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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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1- Introduction

Inconel 718 is a nickel-based superalloy with a unique
composition (including nickel, chromium, iron, and other
alloying elements) that exhibits exceptional thermal
resistance, corrosion resistance, and mechanical
properties, making it suitable for aerospace, oil and gas,
and chemical industries [1]. Machining this alloy is
challenging due to its high hardness, tendency to adhere to
cutting tools, and excessive heat generation, thus requiring
optimal parameter selection and the use of suitable tooling
and cooling strategies [2, 3]. Numerous studies have
examined the influence of cutting parameters such as
speed, feed rate, depth of cut, and tool geometry on surface
roughness, cutting forces, tool wear, and surface quality
[4-6], yet comprehensive investigations into the interactive
effects of these parameters and different insert types

remain limited. The present study adopts a systematic
approach to simultaneously evaluate key parameters and
two common inserts (TNMG and DNMG) to identify
optimal conditions for achieving high surface quality and
extending tool life in Inconel 718 turning operations.

2- Materials and Methodology

In this study, turning operations were performed on an
Inconel 718 shaft with a length of 400 mm and a diameter
of 24 mm using a TN50BR lathe manufactured in Tabriz.
Four input parameters—insert type, spindle speed, feed
rate, and depth of cut—were examined. To reduce the
number of experiments and costs, the Taguchi Design of
Experiments method with an orthogonal array was applied,
resulting in a total of 18 tests conducted without cutting
fluid. TNMG inserts with six cutting edges and DNMG
inserts with a 55° angle and 0.8 mm nose radius were used,
known respectively for high thermal resistance and
reduced cutting forces. Surface roughness was measured
using a TIME 3100 surface roughness tester’, and the
experimental shaft was divided into 18 sections Figure (1).
Tool wear and surface roughness were considered as the
two main output parameters in this investigation.

3- Results and Discussion

In this study, optimization of the turning process of Inconel
718 was carried out with a focus on reducing tool wear and
improving surface quality. Experiments based on the
Taguchi Design of Experiments and ANOVA statistical
analysis revealed that feed rate is the most influential
factor for both output parameters; for tool wear, feed rate
accounts for 21% of the variation, while its quadratic
relationship has a significant 43% contribution. Insert type
and depth of cut also have statistically significant but
smaller effects, whereas spindle speed showed a minimal
and non-significant influence. For surface roughness, feed
rate with a 6.28% contribution (and 91.77% for its
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quadratic term) was again the dominant factor, while depth
of cut, insert type, and spindle speed had no significant
impact. Main effects plots Figure (2) & Figure (3)
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Figure 1. Dividing the shaft to 18 sections.
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Figure 2. Main effects plot on tool wear.
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Figure 3. Main effects plot on surface roughness.
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indicated that depth of cut and feed rate have nonlinear
effects on both wear and roughness, with DNMG inserts
outperforming TNMG in reducing wear.
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Figure 4.0Optimization plot based on Desirability approach.

Using the desirability function approach [7], the optimal
process settings were identified as a spindle speed of 350
rpm, feed rate of 0.6 mm/rev, depth of cut of 0.3 mm, and
the use of DNMG inserts, achieving a desirability value of
1.0 for both tool wear and surface roughness Figure (4).
The results demonstrate that simultaneous parameter
optimization can substantially enhance surface quality and
tool life. Furthermore, the nonlinear behavior of key
parameters—particularly feed rate and depth of cut—
highlights the importance of multivariate analysis and
advanced optimization techniques in the machining of
high-temperature alloys.

4- Conclusion

The results of this study revealed that in the turning of
Inconel 718, feed rate is the most influential factor on both
tool wear and surface roughness, exhibiting a nonlinear
behavior where intermediate values lead to simultaneous
improvement of both responses. Depth of cut has a
significant but smaller effect on tool wear and a
statistically insignificant effect on surface roughness,
while spindle speed plays the least role. Insert type also
influences tool wear, with DNMG inserts outperforming
TNMG in reducing wear, though the difference in surface
roughness is negligible. Optimization using the
desirability function identified optimal conditions of 350
rpm spindle speed, 0.6 mm/rev feed rate, 0.3 mm depth of
cut, and DNMG insert, achieving a desirability value of 1

for both responses. These findings highlight the
importance of selecting optimal cutting parameters and
suitable tooling to enhance surface quality, extend tool life,
and reduce machining costs for Inconel 718.
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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
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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
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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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