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ABSTRACT

This study aims to find the shapes of an end-mill with low cutting temperature during the end-mill process
of Ti-6Al-4V alloy. Such o-f titanium alloys are increasingly more used for their high tensile strength and
high corrosion resistance. The cutting characteristics of Ti—6Al-4V alloy were studied using an analytical
method validated by comparing the estimated cutting resistance with that from experiments. The end-mill
shape was analyzed using an experimental method. The end-mill shape with low cutting resistance and low
cutting temperature was confirmed by analyzing the signal-to-noise ratios for various conditions. Then, the
factors with significance factor of 95% or more were determined in the variance analysis. Finally, an end-mill
shape that can ensure a low cutting temperature was proposed.
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Fig. 1 Experimental set-up of cutting force measure
system
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Table 1 Analysis conditions for AdvantEdge FEM

Parameters Value
Initial temperature(°C) 20
Min. element size(mm) 0.01
Max. element size(mm) 0.1
Min. edge element size(mm) 0.037
Min. chip element size(mm) 0.028
Min. workpiece element size(mm) 0.01
Angle of rotation(deg) 360
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Fig. 2 Tool shape modeling in end mill process to

compare experiment and simulation

Table 2 Mechanical composition of Ti-6Al-4V alloy

Ultimate Tensile |Yield Strength| Elongation | Poisson’s
Strength (MPa) (MPa) (%) Ratio
950 828 18 0.34
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|« Radial rake Angle[a] Table 3 Selection of control factor and level for

Edge Radius[r]

) Radial Relief Anglefb design of experiment

Level

idth;of Liand|Wol.] Control factor Symbol I ere B

Core Diameter (mm) Di 55 6.5

Radial Rake Angle ( ° ) a -10 15

Cﬁ Axial Relief Angle[b] - .
ore Diameter[D1i] . Helix Angle ( ) C 25 35
Flute Radius [Rf] =

? : Radial Relief Angle () b 20 30

Cutter Diameter[Di Axial Relief Angle () Ar 5 15

‘ ‘ Edge Radius (mm) R 0.03 0.05

Tool Lengthtl] Flute Radius (mm) Rf 0.1 0.3

Fig. 4 End mill shape definition and selection of Width of Land (mm) WoL 1.2 1.8
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Table 4 Orthogonal array of L12(28)and simulation
results of cutting force and temperature

No Factor Cutting [ Cutting
Di| a| c¢c | b |Ar| R | Rf [Wol| Force | Temp.
1 (55|-10(25[20| 5 (0.03/0.1]1.2]1230(402
2 |155(-10[25(20| 5 [0.06/0.3|1.8|1356(420
3 155]-10(35 (30| 15/0.03/0.1|1.2(1129(409
4 15515 (25|30| 15 0.03]0.3|1.8|1146(420
515515 |35(20| 15 |0.06/0.3|1.8|1545(510
6 |55]|15(35[30| 5 |0.06/0.1]1.2(1193(449
7 16.5]-10(35(30| 5 |0.03]0.3|1.8(1207|454
8 [6.5]-10] 35|20 | 15(0.06| 0.3 | 1.2 [1256]| 413
9 16.5]|-10| 25|30 | 15 |0.06/0.1| 1.8 (1419 444
10(6.5] 15| 35|20 0.03| 0.1 | 1.8 {1144 370
11[(65]15]25| 30 0.06] 0.1 | 1.2|1402| 461
12165 15|25 |20 | 15(0.03] 0.3 | 1.2 {1188] 400
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Fig. 5 Main effects plot for S/N ratio of cutting
force

Fig. 6 Main effects plot for S/N ratio of cutting
temperature
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Table 5 Analysis result of significance probability
using ANOVA on cutting force

Significance
probability(%)
1* Pooling | 2™ Pooling

Control factor

Core Diameter (mm) - -
Radial Rake Angle ( ° ) - -
Helix Angle () 62.4 -

Radial Relief Angle ( *) 54.5 -

Axial Relief Angle ( ° ) - -
Edge Radius (mm) 99.3 99.7
Flute Radius (mm) 89.0 91.0
Width of Land (mm) 81.6 83.9

Table 6 Analysis result of significance probability
using ANOVA on cutting temperature

Significance
Control factor probability(%)
1% Pooling | 2™ Pooling

Core Diameter (mm) - -

Radial Rake Angle ( °) - -

Helix Angle ( ° ) - -
Radial Relief Angle ( ) 69.7 71.0
Axial Relief Angle ( ° ) - -

Edge Radius (mm) 94.1 95.0
Flute Radius (mm) - -

Width of Land (mm) 54.2 -
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