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Multi-signal characteristics for condition monitoring of micro

machined surface
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ABSTRACT

Micro-machining technology has been adopted for shape accuracy of micrometer and sub-micrometer scale, surface roughness
of tens nanometer in industries. In micro-machining process the quality of machined surface is derived from machining
condition and tooling. This paper investigates AE(acoustic emission) and cutting force signals according to machined surface
quality related to machining condition. Machined surface quality was analyzed by the AE and cutting force parameter
which reflect surface morphology. The characteristics of signal were extracted for process optimization by monitoring both

the tool condition and the machined surface texture in micro end milling process.
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(a) experimental setup
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(b) Block diagram of experimental procedure

Fig. 1 Composition of multi-signal measurement system
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Table 1 Specifications of experimental equipments

Machining center MAKINO V-55
BIG BT40
Air-Turbine spindle
(Max. 80,000rpm)
PAC 1220A

Pre-amplifier
(100-1220kHz)

PAC Pico & Wide
band type
Kistler 9251A
Lecroy 44Xi
Neocom(x400)
Olympus STM-MJS2

AE Sensor

Cutting Force Sensor

Oscilloscope
CCD Camera

Optical microscope

Non-contact surface
NV-E1000
roughness

Contact surface profile Tencor P-11

Table 2 Cutting conditions

Feed per
No,| Feed tooth  |Spindle speed (rpm)
0. 00 indle spee m
(mm/min) P P P
(um/tooth)
a 124 1
62,000
b 620 5
c 132 1
66,000
d 660 5
Axial depth of cut (um) 20
Workpiece Al6061
Cutting Fluid Dry
@200 WC
Tool 2-flute Flat end
mill
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(a) 1.0pm/tooth, 62,000rpm
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(d) 5.0pm/tooth, 66,000rpm
Fig. 2 Variation of AE RMS and surface profile
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Fig. 3 Cutting forces according to cutting conditions
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Table 3 Comparison of Surface roughness(pm)

#1 #2 #3 Mean
(a) 0.21 0.20 0.20 0.20
(b) 0.24 0.22 0.24 0.23
(c) 0.22 0.18 0.18 0.19
(d) 0.23 0.22 0.22 0.22

Fig. 494 713 ¥ Sdol TP o]/dd ] Fig.
5 (b)ollA F(Chip)2] $-&oll 2ls] A (1% 23 A
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(¢)1.0gm/tooth and 66,000rpm
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(b) After machining
Fig. 6 SEM photograph of micro tool

(a) Before machmmg
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