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Optimal Design for Face Milling Cutter by Simulation

Jung#Hyun Kim* Byung-Chul Lee**, Hee-Sool Kim**

ABSTRACT

Based on the cutting force model, three-dimensional optimal design model was developed
and optimal designed tool which is minimized cutting force is developed by computer simulation
technique. In this model the objective function which is minimized resultant cutting force was
used and the variables are radial rake angle, axial rake angle, lead angie of the tool. The
cutting forces using conventional and optimal tools by simulation, are compared and analyzed
in time and frequency domains. In time domain the cutting force of optimal tool in feed
direction was more reduced and less fluctuated than that of conventional tool. Cutting forces
of optimal tool in X-and Z-directions are shown a little increased than those of conventional
tool. In frequency domain amplitude of insert frequency components of optimal tool in feed
direction was more reduced than that of conventional tool. The amplitudes of insert frequency
components of optimal tool in X-and Z-direction are a little increased than those of conventional
tool. As the reduction of amplitude and fluctuations of the cutting force, Optimal tool is
considered that tool life and surface roughness would be improved, and stable cutting would
be expected.

Key Words : Optimal design (B24A4), Face milling cutter (3 QY #E), Cuiting force model (BAHE
2d), Objective function (FAgH)
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. . X (Oscilloscope) & F3 ZUEY (Monitoring) 3
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or negative  (0-15) | 5-30 Aol A/D Converterg 3} w022 #AFEd %
Armor plate steels | Double negative (0-15) 5-30 gt
Cast iron Double negative (0-15) 5-45
Non-ferrous Double negative (0-15) 5-30
(Aluminum, Brass,
Bronze, Copper)
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Fig. 6 Schematic diagram for experimental set—hp

Monitor

Initial design
Vearibles &
other input

Table 2 Experimental conditions

Y
I Dptimization model Cutting force Wq Spindle rotational speed 180, 265, 370(rpm)
Cut
Dptiizer Process Milling type Up - milling
| % b | Depth of cut 1, 1.8 25(mm)
2 2 Feed rate 61, 87, 127 (mm/min)
l 8 K] ,l Width of workpiece 47.3(mm)
l of Crtteg force J Diameter of Cutter 100 {mm)
Number of insert 8
Variable
Sampling time 0. 0005 (sec)
Fig.5 Flow-chart of optimization Number of data 1024
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Table 3 Specification of experimentel set-up

814714 Vertical type WMV-1100

Milling machine

(1100 x 280mm)
Tool Dynamometer KISTLER (type 9257 A)
Lab. MASTER
A/D Converter conversion rate : 30KHz
resolution  : 12bit
input range 10V

IBM PC/AT : 64bit
KISTLER (type 5008EDPM-2300)

Computer

Charge Amplifier

Filter KISTLER
Workpiece SM45C
Table 4 Cutting conditions
ANZA (i) (i) (i)
F&84F (rpm) 180 265 370
o445 (mm/inst) 0. 0424 0. 0410 0. 0429
ZAzlo] (mm) 1.0 1.8 2.5

o

Table 29} 2& APRANGA Table 39 et
= AR E AMAH dsiM A& HAER Fig.7
o] JERNYID Fig.8& 4(12)9 B4y Ed2 R
dzg AAdolw Fig. 9= HA 3 I EAES
Uepdch Fig. 10-12& 24EE 200(Hz) 747 EEY
(Filtering) & ¥ Altgoel #HAEE& FFT(Fast

" fourier transform) & oj&sld Fue JHLZ e
W Aol

Fig.79) 23 2Ale3) Fig. 89 AlEd o4 EAEo)
HEd & 9Age 2 4+ 93, Fig 108 Fig. 1194
Z34 JYoME vlad 2 A gL B AUH

Ai0A A2E
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Fig.7 Measured cutting force in time domain
rpm : 370, depth of cut:2.5(mm)
feed per tooth :(0.0429 (mm)
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Table 5 The comparison of optimal and

conventional tools
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Fig.8 Simulated cutting force in time domain
rpm : 370, depth of cut: 2.5(mm)
feed per tooth : 0. 0429 (mm)
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Fig. 9 optimal cutting force in time domain
rpm : 370, depth of cut: 2. 5(mm)
feed per tooth : 0.0429 (mm)
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Fig. 10 measured cutting force in frequency

domain
rpm : 370, depth of cut:2.5(mm)
feed per tooth : 0.0429 (mm)
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Fig. 11 simulated cutting force in frequency
domain
rpm : 370, depth of cut:2.5{mm)

feed per tooth : (. 0429 (mm)
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Fig. 12 optimal cutting force in frequency domain
rpm : 370, depth of cut: 2. 5(mm)
feed per tooth : 0.0429(mm)

SEER

84

—

3

2
A
2

LR

5. 4 B

AUYSAGA AN TUZ BH wgse BA

A48 A7le AgdoHoz B8 Aduds
A%E A T G0l BREAD

29k

E@ﬂ 7“%}54915}.
HARg FTo) g FAHEE ARGGIM vlwg
A Fole WY HAHo] A4 Fo] uls
FA QT BAEY W% (Fluctuation) & Z0

Atk Fag GdoM e AME B4 Fuag 4
29 77| (Magnitude) 7} Z01E AL ¢ 4+ U4
th.

FAEYFE FANF RN VA AFE 2L T

A Hol 71AG FF £l BoRn JHEEYY
BEZE7} gAEY oY BAAYe) heE A
2 Alggt

ik

=
. Patrik Doolan & F. A Burney and S. M)
WU “Computer Design of a Multipurpose
Minimum Vibration Face Milling Cutter”,
MTDR. Vol. 16. pp.187~192, 1975.

. P. Doolan & M. S. Phadke and S. M.
Wu, “Computer Design of a Vibration-Free
Face-Milling Cutter”, ASME, J.
for Ind., pp.925~930, 1975
N. X. Jha and Hsiao-Hong Cheung,
“‘Computer Aided Optimal Design and Finite
Element Analysis of Plain Milling Cutter”,
Department of Mechanical

of Engr.

Engineering
Manhattan College Riverdale, New York.
J. S. Kim & D. W. Cho and J. M. Lee,
Design of Face Milling Cutter
Geometry” CIRP, Vol. 39, pp.391~394, 1990.
A g, o A, IFWFY BEAATE olf
3 ANgy F4Y R, Fx-UIHIA,
Agd, A1z, pp.116~129, 1991

. Martelloti. M. E., “An Analysis of The

“Optimal



SIFLFA R A10@ AM2E (1993.64)

Milling Process.” ASME Vol.
pp. 667~700, 1941.

. Fu. H. J & Devoor. R. E. and Kapoor.
S. G. “A Mechanistic Model for Prediction
of The Force System, in Face Milling
Operation” ASME Vol. 106, pp.81~99, 1984.
. Gygax P. E., ‘Experimental Full Cut Milling

Dynamics’, CIRP, Vol. 29, pp.61~66, 1980.

Trans, 63,

85

9. Ruzhong, Z. and Wang, K. K., “Modeling

10.

11.

of Cutting Force Pulsation on Face Milling”,
CIRP, Vol. 321, pp.21~26, 1983.

Jasbir S., Arora, ‘Introduction To Optimum
Design”, McGraw-Hill Book Company pp. 404
~417, 1989.

Milling System Manual,
1987.

GTE Valenite
Corporation,



