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Abstract. CNC milling technology is essential to today's industrial sector because it makes it possible 
to produce components precisely and efficiently. In this study, CNC milling machining parameters 
are optimized using the Taguchi technique and Response Surface Methodology (RSM). We also 
analyze several other characteristics such as Spindle Speed (SS), Feed Rate (FR), and Depth of Cut 
(DoC). To determine important factors and ideal configurations, this study blends statistical analysis, 
such as ANOVA, with experimental methods. According to the study's findings, the two most 
important variables affecting surface roughness (Ra) and Material Removal Rate (MRR) are FR and 
DoC. The optimization approach can help improve product quality while cutting down on production 
time. This in turn promotes the manufacturing process's efficiency. 
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1. Introduction 
In the manufacturing sector, milling machines are the main tool used to cut, shape, and create 
different product components. The two primary types of milling machines that have emerged as a 
result of technical advancements are CNC (Computer Numerical Control) milling and manual milling. 
CNC milling has become a vital component of the contemporary manufacturing sector due to its 
exceptional productivity and ability to produce high-quality goods, meeting the demands of ever-
more complicated and effective manufacturing (1,2). CNC milling performance is heavily influenced 
by CAM (Computer-Aided Manufacturing) software, cutting tools, machine technology, and human 
resource competencies.  

CNC milling technology was first created by researchers at the Massachusetts Institute of 
Technology (MIT) in the late 1940s and early 1950s. In order to control machine functioning, they 
constructed an NC (Numerical Control) machine that used perforated tape (3). Automation in 
machining is made possible by this breakthrough. This technique developed into CNC with computer 
integration in the 1960s, enabling more intricate, adaptable, and precise programming. Furthermore, 
a universal programming language for CNC machine operation was introduced: G-code (4). CNC 
milling is becoming more and more relevant in meeting the demands of contemporary industry as a 
result of these advancements. 

Even so, there are still a number of issues with CNC milling, particularly when it comes to ensuring 
constant product quality. Among the primary challenges are poor product quality and cutting tool 
wear, which affects manufacturing costs and efficiency. Numerous investigations have been carried 
out to get around this problem and improve the machining parameters. The relationship between 
vibration, cutting force, tool wear, and cutting parameters is crucial for machining optimization (5). 
Coolant pressure, coolant flow rate, and cutting direction are a few of the factors that significantly 
affect the quality of the finished product (6). Additionally, by lowering the tool wear level, the 
parameters of layered cutting tools can enhance the quality of the machining output (7).
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However, vibration affects cutting performance. The primary causes of vibration are misaligned and 
unbalanced objects (8). A thorough review of the literature is necessary to compile the results of 
previous research on the variations in parameters affecting the machining process. The CNC milling 
process can be optimized with the use of this study's improved recommendations and references. 
This study advances CNC milling technology by offering comprehensive insights into the connection 
between product quality and productivity and machining parameters. Additionally, this research 
provides useful solutions to problems in everyday production operations. 
 
2. Methodology 
This technique uses Response Surface Methodology (RSM) and Taguchi methodology to optimize 
machining settings in the CNC milling process. The Taguchi method allows the best parameter 
combination to be found with the fewest number of experiments by using orthogonal matrices to 
construct tests. SS, FR, and DoC are ideal parameters; MRR, Ra, and machining time are important 
replies. Central Composite Design (CCD) is one of the experimental designs used by RSM to forecast 
the relationship between machining parameters and results. This methodology facilitates the 
analysis of parameter interactions and the use of desirability functions for multi-objective 
optimization. The modeling results were tested using Analysis of Variance (ANOVA) to ensure that 
the parameters were significant. Validating the optimized parameters in practice by contrasting the 
experimental values with the anticipated outcomes demonstrates the research's usefulness. Figure 
1's flowchart illustrates the research's steps. 

 
Figure 1. Flowchart for parameter optimization 



Lase & Pranoto, IJATEC, Vol. 06, No. 1 (2025) 34-41 

36 

This method provides an auxiliary set of techniques. Taguchi works well for straightforward 
experimental designs, whereas RSM is better for intricate modeling. By using these two techniques, 
the CNC milling process in industrial applications should become more productive, efficient, and 
high-quality. 
 
3. Taguchi Method and Response Surface Methodology (RSM) 
Two optimization methods that are commonly used in CNC milling processes to optimize machining 
settings are Response Surface Methodology (RSM) and the Taguchi Method. 
 
