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Removal functions of different polishing heads
worked in planet motion model
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Abstract: To obtain Gaussian-like removal function in optical manufacturing process, a convenient
method to derive the removal functions of various complicated polishing heads by integrating the rota-
tion removal function along the revolution trajectory was proposed based on the traditional planet poli-
sing theory. When the speed ratio was greater than 10, the removal function curve of a solid disk by
the proposed method was very close to the result by the traditional method, which verifies the correct-
ness of the proposed method. The proposed method was used to derive polishing removal functions of
different polishing heads. By computer simulation, it shows that type [l petal polishing head gets a
better removal function curve when the eccentricity ratio is 0. 4. Finally., the type Il petal polishing
head was polished, and the results indicate that when the eccentricity ratio was 0. 4 and the speed ratio

is 10, the test and simulation results are consistent with each other and they are all close to the Gaussi-

Y5 B #3:2017-02-20; f&1iT H#1:2017-04-16.
EEWB :HEARPHES T TSR H (No. 51402351



%10

kK M L 25 AT Az 3 7 ORI AR BB Sk 19 25 B ek &R 2707

an curve. These test result verifies the correctness of the proposed method again.

Key words: planet polishing;polishing head; Gaussian-like removal function;rotation removal function

1 7]

qul

TR PR Dt 2w SUE B 20 fiE4E 70
AR TR SR 1) — TR B A i T AR A
BB SR R i — R, AT B8 SO A F TR
B A B HL RS B L BR L BT RLAE R AR
e A JEE AR Bk R 1) 2 B ik AR Bk D 5 i T b A
AR,

TG TUPF R T i 3 2 25 B e R0 B
REA 22 B pR R B R R AT | B AR L R A
O 5 1 P9 A S R A 4O B AR BT P 14 25 Bk pR 08
Sy R e E R AL AT AR R AR /N T
O B Sk AR O AT A2 32 Bl O 25 Bk ok B BRAR Y
e 307 R0 25 B R RO LU L3R A7 AE — SR BB - 412 BR R
TR 2 B — DA TP AT M L 30 % BE U 25, X 2
BRIG 2 5 B0t o2 oo R 2 77 A R R R
2L R P S R R R K S T AR B B
R R T I v 307 2R 2 B R RO A RO R L AR
30X Aol 2 8 077 3 S P T 52 0 15 5 AR I AR T 2
(15 Sk X FIR AR 2 9 % Sk I AN TG

ARICEEEAT Bz sh L 1L GE e, 42 1
F e 25 B R RO e B R R I BR ek K. B
$2 7795 T LA L BOR B M SR B2 2 IR K 19 5 BR
PR, a5 ST Ik ORI T BT R T IA I IE
B JFRIE 7 L4 S T A RDE AR Sk 19 25 BR
PR ATERALOT EAT XS 11 B AR Sk 34T T
AR H P AT v 0T R 9 2% Bk pRRC L B o DG I B
P —UCHRAIE 77 75 ik 1 IE B

2 BaouyxRE

frRZHHP I 1 R, 6 L 7ESE A
B 1 5 B0 TR I B8 B Tl A B B SR AR n s
NECERON no B ad A H LA B B B AT LA
B L (A e HUBILS 2 B L 2 L) 1
T 38 2 i O ARG RT LA S B O R (A AR L
SR 2Z O AT

S0 B AR AT B3z g s e R D6 AL
AT B A S8 SRR B E S RIS 2R . 52

DR FAT RS WK 2 Fros, B &3 R
wy s A FEHIER wy B FE L r B R M TR B
R R AR A o0

MR EE AT,

v(0, ) = (i +wh) P+ i + 27w wy—

2rr, Cwy w, + wf ) cos 6]72. (1)

/)

IR

L

]

A Wa N B w;

/

B 1 A7 RE s R

Fig. 1 Schematic diagram of planet motion mechanism
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Fig.5 Removal function curves of five-pointed star

polishing head

4.2 1 BUTEHREE SO Hh S 5 BR SR HL

I BYREE P S 4 ' 1 B or M i8] 6 B . 4
H— G HELRPOHEENT o B IO E N
2 MR v Ml o Z AV MG AR 100,

6 1 BIAE IS Skl % /A BE 4 A
Fig. 6 Polishing angle analysis of type [ petal polis-
hing head

