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A Study on the Optimization of Slot Cut in the End Milling Processes

Jong-Guen Choi*, Hyung-Sun Kim®

JL Abstract J|

A slot cut in end milling processes is one of the laborious works because the cutting force is likely to deflect the
tools excessively, then to make large errors or to fracture the tool. This difficulty is owing to the poor stiffness of
slender shaped end mills. Though, in most cases, additional finish cuts are followed after rough cuts, the accuracy
of rough cuts is still important because it affects the final accuracy after finish cuts and productivity. The accuracy
in slot cuts depends on the tool stiffness and the cutting conditions including depth of cut and feed. In order to meet
the desired accuracy, diameter of end mill and cutting allowance have to be selected carefully. This study suggests
several guidances for selecting the end mill diameter and the slot cut allowance to improve machining accuracy and

productivity in slot end millings. Some experiments were done with the various cutting parameters of tool diameter,

depth of cut and feed.

Key Words

: Slot cut(£&F714), Machining error(7F2£2.2}), Tool deflection(-£7L4] %), Slot cut allowance(&E71391-8)

1L.ME
2l AF FAg] dE a7e ud, 34U FA
Ao} A2 FE7ksol tiE #Hol t& wokAL At
Ty B HASA Y sl e g2 3A F
A FATNAY Hreolle &5t W2 S e T
Fiol 719ste] oA A3 2 7hg e aE HAN = AAE

*

Hjgtw 7] A5
A1 540-742 A £H A
TEZegvid &1

bR T ]
g3 Fe

(jgchoi@sunchon, ac_ kr)
o T 315¥ 7

r°' ¥ r{>

38

Hog QaEn grt. whekd o
F7h A 2o AYA Y
EER0] Gﬂiﬁ Lee”%% al

= ‘1
G20, Leeth Ko A=Y 28§ el A2 2
28 I8 /130 340 4 RRAREGNG



Zl Vol.15 No.6 2006. 12

)
in

ZH7 BN 1T RS Fol7] YT HA
Aol w2 7o ake) W] g Ay
e Zﬂ*l stolch. Zeu Ae7iA e g drellE &
3 ey 42 vu TFAY o3t AL oA

o] WALA BFALO) Zlofl 2 A5 a1 9
F&-oll A Eﬁl ‘ﬂgé‘ dhe &RGlon7kEoA 2%
Z+ &3 73R dALS B
é\:&o:‘_ﬁ_ a] 140471012. Z A h:}- :LF}]
1A Zate) ARt 3 928 9
e s A AN
Ao 2] 4957 otk Getd HEAEE
A HelMe Foldl £39 A7)0 g ded X

Agols 9 AYyZolol gt HHzo) gt Hut 2

Qb o o
2 rlo
Ho
1o
o?.i 1=

ol
;:O

I
.IZ“L
o o>*
o ‘\1

N
-~

ST T s =

]

oxt B (M

£
oXx Y rr O hu

0::.‘
N rL o 3o

e o

}:o_\;J_ogL‘mEmZ__r:%ﬁl‘&

ox 2 (0
tlo o ox i =2 1o u=

ol
-

20l e
5y

o

=

—>‘:1191}41
B oft X
v 2 =2 o
oL P
O!’J‘\:rloi—q

o, 1o mg % 1*‘5 ﬂli E}TZEP. 1

)
o°5‘
g
fr nS
1o§m>i
oh‘_j.‘ﬁ’);
xﬁoﬂmg
—:Lnllmi‘
M 52 off g Ao rH T

2

>
[f mg o
= 2

NS

]

=)

o

ol

™

R md

ab o
£ MR e ox 2 £ ook S Hu

O T oof WY
U o2 }1]
2. ot rlo

Y ol I
=N
1o %

E/d Z]E 10mm 9—] deodz &

jo+)
.
=N
(=%
(4]
=
[
=
=}
-
(e}
=1
v
il
—_
o
g
ok
4
>
ol
1o
o
=5
S’
s
%o
£ 2
8

41 F
o H
o o
o HU
Do
e 0;
2‘ ==
> =
rlr _\FL
> Of
progcc)
o
o E
o U
o
ot
L oX

o

o e & oap

ot o}-j
>
=2
s
oF
ol
ot
rr
N
N
of
am
ox
z |o
fr
o
o
o
2
b
B2 M >

oflt
=
e w
of
1
R}
o
ok
o
O
™
B
lo
il
i)
©
i
oX
=
o
t
e

2

39

43 o} 0] B e 20l Gk B4 v

Lo 5149 BOIE 913tel o) AHmaximum crronsh
39 M (waviness error)2 FAJF = Qith o714 Hge
Az BATFE 7Pt T Aol glol dold = e
oyAel 1Bl e A BolE ARE i, 2
S0 AoAe Aao ol AT U, oS0
27] 9 R4S BT A0S HEH ol e

Aol me) debx|A e

3. 754
3.1 DAY X AEER|
A= TE A tho), tho]A A tho], ¢E tho] S
22 45 SKD61E9 97t 284 ARE AMgsict
E3 M3 AEE A AT TREE &R #2A=Y
FWETL 8% FoH FAUYG-DAY 29 J=TL AE
stglou, Adlel ARGE AA A= AR A AL Table
13} 2},
dem 7F3AEL 98 227 A2 FanucAle] 18M
Ege A2d te S5 mAld AlEE AHgeke
o, 71235 7RO 0AEA e 420 27)7F 2 AL oA
JAEle} oIt Ao] 12 ALEaHLT, 2 Aol NikonA}
Maxirmum error
Waviness error
J——
+ °
Right cutting L o
surface _g
SR
&
o
Left cutting - e 3
surface é
0
T T T =

04030201 0 04030201 0
Error [mm]

Fig. 1 Machined surface profiles by the end mill(D=

Z10mm, Fz=0.02mnvflute, N=3251pm, helix angle=
30degree)
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Fig. 2 Schematic diagram of the experimental setup

Fig. 3 Shape slotting result

Table 2 Cutting conditions

Diameter of the end mill [mm] a2 I3 z4 6 10 16
Tool hang over length(Flute length + 1.0D)[mm] 12 16 20 23 36 56
Tool strength[MN-mm?2] 0.03 0.14 0.47 2.2 223 100
Feed rate(0.002D)[mm/flute] 0.004 0.006 0.008 0.012 0.02 0.03
Spindle speed[rpm] 1625 1083 813 542 325 217
Axial depth of cut(0.5D, 1.0D, 1.5D)[mm] 1,2, 3 |15,3,45 2,4, 6 3,6,9 | 510,15 |8, 16, 24
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Fig. 4 Result of the slotting experiment(D=<J 10mm,
Fz=0.02mm/flute, N=325rpm)
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Fig. 6 Maximum and waviness errors according to Fig. 9 Maximum and waviness errors according to
change of the axial depth of cuts(D=23mm, change of the axial depth of cuts(D=210mm,
Fz=0.006mmv/flute, N=1083rpm) 1z=0.02mm/flute, N=325rpm)
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Fig. 7 Maximum and waviness errors according to Fig. 10 Maximum and waviness errors according to
change of the axial depth of cuts(D=24mm, change of the axial depth of cuts(D=216mm,
Fz=0.008mmy/flute, N=813rpm) dz=0.032mnvflute, N=217rpm)
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Fig. 8 Maximum and waviness emors according to
change of the axial depth of cuts(D=< 6mm,
Fz=0.012mm/flute, N=542rpm)
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