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Abstract—Machining operations such as turning, milling, and drilling are widely used in
manufacturing industries to produce components with required dimensional accuracy and
surface quality. The selection of optimal machining parameters plays a crucial role in
improving productivity and reducing manufacturing cost. Analysis of Variance (ANOVA) is
a powerful statistical tool used to determine the significance of machining parameters and
their contribution toward performance characteristics such as surface roughness, tool wear,
cutting force, and material removal rate. This review paper summarizes recent research
work on ANOVA-based optimization of machining parameters in various machining
processes. The study focuses on different optimization techniques such as Taguchi method,
Response Surface Methodology (RSM), Grey Relational Analysis (GRA), and hybrid
machine learning approaches combined with ANOVA. The review highlights that feed rate
and cutting speed are generally the most influential parameters affecting surface quality and
machining performance. Furthermore, this paper discusses the major research gaps and
future research opportunities in the field of machining parameter optimization.

Index Terms—ANOVA, Machining Parameters, Optimization, Surface Roughness, Taguchi
Method, Response Surface Methodology, CNC Machining.

I.  INTRODUCTION

Machining processes play a significant role in manufacturing industries, especially in the
production of precision components used in automotive, aerospace, and tool manufacturing
sectors. The performance of machining operations largely depends on the selection of appropriate
cutting parameters such as cutting speed, feed rate, and depth of cut.

Improper selection of machining parameters may lead to poor surface finish, excessive tool wear,
and reduced productivity. Therefore, optimization of machining parameters has become an
important research area in modern manufacturing engineering.
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Statistical techniques are widely used to optimize machining parameters. Among these techniques,
Analysis of Variance (ANOVA) is one of the most effective tools used to determine the significance
and percentage contribution of different machining parameters.

ANOVA helps researchers identify the most influential parameters affecting machining
performance. When combined with optimization techniques such as Taguchi method and Response
Surface Methodology, ANOVA provides a reliable framework for improving machining
performance.

This review paper aims to analyze the recent research work on ANOVA-based optimization
techniques used in machining operations.

II. LITERATURE REVIEW

Many researchers have applied ANOVA to identify the influence of machining parameters on
machining performance.

Sharma et al. (2022) investigated the optimization of turning parameters for EN31 steel using the
Taguchi method combined with ANOVA. Their results showed that feed rate had the highest
influence on surface roughness followed by cutting speed and depth of cut.

Kumar and Singh (2023) studied the effect of machining parameters on surface roughness during
CNC turning of aluminum alloy. ANOVA analysis revealed that feed rate contributed more than
60% to surface roughness variation.

Patel et al. (2023) applied Response Surface Methodology combined with ANOVA for
optimization of milling parameters in CNC machining of stainless steel. Their results indicated
that cutting speed and feed rate significantly affect the surface finish.

Verma et al. (2024) investigated drilling parameters for composite materials using ANOVA and
Grey Relational Analysis. The study concluded that spindle speed and feed rate were the most
important parameters affecting thrust force and delamination.

Gupta et al. (2024) analyzed the optimization of machining parameters in CNC turning using the
Taguchi method and ANOVA. Their findings demonstrated that optimal cutting conditions
significantly reduce surface roughness and improve tool life.

Reddy et al. (2025) applied ANOVA with machine learning techniques to predict machining
performance. Their research showed that hybrid optimization methods provide better accuracy in
predicting machining outcomes compared to conventional statistical models.

Several studies confirm that ANOVA is a reliable statistical tool for identifying the influence of
machining parameters and supporting optimization techniques.

III.  EFFECT OF MACHINING PARAMETERS ON MACHINING PERFORMANCE

3.1 Cutting Speed

Cutting speed plays an important role in machining performance. Higher cutting speeds generally
improve surface finish due to smoother cutting action. However, excessive cutting speed may lead
to higher temperatures and tool wear.
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ANOVA studies in machining processes show that cutting speed contributes significantly to
surface roughness and tool life.

3.2 Feed Rate

Feed rate is considered one of the most influential parameters affecting surface roughness.
Higher feed rates increase material removal rate but also increase surface roughness. Many
ANOVA-based studies show that feed rate has the highest percentage contribution to surface
quality compared to other parameters.

3.3 Depth of Cut

Depth of cut mainly affects cutting force and material removal rate. Increasing depth of cut
increases productivity but may lead to higher cutting forces and vibration.

ANOVA results from several machining studies show that depth of cut has a moderate influence
compared to cutting speed and feed rate.

IV.  OPTIMIZATION TECHNIQUES COMBINED WITH ANOVA

4.1 Taguchi Method with ANOVA

The Taguchi method is widely used for experimental design and optimization in machining
processes. When combined with ANOVA, it helps determine the significance of each machining
parameter.

This method reduces the number of experiments while providing reliable optimization results.

4.2 Response Surface Methodology (RSM)

RSM is used to develop mathematical models for machining processes. ANOVA is used to validate
the significance of the developed models.

RSM helps in analyzing the interaction between different machining parameters and identifying
optimal conditions.

4.3 Grey Relational Analysis (GRA)

Grey Relational Analysis is used for multi-objective optimization problems where multiple
responses such as surface roughness, tool wear, and material removal rate need to be optimized
simultaneously.

ANOVA helps determine the importance of each parameter affecting the grey relational grade.

4.4 Machine Learning Based Optimization

Recent research combines ANOVA with machine learning techniques such as Artificial Neural
Networks (ANN), Support Vector Machines (SVM), and Genetic Algorithms.

These methods improve prediction accuracy and help in developing intelligent machining systems.
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V.  RESEARCH GAP

Despite significant research in machining parameter optimization, several research gaps still exist:

1. Limited studies integrating ANOVA with advanced artificial intelligence techniques for real-
time optimization.

2. Lack of research on multi-objective optimization considering sustainability factors such as
energy consumption and tool wear.

3. Most studies focus on single machining processes, whereas hybrid machining processes are
rarely investigated.

4. Limited research on real-time monitoring systems integrated with ANOVA-based optimization
models.

Addressing these research gaps will help develop more efficient machining systems.

VI.  FUTURE RESEARCH DIRECTIONS

Future research in machining parameter optimization may focus on:

o Integration of ANOVA with Artificial Intelligence and Machine Learning techniques.

e Development of real-time adaptive machining systems.

e Optimization of machining parameters for advanced materials such as composites and
superalloys.

e Use of smart sensors and Industry 4.0 technologies for monitoring machining performance.

These developments will enhance the efficiency and reliability of machining processes.

VII.  CONCLUSION

Optimization of machining parameters is essential for improving machining performance and
product quality. ANOVA is widely used to determine the significance of machining parameters and
their contribution to machining performance.

This review study shows that feed rate and cutting speed are the most influential parameters
affecting surface roughness and machining efficiency. Techniques such as Taguchi method,
Response Surface Methodology, and Grey Relational Analysis combined with ANOVA provide
effective solutions for machining parameter optimization.

Future research should focus on integrating ANOVA with advanced machine learning techniques
and real-time monitoring systems to achieve intelligent and automated machining systems.
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