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Table 1 Factor level of milling parameters

JI A A% /mm n/(r/min) f,/(mm/z) a,/mm
5.0 8000~11000 0.01~0.04 0.10~0.40
4.0 8000~11000 0.01~0.04 0.10~0.40
3.0 8000~11000 0.01~0.04 0.05~0.20
2.4 8000~11000 0.01~0.04 0.05~0.20
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Table 2 Surface roughness for diameter of 5.0mm and

4.0mm taper ball machining

75 n/(r/min) f,/(mm/z) a,/mm Raum
5.0 4.0
1 8000 0.01 0.1 0.6213 0.5571
2 8000 0.02 0.2 1.0660 0.3405
3 8000 0.03 0.3 1.9179 0.6537
4 8000 0.04 0.4 1.8079 0.9429
5 9000 0.01 0.2 0.7359 0.4013
6 9000 0.02 0.1 0.3110 0.3475
7 9000 0.03 0.3 1.0018 0.6002
8 9000 0.04 0.4 1.3258 1.1458
9 10000 0.01 0.3 0.5267 0.4528
10 10000 0.02 0.4 0.8801 0.7037
11 10000 0.03 0.1 0.3210 0.2213
12 10000 0.04 0.2 0.5258 0.3668
13 11000 0.01 0.4 0.8691 0.7274
14 11000 0.02 0.3 0.6469 0.6775
15 11000 0.03 0.2 0.3577 0.4900
16 11000 0.04 0.1 0.3591 0.2914
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Table 3 Surface roughness for diameter of 3.0mm and
2.4mm taper ball machining

Ra/um
i n/(r/min) f,/(mm/z) a,/mm
3.0 2.4
1 8000 0.01 0.05 0.2027 0.3348
2 8000 0.02 0.10 0.3221 0.6848
3 8000 0.03 0.15 0.4427 0.9816
4 8000 0.04 0.20 0.7834 1.0454
5 9000 0.01 0.10 0.3701 0.3740
6 9000 0.02 0.05 0.2447 0.2827
7 9000 0.03 0.15 0.4262 0.396
8 9000 0.04 0.20 1.2474 0.7403
9 10000 0.01 0.15 0.9473 0.7040
10 10000 0.02 0.20 0.5831 0.9053
11 10000 0.03 0.05 0.4224 0.2524
12 10000 0.04 0.10 0.3882 0.4781
13 11000 0.01 0.20 1.7185 1.1130
14 11000 0.02 0.15 0.8660 0.5735
15 11000 0.03 0.10 0.5462 0.6436
16 11000 0.04 0.05 0.2416 0.4385
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Fig.3 Effect of cutting tool factors on milling Surface roughness
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Table 4 Model significance analysis

JJH A% Imm R? Adj.R? F
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2.4 0.90366 0.75916 38.87841
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Modeling the Surface Roughness for Machining Titanium Alloy TC4 with Taper
Ball-end Cutter
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Ministry of Industry and Information Technology, Xi’an 710072, China
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Abstract: Large composite fan blades of high-performance commercial aero-engines are at risk of delamination and
gluing during high-speed rotation. It is necessary to protect the leading edge of the blade by assembling a titanium
alloy TC4 leading edge metal reinforcement edge through the gluing process. However, the performance of gluing is
greatly affected by the roughness of the assembled surface. In this paper, for the machining surface roughness of the
inner cavity of titanium alloy TC4 leading edge metal reinforcement edge, with spindle speed, feed per tooth and axial
cutting depth as design factors, four experiments were conducted using slender tapered ball-end cutters to machine
the titanium alloy TC4. The surface roughness of the machined samples was measured. Based on the collected data,
empirical surface roughness models were established for the four types of slender tapered ball-end cutters. The
results show that the spindle speed increases and the surface roughness decreases considerably at a diameter of
5.0mm. Conversely, the surface roughness increases for a diameter of 3.0mm. The surface roughness machined by
the tapered ball end cutter with diameters of 4.0mm and 2.4mm did not change significantly when the spindle speed
and feed per tooth increased. The surface roughness machined by all the four diameters of the cutters increased
substantially with increase in axial depth of cut.

Key Words: titanium alloy TC4; multi-axis milling; taper ball-end cutter; surface roughness; weak stiffness
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