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An experimental study on the roundness effect for the cutting
conditions in a cylinder cutting by end mill

Sung-Chung Kim*, Hee-Gyun Park* and Eung-Suk Lee*

JL Abstract J

KeyWords :

In this study the effect of roundness error with respect to the cutting conditions using the external cylindrical work piece
by end mill cutting in a machining center was studied. The end mill used in this study is HSS coated with Ti-N which is of
¢ 12-4 flutes. The material of workpiece is SM20C and cutting oil is used as a cooling fluid. The cutting experiments were
carried out for the several cutting conditions (depth of cut, height of end mill, feed rate, revolution per minute and cutting
direction) and their roundness effects were compared using the least squares circle measuring method. The experimental results
are summarized as follows; 1) The cutting depth is dominant for the roundness of a cylindrical work piece and the cutting
speed must be determined precisely when the cutting depth is large, 2) When the cutting direction in circular manufacturing is
the same with the spindle rotation, i.e, up-cutting condition, the surface roundness is also improved.
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Fig.1 Least squares circle fitting,
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Table 1 Specification of Machining Center TONGIL (TNV-

40A).
travel x,y,z-axis 560, 410, 510 mm
spindle speed 60 - 6000 rpm
taper NT No. 40
motor power ACT75/55K
feed rate 1 - 5000 mm/min
feed motor ACO9 KW
rapid traverse 12000 mm/min
standard control FANUC OMC
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Fig.2 Dimensions of the cylindrical specimen.
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Fig3 End mill cutting in spindle type

machining center.
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Fig4 Schematic diagram of the depth of cut(T) and end
mill height(H) for the cutting condition.
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Table 2 NC-codes for CW(clockwise) and CCW(counter

FESA FHUN The

clockwise) cutting by end mill.

for CCW _cutting

for CW cutting

GI0 GO0 G43 X30. Y40. Z100. H1:
7-10. M03 3800

GOT G42 X20. Y30. F400 D1
GO3 X1.1 Y15. R30. F80 M08 :

00001 00002

G40 G49 G80 G40 (49 G80

GOl G28 X0. YO0. Z0. © GI1 (28 X0. Y0. Z0. :
G900 G54 - G90 G54 ¢

GI1 G30 Z0. GI1 G30 Z0.

MO6 TO1 MO6 TO1 -

G90 GO0 G43 X30. Y-15. Z100. H1:

Z-10. M0O3 3800 -
GOl G41 X5. Y-5. F400 DI

GO2 X1.1 Y15. R30. F80 MO8 :

113.9 113.9

X3. YO. R25. © X3. Y30. R25. :

G40 GOO G49 7200. M09 : G40 GO0 G49 Z200. M09 :
GOl G30 Z0. G91 G30 Z0. -

MO6 TO2 : MO6 TO2 :

