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A Study on the Surfaces Machining Characteristics of Ultra-precision
through SEM Measurement

Soon-Joon Kang*, Sang-Lok Oh', Gab-Jo Lee'’, Jong~-Kwan Kim'"'

J[ Abstract !L

The purpose of this paper is to look at the characteristics of surface finishing which is one of the form accuracies
and to obtain the fundamental technical data from the process of machining with diamond tool through experiment
and theoretical analysis. The experiments were conducted with domestic made ultra-precision machine and
MCD - PCD  tool, with aluminum alloyed material and brass being used for the work pieces. The goal of the
size accuracy was set to 100nm. The most suitable tool nose radius and machining conditions were selected,
and the variations of the surface roughness were observed using SEM method while machining the distance
of up to S00km. These data were evaluated and they examined the variation of the machined surfaces while
cutting up to 500km of machining distance. At the same time, the state for the wear of diamond tool nose
was analyzed and carefully examined through the newest measuring device. Additionally, the characteristics
of ultra-precision machining technology were studied through visual analysis.

Key Words : MCD (92 telo}2 %), FCD (912 tio]ohz ), SEM(FAFAFE D), Ultra-precision machine( 307}
71), Tool nose radius(FTUA73), Surface roughness(EHAA7))

ol &2 Alde] ZlesEd b g =g
Ledde A5 2 FAAYE 100m, FEAA

.M B

Ad@RANMY YAY=ed 2% 2 n F2
of g 27 dol &5 HHL, old @
MEE 7le/hds giwae] d43sA Basi
HAed 2 270 #38 A72H F9 s}
2RUILE71Y $Folgdn & & Uk 23Ys}

* Zed, Adga AAFS% o 84K (ksj@hwacheon.cokr)
=

F 4 501-759 FFA FF AMF 375 A
+ ZAdqsn 2| AF g sty
++ ZAqn 7| A gty
Y zddtte AT

-.34_

7] 10nme]stetn T& = gloh Azxr|&e) T
of mgt FEF, AYARE, AARE T 4
T AeAdel ol 24YtE S PasA ¥e
oke A gida & BF 1 FoA4S 9% 23
ZH3 ok v F ofA%® sdsjord EAVF &



had
o

—S’:°k°

[=} 21 98) 3=

o] YA A Ty
239 713

2 dAEY,

Aol of

8 e
e e B

LR
Hnog

12*‘3 AA7bg O & thololEE T E
T Ho] dtslHo] gt} ol dAER, vl
AW 2N ol TFFERUOE 95357 o
olm, A7 o HAAFFEA FAwAF L 7H
A 4 9l7] "ottt e ddgejolEs
T2 AZte] ofgn, FYulEo] Fol Uyt Ay
Ao A HEo] 4] g} olof HIE 9z}
ojolZ T FF7F EH HEEHI: glon) HY
tfolotRr F ol H|Fe £ F ZHAHL
%kiﬁm ot ol did A7 AFHZ Yok

9 #8 THolMe AFUHEES BE Kim"
2 AU WA " AdzxdojelEs F

4ol dg ARE AANFALH, Jung?,
dFelgead Wt gatdele] o
E?‘M“—NH EA4S SEM 23719 ¢ 59 1
Z 9 dzuololZr F7 nhre tha AAv}
NN2ARE AT £8 Yu'E oot
TFe AAA e B YU EHS
o] F7e 27|vtRe @ 71228 E, Kang®

T QRO RE FIE o] IR FEE
9] A o sl EHAAY) HUbE 53 F
2ol HA 2L Ko §& ZAL% A9 24
2 7hge] g 4L AFEE 5 19909 2HE

g . dol

o] Fofe] T|AEL 7] A3 A
Loz 714 MY 2 )L e a7P)

Ahg-5

ar
o

= 73
&

-
)

gstA = 5351 At

2 dFe FUedA 100nmTF FYUEE Eg=2
e Zé‘Q7}t7l§ Ay ez d2ugg
T3 4% ARE H4adoe] 0~500km7HA] Q9= 2

Z]

A TololRE FTE o g3l AANTE 2
YA /3R EWALY) WHE SEM 7] 4
oz BEsm FAALS FHARS W@ W

stel 7} EWY WHE n2aT, on thololE

I

:L
=]

_35_

E 37 444 sEgue H4 2339 9
N n@sel A Fojol @ 24W HEIE
o 7|25 E ANsng Bk,

2. O|=H ulild
2.1 SEM9| &t A4 7l #uAIE &4
Z=AH 218 2] 7 (Scanning Electron Microscope) &
AFoeiy Had AARE doR e A7 |1R3E
HARZE o] £3le] oF 100mm o)&te} AL AUe
jAg oz Alge FALE A, olwf Azt mEH
FoRRE TFEY BT P et ¥iE o
WEEE 23 AANEE #E2 4 CRTY =2 93
AlA oA Aoz s YehdA ghe 717
olth, FALMAEU AL 4 2HNEI BTE
v AR 29 o)A How EEF(FHd 06m)= 24
14 A4 28 & 9tk F2 AHEH A= 23 AR}
gen AR 1 )& x10000] )24 YA
€ 3delng A A g £ adE gud
2171 Ygol 3 2ALEE

