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Abstract Theoretical and experimental research on removing characteristics of ultraprecise bonnet polishing
methods are made to get an ultra — smooth surface for optical elements. A material removing model of bonnet
polishing processional motion is established according to kinematic principle based on Preston equation. The model is
modified in terms of Hertz contact theory using the physical characteristics of polishing bonnet tools. The affect of
several main technological parameters to removing characteristics of processional polishing motion is analyzed by
means of computer simulation, and an orthogonal test is made on an ultraprecise numerical control polishing machine.
The simulation results fit well with test results and four important conclusions on bonnet polishing technology are
obtained. The span of processional angle and decrement is provided and an ultraprecise smooth surface with RMS= 0.
024 X figure precision is achieved, which provides theoretical foundation to research on bonnet polishing technology of
optical elements.

Key words space optics; bonnet tool polishing;removal function;Preston function;Hertz contact theory

5| = HTAF SR B S B A R IO R e B
25 I 2 H A e b e sk e b TR U EOAE 20 1k 90 ARUE 0L Sk
SIe ik 42 i 7 B 7E 62k B 5 ) ot S 22 T Ak 1Y AL R 1 — AR B LA oy e A
T A T o 0 AR kL Rk O R DL AT X T R L R R B B ]
BT EBEE R — A E S R AN a g, KBGO R RN T B AT B A

s B HA: 2008-09-17; Y& FH HHA: 2008-10-17

BE&THE: HEK 863 i1 By,

EE B A UK 1978 =), I3 kU, W LA 5 A= L 2 MO 2% o 1R DR % 0 5 R 4 O T I B AR

E-mail: hongyuli@hit. edu. cn

SURE v 5k H962—), 5 AR WA AR T 0, B AT 3R %A AT (] D AR R AR R A E] AR I ' 2 DT 1 R ORG  m
T 5#M %5 E 5 . E-mail: wzhang@hit. edu. cn



812 B %

o 1 29 %

SKEAGAE SR L i Tk T 1% G HE i ' J7 2 v i ot
Sk AN BEAR A $tb R A W) 5 9 Bl i 2 — P R R Rk
JE AR R R N T D7 v HG s R e L

M 90 AERTF IR R BOEF L5 % D. D. Walker
S NXTBERL O Ty AT R R AR AR
A ' 1 B B T 4 o B A O B AR R D) B R R
Ot TR VRS I AT T — s iR LB B AT
IR W 4T R T B B s A O RO AL BN
R R VE A B AR WA . AR O 5 BR R R 1 A
ST B ORI BOR A SR R SRRt R R i TR
R ZZ WS B R AR TRV I 4 R 7 — B 5K
AR AL b RIS B T — e k. A
W TF Preston R 1% 1 Hertz A H 8, 8 o BH
15 B 5 S IR AR 45 A 10 7 vk RSB O 25 B Rk
17 1T HE5E.

2 AUHEIOG R BRI Y ST

67 O 2 22 B K RS2 L AE — 7 B R 3
ZFAET AT LA Preston J5 R i 1A 0% il D' BB 2%
Brim 5% F TZE S8 R, Preston Jy 1,
1 AN ) LAY — DD B 3R A9 A 4 R 0E Sy —
Vo )8 5, XA U ST TR RE 2 B A s ) IR I
JERAPER R,

dz/dt =Fkevep (D

b & g L B B S B O R R PG R A
BEI R Rl 2 O R B PH (R KOG iR
A K s o TR — SR BRI OC R, p il
JEIE ) v Bl p HBJE K TALE AAR (oyy) FIESTR] ¢
4 BRI £

TE X LR R(esy) I AVER S 06 <4
FERALIN ] T P B~ 2 h 26 Bt B

R(z.y) = iJ AZ Cavyat) + dt 2)
T,

X AZ Cevyor) g BRI BN 8RR L BR B, 2
T RIE T EAAMEA LR O 6 TR %
B R A5 A X B v, BE L BT AR AR O 4
B XN 25 5 B A B B o, BERE 0 B9
PR Z S - TR e — JRL RS BRI BRIV 45 2] 4l
DM B S DX PN R 2 R A 20 A RS B
e M LR, AN T = 2x/w, -
T FEh o p B0 18 5 » IRt 25 B ek Kk

o
R() = lJ ke plx,y) »vlx,y) =
TJo

.0()
’i)J o(z.y) + df (3)

