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The Characteristics of Cutting Force and Surface Roughness According to
Tool Tilting Angle in 5-axis High Speed Machining of Molds

Ik-Soo Kang*, Jeong-Suk Kim", Suk-Won Kim"", Ki-Yong Lee™™

{ Abstract JL

The high speed machining has been widely applied to manufacture dies and machine elements in industrial field.
Especially, S-axis milling has been employed to produce a wide range of turbine blades, impellers and complex molds.
In this study, the machining characteristics of injection molds were investigated according to tool tilting angles in
5-axis milling. The cutting force and surface roughness were investigated with various tool tilting angles. When the
tool tilting angle was over than 10 degree, the characteristics of cutting force and surface roughness were improved
in machining of Al alloy.
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Fig. 1 3D model of injection mold
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Fig. 3 Motion direction of 5-axis and jig set up on table
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Fig. 4 Lead angle and tilting angle in 5-axis machining

Fig. 5 Tool tilting angle for cutting experiment
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Fig. 6 Experimental setup

Table 1 Cutting conditions

Roughing | Semi-finishing | Finishing
cufting cutting cutting
Spindle
revolution 13,000 15,000 18,000
(rpm)
Feedrate
2
(mmmin) 2,000 ,000 2,000
Axial depth | 0.4 0.1
of cut(mm)
Pick feed 1.5 0.4 0.1
(mm)
Tool tilting 0 0 ~ 45
angle(®)

Table 2 Specification of experimental instruments

Mikron UCP710

Spindle speed(Max.): 42,000rpm
Feedrate(Max.): 30m/min
Location resolution: 1um

Table A-tilting/C-rotating type

5-axis
Machining center

Tool Kistler 9257B
dynamometer Range: -5~5 kN

$10 Ball endmill(Roughing)

Tool 04 Ball endmill(Finishing)

Workpiece Al7075

Surface

Talyor Hopson surtronic3+
roughness tester 4 P
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Fig. 7 Simulation example of tool path verification
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Fig. 8 Cutting force characteristics according to tool tilting angle
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