TR L BB Sk A B I 0k 5 — S G ik )
THBEIT

% EFy<n Hﬂ‘,T:%,
1

o<t yi<n HUL,TZISJQ ,
1
2 2 N2
E*:@’Zarcoos(%)—@er,ﬂﬂﬁ%‘@[ﬁl%
245, LRI R SN A0 B AR B Sk O RO R

B TRAKXGOEE [ BIEMRE LM A E



2710 . KT 5525 %
o PRE .
2nKp 2l v/ Ay <
h(xny]): .
100Kp /xi+ o</ ai+yi<<n
7

X DOARAKG) RIA 13 2117 Bz shil ot %

S EALDT LR T L R Sk A B
AT Bz 3 B4l ' 2% Bk ek Kt £ AP 7 s OF
Pl DL ) HL 5 O

A5 FLEAR AT LUF e 1 B A8 A Sk L T £
B2 S 40 't 2% Bk BR Kl 2k E - L E it 2B
AR VR ik 2 i T L0 0 B Sk B g — 4
R S NI

| T T T T T T T

08}

.................................................

P I 400 WLV ), T

Normalized removal amount

02k ..... _

-1 -0.6 -0.2 0.2 0.6 1
Normalized radius
— B EREAEL =0
— T EBREL e=04.n=o
B 7 T RAEH S Sk A 5% FAT AL s B 5 bR sR Bt 46
Fig. 7 Removal function curves of type | petal pol-

ishing head

4.3 1 BIEIWEE Sk Bl ok 5 B R 3

1 750 40 3R B Sk ' o B BT an 161 8 B . 2
B S PO B AE 0 R Z A, O AR
Ji k100,

T I RUAE RS Sk B 2 B X o — sS04 O B )

T BN % 0< /2 F y<n it T=120 3

wh

2 2 N2
EF:G'arccos(‘o+l2#)— 0,5 r' Jg 46 M [ K 2

o L AR B I v 3 AR I Sk rh o B B

B TARAK OS2 B A0S Sk 0 B 5% 25
B pRI 4K -
h(z s y)=100'Kp

i+ 0T al i <.

(8

B8 1 B 4G B =k 9l 5 £ B2 53 A
Fig. 8 Polishing angle analysis of type Il petal polis-
hing head

He OO AAKX G A3 247 B iz sh il 't 2B

RN LR T R AR Sk A R
AT B 35 3 A 4l 't 25 B ek &t £ AP 9 i O
P L 30 R 5 RO

1 I I ! I 1 1 1 T
B Ok o desstionitulft o il bl it Rineed
2
s : ; 3 ; . " . ]
E [11:] SRRy S PPN S | R D
i ft i R NG
T Dl enficeaeakraatieei s flae i b
2 .
= - ol
E : :
s 02 23 :
i o b ML LB

1] i | i i i | i i i

-1 -0.6 -0.2 0.2 0.6 I

Normalized radius
— 7B LR AL e=0
— ML EEREEL e=04.n=c0
B9 I RIAEAES Sk A 4% FAT A s B 5 bR R Bt 46
Fig. 9 Removal function curves of type Il petal pol-

ishing head

A AR AT LA e 11 2 26 50 B Sk 79 4Ot
25 B e R 2 AR 40 v 40T 7 K B eR RO 2L X
X Sk 1 e B R 5 R

5 kKIS LR ST

5.1 #hkiKI&
AT THEEEE . B AT B @105 mm,



5 10

Wk M &5 A7 B s s 7 AT AN FE R B Sk 19 2= 55 ek &R 2711

JEREE R 10 mm [y K9 10 3% 55, 465 85 F 3
TPV EF] 0. 20306 L n =50 mm Ay Il Y
M H BB — 22 4 mm BERMHED, 1 84
S S L 10 BT 5 406 Wy S0k B e 1 7 7K
W AR RO R L O S B R  f
R 0.4, B N 10,108 1 34 N, il B
[] 24 10 min.,

10 I BB Sk
Fig. 10 Type Il petal polishing head

5.2 H#RAW
Wit zygo TR M OE J5 1Y K9 BE 5, 1H
RIE 11 frzs . M 11 da] DLE 5 %
rh O B T B T 2 L B i HL AR R 28l B h 26 .
P40 15 B 00 2 B ok B 7 BAR B Y &
I3 bR 5 BIARL v 0T 25 B R BT I — R LR,
Bl 12 s CEE WP RO . Ed ] LLE

F11 T3 A0 A5 MO0 5 T8 B
Fig. 11  Surface figure after polishing
S %30k

(1] #Ah. k#taFa@Es AIM] et Bl i,
2001.

