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A Study on the End Mill Shape Design for Machining of High Hardness

Die Steels by Comparison of Cutting Force
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Heat treated die steels are durable and resistant to abrasion. However, machining them is not very efficient. To improve the
machinability using the end-milling process for high hardness die steels, we proposed an end-mill shape through analysis
of the cutting force and simulation. In this study, we determined the important factors affecting the cutting force among
several elements of end-mill shape using the customized cutting simulator and the design of experiments (DOE) technique.
After the selecting the effective factors based on the simulation and DOE results, various end-mills were fabricated by
adjusting the parameters. In the experiment, the cutting force between 1 pass and 40 pass were measured and the
average value compared with each end-mill shape. Edge radius, radial relief angle and axial relief angle were selected as
a key parameters and optimized by measuring the cutting force through repeated and well controlled experiments. In
conclusion, the effective factors were confirmed and we could now determine the optimum shape of end-mill to minimize

the cutting force for high hardness die steels.
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Fig. 1 Shape variables of end mill cutter
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Fig. 2 Analytical model in simulation software (AdvantEdge); d is
axial depth of cut, w is radial width and down milling is
applied

Table 1 End mill shape value used for analysis

Shape parameters Value
Core diameter 8.5 mm
Radial rake angle -20°
Helix angle 45°
Radial relief angle 8°
Axial relief angle 6°
Edge radius 0.02 mm
Flute radius 0.63 mm
Width of land 0.9 mm
Tool length 11 mm
Table 2 Cutting conditions
Factor Value
Spindle speed 4000 rpm
Feed per tooth 0.098 mm
Radial width of cut (w) 0.18 mm
Axial depth of cut (d) 10 mm
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Fig. 3 Comparison of cutting force between experimental and
analytical results

Table 3 Selection of control factors and determination of each levels

Control factor Symbol | Level 5
Core diameter Di 7.5 8.5
Radial rake angle a -20 -25
Helix angle c 45 50
Radial relief angle b 8 10

Axial relief angle Ar 6 8
Edge radius r 0.01 0.05
Flute radius Rf 0.9 1.2
Width of land Wol 0.9 1.2

Table 4 Results of ANOVA for effective factors on cutting force

Control factor P-Value
1st pooling 2nd pooling
Core diameter - -
Radial rake angle - -
Helix angle 0.238 -
Radial relief angle 0.01 0.008
Axial relief angle 0.016 0.015
Edge radius 0.001 0
Flute radius 0.246 -
Width of land - -




144 | February 2019

Table 5 Setting range of effective factors for detailed analysis

Effective factor Value
Radial relief angle (°) 6,8, 10
Axial relief angle (°) 4,6,8

Edge radius (mm) 0, 0.02, 0.05

One direction(Tool)

Fig. 4 Schematic diagram of end mill experiment
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Fig. 5 Experiment results of cutting force according to edge radius
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Fig. 6 Cutting force waveforms according to edge radius
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Fig. 7 Experiment results of cutting force according to radial relief
angle
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Fig. 8 Cutting force waveforms according to radial relief angle
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