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ABSTRACT 

This review paper presents a comprehensive analysis of the application of the Taguchi method for optimizing CNC 

turning parameters, with a focus on improving surface roughness. CNC turning is a fundamental manufacturing process 

that requires careful selection of machining parameters to ensure product quality and operational efficiency. The Taguchi 

method, widely applied for design of experiments (DOE), offers a systematic approach to identify optimal parameters 

using minimal experimental trials. 

This paper reviews various research studies employing the Taguchi method to optimize cutting speed, feed rate, and 

depth of cut in CNC turning. Additionally, it highlights the integration of computational tools like MATLAB for 

simulation-based validation. Comparative analysis is conducted to evaluate the effectiveness of different optimization 

approaches. Research gaps, including limited multi-objective optimization and the lack of real-time validation, are also 

identified. Recommendations for future research, including hybrid models combining Taguchi with artificial intelligence 

(AI) and machine learning (ML), are proposed. 
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1. INTRODUCTION  

CNC turning is a widely adopted machining process in industries for producing cylindrical components with high 

precision. The performance of CNC turning is primarily determined by factors such as cutting speed, feed rate, and 

depth of cut, which directly influence surface roughness, material removal rate (MRR), and tool wear. Achieving the 

desired surface finish remains a challenge due to the complex interactions of these parameters to address this, the 

Taguchi method has gained significant attention for optimizing machining parameters. Developed by Genichi Taguchi, 

this statistical method minimizes experimental effort while ensuring robust results. Unlike traditional trial-and-error 

approaches, Taguchi employs orthogonal arrays (OA) to systematically study parameter effects using fewer experiments 

This paper reviews recent advancements in CNC turning parameter optimization using the Taguchi method. 

Additionally, the role of MATLAB simulations in validating experimental results is discussed, followed by a 

comparative analysis of existing research. Adams et al. [1] assessed the role of cutting fluid composition in CNC 

machining. The study compared synthetic, semi-synthetic, and biodegradable lubricants, concluding that biodegradable 

lubricants provided effective cooling and lubrication while being environmentally friendly. Brown et al. [2] analyzed 

the thermal behavior of cutting tools under different machining environments. The study found that dry machining 

resulted in higher temperatures, leading to rapid tool wear. The use of flood cooling significantly improved tool life and 

dimensional accuracy. Suresh et al. [3] investigated the optimization of machining parameters in turning operations 

using the Taguchi method. They performed experimental trials on TC21 alloy and concluded that feed rate had the most 

significant influence on surface roughness, followed by cutting speed. Their study provides practical insights for 

improving the surface quality of titanium alloys. Patel et al. [4] presented a comprehensive review on the application 

of the Taguchi method in turning operations. They discussed various studies using ANOVA for statistical validation 

and highlighted the importance of S/N ratio analysis in determining optimal parameters. The review emphasized the 

robustness of the Taguchi approach in manufacturing optimization. Kumar et al. [5] explored the optimization of 

cutting speed, feed rate, and depth of cut in turning operations using Taguchi’s L9 orthogonal array. The study confirmed 

that lower feed rates resulted in improved surface roughness. Their work is particularly relevant for reducing material 

wastage and tool wear. Singh et al. [6] performed an experimental analysis on the machining of AISI 1045 steel. They 

used the Taguchi method to minimize surface roughness and maximize material removal rate. Their results demonstrated 

that higher cutting speeds and moderate feed rates are optimal for achieving desired surface finish. Davim et al. [7] 

applied the Taguchi method to analyze the effect of machining parameters on surface roughness during the turning of 

mild steel. The study concluded that the interaction effect of cutting speed and depth of cut significantly influences 
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surface finish. The findings serve as a reference for process optimization in industrial applications. Jain et al. [8] 

optimized the cutting parameters of EN31 steel using Taguchi and ANOVA techniques. The study identified cutting 

speed as the most influential factor. The authors also recommended combining Taguchi with genetic algorithms for 

further improvements in machining processes. Bharathi et al. [9] implemented the Taguchi method to optimize cutting 

forces and surface roughness in CNC turning operations. The study validated the model using experimental data and 

proposed that lower feed rates and moderate cutting speeds provide a better surface finish. Rao et al. [10] conducted a 

comparative study on the optimization of machining parameters using Taguchi and Grey Relational Analysis (GRA). 

Their research indicated that integrating multiple optimization methods yields better results in multi-objective 

machining problems. Sharma et al. [11] focused on the effect of depth of cut on surface roughness during high-speed 

turning operations. Using the Taguchi approach, they established that the depth of cut has a secondary influence 

compared to cutting speed and feed rate. Their findings are valuable for industries aiming to enhance productivity. 

Gupta et al. [12] explored the application of the Taguchi method for optimizing machining parameters in dry turning. 

The study recommended using S/N ratio analysis to determine the best combination of factors. It further highlighted the 

advantages of dry machining in reducing operational costs and environmental impact. 

2. OVERVIEW OF CNC TURNING  

CNC turning involves the rotation of a workpiece while a stationary cutting tool removes material. It is primarily used 

for producing symmetrical parts such as shafts, bushings, and flanges. The major process parameters include: 

• Cutting Speed (Vc): The speed at which the cutting tool moves relative to the workpiece. 

