1 AU EL 2 Hy T R R A [ 7 B 1Y
T 2N [ RO 7 00 A5 A 0 A AR G 1 3 4 B
THARA B S S REEIEA MUNMEA . BT
T A SR AR R A B GPa 2 51 L UK 9 ) G T
FEAL SRRy 435 7 A B s e, 3 T A
ALK 1 500 mm (4 99 A R 43 BT X4, il
JJZ BT JEE N 6 mm, AR E RN S
mm, 2 A —1/2, 7848 17 0~400 mm [8] &
B 50 mm BB — AN T A B . K 25 BR ek A A2
[ & B HE AT T i mT AR B 6.

ME 6 AT LL & B, 2 I T A A TS A 1)
400 mm £ [n] 7 & B Bl B, 25 R R A2 1) 42 JE
P e 30 AR A ) A MDY, o D DR 2 T A



3066 e KEE TR 24 %
1800 —&—0mm : SO AN | — Bt
1 600} —&— 30 mm 0.9 J.' X \ \ F\'E‘[JIH]‘}\{M[
-l [ d WA N | —— TR BT l".'
1 400} *isomm 08 1/ W
= :‘HU [ f '. [ \ II'.“.
1200} m 0.7 /l \\
= 1000 0.6 /] \\
B 0.5 f i\
800 /I \)
600} i 7] \\
L 03 /il W
400} 02t A \L- -
200} I/ Ly o
L : 5 = — . >
-%‘5 20 =15 -10 -5 0 5 10 15 20 25 —(}5 20 -15-10 -5 0 5 10 15 20 25
o2
P62 oAk o 0 G I A o B v A i 2k B 7 KR RECL IR R
Fig. 6 Evolution curves of TIF profile varies with ra- Fig. 7 Experiment results of TIF
dial distances
JE XANE

B AL B, Ry B ih AR AE AR K B 2R W
SRR R MY [ 228 T B, S8R IR AR
L B R A 0N 2 R R O B T AR PR
LR .
4.4 KR

R Tk — 0 B R A SC B 1Y I8 H M FE 4
mm ENPHEE TN —)2 2 mm J& 5 5R 206 i
JeEL A2 15 mm. BN 0. 15 MPa (19X,
A S N o2 e N 11 I 0 R VT s YT A AR DO 1)
B AR TR A | M W NS Y S )
B AR BF TR AR, 52 56 T 28 Hth R 2 42
1 000 mm FY [M13K 18I » 187 % E00H0 ) FH 46 6 430 5 15
B FHE 5 ) UK TE B A 1) 1], SRR R AL g
P AL R A 60 r/min, A §5HE R 100 1/
min, i 0B H 8 mm, £4d 3 min B EFR. KT
Z 5 3K T TR B 1 sk T R, 5 S8 5 T Y TP
B AE 22 91 AT 0 —fh b 3L, [] B AR A AR SCH
(1A FR BT 2 45 3 2 M 6 8 AE Bk B 8 )
Aii , HE A 20 05 L0 23 B R B (] B 0 LA 20K
T A G BT W L BR R A 0 — b b # 2
S 25 R 5 S B R AT H AR B TR 7

Al PL R BAE i O BE R 8 mm B, SE R A5 B Y
F B eREAE RO A B AT MRG, EE M AL A, T
R4 3557 49 A A5 21 0 2% B ok i) 2 88 vy 7 A 3
A R A SO T B B ) KR R A 280 T
M B 5040, s T AELR B o3 A b iy — B0k,

H T ERMARG R AARINE, ST KR
FH G FRBORA IR B 1 AH G . B2 IR EMH G R AL

DX — XY, — )
1=1

Y= . (12)

DX — X% DY —

Zo3d VTSR AT B X A 40 A R Y B Rk R B
0. 965 , T & T A SCHIE 07 ELAT B 1Y 2 R ok $0000) B2
IR ZHCR 0. 977 AL T A A g k. BiW]
TASCIRE X T 0 A U T B JR AR TR
AR 2 B pR B AR 7 TR — E R .