[¢]

A}

22 3R

%é*#%—ﬁl PLE Fejole R4 FAE S upe
2 3A 789 o944 vtEe 79 FH
A7e D}Ei tEddol AdojAn A AF
o 9%& Foi 79 £%8 @A AEHE IR
o gejolz FAHd nt ol Tl FArz 2
Ao A& vhdE doA U7 L58HA sol
nh.e] gejojrt,
Ao M T8 &4do] o] o) el 2t
279 JHEAYEE €€ F AU T &4
ol AP dag £YL F Ye B4 A

of Wj7tx e} BAHA HAAE FFFHolet
ot FTESE AR Bl met dAY
A5t 71A A, 354, dH 8.9 S st FA
Moz vrHo] &40 Jhe AdERT o7
A E@ A7)l e7]A] R 2719 7, A, o
&, 248% TY o)Az uuY + Aok

.
2

o

o

et
k)



2.3 XUAAY

ZFEEANA JPAHCE olF HE FeoMe B
of 239 HEE FUAANER) 39, a4
o FHHY, gol, F, Wdo] ARAA7Y ¥
4& AFdEd, FHAAVE BASE B
ofg] 7kA7F oy Aduky ez FAM F4 BEH
AA7N RIS Hdzol ERAA7)(Rma)?t Bol
2ola Qlth Fig. 1948 2ol T4 BT B9
AA71E A LEYAA A3 28 o] Fof2)& ¥
ZA e B Mz gASE FUHoRRE
o] HBE olgAGR Hodrt Hdige BHAA
71 Fig. 2004 ¢} go] AL T UeA FAAd
HYg P AHFE Ads F FAHA0)9
AR E ZAEY AA ZIAVE AN A ES
dojAlE HF EBRAANE F 71X 5€Y &7
7 §HR Y2 B 4 Stk & F379 ojfoly
olg&xe] 7|88ty AN o] EEAAY
(Ideal surface roughness)$t HAH7 439 B34
o2 23k A4 F3AA7|(Natural surface roughness)
ot} AHatrbgofA 9] o|E3 RHAM g T& F4
A, AE, F&A7AS RG] Fol flo] Foiz

FTEY, olF, &5/ TFAMY etz
HAE 250t}

] . ]

Fig. 1 Average arithmetic roughness

Rmax

Fig. 2 Maximum height roughness
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Table 1 Specification of tool holder & inserts

Description PCD MCD

Tool holder SCLCRI1616H-12

CCMT120400-HPDO10
Insert CCMTI120401-HPDO10

B i CCMT120402
(Nosc radius) CCMT120402-HPDO10
CCMT120404-1TPD010
Rake angle(®) 0 0
Clearance
N 10 10
angle(®)
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Table 2 Cutting conditions for each tool nose
radius

Tooll  Depth| Feed| Cutting| Suinde Lummj Cutirg
rechus of dcut rate spegd spegd dia. detere

it 3\ N D
(nm) (mm) ol  (m/min)|  (rpm) (mm) (mm)

0.001 800

0.0006

O5m) 0.005 800

0.010

0.001 800

0.0
01| 000% 3
02| @zm| 006
04

500 5,300

1000 10,000

0010}___80

0.001 30

0.005
{Sym)

0.010 80
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(b) Brass
Fig. 4 SEM specimens

(a) Aluminum
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Fig. 5 Graph of surface roughness values with
tool nose radius
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Fig. 10 Mono crystal diamond tool (x1,000)
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Fig. 11 The effect of cutting distance on the
roughness(0 ~100km)
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Fig. 13 SEM photo. of surface according to the
cutting distance for aluminum alloy(PCD)
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Fig. 14 SEM photo. of surface according to the
cutting distance for brass(PCD)
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Fig. 15 SEM photo. of surface according to the
cutting distance for aluminum alloy (MCD)

(b) 500km

Fig. 16& AAtjololE= 372 $5& dAvt
¥ SEM2.2 £A4% A#2 x7)d e JEva
Mo dadelzt dojgel wep dzeholof
= TR A7 | Arle Jertart A

2EATE & gl =8 BRAAAY
FoAde wE R @ N uF w4
Fded AReY Ao A8, ¥, 34
ECERA ARY 299 € 7 AN

@ o 10

oft
Lo

2o oo ol 3L ool
’ NlOo‘?‘,.'.J}.:‘.‘ﬂ



(a) 10km (b) 500km

Fig. 16 SEM photo. of surface according to the
cutting distance for brass(MCD)
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