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Chaotic Analysis of Multi-Sensor Signal in End-Milling Process

FARAT o718, AAF(FAG ), FAIAF(FAD Z1AZI€ATD), )5S, AR (F4d ERC/NSDM)
Se-Jin Ku®, Ki-yong Lee, Kyeong-soo Kim(Graduated School, Pusan Univ.),
Myeong-Chang Kang(RIMT, Pusan Univ.), Deug-woo Lee, Jeong-Suk Kim(ERC/NSDM, Pusan Univ)

Abstract

Ever since the nonlinearity of machine tool dynamics was established, researchers attempted to make
use of this fact to devise better monitoring, diagnostics and control system, which were hitherto based on
linear models. Theory of chaos, which explains many nonlinear phenomena comes handy for furthering the
analysis using nonlinear model. In this study, measuring system will be constructed using multi-sensor
(Tool Dynamometer, Acoustic Emission) in end milling process. Then, it will be verified that cutting force
is low-dimensional deterministic chaos by calculating Lyapunov exponents, Fractal dimension, Embedding
dimension. And it will be investigated that the relations between characteristic parameter calculated from

sensor signal and tool wear.
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Fig. 1 Schematic Diagram of Experimental Set-up
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Table 1 Experimental Conditions

Item Specificatoin
Cutting - .
EndMilling Machining
Process
Tool Carbide 2Fluted Flat Endmill

Workpiece | SKDI1
Vertical CNC Milling Machine

Machine (HVN-850F0 Hwacheon Machinery co.)
(V-55 Markino co.)
- Cutting Speed(m/min) : 20,25,30,35
- Feed Rate(mm/Rev) @ 0.04, 0.06, 0.08
Cutting - Axial Depth(mm) : 10mm
Condition - Radial Depth(mm) @ Imm

- Overhang(mm) @ 36mm
l - Cutting Fluid : Dry Run
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Fig. 2 Comparision of Feed Force for Flank Wear
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Fig. 3 Radial and Axial Direction Force Signal
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Table 2 Range of Lyapunov Exponents for each
Cutting Force

Cutting Force Lyapunov Exponents
Feed Direction Force 0.083 ~ 0.157
Radial Direction Force 0.042 ~ 0.116
Axial Direction Force 0.091 ~ 0.232
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