
6th International Conference on  
Energy, Environment and Sustainable Development 2022 (EESD 2022) 

 

7 
 

Use of Taguchi experimental design in an offline optimization 
estimation of surface finish in machining 

Anis Fatima*, Ahmed Kamal and Muhammad Wasif 

Department of Industrial and Manufacturing Engineering 
NED University of Engineering and Technology, Karachi-75270, Pakistan 

Abstract 

Surface roughness is the important parameter to describe the quality of a machined part and is mainly depended on the 
cutting parameters. In this research, optimization of surface finish of ferrous (Stainless steel 316-L) and non-ferrous 
(Aluminum 7075) nuclear graded alloys is performed.  For this, Taguchi experiment design and analysis of variance 
(ANOVA) has been employed. Cutting experiments were performed on Taguchi L9 array. The effect of feed rate, cutting 
speed and depth of cut on surface finish were analyzed. In cases, stainless steel 316-L and Aluminum, feed rate was 
found to have a significant influence on surface finish. Regression analysis was also used to develop surface roughness 
estimation models. Conformation trials reveal that newly developed regression model predicts results that are closed to 
empirical results with an error of 3%.  This study reveals the importance of statistical technique in relation to the benefits 
of green manufacturing. 
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1. Introduction 

   In a present era, where environmental legislations are enclosing, an organization is considered successful if it 
recognizes its environmental responsibility. The concept of safe environment has become an integral part of the way 
product is manufactured, marketed and operated. Hence, it is important to consider sustainability at all levels of the life 
cycle of a product. Manufacturing industries create numerous products for humans, by consuming significant amount 
of resources and also generate a lot of waste. The resource consumed and the waste generated during the manufacturing 
processes, during the use of the products and after the end of the product life is responsible for the degradation of the 
environment. That’s why minimizing the resource consumption and reducing the environmental impact of 
manufacturing systems has gradually become more important. To gain global competitive advantage, it is vital that 
manufacturing industries should struggle for sustainable manufacturing on their part. 
 
   In an aggressive environment, such as nuclear or offshore industries, surface finish has an important role. This is 
because, smooth surface has a better resistance to corrosion and less susceptible to an accumulation of deposits (which 
often becomes focal point for localised corrosion). Also, surface texture/quality plays a vital role in improving the fatigue 
strength, corrosion resistance and creep life of the component and thus, the product life [1]. Hence, surface roughness is 
an indicator of quality which in turn finally controls the process performance and the operating costs [2]. Surface 
roughness is affected by a number of factors including cutting parameters, tool geometry, work piece material, chattering 
and cutting fluids [3]. Numerous research has been conducted on improving surface roughness of ferrous alloys. A 
typical approach has been to study the effects of major cutting parameters on dimensional accuracy. In general, Taguchi 
and response surface methodologies has been utilised for minimizing the surface roughness in turning of machining 
steel [4][14] , chromium alloy tool steel SKD11[5],  chrome molybdenum steel SCM 400 [6], mild steel 1030 [7, 8] and 
alloy steel 4340 [9], AISI 1030 steel [10], AISI 1040 steel [11], and C34000 [12]. It was concluded that feed is the 
dominant parameter that affects the dimensional accuracy. Through an empirical approach an optimum level of feed 
was found for the given material. While, in one case [12] cutting speed was found to the most influential parameter. Guo 
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et al [13] derived the surface roughness model through specific energy model for the given machine tool. In this approach 
also, it was found that increasing feed rate deteriorate the surface finish. 
 
  Investigation on optimization of cutting parameters for non-ferrous alloys has also been conducted. In Taguchi 
optimization of end milling process of aluminium alloy 6061T6 under wet cooling conditions [14], aluminium alloy 
7075 T6 [15], aluminium alloy 7075 [16, 17] and aluminium alloy 6082 [18] was found that depth of cut was the 
influential in determining the surface roughness. However, for aluminium alloy 6061 cutting speed was influential. In a 
drilling of aluminium alloy 6082, drilling depth was found to be the most significant factor that affects roughness (Ra), 
followed by feed rate [19]. Yet, the methodology used for optimization was Taguchi experimental design. 
 
