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Abstract

Inconel 718 is a nickel-based superalloy widely used in advanced industries such as aerospace and energy due to its excellent resistance to
heat, pressure, and corrosion. However, machining this alloy is highly challenging due to its hardness and tendency to cause rapid tool wear,
making it a demanding process for producing precision components. This study examines the effects of machining parameters on tool wear
and surface roughness during the turning of Inconel 718. Using the Taguchi design of experiments and desirability optimization method, the
influence of feed rate, depth of cut, spindle speed, and insert type on tool wear and surface roughness was evaluated. The results revealed
that feed rate had the most significant impact, while depth of cut also played a critical role in tool wear. Additionally, DNMG inserts exhibited
lower wear compared to TNMG inserts. Optimal machining conditions were identified to minimize tool wear and surface roughness. These
findings can enhance machining processes for heat-resistant alloys, improve efficiency, and reduce production costs.
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Source DF |Seq SS Contribution  |Adj SS Adj MS  |F-Value |P-Value
Regression 10 | 0.309541 92.18% 0.309541 | 0.030954 8.25 0.005
Spindle speed 1 | 0.007821 2.33% 0.000651 | 0.000651 0.17 0.689
Feed rate 1 | 0.070533 21.00% 0.086292 | 0.086292 | 23.00 0.002
Depth of Cut 1 | 0.029008 8.64% 0.024033 | 0.024033 6.41 0.039
Insert 1 | 0.032089 9.56% 0.038164 | 0.038164 | 10.17 0.015
Spindle speed*Spindle speed 1 | 0.000579 0.17% 0.001589 | 0.001589 0.42 0.536
Feed rate*Feed rate 1 | 0.144400 43.00% 0.138866 | 0.138866 | 37.02 0.000
Depth of Cut*Depth of Cut 1 | 0.018225 5.43% 0.017560 | 0.017560 4.68 0.067
Spindle speed*Feed rate 1 | 0.000049 0.01% 0.000011 | 0.000011 0.00 0.957
Spindle speed*Depth of Cut 1 | 0.000002 0.00% 0.000136 | 0.000136 0.04 0.854
Feed rate*Depth of Cut 1 | 0.006836 2.04% 0.006836 | 0.006836 1.82 0.219

Error 7 | 0.026259 7.82% 0.026259 | 0.003751

Total 17 | 0.335800 100.00%
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Source|] DF| SeqSS Contribution| AdjSS| AdjMS| F-Value P-Value
Regression| 13| 29.3603 99.71%| 29.3603 2.2585 104.25 0.000
Spindle speed 1]  0.0000 0.00%| 0.0106 0.0106 0.49 0.522
Feed rate 1 1.8487 6.28%| 11.2125 11.2125 517.59 0.000
Depth of Cut 1] 0.1875 0.64%| 0.0604 0.0604 2.79 0.170
Insert 1] 0.0235 0.08%| 0.0737 0.0737 3.40 0.139
Spindle speed*Spindle speed 1|  0.0001 0.00%| 0.0023 0.0023 0.11 0.760
Feed rate*Feed rate 1] 27.0227 91.77%| 22.2535| 22.2535 1027.25 0.000
Depth of Cut*Depth of Cut 1]  0.0087 0.03%| 0.0230 0.0230 1.06 0.361
Spindle speed*Feed rate 1] 0.0571 0.19%| 0.0283 0.0283 1.30 0.317
Spindle speed*Depth of Cut 1]  0.1178 0.40%| 0.1503 0.1503 6.94 0.058
Feed rate*Depth of Cut 1/ 0.0151 0.05%| 0.0556 0.0556 2.57 0.184
Spindle speed*Insert 1] 0.0186 0.06%| 0.0297 0.0297 1.37 0.307
Feed rate*Insert 1 0.0579 0.20%| 0.0605 0.0605 2.79 0.170
Depth of Cut*Insert 1] 0.0026 0.01%| 0.0026 0.0026 0.12 0.747

Error 4/  0.0867 0.29%| 0.0867 0.0217

Total| 17| 29.4470 100.00%
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Spindle Feed rat Depth of Insert
High 350.0 0.60 0.90 TNMG
Cur [350.0] [0.60] [0.30] DNMG
Low 180.0 0.20 0.30 DNMG

Optimal
D: 1.000

PEBECS .o I L

Composite
Desirability
D: 1.000

Wear
Minimum
y = 0.1512
d = 1.0000

Surface
Minimum
y = 03231
d = 1.0000
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