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High Speed Machining Considering Efficient Manual Finishing
Part I: Phase Shift and Runout Affecting Surface Integrity
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ABSTRACT

In this work, the surface integrity smoothened with a ball end mill was investigated. Because surface integrity
mainly affects the manual finishing process, RV 5 (Remaining Volume After Machining) was introduced, and it gives
the relation between machining process and finishing process. Runout and phase shift which adversely affect surface
integrity were considered in the generation of surface topography. Cutting points in ball end milling were identified with
positional vectors and a set of vectors which have the minimum height in unit area was selected for the generation of
surface and RV 4. RV variation according to runout and phase shift was calculated and experimentally verified in
proposed HSM conditions for mold machining. From the simulations and the experiments, a desirable High Speed
Machining condition was suggested.
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Fig. 5 Ball end mill cutter geometry and three-
dimensional coordinate system with runout
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Table 1 Proposed cutting condition often used in HSM

Feed per Pick feed Feedrate
tooth [mm] [mm} [mm/min]
Case I 0.1 0.2 2000
Case II 0.2 0.2 4000
Case 111 0.2 0.3 4000
Case IV 0.3 0.3 6000
Case V 0.3 0.4 6000
Case VI 0.4 0.3 8000
Case VII 0.4 0.4 8000
Case VIII 0.5 0.5 10000
Case IX 0.6 0.6 12000
Tool & =8, 2-flute ball end mill
Spindle
;esd 10,000 rpm
2¥8F9 157134 A4 6mm Y 8mm
929 2A=YL Fol AHSHEE 7 8mm o)
2¢ EA=EE Y ALEEAT
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(e) Machining condition: Case VII

Fig. 7 Unit RV 4 variation according to runout in each
machining condition [Analysis}
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Table 2 Experimental setup

Machining center MIKRON HSM 700

Tool Mstar ®8 2-flute ball end mill

C12200 & Mc-nylon,
30°

Workpiece,
Inclination

Tool path Uni-directional machining

Table 3 Experimental condition

Feed per Pick feed Feedrate
tooth [mm] [mm] [mm/min]
Case II 0.2 0.2 4000
Case IV 0.3 0.3 6000
Case V 03 0.4 6000
Case V1 0.4 0.3 8000
Case VII 0.4 0.4 8000
ind! d
Spindle spee 10,000
(rpm]
D
epth of cut 02
[mm]

Fig. 8 MIKRON HSM 700 Machining center

Table 4 Specification of machining center

Model MIKRON HSM 700

Maximum spindle torque 445 Nm

Vertical milling speed range 3,000 ~ 42,000 rpm

AC motor capacity at 44%

ED(100%ED) kWG kW)

Feedrate 0 ~ 20,000 mm/min
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(b) Machining condition: Case IV
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(c) Machining condition: Case V
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(d) Machining condition: Case VII

Fig. 9 Unit RV 4y variation according to runout in each
machining condition [Experiment]
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