8 axbetonse e s G vt
< [ RN RO Ty o+ LSRN RTINS, -, [TV R ISR
‘; 06F - e S/ S A CEEEEETIOA | TSNS SR
B Lsimivr il a i mme ek vt e, gon A
g 04} --- T PR QTR e T P JENEEL, X =% il
i~ I TR LE R Apirar P T er e b, ., e
g 02F -4 \. ..... ,.
0

-1 -0.6 -0.2 02 0.6 1
Normalized radius

— il bR

— T EEREEL e=0.n=c2

e BT A PR R AL e=0.4.0=10

K12 o2k B R il £ L g

Fig. 12 Comparison of removal function curves

AR IR AR S O A R R AR & 1k A
AR 12 30 e 0 2 % B o R 1B PR R BRI TR
J5 2 IE R

RIUGEHRITRBAHWI G RIS, BT
FH B8 2 5 R B8 B P00 R A3k O SR A Y 2 Bk o
Bo. PEE T DL B AR ) sk M A R AR 24 O
AREE S ' 2 B pR B, Y% LR T 10 B 3%
J5 ¥k 545 50 07 AR B 520 B4 9 5 25 Bk R Bt
LA w2 DRI IE TIZ O iR B IE Bt . R
WO EHE R T AN [EIR AR Sk i 9l ' L BR ek %,
ST FL R LY B SR A 1T B A R D o0
R 0.4 B AT DUAR AR AR B 3 0 v I A A O &%
i PRA . F5c S BT I B0 26 9 B Sk AT OG5
SRR YRR N 0.4 FEE N 10 B R ER
SRS ERAA R A, BLARE & £
AT 1 30T R 2 B R I, G 4 S R B IR T T R
P IEHTE

YANG L. Advanced Optical Manufacture Tech-
nology[ M]. Beijing: Science Press. 2001. (in Chi-
nese)

(2] ##k, kB2, REFFE, —FP/hORIAERTT
PR e H R[] b5 4% 42, 2005, 13



2712

5 25 &

(3]

(4]

(5]

L6]

L7]

(8]

(9]

(10]

[11]

(2):
XUE D L, ZHANG ZH Y, ZHANG X J. Comput-

198-204.

er controlled polishing technology for middle or
small aspheric lens [ J]. Opt.
2005, 13(2): 198-204. (in Chinese)

JONES R A, RUPP W J. Rapid optical fabrication

Precision Eng. .

with computer controlled optical surfacing[J]. Op-
tical Engineering, 1991, 30(12): 19

JONES R A. Fabrication of a large, thin, off-axis
aspheric mirror[J]. Optical Engineering, 1994, 33
(12): 4067 -4075.

JONES R A. Computer simulation of smoothing
during computer-controlled optical polishing [ ] ].
Applied Optics, 1995, 34(7); 1162-1169.

RUPP W. PLOTSKER V. Vacuum activated polis-
hing laps produce smooth aspheric surfaces[J]. Ap-
plied Optics, 1993, 32(7): 1048-1050.

I, HEL ER, F R REEF IR T
Wt ll]. k¥ #%E 2010, 18 (5): 1077-
1085.

WANG P, CHEN Y, XUAN B, et al.. Po

I 42,

lishing
large aperture mirrors by manipulator [ J]. Opt.
Precision Eng. . 2010, 18(5): 1077-1085. (in Chi-
nese)

FER, 50, HF X, FOWUE T UL
BRAAFSE (1], P BALR T4, 2004, 15(23);
2077-2081.

