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Study on nano-level mirror surface finishing on mold core
to glass lens molding

Tae Soo Kwak", Gyung Nyun Kim"", Yong Chul Lee”

ABSTRACT

ELID(ELectrolytic In-process Dressing) grinding is an excellent technique for mirror grinding of various advanced

metallic or nonmetallic materials. A polishing process is also required for elimination of scratches present on ELID

grinded surfaces. MAP(Magnetic Assisted Polishing) has been used as polishing method due to its high polishing

efficiency and to its resulting in a superior surface quality. This study is describing an effective fabrication method

combining ELID and MAP of nano-precision mirror grinding for glass-lens molding mould. It also presents some

techniques for achieving the nanometer roughness of the hard metals, such as WC-Co, which are extensively used in

precision tooling material.

Key Words: ELectrolytic In-process Dressing grinding(ELID €4}), Magnetic assisted polishing(#+7] & ®}), Mirror
surface(“3 '), Finishing efficiency(7}3 & &), Spherical radius(7 A% %)
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Fig. 1 Schematic diagram of ELID grinding system
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Fig. 2 Tools of magnetic assisted polishing for plane
mirror surface(a) and spherical mirror surface(b)
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Table 1 Surface grinding machine and experimental
conditions
Grindi Surface grinding machine Rotary surface grinding
““h?“g (GS-CHF, machine(HGS-10A,
mactine KURODA co.ltd) HUJIKOSHI.co.lid)
Cast iron bonded diamond | Cast iron bonded diamond
Grinding grinding wheel grinding wheel(cup type)
Wheel ¢150mm>xwidth10mm: 0l143mmxwidth3mm: #12
#325, #1200, #4000 00, #2000, #4000, #8000
EL.H.) Ip10A, Eo90V, ton/off 2us | Ipl0A, Eo60V, ton/off 2us
conditions
. Grinding wheel revolution: Grinding Y”_)]eel revol}x tion:
Grinding 1200/2000 min®, feed 1500 min™, Workpiece
conditions ’ revolution: 500 min™*, feed

rate: 0.5-3.0pm/round,

rate: 1.0-3.0pm/min

Table 2 High-precision aspheric grinder and experimental

conditions
Grinding High-precision aspheric grinder
machine (ULG-100, Toshiba machine.co.kr)
Grinding Cast iron bonded diamond
Wheel grinding wheel: @ 75mmxW3mm: #1200, #4000
ELID
. Ip10A, Eo60V, ton/off 2p s
conditions
Grinding Grinding wheel revolution: 3000 min™', Workpiece
conditions revolution: 500 min', feed rate: 1.0pm/min

Table 3 Magnetic abrasive and MAP conditions

Surface Flat Spherical
profile (using electro magnet) (using permanent magnet)
J:;gle @ 12mm,Flat/Slit Type Conical type with slit
Magnetic Fe powder(¢ 38pum/75um under): 2g
abrasive Diamond paste(#8000/#14000): 0.4g
Tool revolution: Tool revolution:
o0 : 1442/1465rpm
e 2000rpm N
Polishing . Gap(tool and workpiece):
L. Gap(tool and workpiece):
conditions 0.8mm
1.0mm Workpiece revolution:
Feed rate: 100mm/min P ution
1020rpm
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Fig. 3 Relation between cross feed and surface roughness
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Table 4 Comparison of efficiency by mirror-surface
machining process to 2 or 3nmRa

ELID grinding ELID+MAP process
#325/60pm :20min. #325—#1200:
= A 35 min. 38min,
#2000/30um: | Smin. MA;’ 3 times:
=z min.
#8000/20um: 1 Smin. #32355_’#.2000'

. . N . .
(grau? suze/totall SOmin. | B MAP 2 times: 37min.
grinding (?epth. 2 min.

needed time) 3251200
4000: 45 min. .
¢ MAP 2 times: 47min.
2 min.
After

+100.00

Fig. 9 ELID grinding surface using #1200 and magnetic
assisted polished surface

Fig. 10 Magnetic assisted polished mirror surface to ELID
grinded surface

dntg E8 3
A 28EE A
Tl 2 e



o]-§3.

#%7

o) 32 5]

3] A23AF A1

RES AHg3e] BUD A4 Aol sl ANGr SR8 A #AAD 5+ ARS TTY AR
g £ 3 AQUREANA 242 el BHE wAS] A7) Askrart, Fig 12 & 37
™, Fig. 10 & A7) Avt 5] Al Apxlejct, 30mm o F3 ZolE dnlgk A}, AvlAlztol
ZdojHe 7wty 9 FARAUEE AL #go]
33 feld= F8e OB glslch PV & RMS & vbrh Alzhgl 2 Fol) ozt
#el Az 4Y Y AZ gdojd TAFR o WHE HA F, AuAzie] PoWel whebA
= Ao ThEske dHe g ws Aoz o ojde & Wik it
Azl aFET B AlAE DA ke B
7HEE ALste FH9 38 3o E JhEsdn 10002 12
®  FitedR
a © - -RKS
10000 \ & ;v o8
10008 — 060 “a . A s & A ;,5,
[ £ =
¢ sts ~ i 99.98 . Y S
10007 ‘ A 045 £ - > N 06 a
~ * 4 e - ;? 2 g | W w - l\\‘I 3
A A & = u ®
B @ <
% 10006 030 E 03 &
g - - . u T§ ®HIO 5 o o o -0 © o
10095 - m |01° ‘-§ 99.92 0.0
[ ° ° o ° ° " Grownd 20 4 60 360 660 960 1260
Polishing time (sec)
10004

000
20 50 120

Polishing time (sec)

G ound 360 480

Fig. 11 Variation of spherical profile by polishing time for

mold core of dia. 20mm

THY Aridnts M E dubd Aol
dgt ArpE g Fojgol 3k Fe AT
FT HAdFHgd L HAS dAvpa Pl
o WMEE AT F glvk whEpx] A7t FF
Fig. 2(b)9+ Zol AABIE HIMEANE 455 7€
AN HEEY] HHFAE L AFNA
A&t dAS s Fret WUEEe] IS
£ T3t zpriddal sginh

Fig. 11 2 2ol 7% 20mm, THE7 100.057mm
o AJEE Aridvt g Azoln, AwpA| k] ulE
THNE R 3 F4HYE PV U RMS(Root Mean
Square)®] W3E eIl glvh dAnpajzie] Ao
Aol whet FEEk R 9 F2 100.049mm 2 X7
A2l vz} o sum ZrobA Tt Awpr|zre] Zo

=]
=
ﬁé

mlm o o 4

Aol wel FANF] W AL WrlEEe 3
AFAEL dFoAM e FU&T A7 &437] o
%0 Ao R AErdYh gA44EE pyv 9 RMS &

Aulrjzbe)] wel E WtE Holx gt} A A
30mm FZ 53 3T Ar|AviE Fe A

103

Fig. 12 Variation of spherical profile by polishing time
for mold core of dia. 30mm
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