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Abstract: In this work, a new hybrid optimization algorithm is developed, specifically designed to address real
industrial optimization challenges. Initially, we validate the proposed method by applying it to various
industrial optimization problems, showcasing its versatility and effectiveness. The optimization results
obtained with the introduced algorithm are rigorously compared against those produced by other state-of-
the-art optimization methods cited in the literature. Our findings indicate that the proposed method not only
converges more rapidly but also consistently delivers superior performance in terms of solution quality and
computational efficiency across most test problems. Furthermore, we apply the algorithm to optimize the
main cutting parameters in the turning operation of X210Cr12 steel. In this application, the fitness functions
evaluated include the tangential cutting force, surface roughness, and cutting power. The mathematical
expressions for these objectives were generated using the Response Surface Methodology (RSM). This
application highlights the practical utility of our algorithm in improving industrial processes and achieving
optimal operational parameters.
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1. INTRODUCTION structural optimization challenges entails
intricate nonlinear  objective  functions,

Optimizing mechanical structural problems encompassing a multitude of considerations

presents a formidable challenge to designers such as geometrical congestion, mechanical

and researchers, owing to the intricate nature resilience, and operational performance

of  their mathematical underpinnings. requirements [1-4].

Furthermore, a significant portion of these
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In the machining process, the desired final
shape of the mechanical component is created
by removing unwanted material from a larger
piece of material using machines and cutting
tools. During this process, selecting appropriate
machining parameters is critical to ensuring
product quality, low manufacturing costs,
higher productivity, and short manufacturing
time. Accordingly, over the last two decades, a
lot of efforts have been devoted to optimizing
the cutting conditions using several
mathematical approaches to satisfy diverse
criteria [5-7].

This article presents a novel hybrid
evolutionary algorithm incorporating a local
search technique, designed for optimizing real-
world industrial optimization problems. In the
initial phase, we applied ReDE-NM to address
mechanical engineering problems. The
optimization results unequivocally
demonstrate the superiority of our proposed
method over the other algorithms used for
comparison. Subsequently, our developed
algorithm was employed to optimize the
primary cutting parameters during the turning
process of X210Crl2 steel. These turning
operations were conducted under the
Minimum  Quantity  Lubrication (MQL)
lubrication mode, employing a multilayer-
coated carbide insert GC-4215 as the cutting
tool. To model the two key performance
metrics, namely the tangential cutting force (Fz)
and surface roughness (Ra), a series of tests
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were conducted following the Taguchi L_27
experimental design.

2. DISCRETE AND INTEGER VARIABLES
HANDLING

The fundamental approach for managing
discrete variables involves utilizing their
position index within an array of normalized
values. For a more comprehensive
understanding of this discrete variable handling
principle, please refer to Fig. 1. It's worth noting
that integer variables can be addressed in a
similar manner to discrete ones.

More precisely, rather than directly optimizing
the discrete and integer variables themselves,
we optimize their corresponding index values,
which are initially represented as real numbers
and subsequently rounded to the nearest
integer through truncation. Throughout the
process of evaluating the objective function
and constraints, it is the discrete values
themselves, not their indexes, that are utilized

(8l.
3. PROPOSED METHOD: REDE-NM

The flowchart illustrating the ReDE-NM method
is provided in Figure 2. As depicted, ReDE-NM
consists of four primary steps: initialization,
mutation, crossover, and selection. Below, we
offer a concise description of each of these
steps.
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Figure 1. Discrete variable handling method
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Figure 2. Flowchart of ReDE-NM

The incorporation of a local search algorithm
not only enhances the method's ability to
escape from local optima but also bolsters its
exploitation capability. In the context of IDE,
this technique is employed to improve the
quality of the worst solution identified within
each generation.

4. OPTIMUM DESIGN OF MULTIPLE DISC
CLUTCH BRAKE AND SPUR GEAR SYSTEM

In this section, the resolution of two intricate
mechanical design problems (multiple disc
clutch brake and spur gear system) has been
addressed to assess the efficiency of our newly
developed algorithm. Schematic
representations of the two mechanical
problems are presented in Fig. 3 and Fig. 4,
respectively. We benchmark the optimal
outcomes achieved through ReDE-NM against
those obtained by other optimization

algorithms, as documented in references [9-12].

Tables 1 and 2 present the statistical outcomes
of the compared algorithms, corresponding to
the multiple disc clutch brake and the spur gear
design problem, respectively. The tables clearly
demonstrate that ReDE-NM outperforms the
previously reported algorithms, notably
exhibiting superior performance in terms of

standard deviation for both of
optimization problems.

these

Figure 3. Schematic view of multiple disc clutch
brake

Figure 4. Schematic view of the spur gear system

Figures 5 and 6 depict the convergence rates of
the solved problems. Notably, the proposed




algorithm achieves convergence to the optimal
solution in just 11 iterations for the multiple
disc clutch brake problem. In contrast, for the
spur gear system, the optimal solution is
reached after 122 iterations. This observation

underscores the effectiveness of incorporating
the local search Nelder-Mead technique, as it
significantly enhances the efficiency of the
ReDE-NM  method, leading to quicker
convergence toward near-optimal solutions.

