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Verification on Chaotic Behavior of Cutting Force in Metal Cutting
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ABSTRACT

So far., the analysis and modeling of cutting
process is studied, commonly assumed as being
linear., stochastic. or chaotic without experimental
verification. So we verified force signals of cutting
process{ ball end-milling) is low-dimensional chaos
by calculating Lyapunov Exponents, reconstructing
attractor using time delay coordinates and calcula-
ting it’s fractal dimension.
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Fig. 1 Schematic Diagram of Experimental Set-up
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Table _1 Experimental Conditions

Item Specification
Cutting | - -
ne Ball End-Milling Machining
_Process |

Ale Coated WC Ball End Mill
- (=10 mm, z=2)
Workpiece] I’ 4

Tool

Machine | Machining Center(Whacheon VMC-430)
- Spindle Rev(rpm) : 2600, 5200,7800, 10400
- Cutting Speed, V (m/min) : 85, 63, 42, 21
+ Feed (mm/min) : 260~3120

Cutting | - Feed per Revolution, fr (mm/rev)

Condition 0.1 0.12, 0.15, 0.2, 0.245 0.3

- Pick Feed, Pf (mm)
0.2, 0.245, 0.3, 0.4, 0.5, 0.6
-+ Axial Depth of Cut (mm) : 0.3
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Fig. 2 Raw Tangential Force Signal of Ball
End-Milling
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Fig. 3 Sectional Tangential Force Signal of
Ball End-Milling
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Fig. 4 Reconstruction of Tangential Force
Signal in Phase Space by Time Delay
Coordinates
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Fig. 5 Reconstruction of Radial Force Signal in
Phase Space by Time Delay Coordinates
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Fig. 6 Reconstruction of Axial Force Signal in
Phase Space by Time Delay Coordinates
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Fig. 7 Reconstruction of Tangential Force Signal
in Phase Space by Time Delay Coordinates
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Fig. 8 Reconstruction of Tangential Force Signal
in Phase Space by Time Delay Coordinates
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Fig. 9 Reconstruction of Tangential Force Signal
in Phase Space by Time Delay Coordinates

4.3, gotxExx g A Ay
Table 2 Results of Calculation Lyapunov Exponents

e Lyapunov cxponents |
Tangential 0./3284 ~ 0711; T
Radial 0555 ~07785 R —
Axia 04629 ~ 14046
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A5 & AT A#E Table 2% ok, eofF X AF7}
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Fig. 10 Lyapunov Exponents of Force Signal in
Evolution Time
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Table. 3 Results of Calculating Fractal Dimension

Cutting Force

Capacity Information Correlation
Direction Dimension Dimension Dimension
Tangential 1.12350 ~ 1.27016 ~ 1.12477 ~
gential 154957 169803 173979
Radial 1.10467 ~ 1.04922 ~ 0.90087 ~
. 1.49804 1.71481 174672
, 1.10464~ 1.35076 ~ 1.30495 ~

Axial
1 1.49802 1.63308 1.70019
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Fig. 10 The Relation Between Cutting Speed
and Capacity Dimension
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