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A Study on Optimal Design of Face Milling Cutter Geometry([)
— With Respect to Tool Life and Surface Roughness —

Jung-hyun Kim and Hee-Sool Kim

Key Words : Flank Wear Land(ed %+
(FHAAA)

o]

}2Z), Tool Life(#F49), Surface Roughness

Abstract

In order to improve the cutting ability of face mill, a model for optimal cutter shape was
developed to minimize resultant cutting force by combing cutting force model and optimal
technique. Wear test and surface roughness test for optimized and conventional cutter were
performed. The new optimized cutter shows longer tool life of 2.29 times than convetional cutter
in light cutting condition and 2.52 times in heavy cutting condition. The surface roughness of
workpiece by optimized cutter is improved in heavy cutting condition, but deteriorated in light
cutting condition in comparison with conventional cutter. The surface profiles of workpiece were
analyzed by Fourier transformation. The distribution of cut lay left on workpiece by optimized
cutter is more regular than that by the conventional cutter.
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Table 1 Mechanical properties of workiece

Tensile strength | Hardness| Elongation
{Kg/mm?) (Hv) (%)
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Table 2 Chemical compositions of workpiece
{ C | Si| Mn P S
SS41 | 047 | 0.98 | 0.08 | 0.011
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T . 180 rpm¢(36.35 m/min)

% © 61 mm/min{(0.0424 mm /insert)

1 mm

Table 3 Tool & Insert geometry

Conventional { M 115 SP 04 R/L-12(Korea Tungsten)
cutter(l) . Lead angle:15°

Radial rake angle:0°

Axial rake angle:7°

Cutter diamer:106(mm)

| Insert diameter:100(mm)

Optimal 'Specially manufactured
cutter(2) Lead angle : 45°

light cutting

Radial rake angle : —9°
Axial rake angle : 15°
Cutter diamer ;| 128(mm)
Insert diameter : 100{mm)

. Optimal

cutter(3)
light cutting

Specially manufactured
Lead angle : 45°

Radial rake angle : —4°
Axial rake angle : 15°
Cutter diamer : 128(mm)

|| Insert diameter : 100(mm)

Insert for SPKN1203ETR(P25)(Korea
conventional | Tungsten)
cutter Thickness . 3.18(mm)
Clearance angle : 11°
Nose radious : 0.8(mm)
Insert for

optimal cutter

SPKN1203ETR(P25)Korea
Tungsten)
Thickness : 3.18(mm)
Clearance angle : 20°

Nose radious : 0.7(mm)
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Table 4 Flank wear land of workpieces®

Allowable wear land |Applicable field
0.2 mm IPrecision light cutting
0.4mm Special tool steel
0.7 mm Cast steel
1~1.25mm IRough cutting of castiron
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Fig. 2 Cutting configuration
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Table 5 Flank wear land of inserts according to number of tool pass

» .
No. of pass ! Co%g::)t ter Opt. cutter(light) Co(r;lve.ait;t)ter Opt. cuttertheavy)
20 0161 0.066 0.125 0.040
0| 0.319 | 0.123 0.218 0.066
60 ! 0.444 0.169 0.319 0.103
O 0.578 y 0.200 0.428 0.146
100 ! 0.653 g 0.242 0.551 - 0.191
120 | 0.294 0.646 0.208
140 . 0.344 ! 0.311
160 [ 0.403 0.380
180 | 0.457 | 0.423
200 ! 0.519 g 0.462
220 i : " 0.608 0.501
240 ; . 0.560
260 . | ] 0.614
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Fig. 3 The relation between flank wear land and
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Fig. 35 Flank wear land observed under scanning

electron microscopv(SEM)



1) Conventional tool(rpm : 180, feed : 61 mm,
depth : 1 mm, no. of pass: 60)

(b) Optimal tool(rpm : 180, feed : 61 mm,
depth : 1 mm, no. of pass: 60)

1.6 Flank wear land observed under scanning
electron microscopy(SEM)
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Table 6 Local wear length of the inserts according to various cutters

Wear land Worn edge length Worm edge lengdj Worn afea

{measured) (theory)
Conventional cutter{light) 0.315 mm 1.065 mm 1.035 mm ! 0.335 mm?®
Optimal cutter(light) 0.110 mm 1.630 mm 144mm | 0182 mm?
Conventional cutter(heavy)|{ ~ 0.445 mm 2.668 mm 2.588 mm 1.188 mm*
Optimal cutter (heavy) i 0.165 mm ' 1 3.840 mm f 3.536 mm 0.634 mm?
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