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A Study on Optimal Design of Face Milling Cutter Geometry I}
— With Respect to Cutting Force —

Jung-hyun Kim and Hee-Sool Kim
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Abstract

On face milling operation a new optimal cutter, which can minimize the resultant cutting forces,
was designed from the cutting force model. Cutting experiments were carreied out and the cutting
forces of the new and conventional cutters were analyed in time and frequency domains. The
resultant cutting forces were used as the objective function and cutter angles as the variables. A
new optimal cutter design model which can minimize the resultant cutting forces under the
constraints of variables was developed and its usefulness was proven. The cutting forces in feed
direction of the newly designed cutter are reduced in comparision with those from thé conven-
tional cutter. The magnitudes of an insert frequency component of cutting force from the newly
designed cutter are reduced than those from conventional cutter and the fluctuations of cutting
force are also reduced. )
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Fig. 1 Force components according to cutter geome-
try and cutting geometry
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Table 1 Commercially available milling cutter geometry''®

. . . Insert rake angle(Axial, Radial) . Lead angle
“Workpiece material K .
X Degree) , ‘Degree)

Free machining steels 5 Double positive 0~ 13; ‘ 5~30
Plane carbon steel Double poasitive!0~15) 53~30
High alloy steels i Douvble positive or negative (0~ 15) l 5~30
Armor plate steels Double negative{0~15) 3~30
Cast iron Double negative '0~13) 5~45
Non-ferrous{Aluminum, Brass, Double positive ‘0~15) 5~30
Bronze copper;
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Table 2 Cutting conditions

o 4 15°Abole] Hatoz 4

S. Q. P{sequential quadratic pro-

Depth of condition | (i) | (i} | (i)

Spindle speed (rpm) 180 265 | 370

|
Feed rate/mm/insert)| 0.0424 | 0.0410 | 0.0429

Depth of cut mm; 1.0 i 1.3 2.5
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(a) (b N
ta) Lonvention al toool
(b) Optimal tool (light cutting)
(c) Optional tool(light cutting)

Fig. 3 Photograpic configuration of the conven-
tional & new proposed cutter
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Fig. 4 Shematic diagram for expermental setup
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Table 3 Experimental conditions

Spindle speed , 180, 265, 370 rpm)

Milling type Up-milling

Depth of cut 1, 1.8 2.5:mm;

Feed rate 61, 87, 127 (mm/min)

Width of workpiece >47.3(m.mvk
‘Diameter of cutter 100{mm)

Number of insert 8

Sampling time 0.0005 :sec)

Number of data 1024

Table 4 Specification of experimental set-up

Milling machine  |Vertical type WMV-1100
Tool dyanmometer [ KISTLER (tjpe 9257 A)

Lab. MASTER

Conversion rate : 30KHz
A/D converter Resolution : 12bit

Input range :+10V

Computer IBM PC/AT : 64bit
Amplifier . KISTLER (Type 3008)
" Workpiece SS 41
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Table 5 The simulated resultant cutting forces of
conventional and optimal cutters in the
case of increasing axial rake angle

va | Conventional cutter 1 Optimal cutter
20° 726.93 N 656.83 N
30° 7617 N 646.54¢ N
40° 83167 N | 652.60 N
50° 956.35 N 682.77 N
60° 1190.42 N 760.80 N
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Fig. 3 Measured cutting force in time domain. rpm:

370, depth of cut:2.5/mm: féed, per tooth :
0.0429'mm’
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Fig. 7 _‘Simulated cutting forces resulted from opti-
mal tool in time domain. rpm : 370, depth of
cut : 2.5 mm, feed per tooth . 0.0429:mm.
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Fig. 8 measured cutting force in frequency domain
rpm : 370, depth of cut : 2.5/mm) feed per
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Fig. 9 Simulated cutting force in frequency domain
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Table 6 The comparison of optimal and conventioal tools .
Tool angle X-dir. Y -dir. Z-dir. Decrease Mag. of in-
Cutters mean mean mean of peak (N) sert freg. |Resultant
70 7a ”n (N) (N) (N) P (Y)

A 0 7 15 98.99 -257.45 114.09 22.26 302.45
SOA -9 15 45 118.00 -207.51 140.95 max 80.9 11.85 277.22
OA -9 15 45 115.42 -206.55 141.93 12.62 280.31

B 0 7 115 119.11 -397.33 Y2726 64.78 439.55

max 127.2

OB -5 15 45 155.57 -324.11 187.37 34.42 410.19

C 0 7 15 125.66 -659.25 216.59 180.01 712.92
SOC -4 15 45 197.52 -526.56 34781 max 217.6 98.09 667.42
oC -4 15 45 195.46 -520.39 347.50 90.16 662.84
A : Conventional cutter, SOA : Simulation optimal cutter, OA : Optimal cutter, B : Conventional cutter
OB : Simulation optimal cutter, C: Conventional cutter, SOC : Simulation optimal, OS : Optimal cutter

Table 7 The magnitude of angles in cutting section
Tc 7e° %’ $n® 7s° pe’
Conventional cutter (light cutting) 0.7 45.6 4.9 372 319 47.2
Optimal cutter (light cutting) ‘0..‘6 35.3 15.9 34.5 34.7 54.5
Conventional cutter (heavy cutting) 0.8 340 5.8 413 242 46.7
Optimal cutter (heavy cutting) 0.6 49.7 12.7 345 320 48.6
ghzto] 7] afFofl FHo] Zaw HE 4+ 9 £ Fo|Edc, Fal4ode|d s g zubdkel ol
%, M2 HA Z34 43el 27| (magnitude) 7+ ¥ A
S ZolT A% ¥ 4 AR
5.8 & (3) Aarade] gajo] Ztad ol HAAH
Abol & A o FA A4S FE4Zd 7
RAYAelold A4 EAE¥s $4dE o™ Hez 4zud
A ¢ g HLdle ARLA 24 A () AAEAST 7&&.4?49_1‘4 slAle] AEL
Wiz, A4ZAl #E AHE AA4ANE A 2L 4 UA Sof GAY Aol ST A
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