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Study on Generation of Machined Surface Based on Geometric Analysis
of Machining Mechanism for Ball-Nosed End Milling
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*¢ Department of Control and Information System Engineering, Kitakyushu National College of Technology,
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This paper clarifies the geometric generating mechanism of chip and machined surface in
consideration of the tool orientation in ball-nosed end milling. Firstly the cutting cross section area
Ag is proposed as the index of cutting state. It is one when the cutting edge generates the designed
surface in the bottom. It changes according to the tool orientation, and affects the machining
accuracy. Secondly the characteristic related with the tool orientation in several machining, for
example contour cutting and scanning cutting, has been clarified. Thirdly there are pointed out the
geometric difference of cutting mechanism between ball-nosed end milling and the other end milling.
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Fig.2 Cutting area at the point of machined surface generation
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Table 1 Notations

Tool geometry :

Ball radius (mm)
Number of blades n

Cutting conditions :

Feed per revolution (mmv/rev.)

o

Depth of cut (mm)
Pickfeed (mm/track)

Tool inclination :

Inclination angle to pickfeed (rad.) ®
Inclination angle to feed (rad.) o,

Ag (mm?)

Il0.10-0.12
il 0.08~0.10
£ 0.06~0.08
# 0.04~0.06
4 0.02~0.04
.00~0.02

/4

R=5mm
n=2

f=0.1 mm/rev.
p = 1.0 mm/track
a=2mm

—n/4 0 /4
o, (rad.)

(a) Example of pickfeed machining

Ag (mm?)

M 0.10~0.12
1l 0.08~0.10
188 0.06~0.08
8 0.04~0.06

R =5mm
n=2
f=0.1mm/rev.
—Tt/4 0 n/4 a=2mm
wp (rad.)

(b) Example of groove machining

Fig.3 Distribution of Ag

0.10, |
@ groove
@ p=1.0mm/track

T r
OG (rad.)

Fig.4 Relationship between 6, and A,
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& 6 &, R=5mm, n=2, f=0.1mm/rev., p=1.0mm/track,

3. IREHCUIBEMMR a=2.0mm DFH T, TELEH 0=0,4n/9rad.,0,=0,2n/9rad
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Fig. 5 3 types of interfere surface and baundary line
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- Fig.6 Diagram of cutting edge interference area
R=5mm, n=2, f=0.1mm/rev., p=1.0mm/track, a=2.0mm
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Cutting area A (mm?)
o
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EXH 5.

0.10 T
R=5mm

n=2
f=0.1mm/rev.
p=1.0mm/track
a=2.0mm

- wj=-1t/9rad.
a)p=~1r./9rad.

N[

0 /2 T 3n/2 2n
Tool rotation angle 6 (rad.)

Fig.8 Cutting area diagram
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35 0 /2 T 3n/2 2n
Rotation Angle 8 (rad.)
(b) a)f=p/9rad.,wp=—p/9rad.
/2 0 ~0.0lmm
§ 0.01~0.02mm
B 0.02~0.03mm

Cutting Edge Angle ¢ (rad.)

T
Rotation Angle 6 (rad.)
(c)w/=-1t/9rad.,mp=—1t/9rad.

Fig.7 Distribution of undeformed chip thickness
R=5mm, n=2, f=0.1mm/rev., p=1.0mm/track, a=2.0mm
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