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Geometrical Study on Machining Mechanism
at Center of Ball-Nosed End Mill
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** Department of Control and Information System Engineering, Kitakyushu National College of Technology,
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This paper presents a geometric analysis of an undeformed chip thickness at the top of tool in
ball-nosed end milling. It has been firstly pointed out “backward cutting” near the center of tool that
is irregular interference between the flank and the workpiece. So “backward cutting” occurs a non
contact part on the cutting edge. Secondly a condition of “backward cutting” has been clarified. An
area of “backward cutting” in a ball-nosed end mill is shaped circle that exists beside the center of
tool axis. Thirdly a method of avoidance from “backward cutting” has been brought up. Then its
influence for surface roughness is verified by a few experiments.
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Tool axis
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Backward cutting - ‘

(a) In the case of backward cutting

Tocl)l axis

Backward cutting

(b) In the case of backward cutting and non contact area

Non contact area

Fig.1 Model of interference between cutting-edge and
workpiece at the center of tool

Table 1 Notations

Tool geometry :
Ball radius (mm) R
Number of blades n
Cutting conditions :
Feed per revolution (mm/rev.) f
Depth of cut (mm) a
Pickfeed (mm) p
Revolution per minute (rpm) N
Tool inclination :
Inclination angle to pickfeed (rad.) wp
Inclination angle to feed (rad.) W

2 ANormal
z direction . o
t Rotation axis direction

N1

E ¥ Y.z, plane

)

)

]

'

: d mill
Pickfeed - A YoV
directipn ~ ¢ . -"Feed

1

A oL -7 direction

w . ‘ . .
x 7 A plane includes the rotation axis
t

Fig. 2 Definition of tool inclination angle
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Fig. 5 Relationship between the present cutting edge and

the preceding one
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(b) Shape of undeformed chip

Fig. 6 Result of undeformed chip thickness analysis
(R=5mm, n=2, f=1.0mm/rev., p=1.0mm,

a=0.1mm, wf=wp=0rad.)
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Fig. 7 3 types of interfere surface and baundary line
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Tool rotation axis
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Fig. 8 In the case of intersect point on the workpiece surface
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Fig. 9 In the case of intersect point on the cylindrical surface
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Fig. 10 Cutting area and backward cutting area
(fIR=0.2, a/R=0.4, p/R=0.04, n=2, a),:n/ 18 rad., a)p:O rad.)
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Fig. 11 Cutting test

Table 2 Cutting conditions

Workpiece S45C

Tool cemented carbide

Ball radius Smm

No. of blade 2

Cutting fuid (Dry)

Feed per rev. 0.05mm/rev.

Spindle speed 4800rpm

Tool inclination wf=—1t/4~n/4 rad.

Depth of cut 0.5mm

Pickfeed 0.5mm (up cut, down cut)

l100 S " """""""" : """"""" ::""“""""'T """""""" T ".

i : ¢ |=s=up cut |1

80} —&—down cul

—_ . i H J

= SR R Y A A S ]

3 % n :

240k 5 .
20 _ .................................................

r el ; e - i 1
-2n/9 -m/9 0 n/9 2n/9

o, (rad.)
Fig. 12 Surface roughness

(a) wf=n/ 18rad. downcut

(b)a)f=-n/ 18rad. downcut
Fig.13 Machined surface
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(a) a)f=1t/ 18rad. downcut

Rotation Angle(rad.)

- Radius/Ball_radius
O O O O O »

(b) a{rz()rad. downcut

Rotation Angle(rad.)

Radius/Ball_radius
o O O O o »
O N B O O

©) wf=-n/ 18rad. downcut

Fig.14 Backward cutting area and cutting area at some
inclination angle (cutting conditions are shown in Table 2)
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