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Inconel is a representative super-alloy with excellent heat resistance, abrasion
resistance, and corrosion resistance, and used as a material for key aerospace
components. It is a difficult-to-cut material with a very short tool life owing to
its low thermal conductivity, excellent high temperature strength, and excellent
work hardening ability. In this study, machining characteristics were identified
based on the entering angle in the Inconel 718 turning process. A finite element
simulation was performed to derive the effective entering angle range to
suppress notch wear, which is the main cause of end-of-tool life. Additionally,
cutting temperature, stress, and pressure distribution were analyzed. Through
comprehensive analysis of finite element simulations and machining
experiments, an effective entering angle range was derived to suppress notch
wear in the turning process of Inconel 718.
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Table 1 Cutting condition and tool holder angle

) Cutting speed (m/min) 50.0
Cutt.njng Feed rate (mm/rev) 0.25
condition
Depth of cut (mm) 2.0
Side rake angle (deg.) -6
Tool holder

angle Back rake angle (deg.) -6

Entering angle (deg.) 45, 60, 75, 90, 95

[ kre0° | kr75e | krooe |
Fig. 6 Cutting temperature distribution
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Fig. 11 Experimental setup

Table 2 Experimental instruments

PUMA GT2100B, DoosanMT
Type 9257B, Kistler
Type 5070A, Kistler

Turning center

Dynamometer

Charge amplifier

Table 3 Chemical composition of Inconel 718 (%owt.)

Ni Cr Fe Mo Nb Co Mn Cu
54.0 | 17.67 | 1826 | 298 | 495 | 033 | 0.07 | 0.06
Al Ti Si C S P B
0.48 0.97 0.07 0.01 | 0.0004 | 0.008 | 0.0026
Table 4 Mechanical property of Inconel 718

Tensile strength, Yield (MPa) 924
Tensile strength, Ultimate (MPa) 1213
Elongation (%) 32
Hardness (HRC) 36.7~37.8
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Table 5 Cutting conditions

Cutting speed (m/min) 50.0
Feed rate (mm/rev) 0.25
Depth of cut (mm) 2.0
Entering angle (deg.) 50, 75, 95

Wet condition

CNMG 120408/CNMX 1204
(Tungsten carbide, S05)

Cutting environment

Insert

DCLNR 2525M
k,=50°

DCLNR 2525M
k,= 95°

DCBNR 2525M
k,=75°

Fig. 12 Tool holders according to entering angle
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(c) Entering angle Kr 50°
Fig. 15 Chip morphology according to the entering angle
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Table 6 Standard deviation of primary cutting force

Entering angle Standard deviation
(deg.) Beginning (N) | Finish (N) | Increase (%)
50 45.9 61.5 34.0
75 48.0 50.6 5.4
95 52.2 91.4 75.1
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(a) Tool wear condition
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