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A Study on the Characteristic of Machined Surface by
High Speed Ball End Milling
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I Abstract |

Recently, high productivity and cost reduction becomes the most important target of industries due to the worldwide
economic competition. One of these efforts is High Speed Machining(HSM), which reduces machining time with the
increase of machining speed such as cutting speed and feedrate. It is very important, especially in case that the portion of
machining time in production cost is high. This research suggests optimum cutting conditions to reduce cutting time with
minimizing form error. For this study, a comprehensive model representing the texture of machining surface is developed,
including rubbing phenomenon on the tip of bail end mill and expanded rubbing zone trajectory caused by tool deflection.
Experiments show that the suggested set of feed and pick feed is optimum for maintaining the surface roughness identified
by rubbing and low cutting speed in minimum.
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Fig. 1 Rubbing marks on the machined surface by the high
speed ball end milling (Arrows indicate rubbing
marks, HSS ball end mill and SKD11 workpiece)
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Table 1. Cutting characteristics with respect to velocity
components of a cutting edge
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Fig. 2 Velocity diagram according to behavior of the rake and
the clearance faces of a cutting edge
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Fig. 3 The cutting edge of a ball end mill and its coordinate
system
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Fig. 5 Rubbing zone on the rigid ball end mill
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Table 2. Rubbing zone on the rigid ball end mill

feed (mm/rev) Rub ) Rub a()
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Fig. 6 Rubbing zone induced by tool deflection
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Fig. 8 Loci of cutter center with straight down milling, dry
cut, the same pick feed with the feed, 0.4mm axial
depth of cut, §006rpm, and 50mm tool overhang
length
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Table 3. Rubbing zone by tool deflection, resultant, and

measured
feed (mm/ev) I‘gjﬁ‘;’gggg(‘gn‘;‘ Resultant(m) | Measured(m)
02 31 100 80-150
04 80 218 200-250
06 130 336 300-350
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(b) Feed : 0.4 mm/rev



(c) feed : 0.6 mm/rev

Fig. 9 SEM photographs of machined surfaces by rubbing
and low cutting speed at 8000rpm (A: Rubbing mark,
B: Low cutting speed zone)
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Fig. 10 Change of the surface roughness with respect to cut-
ting speed at 0.027mm/tooth feed
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Fig. 11 Change of the surface roughness with respect to cut-
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Fig. 12 Surface roughness with respect to pick feed
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