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A Study on the Nano Grinding of Sapphire by Ultra-Precision Grinder

Woo Soon Kim*, Dong Hyun Kim®, Yoshiharu Namba

,I Abstract }

Optical and electronic industries are using lapping and polishing processing as a final finish rather than grinding, because
they need more accurate parts of brittles non-metallic materials such as single crystals.Sapphire has been ground by
the ultra-precision surface grinder having a glass -ceramic spindle of extremely-low thermal expansion with
various cup-type resinoid-bonded diamond wheels of #400-#3000 in grain size. Sapphire can be ground in
the ductile mode. And also, the surface roughness and grinding conditions has been clarified. The smooth
surface of Sapphire less than Inm RMS, Inm Ra can be obtained by the ultra-precision grinding without

any polishing process.

Key Words : Sapphire(A}32}0]0J), Ultra-Precision Surface Grinden(Z#A2 $4}7)), Ductile Mode (942 E)

1LME
A4 Are ddstan 7/}]1171 1% 44E 7 Ars
A, B4 ‘ﬁ%?"ﬂ &4 dgglol T HA B g ded

o 2, A4 ZHEA Ao FaAasts 9o o
#7177} @A tene shgairlst ojgth AR
@4 QAN 7EE7 deaE 2HES A el

* FA 2,
FA 570-749 AE JAIA] A8&% 344-2W A

+ 4Ff Jﬁ 71N L" 2l g e

++ 4R FTRO%E JATER

7Hd2ke) vy} 2Es| Folot shul, 7y AL dg
3 42 2FRASOZ FHE U ALY 250 Hojs]
ojopt gtk A2t 7149 ZHd & A 49 HE T4
o] 53l MAstoiof 33 7|29 A AR & &
Aol A2 A ofoF g},

3, AbmololVe AN Bo| WA FoF T, YT,
T, AZEZ TalZ FHo|y ZEE cloksl Hloz

AFsta 7| AA AR Z e (knamba@wonkwang, ac. kr)



8=&Z% Vol.12 No.5 2003. 10.

853 ek, T, Aspolol F EA HREA 7}
ABA Gt sago] 017904 5.5umlESlol A
85 G2 Au GI2E 713 Bt A70G. A
S AR F2 AF0HTE 43S SRS A
S0, 3 4ol st A 459 THED, o
3t A FHEY A7) 48 73 SlolH 158
B AR AFo) FA] ATHI YU, DHE A}
olol HAARIA ST, Aol E4) FHgo]
Axueol 93 7Hgsel A 2 9 5.5umd Wl A
57] hgo] A 0|22 g R 278G DY
Atolol HAROI AT, Aot Felye) 34
Qo] a4mEe dof 735 4 & Y2A0E JdE
o HY AR AstololS AHRE QKO 7T
SJste] Ang 2 A ATHIOUD AymE
A4l e AAAY FAEE 2R BB A A
ol
RE Q808 7133
ALE tolol2e Bt 3HGY
BA5E 2t A1 %% AHEF 23D QA|E ol gstel
YgHoE DAY EF, B AYIE Yrond

e DL & &g Ro|, Afole] wek oht Ay
Az5 AR HgRokl] $49 Ao Budt
2, o x| % Y

2.1 M8 i

2,11 ZFY oMy

BoAgo] AMgSE 24 4719 FAE Photo. 1
off vehfodet. o7]oA, AIAY AAE A2 2051TE
2E AojHe AAYo] A=

239 A9 Fo] AWPASIE 3X 109K A=
&AM, @740l gRTh 281, AHEAY F4E
Eol|7] Y3l 7o) AR} L& 125mmE 3Gt

A4% 9 FH golge Hojge 134, 1E4Y ¢
13A Azrt Yasky| g, 249 divldE Y+
Hlolg & ARgatglth Table 16 AA&3 37 gol&e
ZA4 2 8A A=E veholch

2.1.2 clojor2E &
Y A2 E 7FEsl] YA o 2 A 2E
A4k #|40] Wgatch.

41

O o dd& 7 AY

@ & s 4ol 2 A

Q@ AAe} HeEo] A2 A

@ A" nAe QA o) Lo HAYE =
AgERA

® =84 &3 74 + de 2TA

AArpojofR =} Fgrto ]@E—EE A8k @QZ]L i‘ﬂ

125 EE o] &8t A5l lou, Altojojg} ZF
2 H4ME A dE ANEE AEAS o83 A A
*—101 st AbrEh

2 A5t ARgE a4 A4 97 125mm, ABF
3mmEZ X 3mmFA 9 HE 3 BE thoJofZE HE A}
431532, Photo. 29 YEFY i)

Table 20 & Aol AFGEH 4o FFet 2 947 9
B 42 Yehi ok E3, ER Y2 SD200 A& A
&30, EHAE GCA00 LEFS At At
Vs =180m/min, °]4-4X Vw =0.6m/min, 2] a =1lum2)
7oz Hysigich

v - - B O

Photo. 1 Ultra-precision Grinder

Table 1 Properties of Ultra-precision Grinder

Direction | Rotary table | Main spindle
Stiffness Thurst 108kgf/um 48.5kgf/lum
Rotational Radial 0.06um 0.08um
Accuracy Thrust 0.02um 0.05um
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Fig. 1 Crystallographic structure of sapphire

Photo. 2 Diamond Wheel

Table 2 Grain Sizes of Diamond Wheel

Wheel Grain size | Mean grain size
(um) (um)
SD3000-75-B 2-6 4
SD1500-75-B 8- 15 115
SD1000-75B | 8- 20 18.5
SDS0O-75-B | 20 - 40 30
SD400-75-B 40 - 60 0 Fig. 2 Grinding layout
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Fig. 3 Fracture mode grinding

Fig. 4 Ductile and Fracture mode grinding
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Fig. 5 Ductile mode grinding
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Fig. 6 The change of grinding mode with the feed per wheel
revolution and grain size of diamond wheels
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Fig. 7 The effect of feed per wheel revolution on the surface
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Fig. 8 The effect of depth of cut on the surface roughness
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Fig. 10 A surface profile of ground sapphire by SD3000-
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