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Cutting Condition Selection for Geometrical Accuracy Improvement in End Milling
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ABSTRACT

For the improvement of geometrical accuracy in end milling, cutting method and cutting condition selection are

investigated in this paper. As machining processes are composed of several steps such as roughing, semi-finishing, and

finishing, cutting forces and tool deflection are calculated considering surface shape generated by the previous cutting. The

effects of tool teeth numbers, tool geometry, and cutting conditions on the form error are analyzed. Using the form error

prediction method from tool deflection, cutting condition for geometrical accuracy improvement is discussed. The

characteristics and the difference of generated surface shape in up and down milling are dealt with and over-cut free

condition in up milling is presented. The form error reduction method by alternating up and down milling is also suggested.

The effectiveness of the presented method is examined from a set of cutting tests under various cutting conditions. This

research contributes to cutting process optimization for the geometrical accuracy improvement in die and mold manufacture.
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Surface shape generated
by the prevous cutling

Fig. 1 Entry and exit angle variation due to the previously
generated surface shape

22 HAZHO wE HAX

ey 7}«:’0}]&1 ':‘Sild-_(;_?}.

= 37 e
wo) f, dey e gy § 3 2 s
whA whEE Ak o] B ’»ﬂéx‘ Z7 aga 4,
&% g 5 ME "J‘i‘s“’ﬁ wet 1oHefel vt
gebA o Figure 25 F &3 o ¢ A= 4%
s abofalef 3 —r?ﬂr“ vhebdich, o ey
o] Aol @ ol AEY ANAL A o o}

Fig, 2 Two-fluted and four-fluted end milling
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Fig. 5 Over-cut in up milling
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Table 1 Over-cut condition in up milling

Over-
cut

No

Angle

. . Trend
relationship

Over-cut area

d<y

E>y> P No

Yes Zerin< Z <0 Increase

Zunl <Z< uu_’

I> o>y

Increase

P> 0>y Yes

Ziir< Z <0 Constant
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Fig. 6 Form error according to cutting method variation
(10 mm axial depth, 0.05 mm feed per tooth)
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Fig. 8 Test specimen specification and constraint

Took: 2-fluted flat end mill

Spindle speed: 1000 rpm

Ad: 10 mm, Rd: 5§ mm, L: 600 mm

Cutting Time: 10 min

Constraint: Max. force < 2000 N

Up mifting condition

{ No over-cut )
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Table 2 Maximum form error variation according to
cutting conditions (case 1)

1% cut 2" cut Max.
(down cut, (down cut, Max. force form
rd: 4.8 mm) rd: 0.2 mm) (N) error
Feed per tooth (mm) (um}
0.14 0.0382 2438.66 (x) 113.91
0.12 0.04 2154.40 (x) 105.66
0.1 0.0429 1860.65 112.08
0.08 0.048 1555.06 113.50
0.06 0.06 1233.95 119.73
0.05 0.075 1065.70 137.50
0.04 0.12 890.68 183.25

Table 3 Maximum form error variation according to

cutting conditions (case 2)

1% cut 2" eut Max.
(down cut, (down cut, Max. force form
rd: 5 mm) rd: 0.0 mm) (N) error

Feed per tooth (mm) (nm)

0.14 0.0382 2503.16 (x) 93.25

0.12 0.04 2211.38 (x) 89.27
0.1 0.0429 1909.86 86.99
0.08 0.048 1596.19 87.62
0.06 0.06 1266.59 91.44
0.05 0.075 1093.89 99.18
0.04 0.12 914.23 123.12
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Fig. 9 Maximum form error with respect to cutting

condition variation
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