Table 1. Statistical results of the used algorithms for the multiple disc clutch brake problem

Algorithms Best Mean Worst SD SR (%)
ReDE-NM 0.313656611 0.313656611 0.313656611 5.60747E-17 100
PVS 0.313657 0.328163 0.392071 NA -
GA 0.313657 0.330712 0.401873 NA -
WCA 0.313656 0.313656 0.313656 1.690E-16 -
TLBO 0.313657 0.3271662 0.392071 0.6700000
ABC 0.352864 0.324751 0.313657 0.5400000

Table 2. Statistical results of the used algorithms for the spur gear problem

Algorithms Best Mean Worst SD SR (%)
ReDE-NM 1538.9446818 1538.9446818 1538.9446818 0.000E+00 100
NAMDE 1538.94468 1538.94468 1538.94468 1.6904E-08 -
MVO 1538.95376564 1539.02756935 1539.16664793 0.04791177 32
ASO 1624.22360200 1713.75053647 1827.07827573 49.4135992 0
EBO 1538.94468183 1544.54893767 1570.07778507 12.0822412 82
QSA 1538.94468183 1539.56734390 1570.07778507 4.40288568 98
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Figure 5. Convergence graph for the best solutions for the multiple disc clutch brake
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Figure 6. Convergence graph for the best solutions for the spur gear




5. OPTIMIZATION OF MACHINING
PARAMETERS DURING THE TURNING
OPERATION OF X210CR12 STEEL

This section focuses on the optimization of key
cutting parameters during the turning process
of X210Cr12 steel. These critical parameters
include cutting speed (Vc, measured in m/min),
feed rate (f, measured in mm/rev), nose radius
variation (r, measured in mm), and depth of cut
(ap, also measured in mm). We conducted a
total of twenty-seven tests to measure the two
optimized outputs, specifically the tangential
force (Fz) and surface roughness (Ra). It's worth
noting that the value of Ra represents the mean
of three measured values, ensuring statistical
reliability.

To model the objectives -effectively, we
employed response surface methodology
(RSM). The objective functions can be
expressed as follows:

F, =120.81 - 0.36Vc —45.17f — 67.77r +
2.63ap + 0.03Vc X f — 0.05V¢ X 1 —
0.06Vc X ap + 295.62f X r + 2573.75f X
ap + 17.62r X ap + 7.98107*Vc? —
1819.27f2% + 25.44r? + 20.97ap?

R, =-3.77+ 526 x 1073Vc + 29.38f +
3.21r + 0.60ap — 9.371073Vc X f + 1.31 X

(1)

1073Vexr+45%x 1073 x Ve x ap —
4.06f Xxr —3.12f X ap + 0.18r X ap —
1.55 X 107°V¢? — 67.96f2 — 1.287r2 —

2.25ap? (2)

The two objectives are evaluated under four
distinct experimental conditions, as outlined
below:

g1 =R,—041<0
g, =—R,+040<0
gs=—F;,+84<0
ga=F,—85<0

where V¢ € [150, 350], f €[0.08, 0.16],
r €[0.8, 1.6] andap € [0.2, 0.6]

(3)

6. RESULTS AND DISCUSSIONS

To assess the algorithm's efficacy in tackling
machining problems, we conducted extensive
computer simulations involving  various
parameter configurations. These simulations
were conducted in a Windows 10 environment,
utilizing an HP Z8 G4 workstation equipped
with an Intel(R) Xeon(R) Silver 4210 CPU @
2.20GHz and 128 GB of memory. The
compilation environment employed was
MATLAB 2020b.
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Figure 7. Convergence plot of the ReDE-NM for the turning problem

The plot in Figure 7 illustrates the algorithm's
convergence history. Remarkably, ReDE-NM
achieves the optimal solution with remarkable

efficiency, accomplishing this milestone after
just 196 iterations.




Table 3. The optimal solution for the machining
parameters

Variables ReDE-NM
Ve (m/min) 256.216393
f (mm/rev) 0.08366701

r (mm) 0.85700971
ap (mm) 0.21639342
Ra (um) 0.40000000
Fz (N) 84.0000000

7. CONCLUSION

This paper introduces an innovative hybrid
evolutionary algorithm termed Roulette Wheel
Selection and Nelder-Mead-based Improved
Differential Evolution (ReDE-NM). Through
comprehensive numerical assessments, the
supremacy and competitive edge of ReDE-NM
over a spectrum of contemporary algorithms
documented in existing literature are firmly
established. ReDE-NM showecases its prowess
by consistently attaining superior results for
key metrics, encompassing the best value,
mean, and standard deviation across all
examined problem instances.

