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A study on Corrective Polishing

E. J. KIM{Manufacturing Technology Center, IAE), K. H. Shin{Ajou Uinv.)

ABSTRACT

For the development of an ultra-precision CNC polishing system including on-machine measurement system, we
study a corrective polishing algorithm. We analyze and test the unit removal profiles for a ball type polishing tool.
Using these results we calculate dwell time distributions and residual errors for a target removal shape. We use the
polishing simulation method and feed rate calculation method for the dwell time calculation. We test corrcclive
polishing algorithm with an optical plass. The target removal shape is a sine wave that has amplitude 0.3 micro
meters. We find this polishing process has a machining resolution of nanometer order and is effective for
sub-micrometer order machining. This result will be used {or the software development of the CNC polishing system.

Key Words * Local area polishing (F-221v}), Dwell time (A A}A|7H, Corrective polishing (% 4<A 9vh), Unt
removal function ($+$) A A 8H=F), Ball type polisher(7 8 A4H57)

1. M2 Z ddd FdHEAL 7R SEEY RPEYE

: CNC Aol st A olFAl7)= %o] 28 BEade

AFEHAAE ol&7 9334 Ea4 ZigAL 2 Agde 94 dye) gk slejn, #HFAHo

& 19708 v=L "/}-J o= FAFe e Palg o 2 On- Machine 23 A ~8% 34 239U CNC

go] o]Foj@cl o] Wl Zeviee Wdlent Za Azda] FlEAe] LEaws ety 9

TEAFT Yo AAHE AR AFAH Fay g Fladras P 8449 Py 611“%1

g wlated mulggl ¥iFH AFEE Y8 AF 9 AR H4¥L 55 g4 £849 45S

AMgE T glep AESTE 9/ 7T H44 Frd d§ tH?l—*b“

ﬂﬂ FAANEY e ol 2o AF 293 A3k FAE 93 B A9 rEeas AlEe o

9 Sy 272 oo AMEEHE FarAzo| Al o8 A AlxAEe Sad ZEN A

T oulrd d4da 3 AR Jdd5a 9ok 3 +E FEHIL 015 o)&to BEAARY S AFE

Fel= old Hae o Ha=Es T4 kit 7] $1% FFY o|EEEE A4En Aadds F

At a3 FHA ded He) dgdnh & Qrt =g FAE 121011 o2 g AHEE o

ARSI e o] gholzld mielksd HaAldn Bl ERAAYAE A 9T FF AA

o QojAE HAAe] 24 7Er &M =9 7bs AlZF BEE AEz 013 Abgated FEFAEE F
3 Adr] 20 AT AT YW A5 A=E el

vl7E GaAEE T deks hEos Er
2ol glevt B 52 Y4 =s) B9
2 947 HdlA s FhEe) Had 2ENS %ﬂl
of Hte Hide 4= Y4 FAEAY) f& 21 BEAMSE Zgls
ZAWe] fch FHEAoR MEEAE 232 CNC 24 Als
B =72 n4s F @AY HABTE ol Ao gk AYEZ Fig 19 vhebdch FEE 1)

=

.'Z~LrﬂJ

2. 2E

i)
o o el
ol

-950-



el HUHoE AL FTE A$] A HEF
Q Asoltt Aapeld WHE FYoAE FHE
de FAC BE EUALZ HEANE B
om FA7E BFel Frbl webd EEE

FEAEEE 48 4 Atk

<l

rlf =t o

Spevd
= | Foluhing Preanure

WWEtviy .
Duweell ihne{Fead)
ke Duermme remmﬁ‘
dimtrlbuilun

Om-machise

Mcusiremeit Dals

"Drvelt e ealcutation
-, G rate guneratior

Fig. 1 Schematic diagram of CNC polishing system
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Fig. 2 Couvolulion madel for corrective polishing based
on dwell time control
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Fig. 3 Polishing region for spherical polishing tool
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Fig. 5 Unit removal shape for spherical polishing ool
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Table 1 Polishing simulation conditions [or spherical
polishing tool
Ball size m diamcler, 2 x 1 | mm
Revolving speed of tool, wl 1,000 rpm
Revolving speed of work, w2 100 rpm
Angle of tool center line, ¢ 45°
Tool pasilion in work 1adius, x 3 mm
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Fig. 6 Calculated unit removal profile for spherical
polishing tool

Fig. 7 Calculated unit removal profiles for various
polishing tool positions
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Fig. 8 Coordinate system for feed rate calculation
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Table 2 Polishing simulation conditions for sphencal

Ay, (Dol 8l kA ek 92 kol 9lo]H 2
=7 = e PP = 41 polishing 1ool
FHEZol hxyE rHEElr] fd Fpe FASR
Fxys e go] Zojzchll Workpiece BK7(¢50 x 40 ¢)
Filx) = TK_.E% ) Polisher Polyurethane sphere(f6)
_H J_C £ Abrasive Ce(Q2
“714 f;(x{% ]ﬂ‘;ikg'@o A KT] sheiA 7}%% Particle size 0.9 /m
=] =L T i 7 =
o 4 7En ZJ(K? 7B sEgA LS woEs Concentration 20 wit%
AA% BEE ST By IRFIFLAE SolE pH 7
QA RA7)ee] =)
AnAzrEel e Rotational rate  Tool ] = 1000 pm
3 = Als Worlipiece = 47 pm
3.1 Al r:rII i' e —
Fig 901 A%o) A4E Teld AUPAE v L
ik M D
H .y ‘n: ! el
< et N A A
' [

E

Fig. @ Polishing test apparatus

Azron AAH o) LE o]LAnE o F

QW0 OME DKM 2o D00 D
o]

R T I PR PR
g

Fig. 10 Unit removal shape (w, = 0}
TEEY e B 7y

ool ey
& olele} Fig 110] VEIGEL AAEE R BEe
Agdoldastst o] ABE FU¥el 73 7

-953-



& #adel sbEgelst A A o) A3 =7
bg gaisol ¢ nelEA He A8 4 F 2
Th{0.420m / 2353 A=17 nm/3H)
oo i i ‘
TN
i R
a1 "*' -
0.4 i ‘ ‘ ‘
a 1 |n}\(mm}|5 20 kil
Fig. 11 Unit removal shapes {wz = 47 rpm}
3.4 o[&&THjo] olE E4rhks

BEATYRT BRI Ge =
g o4 AN A7 o]_a]
o}, FEakal FEe g ArE
FHEALNE
G Apolzh glvh wehal
BAo] Wasl ddrlEddE
Aasto 2 olesT AL

ko] EEHNNRZ

OH_CL

ol AHAA
73%:‘
2 #st3ich

iy
z 3 4 5 T oAtz 17
1 L
bou -1 ;
RS T
S 7
o | / [
g - - — — -
& oo - Pl
G N |
= [ | / [
e =
020 f— - i T I 1 T
1 T
Wl
il
€ i
.E v
e | -
ERT?
= R |
4

T T i
Z 3 4 % & T & b o012 B oM

Sunitd)

Fig. 12 Feed rate for a target removal shape
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Fig. 13 Polished shape using feed rate control method
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Fig. 14 Dwell time for a target removal shape
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