• Feed Rate (f): The distance the tool advances per revolution. 

• Depth of Cut (ap): The thickness of the material removed in one pass. 

The objective is to minimize surface roughness while maintaining a high material removal rate. Various studies have 

shown that improper parameter selection can lead to poor surface finish and increased tool wear. 

3. TAGUCHI METHOD FOR PARAMETER OPTIMIZATION 

The Taguchi method is a robust design technique that uses orthogonal arrays to analyze the influence of multiple 

parameters with fewer experimental trials. Signal-to-Noise (S/N) ratio and Analysis of Variance (ANOVA) are used 

to identify optimal conditions. 

3.1 Key Concepts in Taguchi Method 

• Orthogonal Arrays (OA): Balanced experimental designs that ensure all parameter combinations are tested 

efficiently. 

• S/N Ratio: Evaluates the performance characteristics by minimizing variation in output. 

• ANOVA: Determines the contribution of each parameter to the response variable. 

3.2 Application in CNC Turning 

• Suresh et al. [13] applied Taguchi’s L9 orthogonal array to optimize surface roughness, concluding that cutting 

speed has the highest influence. 

• Patel et al. [14] found that Taguchi's optimization reduced surface roughness by 24% compared to conventional 

methods. 

• Kumar et al. [15] used ANOVA to analyze the contribution of each parameter and achieved a 30% improvement 

in machining efficiency. 

4. FACTORS INFLUENCING SURFACE ROUGHNESS 

Surface roughness is a key quality parameter in CNC turning. Studies have identified the following influencing factors: 

4.1 Cutting Speed 

• Singh et al. [16] concluded that higher cutting speeds reduce surface roughness due to reduced built-up edge 

formation. 

• Jain et al. [17] demonstrated that increasing cutting speed improves surface quality but accelerates tool wear. 

4.2 Feed Rate 

• Rao et al. [18] showed that surface roughness increases with higher feed rates, resulting in visible tool marks. 

• Sharma et al. [19] highlighted that maintaining a moderate feed rate ensures better surface finish. 

4.3 Depth of Cut 
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• Gupta et al. [20] found that increasing depth of cut adversely affects surface roughness due to increased cutting 

forces. 

5. APPLICATION OF MATLAB SIMULATION 

MATLAB is extensively used for simulating machining processes and validating experimental results. By integrating 

Finite Element Analysis (FEA) with Taguchi optimization, researchers can predict surface roughness more accurately. 

• Davim et al. [21] utilized MATLAB to simulate cutting forces and validate Taguchi-based predictions. 

• Bharathi et al. [22] developed predictive models in MATLAB, reducing the need for excessive experimentation. 

6. COMPARATIVE ANALYSIS OF PAST STUDY 

Table 1: Comparative Analysis of Previous Study 

Study Methodology Optimization Approach Key Findings 

Suresh et al. [13] L9 OA + ANOVA Experimental 
Cutting speed most 

influential 

Patel et al. [14] L9 OA + S/N Ratio Simulation + Experiment 
24% reduction in surface 

roughness 

Kumar et al. [15] Taguchi + MATLAB Experimental Validation 
Improved machining 

efficiency 

Singh et al. [16] Taguchi + ANOVA Experiment + Regression 
Speed reduction enhances 

finish 

7. RESEARCH GAP AND FUTURE DIRECTION 

• Limited use of multi-objective optimization techniques. 

• Lack of real-time validation using sensor-based systems. 

• Integration of AI and ML for adaptive parameter control is underexplored. 

Future research should focus on combining Taguchi with AI-driven models to improve accuracy and adaptability. 

8. CONCLUSION 

This review paper has highlighted the significant role of the Taguchi method in optimizing CNC turning parameters to 

achieve better surface roughness.  

By systematically applying orthogonal arrays and analyzing the Signal-to-Noise (S/N) ratio, researchers have 

successfully minimized experimental effort while achieving reliable results. Cutting speed, feed rate, and depth of cut 

were identified as the most influential parameters affecting surface quality. 

The integration of MATLAB simulations has further enhanced the accuracy and efficiency of optimization by predicting 

surface roughness and validating experimental outcomes.  

Simulation-based approaches not only reduce material wastage but also minimize production costs and machining time. 

Furthermore, the application of Analysis of Variance (ANOVA) has provided insights into the contribution of individual 

parameters, making the Taguchi method a robust choice for manufacturing process optimization. 

However, challenges remain, particularly in the application of hybrid optimization techniques combining Taguchi with 

AI and ML algorithms.  

Additionally, limited real-time validation using sensor-based systems poses a barrier to ensuring consistent performance 

in industrial settings. Environmental factors and tool wear monitoring are also underexplored areas that warrant further 

investigation. 

Future studies should consider: 

• Implementing real-time data collection and adaptive control using AI and ML models. 

• Conducting multi-objective optimization to balance surface roughness, material removal rate, and tool wear. 

• Developing sustainable machining approaches by incorporating eco-friendly lubricants and optimizing energy 

consumption. 

• Expanding the application of MATLAB simulations for predictive maintenance and fault detection. 
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