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Abstract End milling process is one of the broadly used manufacturing process for precision machined parts and
products. Machining performance is often limited by chatter vibration at the tool-workpiece interface. Chatter vibration is a
type of machining self-excited vibration which originated from the variation in cutting forces and the flexibility of the
machine tool structure. Even though lots of cutting tooling methods are developed and used in machining process, precise
analysis of cutting tooling effect in view of chatter vibration behavior. This study presents numerical and experimental
approaches to verify and effects of various cutting parameters to affect to chatter vibration stability. Acquired knowledge
from this study will apply the optimal cutting conditions to improve a machining process.
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hi(p, z): Uncut Chip thickness

dz: the differential length in cutter axis
fi: the Feed rate for jth tooth

K's: Cutting coefficients for each tooth
6: the immersion (or tool rotation) angle
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Fig. 1. The geometry of milling process [2].
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Fig. 2. Chip thickness variation due to cutter vibrations [4].
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Fig. 3. Configuration of end mill for uniform pitch (TSE).
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Fig. 4. Configuration of end mill for variable pitch (SED).
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Fig. 5. Configuration of end mill for uniform pitch (VFE).
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Table 1
The specifications of end mill for the experimentation
Item TSE (Flat) SED (Flat) VFE (Flat)
Specification Uniform pitch Variable pitch
Uniform Helix Uniform Helix Variable Helix
No. of teeth 4 4 4
Helix angle 30° 45° 40°/43°
Variable pitch angle 90° 85°/95° 84°/96°
D (outside diameter) 8 8 8
Material Solid carbide Solid carbide Solid carbide
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Table 2

Experimental conditions
Items Specification
Material AL6061-T6
Spindle speed (rpm) 2000~7000
Feed rate (mm/min) 88
Depth of cut (mm) 2.5
Cutting fluid Dry
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Fig. 6. The Stability lobes Diagram (TSE).
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Fig. 9. The Fy, Ypos Diagram (TSE, 6700 rpm).
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Fig. 10. The Fy, Ypos Diagram (SED, 6700 rpm).
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Fig. 7. The Stability lobes Diagram (SED).

Fig. 11. The Fy, Ypos Diagram (VFE, 6700 rpm).
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Fig. 12. The Fy vs. Spindle Speed Diagram (TSE).
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Fig. 13. The Fy vs. Spindle Speed Diagram (SED).
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Fig. 14. The Fy vs. Spindle Speed Diagram (VFE).
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