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Characteristics Evaluation of Surface Roughness with Ultra Precision Machining

Soon-Joon Kang*, Jong-Kwan Kim"

r 1’ Abstract IL

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, 0.2 and 0.4mm. Machining is performed with cutting speed of 500, 800
and 1000m/min., feed rate of 0.005, 0.008, 0.010mm/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 recipfocal 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.
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Table 1 Comparison accuracy of test machines

Description Precision Lnt.m.l_
precision
Vibration value | Radial 0.8¢m 03um
of spindle Axial 0.8¢m 0.3um
Vertical / X axis| 2.0pm/100mm | 0.5.m/100mm
Horizontal
straightness | Z axis| 2.0pm/100mn | 0.54m/100mm
X axis| 20pm/250mm 10m/250mm
Accuracy :
Z axis| 20pm/220mm 10¢m/220mm
| +05m +0.2m
N X8| Times |/ Ttimes
epeatabili
peatabiity S wis| 05 +02m
/ Ttimes / Ttitmes
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Table 2 Comparison components of machines

Description Precision Ultra-precision
Head bearing | P1~3%1.0/m PO+ 0.3m
Ball screw S, cL
pitch error 23;m pitch error 8ym
Head cooling Grease filled Qil cooling
Spindle motor |  Built out motor Built in motor
Tarcite, Tarcite, L.M guide,
Slide system LM guide Alr sliding
B Overlap slide Separately slide
Spindle speed | 3000~7000 rpm | Up to 10,000 rpm

Fig. 1 Photograph of ultra-precision lathe

Z]o]

2
&

25mm)2.2  FHlstgla, 71A o] A2sh=d dasgt
A 4902 S AAINS AHgSt] a1 B o7t
Aol == stgch
3.2 A=A
71A 7hgel SlolA gz FFE vAe 84 %94
a7t RSAEAE AA 71A AA 9 AlMntE RS
2A vAe A7 ok 28T BAE AR -«40}04
Ago] 9, F2 - Fg AAo] %lT°1 el 71AE
Axatct. Aol 383 H42AE Table 63} Zo| §
L9144 (Tool nose radius), ’,‘—j”—-—E ol A
ol& ArlEA N 2FURE HA7H ?J_HV—‘I o8 A
L3l 272 AAs G o, A ot My 24T
&t7] Ysto] AA| ERHA 7 F2HE MetolubesAtol A A
23k B84 A4S Metocutt 5558 AR5t

4ol Almel Zo] 25mmE 4~83] WEsLEso]

l

i

Table 3 Specifications of test machine

Description Specifications
Machine model UPL
Max. spindle speed 10,000 r.p.m
N.C system Mitsubishi M64L
Min. movement unit 50 nm
Head cooling system Oil Jet
Size of tool Mex g6
Size of spindle bearing $70
Spindle motor 3.7/5.5Kw

Table 4 Specifications of test tools

Description Insert Holder
Nose radius(mm) 0, 0.1, 02, 04
Rake angle(°) 0 SCRCLI1616H-12
Relief angle(*) 10

Table 5 Compositions of work piece used in experiment
(Al 6061)

Elements| Cu | Si | Mg | Zn | Mn | Cr | Fe | Al

0.15]| 04 | 08 0.04
wt(%) | ~ | ~ | ~ |025]015| ~ | 0.7 | rest
04 | 08 ] 12 035
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0.0050
0.0005
s00 | %% 100025
0.0050
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0.0050
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0.005 o 0025
0.0050
R0.0 0.0005 5,000
ig; 800 | 0.008 |0.0025 ¢33 - 2,000 Fig. 2 Photograph of experimental set up
RO4 0.0050 10,000
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 Fig. 3 Photograph of experimental set up (Surface
0.0050 roughness tester)
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Fig. 4 Graph of surface roughness values with tool nose
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Fig. 5 Graph of surface roughness values with cutting
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Fig. 6 Graph of surface roughness values with feed rate
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