3.1 Taguchi Method 
In order to enhance quality in a variety of industries, such as manufacturing, engineering, 
biotechnology, marketing, and advertising, Genichi Taguchi created the Taguchi Method, a statistical 
technique. Using this approach, experiments are created to determine the ideal set of parameters. 
Taguchi's approach allows for fewer experiments without sacrificing the validity of the results 
because factors and levels are grouped in an orthogonal matrix. In the Taguchi method, 
characteristics that have a substantial impact on the end product's quality are identified using 
analysis of variance (ANOVA) and the signal-to-noise (S/N) ratio methodology to assess process 
stability and reliability. This method allows the Taguchi method to optimize process parameters both 
qualitatively and statistically, which makes it a useful tool for raising the quality and efficiency of 
production. In order to find the best milling parameter combination for achieving lower surface 
roughness values, researchers used this procedure. Three sets of control parameters were employed 
in their investigation (Table 1). The Taguchi L9 orthogonal array design was selected for statistical 
analysis, as displayed in Table 2.  

Table 1. Various cutting parameter levels 

Trial (T) 
CS 

[m/min] 
Radial DoC 

[mm] 
FR 

[mm/tooth] 

T-one 112 0.112 0.075 

T-two 180 0.250 0.150 

T-three 250 0.312 0.250 

Table 2. The orthogonal array of Taguchi L9 

Experiment CS Radial DoC FR 

Ex-i T-one T-one T-one 

Ex-ii T-one T-two T-two 

Ex-iii T-one T-three T-three 

Ex-iv T-two T-two T-one 

Ex-v T-two T-three T-two 

Ex-vi T-two T-one T-three 

Ex-vii T-three T-three T-one 

Ex-viii T-three T-one T-two 

Ex-ix T-three T-two T-three 

 

Figure 2 displays the signal to noise (S/N) ratio analysis. The most significant metric, as demonstrated 

in Figure 2, is the Radial DoC, which accounts for 64% of the average surface roughness according to the 

ANOVA analysis (9). The most important factor for 060A4 steel material is feed rate (14), and the same is 

true for SCM400 steel (15). Additionally, the largest contributor to surface roughness is the quantity of 

inserts [16]. The most important variables affecting the surface roughness of M200 TS (10) material, 

according to another study, are spindle speed and feed rate. Cutting speed is the most important element 
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affecting MRR for EN24 steel material, whereas feed rate has the biggest impact on Ra (11). The two factors 

that have the biggest effects on machining time are feed rate and cutting speed (12,13). Table 3 displays all 

of the authors' optimization outcomes using the Taguchi Method. Table Three. Enhancement Several 

writers' findings using the Taguchi Method. 
 

 
Figure 2. Workpiece on the milling machine table 

 
Table 3. Optimization Results using the Taguchi Method from several authors 

No. Optimized parameters Key results Author 

1 DoC, CS, FR Lowest Ra: 0.117 µm  J. Ribeiro, et al (9) 

2 DoC, CS, cutting feed (CF) Optimized Ra I. Tlhabadira, et al. (10) 

3 DoC, CS, FR 
MRR maximized; surface roughness 
minimized  

K. Satyanarayana et al. 
(11) 

4 
DoC, CS, FR, Machining 
tolerance 

Machining time Cutter ball nose Ø32 
mm: 265.730 minutes. Cutter ball 
nose Ø30.0 mm: 265.51 minutes 

E. M. Widodo, et al. (12) 

5 DoC, FR, SS  
Machining time reduced to 34.25 
minutes  

M. Mulyadi, et. (13) 

6 SS, FR, cutting depth (CD) 
Minimum surface roughness; 
maximum MRR  

H. L. H. Anh, et al. (14)  

7 DoC, CS, FR, Coolant flow 
Minimum Ra and maximum MRR 
achieved  

D. D. Trung et al. (15)  

8 DoC, CS, FR, number of inserts  
Ra, Rz, and Rq minimized; 71.89% 
impact from number of inserts  

H. Kirli Akin, Y. Fedai (16) 

 
3.2 Response Surface Methodology (RSM) 
A statistical optimization technique that simulates the link between input and output variables is 
called Response Surface Methodology (RSM). This approach yields the best machining parameters, 
which is why it is frequently used for multi-objective optimization. RSM models and examines the 
connection between the intended response and process factors. This technique investigates the 
impact of parameter interactions using intricate experimental designs such as Central Composite 
Design (CCD). When describing the link between process parameters and measurable results, 
quadratic models are frequently employed. To ascertain if the examined parameters were significant, 
an analysis of variance (ANOVA) was performed. Because of this methodology, RSM is a dependable 
instrument for process optimization and boosting production effectiveness. Low-carbon steel (UNS 
T51620) CNC milling study to optimize machining parameters. The study’s-controlled variables 
include SS, FR, DoC, and coolant flow rate. These parameters are adjusted experimentally (Table 5) 
and by three levels (Table 4). Ra and MRR are uncontrolled reactions. 
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Table 4. The levels of machining parameters 

