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Effect of Ball End Mill Cutting Environments
on Machinability of Hardened Tool Steel

Y. J. Lee, S. T. Won, J. H. Hur, D. S. Park

Abstract

This research conducted milling tests to study effects of cutting environment conditions of ball end mills
on the characteristics of hard milling process. KP4 steels and STDI11 heat treated steels were used as the
workpiece and WC-Co ball end mill tools with TiAIN coated were utilized in the cutting tests. Dry
cutting without coolant and semi-dry cutting using botanical oil coolant were conducted and MQL
(Minimum Quantity Lubricant) device was used to spray coolant. Cutting forces, tool wear and surface
roughness were measured in the cutting tests. Results showed that dry cutting of KP4 and hardened
STDI11 specimens produced better surface quality and wear performance than MQL spray cutting did.

Key Words : Hardened Tool Steel (STDI11, KP4), Ball End Milling, Machinability, Cutting Speed,
Feed per Revolution, Dry Cutting, Minimum Quantity Lubrication(MQL)
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Table 1 Chemical composition and mechanical
properties of workpieces
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Fig. 1 Dimension of cutting test specimen(unit:nm)
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Table 2 Spray conditions of minimum quantity
lubrication system

Conditions of MQL Capacity
Temperature of compressor air () 20
Pressure of compressor air (bar) 5
Tube le. jths (m) 3
Nozzle diameter (mm) 10
Spray nozzle angle () 10

Cutting flud Shell oil LOH
Spray capacity S0mé/Hr
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Fig. 2 Schematic diagram of minimum quantity
lubrication system
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Fig. 3 Schematic diagram of experiment set-up to
measure cutting force
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Table 3 Cutting conditions to investigate cutting speed
in ball end milling test

Cutting| *Cutting | Feed per Feed Cutting
Work ndition Speed | Revolution Rate Depth
pieces (mymin.) | (m/rev) | (o/min) | (mm)

35 0.26 586
Kb 100 [ 0% | 0 | .
Hardened 30 0.17 135 ’
STD11 35 0.17 162
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Fig. 4 Comparisons of the cutting forces Fz according to
the cutting length for the cutting environments in
machining the KP4 (Dry & MQL)
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Fig. 5 Variations of the cutting forces Fz according to
the cutting length for the cutting environments
in machining the hardened STD11 (Dry & MQL)
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Fig. 6 Comparisons of the Rz according to the cutting
length for the cutting environments of the KP4
(Dry & MQL)
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Fig. 7 Comparisons of the Rz according to the cutting
length for the cutting environments of the
hardened STD11 (Dry & MQL)
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