  An empirical study for optimizing the surface finish of brass-lead alloys and Inconel 625 was performed by [20].  The 
machining experiments were performed on the vertical milling centre using HSS tool material. The results were 
compared graphically for different process parameters and performance parameters was evaluated as an optimize process 
parameter. It was noted that this study was based on a single value of process parameter and does not provide any 
suggestion on how the different values of process parameter affects the dimensional accuracy and surface finish of 
milling parts.  
 
  From the literature it is evident most of the time; optimization of a process is done with reference to minimizing the 
machining time or machining cost with no consideration for the environment. Hence, there is a need for optimizing the 
cutting conditions for enhanced surface finish and for the development of a surface finish model which could be used 
by the operators in advance to set the machining parameters for the desired dimensional accuracy and surface quality. 
The motivation of this research is to facilitate the development of the measurement science and methodologies to enable 
manufacturers to contribute in a production quality by minimize waste and resources to reduce environmental impact.  

2. Experimental details 

The work piece material selected for this study was aluminum alloy 7075 and stainless steel 316L. These work piece 
materials were carefully chosen on the basis of their application in tough environments like aerospace, nuclear, offshore 
and chemical industries. The size dimensions of both the materials were 100 x 50 x 50 mm, in a shape of rectangular 
block. The cutting tests were performed on a three axis vertical Computer Numerical Control (CNC) milling machining 
center, equipped with GSK 989-Ma-H controller. This machine is highly suitable for high speed machining with better 
position accuracy and with precision. Carbide variable helix end mill of diameter 12 mm x 83mm length with 4 flutes 
manufactured by Guhring Brand, RF 100 F series 3629 was used for the cutting experiments. Cutting tool was held in a 
BT-50 tool holder by sandvik with ER 32 11-12 spring collet clamping system. All experiments were carried out in a 
wet machining condition. Commercially available water soluble mineral oil based cutting fluid by Blaser Swiss-lube 
was utilized. Portable Mitutoyo (SJ-210) roughness tester was used to measure surface roughness on machined surface. 
The device is equipped with a standard type drive unit with 4 mN detector measuring force. The cut off length of 2.5 
mm were used. 

2.2 Taguchi design 

The experiments were planned in accordance to Taguchi L9 Orthogonal array (3 levels). The input parameters 
(factors) and their level for the designated work piece materials are presented in Table 1. The data was analyzed by the 
technique of Taguchi method and analysis of variance (ANOVA). Linear regression was also performed to develop the 
statistical surface roughness estimation model. For this, statistical software Minitab 17 was employed. Analysis for 
ferrous and non-ferrous metal was performed individually. Three trials for each experiment were run randomly. 

 

 

 



6th International Conference on  
Energy, Environment and Sustainable Development 2022 (EESD 2022) 

 

9 
 

Table 1:   Factors and their levels  

Symbols Factors 
Level 

1 
Level 

2 
Level 

3 

Aluminum alloy 7075 

A 
 Cutting speed 

(N - rpm) 
4032 4457 4855 

B 
Feed rate  

(fr - mm/min) 
1230 1493 1923 

C 
Depth of cut 

(ae - mm) 
0.20 0.35 0.50 

Stainless steel 316L 

A 
Cutting speed 

(N - rpm) 
2831 3236 3641 

B 
Feed rate 

 (fr - mm/min) 
863 1085 1442 

C 
Depth of cut 

(ae - mm) 
0.05 0.20 0.30 

3. Results and discussion 

3.1 Taguchi analysis 

It is established that all real measurement are disturbed by the noise. This may include external events and/or the 
internal noises of measuring system. Therefore, it is often targeted to filter out the noise in order to process the true 
value of output signal.  When the noises are random the output signal is enhanced by averaging the measurement. For 
this, the term signal to noise ratio is generally used. The strength of information to the undesirable interference (noise) 
in an output is defined as signal to noise ratio (SNR). Since, the goal of the study is to find the best setting of the factors 
for the enhanced the surface finish therefore; minimizing the occurrence of surface roughness was considered. Equation 
1 was used to compute signal to noise ratio and represents the category of small-is-better. 

