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Characteristics of Surface Roughness in Micro Turning using PCD Tools

Han Bock Soo*, Lee So Young*

r Abstract I[

This paper deals with the micro turning property of setting angle using diamond tool. The bed of the system has used the
granite which has the thermal and vibrational characteristics superior to the cast iron bed for the common machine tool. To
minimize the inner and outer vibration of the turning system, an air pad system was manufactured and tested. The aero-sta-
tic spindle system which has the excellent rotation accuracy was designed and manufactured. As a result of the micro-cut-
ting test on aluminum alloy, tool setting angel have effected on surface roughness. From the results, the micro-cutting con-
ditions hope to provide the useful actual data using in industrial fields.
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Fig. 2-1 Configuration of the air spindle system
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Fig. 2-2 Photograph of the prototype ultra- precision lathe

Table. 2-1 List and specification of the experimental appratus

NO. | Name Description & specification
Intek Engineering X-Ytable : 100 x 100
1 | Surface roughness tester Mode] Accure-1500M
Resolrution 0.5
2 | Oilless scroll air compressor | AL-LSPAI
3 | Position controller Type PS-101A
4 | Variable filter Type VFA-3
5 | Digital storage oscilloscope | GS-VC 6023 20
6 | Dataacquisition system GLOBAL Lab. DT2831-G
7 | IBMPC 80586, CPU 233
8 Signal analyzer unit Type 2035
9 | Impact hammer Type 8202
10 | Force-transducer Type 8200
11 | Accelerometer Type 4371, 4383

Table. 2-2 Chemical compositions and mechanical properties
of workpiece

Chemical compositions(Wt. %)

AL7075 Cu Si Fe | Mn | Mg | Zn Cr
12 {04 105 ) 03 | 21 | 51 018
Mechanical properties
Tensil strength(MPa) Hardness(Hr)
Al7075 57 30

Table 2-2& £ 43 A48 A9 34, A5, 5%
¥ 2 7144 44& vehd Aold.
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Table. 2-3 Cutting conditions

Workpiece
Item :
Aluminum alloy

Cutting speed (m/min) | 300, 400, 500, 600,
Feed rate (um/rev) 5, 10, 15, 20
Depth of cut (um) 5, 10, 15, 20

Tool material PCD

Air pad input pressure | 2 bar

Cutting fluid Dry cutting

tool setting angle 75°,60°,45°,30°
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Fig. 2.3 Assembly of the air spindle
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Fig. 2. 4 Temperatures of the air spindle with respect to the
driven time in 10000 rpm
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Fig. 2.5 Power spectra of the acceleration obtained in accel-
erating the air spindle
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Fig. 2.6 Damping time of the air pad w. r. t. input pressure
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Fig. 2.7 Frequency of the bed-air pad system w. r. t input
pressure
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Fig. 3. 1 Surface roughness according to tool setting angle
(Tool : PCD, feedrate 15u4m/rev, Cutting speed

300m/min)



(a) MCD( X 5000)

(b) PCD( X 2000)

Fig. 3.2 Edge of the Diamond bite
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Fig. 3.3 Surface Roughness for various cutting conditions

3.2 37 AXA3 A 200|900] #H|

Fig. 3.4& 445 500m/min, o} 4 Spn/rev, A9] o]
Spm, 10pmn, 15m, 20pm 2 A EA7) 31, Fig. 3.5 d44
% 600m/min, o14 10pm/rev, B¢} Z@o] 5um, 10pm, 15
m, 20mmE FF AX 2} 30°,45°,60°, 75 2 WA 7w
A 7FEE BAdolth

LA ] o] Fo] A uf ujik Ao g AYo|g} of
Fo] obF 27| wEof HA T gAY HU4 &

Feedrate Eum/rav
Dapth

Suraoe Raughess ()

Tool aatting mngle (°)
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Fig. 3.5 Surface roughness according to setting tool edge
angle( Tool : PCD, Cutting speed 500m/min, Feed
rate 10um/rev)
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feedrate 10um/rev)
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