The efficacy of ReDE-NM extends beyond
theoretical benchmarks, finding practical utility
in tackling a complex challenge within the
domain of machining — specifically, the turning
operation of X210Cr12 steel. The investigation
targets a design space characterized by four
mixed variables and four constraints,
embracing three pivotal objectives: minimizing
tangential cutting force, refining surface
roughness, and optimizing cutting power
consumption.

Numerical analyses convincingly affirm the
successful  application of ReDE-NM in
optimizing the turning operation, showcasing
its aptitude as a potent tool for real-world
applications and the resolution of multifaceted
challenges across diverse domains.

ACKNOWLEDGEMENT

A part of the research has been supported by
the Ministry of science, technological

development and innovation of Republic of
Serbia by Contract number: 451-03-136/2025-
03/200029.

ORCID iDs

Hammoudi ABDERAZEK 0000-0001-8911-348X
Aissa LAOUISSI

Mourad NOUIOUA

Ivana ATANASOVSKA 0000-0002-3855-4207

REFERENCES

[1] A. R. Yildiz, H. Abderazek and S. Mirjalili, “A
comparative study of recent non-traditional
methods for mechanical design optimization,”
Arch. Comput. Methods Eng., Vol. 27, pp. 1031-
1048, 2020.

[2] H. Abderazek, A. R. Yildiz and S. Mirjalili,
“Comparison of recent optimization algorithms
for design optimization of a cam-follower
mechanism,” Knowl. Based Syst., Vol. 191,
105237, 2020.

[3] H. Abderazek, F. Hamza, A. R. Yildiz and S. M.
Sait, “Comparative investigation of the moth-
flame algorithm and whale optimization
algorithm for optimal spur gear design,” Mater.
Test., Vol. 63, pp. 266-27, 2021.

[4] H. Abderazek, F. Hamza, A. R. Yildiz, L. Gao and
S. M. Sait, “A comparative analysis of the
gueuing search algorithm, the sine-cosine
algorithm, the ant lion algorithm to determine
the optimal weight design problem of a spur
gear drive system,” Mater. Test., vol. 63, pp.
442-447, 2021.

[5] A. Laouissi, M. Nouioua, M. A. Yallese, H.
Abderazek, H. Maouche and M. L. Bouhalais,
“Machinability study and ANN-MOALO-based
multi-response  optimization during Eco-
Friendly machining of EN-GJL-250 cast iron,”
Int. J. Adv. Manuf. Technol.,Vol. 117, pp. 1179-
1192, 2021.

[6] M. Nouioua, A. Laouissi, R. Brahami, M. M.
Blaoui, A. Hammoudi and M. A. Yallese,
“Evaluation of: MOSSA, MOALO, MOVO and
MOGWO algorithms in green machining to
enhance the turning performances of
X210Cr12 steel,” Int. J. Adv. Manuf. Technol.,
Vol. 120, pp. 2135-2150, 2022.

[71 H. Abderazek, D. Ferhat and A. Ivana,
“Adaptive  mixed differential evolution
algorithm for bi-objective tooth profile spur



https://orcid.org/0000-0001-8911-348X
https://orcid.org/0000-0002-3855-4207

(8]

(9]

gear optimization,” Int. J. Adv. Manuf. Technol.
Vol. 90, pp. 2063-2073, 2017.

H. Abderazek, A. R. Yildiz and S. M. Sait,
“Mechanical engineering design optimisation
using novel adaptive differential evolution
algorithm,” Int. J. Veh. Des., Vol. 80, pp. 285-
329, 2020.

H. Abderazek, A. R. Yildiz and S. M. Sait,
“Optimization of constrained mechanical
design problems using the equilibrium
optimization algorithm,” Mater. Test., Vol. 63,
pp. 552-559, 2021.

[10] S. Gupta, H. Abderazek, B. S. Yildiz, A. R. Yildiz,

S. Mirjalili and S. M. Sait, “Comparison of

[12] Y. J. Zheng, H. F.

metaheuristic optimization algorithms for
solving  constrained mechanical design
optimization problems,” Expert Syst. Appl., Vol.
183, 115351, 2021.

[11] W. Zhao, L. Wang and Z. Zhang, “A novel atom

search optimization for dispersion coefficient
estimation in groundwater,” Future Gener.
Comput. Syst., Vol. 91, pp. 601-610, 2019.

Ling and J. Y. Xue,
“Ecogeography-based optimization: enhancing
biogeography-based optimization with
ecogeographic barriers and differentiations,”
Comput. Oper. Res., Vol. 50, pp. 115-127, 2014.