Experiment 
SS 

(rpm) 
(P) 

DoC 
mm 
(Q) 

FR 
mm/min 

(R) 

Coolant flow rate 
l/min 

(S) 

Level 1 1200 0.2 1000 4 

Level 2 1850 0.4 1500 6 

Level 3 2500 0.6 2000 8 

 

Table 5. Responses and experimental runs 
P 

(rpm) 
Q 

(mm) 
R 

(mm/min) 
S (l/min) 

Ra 
(microns) 

MRR 
(mm³/min) 

1850 0.2 1000 6 4.217 0.2361 

1850 0.6 2000 6 2.650 1.2931 

1200 0.4 1000 6 4.797 0.7826 

2500 0.4 2000 6 2.070 0.7466 

1850 0.4 1500 4 2.746 0.6249 

1850 0.2 1500 6 4.550 0.8636 

1850 0.4 1500 6 3.434 0.7646 

1850 0.4 1500 6 4.646 0.1954 

1850 0.4 1500 6 3.434 0.7646 

1200 0.2 1500 6 5.334 0.3351 

2500 0.4 1500 8 1.642 0.7873 

1850 0.2 1500 8 3.542 0.3578 

2500 0.6 1500 6 1.534 1.1941 

1200 0.4 1500 6 4.122 0.9043 

1200 0.6 1000 6 2.897 1.1211 

1850 0.4 1500 6 4.109 0.6429 

1850 0.4 2000 8 2.758 0.8863 

1200 0.4 1000 6 3.005 0.8053 

1200 0.6 1500 6 4.014 1.3111 

1200 0.4 1500 4 5.226 0.7419 

2500 0.2 1500 6 2.854 0.2181 

1850 0.6 1500 8 2.222 1.3338 

1850 0.2 2000 6 3.970 0.3171 

1850 0.4 1500 6 3.434 0.7646 

1850 0.6 1500 4 3.326 1.1714 

2500 0.4 2000 4 3.862 0.7239 

2500 0.4 1000 6 2.317 0.6656 

The effect of parameter interaction can be seen in Figures 3 to Figure 6. 

 

 

 

 

 

 

 

 

Figure 3. Graph of P and Q's interactions on Ra      Figure 4. Graph of R and S's interactions on Ra 
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Figure 5. Graph of S and P's interactions on Ra       Figure 6. Graph of Q and R's interactions on Ra 
 
The ANOVA analysis found that FR is the parameter that most affects the MRR of low carbon steel 

UNS T51620. In contrast, the factor that has the biggest impact on Ra is spindle speed. P20 steel (20), 
aluminum alloy 7075 (18), aluminum AL6063 (22), and AA6351 alloy steel (21) also showed 
comparable outcomes. The most important factor for machining time is step over (19), which is 
followed by depth of cut and cutting speed (23). Table 6 displays the full optimization findings 
utilizing Response Surface Methodology from multiple authors. 

Table 6. Optimization Results using Response Surface Methodology (RSM) from several authors 

No Optimized parameters Key results Author 

1 
DoC, SS, FR, Coolant flow 
rate 

Minimum Ra 0.159 µm, MRR 1.294 
mm³/min 

R. Suresh Kumar et al. (17) 

2 DoC, SS, FR Ra: 0.159 µm, MRR 32.019 g/min  C. C. Tran, et al. (18)  

3 
SS, FR, Step over, Toolpath 
strategy 

Machining time 424.46 min W. D. Lestari et al. (19)  

4 
CS, FR, Nose radius, Axial 
DoC, Radial DoC 

Ra: 0.615 µm, MRR 298.5 cm³/min 
M. Vishnu Vardhan, et.al. 
(20)  

5 DoC, CS, FR, Tool nose radius 
Ra minimized and machining time 
optimized 

G. Karthik Pandiyan, T. 
Prabaharan (21)  

6 DoC, CS, FR. 

The minimum Ra achieved was 0.91 
μm, with the following optimized 
parameters: DoC 1.2 mm, CS 1440 
rpm, FR 0.2 mm/rev. 

Sathish et al. (22) 

7 DoC, CS 
Optimal machining time 2.57922 
minutes 

M. Aziz, R. Saraswati (23) 

 
3. Conclusion 
According to this study, FR and DoC have the biggest effects on machining results, specifically Ra and 
MRR. RSM is better at evaluating more complex parameter interactions, although Taguchi's approach 
is helpful for developing a limited number of tests. The optimal machining settings are generated for 
a range of applications, such as CNC milling aluminum alloys, low-carbon steels, and other materials, 
when these two methods are combined. The industrial sector can improve production quality and 
efficiency by optimizing CNC milling machining parameters, according to this study's helpful 
recommendations. 
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