                                                𝑆𝑁𝑅 = −10 log  ∑ 𝑦                               …Eq 1        

Where, 

n = No. of observations/trial 

y = surface roughness 

Table 2 and 3 presents the signal to noise ratio and the experimental result of surface roughness for aluminum alloy 
7075 and stainless steel 316L, respectively. Negative value indicates that noise power is greater than the signal power, 
while higher values of signal to noise ratio is desired. 

Table 2: Average S/N ratio and surface roughness for aluminium alloy 7075 

Experiment 
No. 

Cutting Speed 
(N-rpm) 

Feed Rate 
(fr – mm/min) 

Depth of cut 
(mm) 

Mean (Ra) 
µm 

SNR 
Average 

1 4032 1230 0.2 0.600 4.432 

2 4032 1493 0.35 0.626 4.060 

3 4032 1923 0.5 1.401 -2.929 

4 4457 1230 0.35 0.401 7.925 

5 4457 1493 0.5 0.624 4.101 
6 4457 1923 0.2 0.842 1.479 

7 4855 1230 0.5 0.559 4.976 

8 4855 1493 0.2 0.782 2.136 
9 4855 1923 0.35 0.822 1.620 
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Table 3: Average S/N ratio and surface roughness for stainless steel 316L 

Experiment 
No. 

Cutting Speed 
(N-rpm) 

Feed Rate 
(fr – mm/min) 

Depth of cut 
(mm) 

Mean (Ra) 
µm 

SNR 
Average 

1 2831 8683 0.05 0.832 1.601 

2 2831 1085 0.2 1.002 -0.020 

3 2831 1442 0.3 1.143 -1.159 

4 3236 863 0.2 0.818 1.745 
5 3236 1085 0.3 0.988 0.105 
6 3236 1442 0.05 1.240 -1.869 
7 3641 863 0.3 0.925 0.680 

8 3641 1085 0.05 1.075 -0.625 

9 3641 1442 0.2 1.068 -0.569 

  The main effects plot for s/n ratio for aluminum alloy 7075 and stainless steel 316L is shown in Figure 1. It is evident 
from Figure 1 that in both case feed rate is the most influential parameter that controls the surface finish as the variation 
from the mean is large. In case of aluminum alloy 7075, cutting speed was identified as a second most significant 
parameter. The optimized combination was found to be at N = 4457 rpm, fr = 1230 mm/min and DOC = 0.35 mm. 
While, for stainless steel 316L, depth of cut was second most significant parameter and the optimum level was identified 
at N = 2831 rpm, fr = 863 mm/min and DOC = 0.2 mm. 
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(b) 

Figure 1: main effect plots for s/n ratios a) aluminium alloy 7075,  b) stainless steel 316L   

3.2 Analysis of variance (ANOVA) 

The objective of ANOVA is to analyze the magnitude of the effect of input parameters on the response variables. The 
F-ratio test is statistical tool to confirm which input parameters affect substantially in the quality characteristics. The 
high value of F statistics signifies greater contribution. Result of ANOVA is tabulated in Table 4. 

Table 4   ANOVA Test and percentage contribution 

Source F-Value 
Contribution           
(%) 

Aluminium alloy 7075 
Spindle speed 0.96 5 
Feed rate 9.98 91 
Depth of cut 0.54 4 

Stainless steel 316L 
Spindle speed 0.25 4 
Feed rate 22.38 90 
Depth of cut 0.43 6 

 

3.3 Regression equation 

Regression analysis was performed to formulate predictive equation for estimating surface roughness. The progression 
of equation is in accordance to the effect rank of the factors on surface finish. In case of aluminium alloy 7075, the feed 
rate is the major factor that affects the surface roughness followed by the spindle speed and then depth of cut. While, in 
case of stainless steel 316L the feed rate followed by depth of cut are the main factors that affects the surface roughness 
and spindle speed was on third place. Equation 2 and 3 represents the regression model for aluminium alloy 7075 and 
stainless steel 316L respectively. 
 
