PIRFEI ALY 2003 FALEMUE =B pp.83~88

240 AT IA

=5

dAR) 54

off,

7}

e g, danz, 4¥E”

) 1

el

Characteristics Evaluation of Surface Roughness with Ultra

Precision Machining
Kang, Soon Joon", Lee, Kab Jo', Kim, Jong Kwan"'

{ Abstract Ir

In this study, experiments were conducted with an ultra-precision machine, developed in domestic, to find
the characteristics and the most suitable cutting conditions of ultra—precision machining. To maximize the
performance of the machine, the machine was installed in a room that is protected from vibration and is maintained
constant temperature and constant humidity. Selected work pieces are an aluminum-alloyed material, which has
excellent corrosion resistance and has low deformation. The used tool is synthetic poly crystal diamond, which
has excellent abrasion resistance and has low affinity. Four types of tool nose radius were used such as 0,
0.1, 02 and 0.4mm. Machining is performed with cutting speed of 500, 800 and 1000m/min., feed rate of 0.005,
0.008, 0.010mmy/rev. and cutting depth of 0.0005, 0.0025 and 0.005mm respectively which can generally be used
in the field as a cutting condition. As a method of evaluation, surface roughness was measured for each cutting
condition, and reciprocal characteristics are computed for each tool nose radius, cutting speed, feed rate and
cutting depth. As a result, the most suitable cutting condition and characteristics of ultra-precision machining
were identified which can usefully be applied in the industrial field.

Key Word : Synthetic poly crystal Diamond Tool(94% 212 tholol2= F+), Ultra-Precision
Machine(Z4 % 7}87]), Tool Nose Radius(F124%H4), Surface Roughness(EBAA7])
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Table 2-1 Comparison accuracy of test cutting

machines
. . Ultra-
Description Precision precision
Vibration value| Radial 0.8um 0.3m
of spindle | Axial 0.8¢m 0.3tm
Vertical / X axis| 2.0m/100an| 0.5:m/100mn
Horizontal
straightness | Z axis| 2.0m/100um| 0.5:m/100mn
Accurac X axis| 20um/250mm |  10um/250mn
Y [Zaxis| 20m/220ua| 10m/2200m
. +£0.5um +£0.2um
- X axis / Ttimes / Ttimes
Repeatability . T
Z axis _O:5m _0.'2’““
/ Ttimes / Ttimes
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Table 2-2 Comparison components of test
cutting machines

Des.crxp Precision Ultra-precision
—tion
Head -
Bearing P1~3%1.0um POx0.3um
Ball C3, Cl,
Screw | pitch error 23m pitch error 8um
Ci??ndg Grease filled Oil cooling
E/})é?(()jr]e Built out Motor Built in Motor
. Tarcite, Tarcite, LM Guide,
Slide LM Guide Air Sliding
System . .
Overlap slide Separately Slide
ggggge 3000~7000rpm | Up to 10,000rpm
3. Mg ax 2w
3-1. Ad3FAH
B AgoA] AlgE YAle ITudA dd
%A A Horizontal Ultra Precision Lathe)2

2 714188 Fig. 3-1, 7149 A|RAM%L Table
3-13 #Zoh

Fig. 3-1. Photograph of ultra-precision turning
center
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Table 3-1 Specifications of Machine

Description Specifications
Machine Name UPL
Ma’gpggé“d‘e 10,000r.p.m
NC System HYD-3000T
Min. movement
unit 0.05/m
Head cooling .
system Oil Jet
Size of Tool [J16x ¢ 16
Size of Spindle
Bearing $70
Spindle Motor 3.7/55Kw
FT(nsert) AFS otz o] $43hm, 43
o AHgE AR FFUF FEH Ao 4
of iy B ERALA $48 9AHY Az
Tho] o} = =(CCMT120402-HPDO10)E  AH&-8th.

&t (Holder)®= SCLCR 1616H-122A4 I Ajc}
(Kyocera)dl A A zHsl o).

Age AEE= Aol Zstm, HaAel &
T3 ¢FuFgs (A6l A&sded, 7
A} HE& Table 3-27 2tk A#H AV|E 7]
Ao FHIATE HAT L&Y 5 UAEF 3]
9ste] $33x L40(A A HarpEdo] Bmm)er  F

W Bag FAE 497
370 9§ A%Fo)

He @, 7lAlel FRate
249 H(AInNg AHEEte] 1
52 sgoh

g

Table. 3-2 Compositions of work piece used in
experiment (A/6061)

Cu | Si {Mg|Zn |Mn

01504 |08
04 108112

Cr Al

0.04

0.35

Elements Fe

wt(%) 0.25(0.15 rest
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AT Agd &g d4xdL Table 3-2%

Zo] 4F9 FFAME(Tool Nose Radius)
RO.Omm, RO.Imm, R02mm, R04mm, A&
V500m/min., V&80m/min, VI1O0m/min, °}&&E

FO.006mmyrev., FO.008mmvrev., FO.0lmmyrev., A ¢
Zlo] d0.0005mm, d0.0025mm, d0.005mmo)™, 2
Atdef o3t By S UEEFE 37 Asd AA F
FFxE Rag v$L4d A (Metocuttssh) &
AHeatE R, datdols AlHY Zeo] 25mmE 4~8
3] WESFEe YFHolz #itsle =W
2,000m H27rEFeso

Table 3-3 Cutting Conditions

Tool [Cutting| Feed | Depth |Cutting| Spindle | Length
Nose Speed Rate |of cut| Dia. Speed | of Cut
Radius \' F d D N L
mm m/min. | mm/rev.| mm mm r.p.m m
0.0005
0.005 [0.0025
0.0050
0.0005
500 0008 150025
0.0050
0.0005
0.010 {0.0025
0.0050
0.0005
0005 0.0025
R0.0 00050
RO.1 0.0005 5000
RO.2 800 0.008 {0.0025| ¢33 10,000 2,000
RO.4 0.0050 ’
0.0005
0.010 {0.0025
0.0050
0.0005
0.005 |0.0025
0.0050
0.0005
1000 0.008 }0.0025
0.0050
0.0005
0.010 [0.0025
0.0050
3-3. 234y
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Fig. 3-3 Photograph of experimental set up
(Surface Roughness Tester)
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Fig. 4-1 Graph of surface roughness values
with tool nose radius
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Fig. 4-2 Graph of surface roughness values with
cutting speed
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Fig. 4-3 Graph of surface roughness values
with feed rate
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Fig. 4-4 Graph of surface roughness values
with depth of cut
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Fig. 4-5 SEM photograph of cutting surface
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