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Abstract

A dynamic model for the prediction of surface topography in high speed end milling process is
developed. In this model the effect of tool runout, tool deflection and spindle vibration were taken into
account. An equivalent diameter of end mill is obtained by finite element method and tool deflection
experiment. A modal parameter of machine tool is extracted by using frequency response function. The
tool deflection, spindle vibration chip thickness and cutting force were calculated in dynamic cutting
condition. The tooth pass is calculated at the current angular position for each point of contact between
the tool and the workpiece. The new dynamic model for surface predition are compared with several
investigated model. It is shown that new dynamic model is more effective to predict surface
topography than other suggested models. In high speed end milling, the tool -vibration has more effect

on surface topography than the tool deflection.
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Fig. 1 Block Diagram of dynamic model for
prediction of surface topography
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Fig. 2

Table 1 Properties of end mill and tool holder

End mill Tool holder
Property
wC SM 45C
Density[kg/m”] 1.46E4 7.8E3
Young's modulusfkg/m‘]| 6.327E10 2.159E10
Poisson's ratio 0.28 0.287
Thermal expansion{%] 5.2E-6 1.27E-7
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Fig. 3 Model of tool holder and end mill
Table 2 Natural frequency of spindle

Direction 1st 2nd 3th
X 118[Hz] 258[Hz] 448[Hz]
Y 112{Hz} 258[Hz] 478[Hz]
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Fig. 4 Order analysis of spindle system
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Table 3 Modal parameters of spindle system

Equivalent Equivalent Equivalent Initialize program variables
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Direction
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Fig. 7 Experimental setup for measuring cutting
force and machined surface
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(c) Predicted surface topography by dynamic model
Fig. 8 Simulated surface topography in 2,000rpm
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(a) Predicted surface topography by rigid model

(c) Predicted surface topography by dynamic model
Fig. 10 Simulated surface topography in 6,000rpm
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Fig. 11 Measured surface topography in 6,000rpm
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