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Nonlinear Analysis of Cutting Force Signal
according to Cutting Condition in End Mill Machining
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Abstract
Nonlinear analysis of various phenomena has been developed with improvement of computer. The
characteristics from nonlinear analysis are available in monitoring and diagnosis state of system. There
are many nonlinear property in cutting process, but nonlinear signals have been considered as noise. In
this study, nonlinear analysis technique is applied and it will be verified that cutting force is chaos by
calculating Lyapunov exponents, fractal dimension and embedding dimension. The relation between
characteristic parameter calculated from sensor signal and various cutting condition is investigated.
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Fig. 1 Schematic Diagram of Experimental Set-up

Table 1 Experimental Conditions

Item Specification ]
Cutting e ..
EndMilling Machining
Process
Tool Tungsten Carbide 4 Fluted Flat End Mill

Workpiece | STDI11
Vertical CNC Machining Center

Machine
(V-55 Markino)
- Cutting Speed(m/min) V : 20, 40, 60
- Feed Rate(mm/tooth)Fz : 0.02, 0.03,0.04,
Cutti 0.06, 0.08, 0.1
u ] r.xg - Axial Depth(mm) : 8
Condition

- Radial Depth(mm) d : 05, 1.0, 1.5, 20
- Overhang(mm) : 36mm
- Cutting Fluid : Dry Run
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Fig. 2 Signals of cutling force
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Table 2 Time delay according to cutting speed

Citiing Soeed Viryimin) | % | 40 [ 60
ITime Delay(msec) | 47 23ms | 1.4ms |
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Fig. 4 Attractor of X-direction cutting force in reconst-
ructed phase space
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Fig. 5 Relation Between Correlation Dimension
and Embedding Dimension
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Fig. 6 Ratio of distance of nearest two
points according to evolution time
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Table 3 Range of Largest Lyapunov Exponents

Largest Lyapunov Exponents(/sec)
Cutting speed| 20(m/min) |40(m/min) | 60(m/min)
Feed Force| 24~1149 |6.2~1351| 158~37
Radial Force| 18~7.49 [49~1172| 82~184
Axial Force | 1.9~662 [53~12.8419.11~1396
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