BT A PR TTIE B 1 AR BRI Y/ Sk O
HL Y T 7 23 A A B0, O 2 T U T AT R
BREALL T AR LY 25 R ok R, J 0 B o S Ok A B
AR R R R B RE N I R E SR Al —
FIaF AR AR OE AR 15 mm I, 22 5
Ff At R 6 ~10 mm, M 2 B ek AICE A7 26 i i
R o T e S AR AR BRI AN [ TA
EARH R BR e KL, B R A LR U T MG L
& R AT OCH M MO T FE i FEAE N 1000
mm B BRI BT T R BR R AR SRR
B T A SCRE IR 07 B A 21 19 25 R ek BC7E 26 B 55 A0
KA bR SRR . AR R B B OE AR
3 't o i v A I AL M L S R AR DL S UT A R
It o ARSCON/NE SAR R OGS T —Fh 7 i
PRAE A DL 25 B R EOT 3 X TR S I TR
KA 2P 8 3 8 3



%12 4

EORER S < BB IR 770 A T (9 Al Bk 5 25 B R AL

3067

SE Lk

(1]

(2]

(3]

(6]

EX: QFIR B - SNV | B TR € 11D) o 2 NSE S
Fe[1]. &% % T42,2007,15(6):1527-1533.
WANG Y, NI Y,YU J CH. Computer- controlled
polishing technology for small aspheric lens [ ] ].
Opt. Precision Eng. s 2007, 15(6):1527-1533. (in
Chinese)

L LR, AF.BH R, F. NHIHETHREIER
FBERE B[], &% 4 4R . 2015,35(6) :0622001.
MA ZH L, GU Y Q,PENG L R, et al.. Ultra-gra-
dient mirror figuring by 5-Axis ion beam[]]. Acta
Optica Sinica,2015, 35(6):0622001. (in Chinese)
WAL AT B, S, A g S MG 25 R R ORIk
WM T [T]. sk 5 AT R.2015.27(9):
092011.

YANG H, HE ] G, HUANG W, et al.. Dynamic
prediction of the shape of MRF removal function
[J]. High Power Laser and Particle Beams,2015,
27(9):092011. (in Chinese)

BURGE ] H. Mirror technologies for giant tele-
scopel Z]. The Uniwversity of Arizona Tucson.
AR E AL RO MOG RO TR B
ST, & B#k,2013,40(6) :0603003.
XU G, DAT 'Y T, XIAO X. Study on mathematical
modeling and experiment of ultrashort laser polis-
hing micro-processing [J]. Chinese Journal Of La-
sers, 2013,40(6):0603003. (in Chinese)

REE. B 4 AF 2k ok BB LR KB R
Z[D]. Kb Mp R HR K, 2012,

EER N

FHE992—) B TR E ML
WF5EAE . 2014 4R TR B K% 3%
ZL , BRI GY e kA BR 1 ] 1 5 A
F AR, E-mail: jsczlixuyu@sina. cn

7]

(8]

(9]

(10]

[11]

[12]

SONG C. Study on the key technologies of maneto-
rheological f[inishing for of [-axis asphere optical
elements| D]. Changsha: National University of De-
fence Technology.2012. (in Chinese)
WANG C,WANG Z, YANG X, et al.. Modeling of
the static tool influence function of bonnet polishing
based on FEA[J]. Int ] Adv Manuf Technol. ,
2014, 74(1-4) :341-349.
NIE X Q, LI SH Y.SHI F, et al. . Generalized nu-
merical pressure distribution model for smoothing
polishing of irregular midspatial frequency errors
[J1. Applied Optics,2014,53(6):1020-1027.
DONG ZH CH,CHEN H B, TAM H Y. Modified
subaperture tool influence functions of a flat-pitch
polisher with reverse-calculated material removal
rate[ J]. Applied Optics,2014,53(11) :2455-2464.
Dae Wook Kim, James H. BurgeRigid conformal
polishing tool using non-linear viscro-elastic effect
[J]. Optics Express. 2010, Vol. 18, No. 3.
i, L da, M. R FIM] dLat.dbet
K2 A 2006, 37-38.
XUE Q,MA SH J,TONG ZH N. Theory of Elas-
ticity[ M]. Beijing: Peking University Press, 2006,
37-38. (in Chinese)
FEB.B-M R PRALFERBENE SN E
##ALMI. L5 H By Tolk i A, 2011,99-100.
LISH Y.DAI Y F. New Technology for Manu-
[acturing and Measurement of Large and Middle
scale Aspheric Surface[ M. Beijing: National De-
fence Industy Press,2011,99-100. (in Chinese)

S (1980 ), M52 6% 1k

B, 2002 4F T EBM K 2O b T R
o om U GALgREE b2 f, 2007 4R T R R A
I 2 A UM 5T 7 3515 1
2 i TR PR B 6 R 8% LB
W5 97 7 35 W+ B9/ . B9 7 )
BT S 62 R K R A O

4, E-mail: siomwei@siom. ac. cn





