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Cutting Condition for Improving Cutting Efficiency and Accuracy by
Ball Endmill on a Machining Center

Yoon-Jong Hak*, Lee-Jong Won**, Jung-Ki Young***, Jung-Mun Sup***
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'1 Abstract |

The curved surface machined by plate end mill causes a excess non-cutting volume, in these cases
ball end mill is used for the curved surfaces. This study is aimed to obtain the optimum cutting
condition by measuring the surface roughness on the conditions of various cutting speed, table speed,
tool diameter, radius of curvature when machining the curved surface using the ball end mill.

After designing curve rates, obtaining NC data by CAD/CAM system through CC-Cartesian method
and transferred the data through DNC system, we machined the specimens by the CNC machining
center,

The surface roughness of specimens was measured by surface roughness tester and CNC 3D
coordinate measuring machine,

The cutting condition were the same as follow, velocity: 15, 20, 25, 30m/min, feed rate: 40, 60,
80, 100m/min amd radius of curvature: 30, 40, 50, 60mm. tool diameters: ¢8, 412, 416, ¢20mm.

Analizing the working results, we can acquire the optimum cutting condition of curved specimen at
the cutting velocity of 20~25m/min and the feed rate of 80mm/min. As the same cutting condition,
the best surface roughness was showed at ¢ 16mm of the tool diameter.

But the tool diameter was smaller than ¢8mm. we could improve for the surface roughness by
controlling the cusp.

Keyword : Plate End Mill(d l=%), Ball End Mill(% <l=9), Optimum Cutting Condition(#% A4
£4), Curvature(%8), CC-Cartesion(JZ#EA we 274z g AAM), Surface
roughness(E® 7 A7)
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(1) &g F=
2 Ago] AHEE A A9e Table 13 2t

Table 1 Instrument and specification

Instrument Company Specification
Méi?f&‘fg TONGIL(Kotea) |  TNV-50, 1200%400%500 (mm)
- DELCAM 5

Software (England) DUCT 5.2

DNC System | | CRBOTECH DX-1000
(Korea)

Surface MITUTOYO Driver speed © 0.1, 0.2, 0.5, lmm/s
roughness tester (Japan) Measuring range : 8. 80, 600xm
3D-Coordinate

\easuring DUKIN(Korea) 400500 300(mm)

Machine

Ao} & SKH51 ¢8, 12, ¢16 ¢20mm«] s
© zpolth BP9 2 AYE Fig. 1, Table 2%
7

Fig. 1 Dimensions of ball-endmill

Table 2 Specifications of ball-endmill

Diameter(mm) | Total length{mm) | Flute length(mm) Helix
D (L} i) angleldeg.)
¢8 100 14.0 30
$12 110 22.0 30
¢16 140 30.0 30
$20 160 38.0 30

3) MHE TARY
¥ Ao AMe AaE KSD 37524 A€ AT
1%‘ B A7 SMA5C) 2B AlE#He] A7) 25X30%
30mm= 0}"&2“% Age 71AAR AdAz s Ave
Table 3 2 Table 49 Zt}.
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Table 3 Chemical composition (wt %)

C | Si | Mn P S Cr | Ni Fe

0.4610.25(0.75 ) 0.02 | 0.04 | 0.09 | 0.02 |98.36

Table 4 Mechanical properties of workpiece

materials
Hardness (Ha) 217
Tensile strength (Kgg/mm®) 63
Elonéation (%) 19
Yield strength (Kgr/mm®) 36.4

2. &lE Wy

CAD/CAM Zg2adez dg 2dadsty NC dlo]
EE 44, o] dolHE DNCEAE o] &3la] mAdAlE]
dx & d=dR shgsigach olw #Hxel il z4L
@71 43 JtEE FE, A4 &% oF &5 BT A
& 7Y H4 27g ZPeld. =8 37 vhRo] wE
SAE Fo] Hsted o) d¥rit} A FT7E AR L,
el mpe] o3t Mol g Zo)r|$isl] wegA Mt

F5 AHgetelo. & Agd 289 44 221& Table 5

7HE AHY BH AV e HEY 23 23 AHE
2R AEHE J1E HolE 2.5mmE 3§l d&
7.5mm, £3 &ZE Imm/secE 3tgon Ay
(range)® 80xm= sl F4H Fd AL (RI#2ZE
et ®=3 4 2L 3AUSYNE o &ald
7k 2o dig T89 Wghe 23slgn)

i)
u

Table'5 Summary of cutting conditions

Cutting Table Curvature Tool
. . Tolerance
speed speed of radius | diameter (Cusp)
(m/min) | {mm/min) (mm) {mm) P
15
20 0.01
95 80 50 8.12,16,20 (0.001)
30

Cutting Table Curvature Tool )
speed speed of radius | diameter T(()(l)eusm)ce
(m/min) | (mm/min) {(mm) {(mm) usp
40
60 0.01
25 8,12.16.
80 50 121620 (0.001)
100
30
40 0.01
5 80 2
% 0 |01218200 0
60

. &8 2ot ¥ oF

Table 5ol AAIE A 2o wa) FHe) FH A
718 #257) f3ld CAD/CAM AlAgog #4¥E gt
Aot 4L FY b "ed 587 B EEE
F2Htolerance) & 0.0Imm. #&(cusp)E 0.001mmz,
FE W& R50mm, &7 A& 2474 8mm, 12mm,
16mm, 20mm®& &4k Fig. 28 99 2 A ol%
S5 80mm/minS.2 sH & W A £x9) W] w
2 g9 AF7 %2 "4 £%7b 20~25m/minelAd 7
A 22 495 e, 1 99 xdxE ALY
grol Aa AR e AL vesic

X

.2
E
=
c 1.5 F
m
0
-]
£ § 3£
s 'r
3
@ ~@—d=8mm
g 0.5 } —h—d=12mm
2 —&—d=16mm
5 —®—d=20mm
%]

) 2 s "

15 20 25 30

Cutting Speed V{m/min)

Fig. 2 Effect of the cutting speed on the surface
roughness at each tool diameter

agely " £} o] ¥AE sloluwA ARz}
EFAE e AN AgE 7 BEe] av)d 2 3
ol7} YehA @1 AN AdExE o Wit
Age] Zadl T o3 W Adsle AME 2A ©g
o] Hzl g Hlskd d=Te Ase Zle WAy
o] oA & A} QMg niwst whaA) Ay plY
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Fig. 3 Effect of the table speed on the surface
roughness at each tool diameter
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Fig. 4 Effect of the radius of curvature on the
surface roughness at each tool diameter
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Fig. 5 Effect of the cutting speed on the
curvature tolerance at each tool
diameter
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Fig. 6 Effect of the table speed on the curvature
tolerance at each tool diameter
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