G90 GO0 X-60. Y15. Z10. : G0 GOO X-60. Y15. Z10. :
MO03 S500 : MO3 8500 -

Z-0.5 M08 : Z-0.5 M08

GOl X-10. F150 GO1 X-10. F150

GO0 Z200. M09 : GO0 Z200. M09

MO5 MO5 &

MO2 MO2 -
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Fig.5 An example of measured data by the roundness
tester.
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Table 3 The measured roundness in various machining 312
conditions. : ‘:
H: End mill hight, F: Feed rate {(mm/min), ¢
N: Revolution, T: Depth of cut per min. ;
T1=0.1(mm) | T2=0.3(om) | T3=0.5(mn) | T4=0.7{(m) Depthof cut (=)
R I ) o . o Fig6 Effect of depth of cut on the roundness values at
=800 | N=1000 =RU0 [ Ne=1000] N-=5800 | N.= 100G N =800 | N,=1000
constant end mill height, HI=10mm and feed rates
. 5.7 54 73 62 9.6 8.2 e 11 F
T 66 60 76 > 98 10.9 127 16.9 ( )
H]:IO m100 6.4 52 1 NS 1.5 96 123 1
(om) e 63 54 73 68 109 | 11 42| 178 Xé/}_]—gl]o] 0.3mn o]-&},o]]}\-] ]%—é:—E, ci] | EX-}__—_o] §]
N 58 5.4 74 6.4 110 104 138 143 ;q/'- 1:1_1 }\]7%] B]—;\]zﬂhﬂ-zﬂ: ;g)\].] 3&74]@0] ;L(l —]E %k‘\%
0.5 63 73 1 115 123 15.0 186 Bi§].7]. (71‘;}. la‘]r‘i oki ]- ﬁ _]E g}% Oé_g_a;]\iﬂ_
5.6 5.2 1 6.0 0.2 9.7 124 13.2
s 6.4 5 78 6o | Sos | ] S| s PQ/J-%_OIE 0.3m °|32 3= 740] Zasta AAZolst
H:=15 o100 53 51 70 5.8 1na 105 13.6 143 ] %IE‘_E} ﬂl‘rﬂ L%E %k"] %7-:*6] '6‘7}'0}‘04 %_%.571'
=1
(nm) 58 5.5 7.5 65 1.2 1.9 145 18.2 ‘5017\]E —53}6]-0] L]_E}L}_Ei @’4?}0]7} ;ﬂ_odE 6)\-9’] t&
fam120 5.5 5.4 h 6.5 13 it 146 150 ﬁ]—oﬂ U]i]‘—:— 0363301 q’% 01@ g&iai‘:}‘ E_D}'-‘E }\]'/l‘:]
62 6.0 80 70 118 126 15.4 19.0
58 54 66 0.4 105 135 144 vo_ OEL :‘[: %}‘E}-
Fimo 64 6.4 A2 76 HE] 134 51 18.4
Ha=20( 8¢ 5.3 76 6.3 IEVARIEVERIEYAREY 4.2 OI Eml [II.: g‘;
(mm) ’ 6.0 6.0 79 T3 121 14.1 16.0 193
6.0 5.5 6.2 6.9 124 ) 135 17.2 N
P 6.3 65 84 79 12.5 44 168 19.5 Table 39’] 6%5 -:__@%l—o“Ai OJJCU1O ;\g‘}\]’gol T)
AAF(N) 2 AP dAstA dtn o|FEH=F)E
% 57/66 _p The roundness value by CW cutting (sm)

> The roundness value by CCW cutting (¢m)
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Fig.7 Effect of depth of cut on the roundness values at
constant end mill height, H2=15mm and feed rates (F).
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Depth of cut (m)

_57_

H3=20mm . N2=1000

A
R

Roundness( )

——F 1=80CT W
—®—F2:=100CC W
——#—F 3:120CC W
Fl1=80CW
©  F2=100CW
- A - F3s

Ti=00 Te=33 13205 T4207
Deoth of cut (m)

Fig.8 Effect of depth of cut on the roundness values at
constant end mill height, H3=20mm and feed rates
(F).
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20 T2=0.3(mm), N1=800(rpm)
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18 F —®——H =10 CCW
——H 1=15 CCW

14 F —a&——H 3=20 CCW
< H1=10 CWwW

12 ---@---H1=15 CW
---M---H3=20 CW
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Roundness(um)

6
4
2
[}
F1=80 F2=100 F3=120
Feed rate(mm/min)
20
T2=03(mm) N2=1000(rpm)
18
16
14
~ L
5 2
]
E 10
8
[
4
2
o

F1=80 F2=100

Feed rate(mm/min)

F3=120

Fig9 Effect of the feed rate on the roundness values at constant
depth of cut, T2=0.3mm and end mill height (H).
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T4=0 T{mm). N1=800(rpm)

Roundness{um)

———H1=10 CCW
—tl——H =15 CCW
——H 3220 CCW

H1=10 CW

F1=80 F2=100

Feed rate(mm/min)

F3=120

=07¢mm), N2=1000(rpm?}
20 ¢

18

16
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RoLndness{un)

=10 CCW
=15 CCW
=20 CCW

B

4 o H1=10 CW
- -HI1=15 CW

2 ca-A---H3%20 CW

0

F1=80 F2=100 F3=120
Feed rate{mm/min)
Fig.10 Effect of feed rate on the roundness values at constant

depth of cut, T4=0.7mm and end mill height (H).
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Fig.11 Effect of height of end mill on the roundness values at
constant feed rate, F1=80mnv/min and depth of cut (T).
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F2=100mm/min. N2=1000rpm

20 B
18 PN I
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. /:

—e—T1=0) CCW
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Roundnessm)
S

- .- T1=01 CW
A © - T2:03CW

A T3=05CW
- @ -- 74207 CW

Hi=10 H2=15 H3=20
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Fig.12 Effect of height of end mill on the roundness
values at constant feed rate,
F2=100mm/min depth of cut (T).
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Fig.13 Effect of height of end mill on the roundness
values at constant feed rate, F3=120mm/min depth
of cut (T).
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