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An Experimental Study on Tool Wear of Small Diameter
Endmill for High Speed Milling of Hardened Mold Steel

J. S. Yang, Y. M. Heo, T. S. Jung
(Received September 9, 2005)

Abstract
High speed milling experiment on the hardened mold steel (CALMAX at hardness of HRC 55) is carried out using
small diameter ball endmills. Tool life and wear characteristics under the various machining parameters are investigated.
Effect of dynamic runout on the wear of the tool is also studied. For most of the cases, catastrophic chipping of tool edge
is not observed and uniformly distributed wear on the flank surface of the tool is obtained. It is found that lower rate of
tool wear is obtained as the cutting speed is increased. Also, high pick feed rate is found to be more favorable in terms of

the tool wear and material removal rate.
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Fig. 1 Schematic diagram of cutting force and tool
wear experiment system
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Table 1 Specification of experimental equipments

Machine RDders RFM760, 42000RPM
Dynamometer Kistler 9256B1

Gap Sensor AEC-5502A

Charge Amp Kistler 5019

CCD camera 10X Zoom, 6X Macro, 4M pixel
A/D Board NI PCI-MIO-16E-4

Runout Gage Optech EDR S/D10

Table 2 Tool maker’s suggested milling conditions for
ball endmills ( Hardened steel > 48-56 HRC)

Cutting parameter

d >3mm d<

Rough | Finish | 2mm

Cutting speed Ve (m/min) 200 280 370

Axial depth of cut ap (mm) 0.1d 0.02d [0.096d

Radial depth of cut ae (mm) | 0.3d 0.01d | 0.3d

Feed per tooth fz (mm/tooth)| 0.1 0.051 |0.03d
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Fig. 2 Measured Cutting forces for ®3mm ball
endmill according to the variation of cutting
speed(STAVAX, Test2: ap=0.15, ae=0.08,
12=0.04, Test1: ap=0.06, ae=0.03, fz=0.012)
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Fig. 3 Measured flank wear of ®2mm ball endmill
according to the variation of the cutting speed
(CALMAX, ap=0.1, ae=0.2, z=0.06)
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Fig. 4 Photographs showing progress of wear on the
flank surface of ®2mm ball endmill for
Vc=100m/min (ap=0.1, ae=0.2, £z=0.06)
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Fig. 5(a) Plot of the flank wear of ®2mm ball
endmill versus cutting distance for ae=0.1~

0.4mm (CALMAX, Vc=110m/min, ap=0.1,
£2=0.06)
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Fig. 5(b) Plot of the flank wear of ®2mm ball
endmill versus cutting volume for ae=0.1~
0.4mm (CALMAX, Vc=110m/min, ap=0.1,
£2=0.06)
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Fig. 6 Photographs showing progress of wear on the
flank surface of ®2mm ball endmill for ae=
0.1mm (ap=0.1, fz=0.06, Vc=110m/min)



Fig. 7 Photographs showing progressive wear on the
flank surface of ®2mm ball endmill for ae=
0.4mm (ap=0.1, z=0.06, Vc=110m/min)
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Fig. 8 Measured flank wear of ®1mm ball endmill
according to the variation of cutting speed
(CALMAX, ap=0.05, ae=0.1, £z=0.03)
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Fig. 9 Photographs showing progress of wear on the
flank surface of ©® Imm ball endmill for Ve=
40m/min (ap=0.05, ae=0.1, z=0.03)
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Fig.10 Photographs showing progress ot wear on the
flank surface of ® 1mm ball endmill for Ve=
55m/min (ap=0.05, ae=0.1, z=0.03)
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Fig.11 Measured flank wear of ¢ 1mm ball endmill
according to the variation of pick feed
(CALMAX, Vc=55m/min, ap=0.05, {z=0.03)
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Fig.12 Photographs showing progressive wear of
flank surface of ¢ Imm ball endmill for
ae=0.2mm(CALMAX, ap=0.05, 1z=0.03, Vc=

Sm/min)
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Fig.13 Photographs showing progress of wear on the
flank surface of ¢ 1mm ball endmill for
ae=0.05Smm (CALMAX, ap=0.05, fz=0.03, Vc=
5m/min)
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Fig.14 Measured value of dynamic runout of 2mm
ball endmills before cutting experiment
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Fig.15 Photographs showing both edges of ¢2mm
ball endmill after 112m cutting distance
(ap=0.1, ae=0.2, £z=0.06)
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Fig.16 Measured value of dynamic runout of another
& 2mm ball endmills before cutting experiment
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Fig.17 Photographs showing both edges of ¢2mm
ball endmill after cutting 4 layers
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