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Surface Precision due to the Change of Cutting Depth and Cutting Location
when Ball End Milling

NAA(Add digtd), g9E, 1YY, olAGE G AT TEHE)
S. E. Park(Graduate School, Kyungnam Univ.), D. H. Wang, W. I. Kim, Y. K. Lee(Kyungnam Univ.)

Abstract

Ball end milling process is widely used in the
die
suitableness for the machining of free form

and mould manufacturing because of

surface. But, as ball end mill is long and thin,
it is easily deflected by cutting force. In this
study, Cutting force, tool deflection and surface
to the
change of depth and cutting location. Cutting

precision was measured according

force was acquired with tool dynamometer and
a couple of eddy-current sensor measured tool

deflection in x-y direction each. After
machining, surface precision was measured
with  roundness tester and coordination

measuring machine for sculptured surface angle
change and cutting depth.
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Fig. 1 Diagram of experimental setup
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Table. 1 Experimental equipments

- Item Model
TNV-40A

(Tongil Heavy Ind.)
SATO AST-MM

(KYOWA elctronic Co.)
EX-008 (Keyence)

Machining center

Tool dynamometer

Eddy-current sensor

Dynamic strain DPM-612A
amplifier (KYOWA elctronic Co.)
AT-MIO-16E-1
1t
A/D converter {National Instrument)
HAazHE F£9 3 AF 1100pm, o1EEE
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Fig. 2 Cutting workpiece
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Fig. 3 Tool location on free form surface
when ball end milling
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Table. 2 Chemical composition of STDI11

Chemical composition(wt, %) =~
C|Si|Mn|P|S|Ni| Cr|{Mo| V |Cu

1.60|0.40|0.60{0.03{0.03]0.50({13.00{ 1.20 | 0.50 |0.25

RMS vabie of Cuting torca(V)
RMS vate of Cuming lome(V)

Inciesston wngle

3. ﬂ.@ éi’.} ‘;! :‘7—% (6) a=].5mm (f) a=1.5mm
(down milling) (up milling)
Fig. 4& & =4 7134 dA44 9 71394
o e Fage Aslg Yedz ok A2y
= & A=Y HEA T FEAES] HEAH
A FHAZRH(F)LS x4 ARoln, $£HA
ERE(F)L F.5 90°E olF & yud A Eo

RMS valie o Cuting SorcalV)

o, FAER 90°8 o)FAXN FHW3 HEo R T L

THALE(F,)o)th (g) a=2.0mm (h) a=2.0mm
Figds WAL wWsale) wa AdAagy AR (down milling) (up milling)

o] ¥3E Yetiu ot 2doz Ry 433

2bal slekAale] Halg wWalE gz oes 95 Fig. 4 Cutting force due to the change cutting

3tz gty &EAle) gAlFow AgAAE G depth and cutting location

276



Hab gel AARIA WAt dojux g
o BRATAN FFBABOE wAA A
A Astz "ardel Frbshe A 2vh -15%

A 9 ARE B dA=del guel sa el
97 W WAgel EXW, 0 REHE 2
=de @us PPl P BRI GEo
ol gady, 2, 90° Y 10504 A
H2o) o 2 ot Fig 404 ¥ & %ol
Warel He Yo} Fol 90°E AFo YA
Foz HwAwA F7hec 120 ¥HE oAl 3
ggo) ZAHQYI} 150 HEHE TAl F7taA
Hed Fig 49 FHFH AN A ¢ + 9

o, Aot IR FAel £AFA HE R
of ot A zZol FAsA Agstr] ol
SLER-E
AEA AAGE Fol HoAA
A7 AEsE A2 42Eh

gole AA @azolnc 2 sof
5o}

Aol

0025

I ~=~—a=1.0mm

—8-— g=2.0mm
0.020 o

0.5 4

0.010

0005 4

RMS vaiue of Toot deflection{mm)

0.000

T T T T T T T T T T
30 15 0 15 30 45 60 75 90 105 120 135 150 165
Inclination angle { "}

(a) down milling

7 [~a—a=1.0mm
—&— a=2.0mm

RMS value of Tool deflection{mm)

|||||||||||||

30 35 0 15 30 45 60 75 90 105 120 135 150 165
Inclination angle{ "}

(b) up milling

Fig. 5 Tool deflection due to the change
cutting depth and cutting location
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(b) Roundness profile at 150°

Fig. 6 Roundness result



Fig. 6& J¥ 09 150°oAM9 HA=E
Hetli 0°clA e Jdx &3 AePoz
A% A7t opdst AZrErh FAPE HbelA
daglolzt g o AEI BAE7] HedH, 7t
T T HYHIEY2E AAAE 287 BAHA
o 2 A4l F&3e 1507949 JUE @
€0 % U 4x9 Jd: gRYG 2 g& 7}
Aot

4 Ae

£ ATNE ¥ d=UE FAABA B
g3 Faske T PE AN ¥z wme
A4 54, 3FUY 54 4 YAAUEE 2
Aol WHAA P HolHE BA O

I e HES

1L Adge 7Agelst Fhgel ma AR
Z7hehe A¢ HUT F AN, FPAAu
= SPASANA A" A vEwd,
el WE e 1065°% 150704 24
F7behgich
3. 379 WYe SPUNIETA HPEAPEY
ANE Ae e RYAT FAoz ¥
£ ARREE FPINATA v o 2
HYe BAT HPALE FPENY FEA

< fies, & dage] dojus 150" A
2 W3 dehdd.
4. JYEE FH X E AHIo Hole

Y4 ngom, 150 L 2 Aade 2
o2 AYE gl A ehu

-

I1EY

(1] #¥+, A2, §94, €Y, “CAD/CAM
A3 CNC AArzHg”, 859, pp. 334~
358, 1996.

[2] B. K. CHoi and R. B. Jerard, “Sculptured
Surface machining”, Kluwer
Publishers, pp. 53~115, 1998.

Academic

278

[31 &5, °1Fd, 7Y, AEA, “HAJAH
A B deTrtgoer n%E, aAYE A
IE 9% BUIME 247, 33 AT
A, Al 78, A 3%, pp. 99~103, 1998.

Y. Altintas, P. Lee,
Dynamics of Ball End Milling”, Journal of

(4] “Mechanics and
Engineering for Industry - Transactions of
the ASME, Vol. 120, No. 4, PP. 684~692,
1998.

(5] H. Y. Feng, C. H. Menq, "A Flecible Ball
End Milling for Cutting
Force and Machining Error Prediction”,
Trans ASME ]J. Manuf. Technol. 61, pp. 6
1~60, 1993.

[6] W. A. Lim, K. S. Feng, C. K. Menq, "The

of

Sculptured Surface Productions using the

Ball End Milling Process ~ Part 1 : Chip

geometry Analysis and Cutting force

Prediction”, Int. J. Mach. Tool Manufact.

Vol. 35, No. 8, pp. 1149~1169, 1995.

system Model

Prediction Dimensional  Error for

[7]. R. S. Lin and Y. Koren, "Efficient
Tool-Path Planning for Machining
Free-Form Surfaces”, Journal of

Engineering for Industry - Transactions of
the ASME, Vol. 118, No. 1, pp. 20~28,
1996.