21—,

2.1 ERHFUENEFER

1SR Sk HE 3l 7 7R B B2 A il O fi
XA — R B A B IO SE A B )
T B R wo B T AR e S N w » O 51
Sk BT 456 422 fio [X A T80 0, Py y) 85 R 41 ' 422 fi
XA il i B o o IR RRIEH BN d
fOC R R S iE sh  JL O &, AT
Ao 9 6 5 S i P D R )

B 36k #E 3l 7i  R)is 3 s R
Fig. 1 Sketch of space movement of polishing
bonnet procession

A
Y Vy

Vp1

><V

P20 il 04 ik X P9 A TR B OG R
Fig. 2 Velocity relation of any point in polishing
contact zone

v/Pl = 2+ cosp* (R—d) ' X

4
ses—a) e 5= e (s—Y) cwy»
A
a=[(R—r?*+ 2%+ y V%,
B= (R—d) « (cosp) ';
y={yV+[(R—d) +tanp—a "}
s = %a B
Uy =T w (5)
v, = /(01" + (v,)" + 2cosa » vy » v, (6)

H (6) SACA ) 3L R RTR TS HL 7 H AT 2] <



334 EPCE A S DR U RORE RO Y 2 BR AR MR 5T 813

PEYNE 1 B R A T R BR R B IR AR B
AR+l {2 B W 25 Bk bR KA WAL - S0 25 R R
19 e AR BEAT TR ALy B 3l 2 09— A Ak B AT LA
W JE kAR RN
2.2 Hertz B R X X BRZEEIE

A b 25 B A TR0 170 #f 0 R e 2 O AR I X
B RV TRl s 6 TR T Y TR g T R AR R
PR E R ) i XA TR 5 2 5 o3 A L AHL SRR L
JIv A P Y e Ay BRI P 0 B S RE R A 2
PRAEACHE . DRt 03 ) 4 O e fih DX R T g ek AR
BN gL SR A B Wi N e T (5 D S )
K T8 T HEREALL A 50 58 AR 48 A 8 U B PR AR
W5 Y BALBRCRE PR A 5% s 8 U R TR R B
{H5 LY BALBCRR VR A 56 38 5 8 R I RN
Ko B AR BT TES T 5 R B0 A [H]
(9 o X R4 19 R 4 L RN R 52U 0T S X

G il DX e i %) 28 ey o AN [R) 5 Y R 4 S K
BN S AT LA B Hertz B2 filk 98 5K A 91 5% 322 firh X 119
JE S AT % e R B Hertz1882 4 ¢y JG 2 H
1), 153 A

pCay) =p0(1—§—z—f)m 8
KL ES po = (n+ Dke/mab s #1561 FRBEIN K
SR [T 422 ik DX (%) 300 55 e 61 DX 3 g 42 fl DX 1) A9
B8 2 /a® + 3 /0 = 185 s m IR S350 4 8L
TR IR, Preston JrfE Al MBIy

H(r®) = J K, (nt Dke o

mab

(1 ~ FPeos’ (@) rsin®(9) )"' V(r,0) « dr (8)

a’ b’
m AL LA, —RIER T m 1, =0,
0 = 0 B A] 38 o 52 55 45 21 422 firh XA 1] BURD rp s 25 Bk
WA, NTR3 K, .

*1 LREKME

Table 1 Experiment conditions

i C
Charged over

Mean Relative Test

WorkpieceDiameter of material of particle size concentration time of Indoor
material  bonnet pressure of polishing of polishing of polishing each temperature
bonnet caput liquid liquid point
BK7 40mm 1bar polyurethane 2 pm 1.03 10s 20C
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Fig. 3 Measurement results of fixed-point polishing
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Table 2 Size of elliptical polishing zone at different angle

angle 5° 15° 30° 45°
a /mm 6.1 7.9 8.1 8.0
b /mm 4.8 5.7 7.2 6.9
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Fig.5 Simulation results of fixed-point polishing removing characteristics
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