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Tool Trajectory of Ball-End Mill in Consideration of Deflection

when Pencil Cutting

a4 (Fdd dgd), 98 Ed 71ATEE)
K. S. Yun(Graduate School, Kyungnam Univ.), D. H. Wang(Kyungnam Univ.)

Abstract

Ball-end milling process is widely used
in the die and mold manufacturing because
of suitable for the machining of free-form
surface. Pencil cutting can eliminate
overload In uncut area caused by large
diameter of ball-end mill before finish
cutting. As the ball-end mill for pencil
cutting is long and thin, it is easily
deflected by

deflection when pencil cutting is one of the

cutting force. The tool

main reason of the machining errors on a
free-form surface. The purpose of the
research is to find out the characteristics of
deflected cutter trajectory by eddy-current

sSensor.

Key Words @ Ball-end mill(Ed=1),
Tool deflection(F 7 &), Pencil cutting(%l
£7}%), Cutter trajectory(7} &7 2), Machi-
ning error(’}¥ 2 2}), Eddy-current sensor
(2} dFAA)

tit
off =
in
ne

N
.

4T 82 @ 5 oy
e Mo 2 o o
N

J7aiAe] H3eta "asido] o Fy)
A Wazzel YRR RogE Aol y
olgt HAF 7hFol o] FoixA @m oY

= I

o
rlo
I s
2l
ool
ox
= o

O__)_{,_‘H\U

ox
2
N

g

T“OHﬂ:
CRt

ol
-
)
2
rﬂJ

Mo
e
>

i)

U‘l B
ot rir

2 o

ihg

2 f‘ i
N o

A
©
ol
Lome of
=2 1
iy
e
o
o 4
e
o

N

E B
I
=2
o
roL
p
+
N
1Y)
iy
NN
=
i)
it

REOoRt 2 O &oge & R
e

n)

e
o
54
=3
0Ol
o
it
N
N
ol
H1 to op
24
]
A0 mN ot

i
=
"
rle
o
)
(s
2
X
of
_‘Io
(
X
e

2,

i
ad

f
o

.
o
N

A Aabgel AstEe A 28T o o 7
SEA @k #:E7FF(Pencil cutting) 2 o) ¥ g
TS AATEE olHe &HAE L o Fow
AoAgatell Har dte e "azzo

= al
2R glo]l mAEARAE HFgsA e

HA = _"r: %1\
= beael g MestEe AlgHE 2o
e FEFZENA A1 e 1L T ok
tEg d=o] ytsn ) FEE 23 glojok
e, o)F dee Baswe BAge miEo
2 @t els) FT7E wEsel sxoae

do & vk

2ol MEFAM WA oy

-88_



FHgoz wyse HEARY 228 7
o Bo=o| RF FHRAAZEE W3
s JlEAAe Jedm @
el Aol FPAERY

adese aAs stean B

ﬂmﬁOH

2. 4934 £ ¥y

%
rlo
™
T,
>
ol
23
)
2
>

ks
o2,
[}
ok

2
v}

. Fig.
12 A&7 A A o8 FFHEEE A
7] 9%t BA=wU(g6, Md42 HSS)S A=A
(Shank)ol S4AHAFAME Imme HAoE AH
3 Aotk AAFAAMAAN HEH AIEE
NI-DAQ board® A/D ®&sod PCx AT
T dlojE BAE fol&A 3t A HFAF
LabVIEW ofl A SR ANEE
Median BH & A 2|3t At}

Zzgorefel

Fig. 1 Experimental setup

Ed=gel MA Zdole 90mmeld Hdo ¥
ol 18mmelth. FFEH R RH Q
1 % FEEFFZHolE 50mm

. Cs

7] A& FTE BA HAE AR Ynizoz
FTTEUEZREH U v FETTHI A
g Aol #Esel WYy A% ddF
Z5H

zhe} WA Hold S
agus v Aserd e =
97 @ Aoz wa dolg A5l %1?%

o} Table 1& E2d=EeY F3EHANE AH=
Bo=wlel 74 (Stiffness)e 269.167 kgymm<
el gl fAFAAE WA Ed=de
gareA wARste AL o2 24V/mm
g B

Table 1 Bending test result for ball-end mill

Load Stress |Displacement Modul
at Yield | at Yield | at Yield (G;SS
(kg | (kgy/'mm®) (mm) i
613.700 434.104 2.280 154678
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Fig. 4 Tool deflection for down cutting
according to plane path

f

s

@
[\]
~N
—_
E 0.

2

[s]

on
>

-

~

i

of¥
ofk
o

ogh
=
o mju
Mook
=

‘

-

o%
okl ok ol ol

09,1 b
e oY 2 -
o oo MO B E

ol
o
o —_—
wn
=

£ 3

A5 UE e
Yo

2o 2



23ty -Z9go 2 WyH AHE /MEEZ

Y direction

X direction

. a1 R
(a) 700rpm, 28mm/min

04, [, oy e

| ‘ r
¢ £
H / | § .

5 u‘r— - e g °} 3

) : i

02f . 22, |

5000 o000
Number of duta

(b) 700rpm, 20mm/min

Fig. 5 Tool deflection for down cutting

according to downward path
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Fig. 6 Tool deflection for up cutting

according to downward path
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Fig. 8 Tool deflection for up cutting
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