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A Study on the characteristics of the convex surface
machining in CNC milling

Heung-Sam Han,* Dong-Ju Lee**

ABSTRACT

In order to suggest the proper cutting conditions of the CNC milling machining for the
free-form surface, some experiments were carried out. In the experiments, the influence
of cutting conditions on a inclined spherical surface were examined by geometrical analy-
sis. In this study, the roundness and cutting force were measured to know the effect of
several cutting conditions on the machined surface and the cutting characteristics were
carefully investigated. The results obtained in this study are as follows:

1) If the tool has enough rigidity., we can get better dimensional accuracy in up-ward
cutting than down-ward cutting.
2) A great roundness error is appeared on the surface declined under 30 degrees to the

horizontal plane in circular machining by a ball end mill.

3) If the thrust force is increased, the stability of tool is decreased. And the phenome-
non is appeared in great in down-ward cutting than up-ward cutting.

Key Words : Up-ward Cutting(® =29 24g718), Downward Cutting(E d=29 s387437),
Circular Cutting (9594%712), Tool Path Interval (8 =499 ol433), Cutting
Force (448), Machining Accuracy A=)
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Table.1

Table 1 Mechanical properties and chemical compo-
sitjons.

a) Mechanical properties

yleld tensile | elong-
heat
strength | ation Ha
treatment| point (kgf/me?) | (%)
(kg?/mn®)
N 35 58 20 220
N ! normalizing
b) Chemical compositions
C 81 Mn P S
0.45 0.20 0. 70 0.03 0.032
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Fig. 2.2 Comparison of up-ward and down-ward
milling with ball endmill
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Fig.2.3 Cutting directions
(a) circular ball end milling
(b) up-down ward ball end milling
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Fig. 3.1 Roundness values on circular machined
part (800rpm., ¢ 16 ball end milling)
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Fig. 3.2 Difference values of radius on the up-
down ward machined part (rpm=1800, ¢ 16
ball end milling)
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Fig. 3.3 Roundness values on the circular machined
part(V=30m/min, ¢ 16 ball end milling)

b7lFE) L2 7S Y PR wg wEvE
2 33454712 &35 Ul sloldt. ¢5 ¥ 4
=) A% F4gel AFE ds 7ol Tue AAE
7F L M Fro A BRG] 7o) wE
ol SlE AL & 4 gk, = FHEE 3F 19
Az & dz=de A 7439 dgko] gle Ao
2 Aegt. ¢l0 B d=de AL prkm e H
T MR EM0 JEHM0F it A28 AL E 4
ek ole F7AAY F7FE FTEYe 9T oAt
ZoJE Aoz A 4 gk ¢16 & d=de] A&
T AABe=E ¢, 9103 FUF AL Hol1 g

ov o e AR FEE B £ glen, ok
79 Fde 710ske Aoz Agdrd

FH, FTEA0 “%}‘I‘ *‘“‘f‘f} 7tE e dpatak
7He9 7hgAgel F2 AR & % 9ok

Fig. 3.3 d4&x7) 30m/m1n‘?=l o € (circu-
lar)7bgd FHGEE) A g AR JAde 27
g vepf= agelr, o] a¥AME AAEs}t EF

48

1 | 0 T I

I T N L i ) \

[ i ! 14—a #10 !

1 | [ r—

e SN 0.1 B N S

= 1 1 !
€ I ]
£ | 1 1 1 I
= ) I 1 | | N
o + ‘ + ‘
3 ' 1 1 7 i
5 1 { 1 ' 1
."_." b T ] : :
= ! 1 i ]
= ko o b i e — e

1 1 1 1 1 i 1

b I | ] ' 1 i

i | 1 4 1 1 1

| | t s | t 1

T
75 90 105 120 1.'55 150 165 180

Angle[degree]

Fig. 3.4 Difference values of radius on the up-
down ward machined part(V=30m/min)

Fig. 3.5 The components of cutting force
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Fig. 3.6-7 Cutting resistance of circular milling at
constant rpm(#=78deg. ,6-26deg.), 800rpm
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Fig. 3.8-9 Culting resistance of circular milling at
constant V(6=78deg. 6=26deg.), V=
30m/min
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Fig. 3.10-11 Cutting force comparison of upward
and downward ball-end milling (¢ 5) in
constant rpm (1800)
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Fig. 3.12-13 Cutting force comparison of upward
and downward hall-end milling (¢ 16)
in constant rpm (600}
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Downward milling

Fig. 3.14-15 Cutting force comparison of upward
and downward ball-end milling (¢ 16}
in constant V (30m/min)
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