LI AM, DAIY F, ZHENG Z W, etal.. Study on
removing function of the polishing pad of dual-rota-
tor mechanism[ J]. China Mechanical Engineering ,
2004, 15(23): 2077-2081. (in Chinese)
JONES R A. Computer-controlled optical surfacing
with orbital tool motion[J]. Optical Engineering,

1986, 25(6): 785.

GRANADE S R, DRUEDING T W. Variation in
material removal in Gaussian removal processes
[J]. Optical Engineering, 1996, 35(11): 3267 -
3269.

AR, ZAMK, F2&, F. O0FITH LT
TR AR P IR LR R S EET]. AT
FIk, 2013, 42(3) . 282-287.

CHEN H N, WANG J L, LI X L, etal.. Model-

ling and approximation of gaussian-like removal

function in dual-rotor polishing technology of op-

[12]

[13]

[14]

[15]

[16]

[17]

(18]

tics elements[ J]. Acta Photonica Sinica, 2013, 42

(3): 282-287. (in Chinese)

Bk, Rk, RE, F. BRI A A e
Brag B ie A S B [T, Aubk = 2 F k.
2014, 50(5). 173-181.

FAN CH, ZHAO J, ZHANG L, et al.. Modeling

and experimental study on the material removal in
the velocity-dwell-mode polishing process [ ] ].
Jowrnal of Mechanical Engineering, 2014, 50
(5): 173 -181.
XU L, DING J T, MA Z, et al..

(in Chinese)
Kinematical a-

nalysis of one-axis polisher acting on spherical mir-

ror [ J]. Proceedings of SPIE, 2012, 8416;
84162H.
ZEA, WA, 2. B TAT R UV i AL

M B 1 42 B L 2
2002, 38(6): 144-147.
WU H J, CAO L X, LIU J. Analysis of kinematic

SrMr)]. ALk T A2 5 3R,

geometry on face grinding process on lapping ma-
chines[ J]. Chinese Journal of Mechanical Engi-
neering, 2002, 38(6): 144-147. (in Chinese)
B4R, AR AT A S A
[D]. Kb EBR-FAH AR, 2005.

SHANG W J. Model building and simulation of
computer control deterministic grinding and pol-
ishing[D]. Changsha:
fense Technology, 2005. (in Chinese)

AP, KR, KB R BEMOCEOR Pl E
2 BReR A [T]. S HE A, 2000, 26(1): 32-34.
WANG Q D, LIU M C, ZHANG H X. Removing

National University of De-

function of polishing pad in computer controlled
optical polishing[J]. Optical Technique, 2000, 26
(1): 32-34. (in Chinese)

FHE, MM, BA, FBSIET A TH
AeEkumin e L BR R BRI ] £ 5 4 & T4, 2016,
24(12) . 3061-3067.

LIXY, WEICHY, XUW D, etal.. Tool influ-
ence function in aspheric polishing under dynamic
pressure distribution[J]. Opt. Precision Eng. ,
2016, 24(12): 3061-3067. (in Chinese)

W, L4, Begt. SFEALESDN TR
AR R R BRI B R L] B A
R % F4Rk. 2006, 28(2): 97-101.

DAI'Y F, SHANG W J, ZHOU X S. Effection of



5 10

W M, 25 AT Bz sh 7 30U AR AR Sk 1 25 Bk R 2 2713

the material of a small tool to the removal function
in computer control optical polishing[J]. Journal
of National University of Defense Technology
2006, 28(2): 97-101. (in Chinese)

(197 = 4&48, M&, M) ak, F. BMHR 7 I006 A 3598
R EBRPLIELT]. k3 % 42, 2016, 24
EE®EN:

ek BE (1991 —), H, HR KK A, B
<+, BB TR, 2013 4F 2016 4F 2 S
T REERZRG S LR, £
MFHLZF A 6% m TH R, E-mail:
ganglangyao(@126. com

(7): 1623-1631.

LIUDF, CHEN T, CHEN G L, etal.. Material
removal mechanism for fused glass by using soft
particles[J]. Opt. Precision Eng. , 2016, 24(7):
1623-1631. (in Chinese)

T %976, B LB A AL B
+ 5T 5, 1998 4F T R DU 4 B K
A 3, 2012 4F T T8 4 O06 RS
ER IR R e e S VANt L
U i TS KW Iy AF T, E-

mail : mazn@opt. ac. cn





