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Material Removal Characteristics of Polishing Pad with Small-Tool Correction
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Abstract  Continuous polishing is the preferred method for processing large-aperture planar optical materials,
especially playing an important role in ultra-precision processing of optics. The surface accuracy of components is
directly affected by the surface shape of the polishing pad. To study the removal characteristics of polishing-pad
surface materials with small-tools, accurately measuring the surface shape of the polishing pad is necessary. In this
paper, the height of spiral sample points on the surface of a polishing pad is collected by laser displacement sensor,
and the experimental detection errors are analyzed and calibrated. Subsequently, the actual shape of the polishing
pad surface is calculated. Using a computer controlled polishing method for reference, the material-removal model
of the polishing pad with tool correction is established, the material removal function of the pad in the correction
range of the small-tool is simulated and calculated, and the material-removal characteristics of the polishing pad are
analyzed. Finally, the correctness of the simulation results is verified with a small-tool correction experiment, which
provides a theoretical basis for shape modification of the polishing pad.

Key words optical fabrication; continuous polishing; detection of pad shape; correction with a small-tool; removal
function
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Fig. 1 Schematic of continuous polishing
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Fig. 2 Distribution of sampling points on polishing pad surface.

(a) Spiral distribution; (b) circle distribution; (c¢) radial linear distribution
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Fig. 3 Straightness detection of guide
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Fig. 4 Test results of straightness of guide
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Fig. 5 Schematic for tilt detection of rotating

axis of polishing pad
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Fig. 6 Schematic of polishing pad surface shape detection
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Table 1 Detection results of inclination of pad rotation axis
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No. Sy S,
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Average value 700.8 503.3
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Fig. 7 Three detected actual surface shapes of polishing pad under the same conditions

SCH AR R L 0O 8 2 2 B AR e AR A [
T E R M 23 5 (PV () 2978 170 pm., A8 A T
UL A A S AN R R T AT PV R 22 8/, B
A R — 2k,

3 /NTHREBRFE

i e 2 2 4 AR O 0 T R B O R R A
R SRR /N T BAOE 89 7 5 R SCR /D T2 il
SeRATBIE, Hh N T REMIE 8 Fras. /b
TR — b Al oL e S AL A 95 /0N B Sk A% Sl
6 TE I 3 b e e ol 8l Sk 2 e I o 4l O 5 61 R
A LB

principal axis

eccentric shaft

ball head

grinding head

8 /NI RS R A

Fig. 8 Structure sketch of small-tool
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Fig. 9 Relative motion analysis of small-tool

Hrp,

a, =z +y°, (3)
a, =AU =)+, )
Vs =wid; (5
V) =Wy (6)

Hi &9 Hh B A RE G AR AT
B=-0,Q0,, D

W HT A 528 FLAT A

COS‘BZ%O (&

TR LR R = MAIE . Q S/ T RMX T
TE S RN v M

2 2 2
v; T Ui — vg

, D)

COS —
‘8 27.13'1}4

IR pC N

v —

2

(0, —w3)(wai —wsa3) twwsl®
(10)
vo FIRVIN 5 3G 8 A/ T2 8 7 3 38 )/
THAR RO EA K,
fENTRBIEL RSP 0= po (p=1,2,3,
SREDIE 1) < 0 N 0 A I = < = v s o = 1 71
e B X R AECFE LRI Y p HE
N B TERCRART o A I, /N TR 3
ROC R 5 AL B IOLR AR S Q
U BT = s Sl 1 O S i o 21 G = N P ST

FRANIA] 25 /N TR 5 40 ' B e O B L ] 1, Q
FUERIR & 3 B E X B 4 2 B 3 R A [, 7 2 68
KA T . Q b iE 2332 BB IE DX I8 A % 3 9 |
FE— R AR EBRAE T . W, X Tt R BAEE
A2 AE S AR R BRI IE XL — ¢
oo JITA RN E i K BRI R 1 R
TEAE TE DI BT i 0 842 ) 04 B4k 25 B i
R g MR R AR r ERA R BR BT KR
gr:J% kov,de 1D

X0 9 o MR RAE . B

2y d)2
go():arccosr + (ry ) R (12)

2rl
& 9 ml s

JTZTCéSgD’ (13
y =rsing
(3 () (13) :ARA A0, 7T 15
v, = { (w1 —w;) X
lwir® —ws (" + 1% —2rlcos @) ]+ wiwsl* )7,
a4
Koo AEIE X BN MG B 45 500 R T, 3% 4 g
PN AR L ARAE . B QDO RA QD X8 /N T B
1E T AR L2 BR AT Sy

v,
g(r) =J7 ko{(w, —w;) X

[w 7" —ws (P 17 —2rlcos @) ]+ w 0,07} de,
(15
B, —r,—d<r<l+r,+d,

PRER g Gr) BV W G A28 [l 4% 67 8 1 1A R 232
L, RN 5 MO0 85 B I R S SRR G,
HABIE /N T HAL T A [F A% 1) o 8 1, 25 Bk & 09 50 A
e NI

M /N TR 25 B o B AT 3 H 5 e /N T R
i 5 4 ' A 1T R0 BB B2 =1300 mm, /N T H 2R
e ry =100 mm, -0 Bid =20 mm, il 6 £ e 5% ok
Fw =0.3 r/min, /N T BAH#H Fw, =2 r/min,
KA MATLAB iFE/NT HAY R ER ek %. i T35
vl BOR B € 5 J0 B A B R 0 AR BR &
X A BRRECT M A S i B L T IH— 1k
A FR L THEAS R A 10 FrR .

& 10 &7 T M 56 38 42 1] 19 A4 B RE O 25 Bk 12 9
Afi AT A /N T EAE T D8RP A 4 ' 26 44 R 25 B 43
A F3IF AR5 B e RS /N, B Aot
BP0 ALl 2 I i R O T S Y B R 2

S

~

0403001-5



th i

i ot

iR /N R X S48 . T AR 1] B AR 25 B e e K Y
ST IE DX b O B AT L SR T N A —E X
SN PR 25 R 54 /0 v 3% B A A S BE
BRI A PR E X 5 BEAH SR —EL

=
[\

=
o

o
[

<
'S

<
o

Normalized material removal rate
(=)
[=}]

? 150 1200 1250 1300 1350 1400 1450
Radial position of polishing pad /mm

K10 DNLRMBIER LR

Fig. 10 Simulation result of small-tool correction
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