 

RaAl = 0.325 + 0.000731 Feed Rate - 0.000193 Speed + 0.399 DOC       …Eq 2 

3640.133235.672831.21

1.5

1.0

0.5

0.0

-0.5

-1.0

1442.361084.85862.95 0.300.200.05

Spindle Speed

M
ea

n 
of

 S
N

 ra
tio

s

Feed Rate Radial DOC

Main Effects Plot for SN ratios
Data Means

Signal-to-noise: Smaller is better



6th International Conference on  
Energy, Environment and Sustainable Development 2022 (EESD 2022) 

 

12 
 

Rass = 0.364 + 0.000490 Feed Rate - 0.157l DOC + 0.000037 Speed       …Eq 3 
 

4. Validation of the regression model 

To endorse the accuracy of the newly developed model, the confirmation tests were performed and the results are 
tabulated in Table 5.  A random set of machining parameters were selected (mentioned in table 4) and cutting tests were 
performed on aluminium and stainless steel. Measured value of surface roughness was found to be 0.458 µm in case of 
aluminium and 1.046 µm for stainless steel. Developed models predict surface roughness value within 3% of estimation 
error for both aluminium and stainless steel. Whereas, previously developed models estimate surface roughness with an 
error of 20% for aluminium alloy and for stainless steel the error was in the range of 35-39%.  

 

Table 5 Comparison and conformation test of surface roughness model 

Author Parameters Regression Equation 
Measured 
Value (μm) 

Estimated 
 Value (μm) 

Error 
(%) 

Aluminium alloy 7075 
developed 

N= 4500 rpm 
Fr = 1200 
mm/min 
Doc = 0.25 mm 

0.325 + 0.000731 Feed Rate - 0.000193 Speed + 0.399 DOC        

0.458 

0.43 2.5 

Najiha et al 
[21] 

9.99288-0.00472*Speed-0.07163*Feed Rate-2.69197*DOC-
0.00001*Speed*Feed+0.00128*Speed*DOC+0.00759*Feed*DOC+0.000
3*Feed*Feed+0.0002*DOC*DOC 

0.28 18 

Parkash et al 
[22] 

0.994923+N*9.51667*10-5+fr*0.000123056+DOC*0.350123-N2* 
2.71111*10-8- fr 2*1.37778*10-8-DOC2 *0.101235-N* fr * 4.33333*10-9-
N*DOC *6.66667*10-6- fr *DOC *1.11111*10-5 

0.66 20 

Stainless steel 316L 
developed 

N = 4500 
 rpm 
Fr = 1200 
mm/min 
Doc = 0.25 mm 

0.364 + 0.000490 Feed Rate - 0.157l DOC + 0.000037 Speed     

1.046 

1.07 3 

Lakshmi et al 
[3] 

0.16097-5.00230*10-4*V +3.47339*10 -3*f +0.099925*DOC-3.1424610 -
7* V *f  -1.74474*10-4 *V*DOC +2.96837*10-3*f * DOC +6.61710*10-
8* V2 -2.88307*10-6 *f2+0.29504 * DOC2 

1.4 35 

Tiwari et al 
[23] 

16.331 + 901*fr + 17.6*DOC 0.65 39 

5. Conclusion  

This study presents the findings of an experimental and statistical investigation of effects of cutting parameters on 
the surface roughness in machining of ferrous (stainless steel 316L) and non- ferrous (Aluminum 7075) alloy materials. 
The adopted optimization method has proved to be systematic, effective and simplifies the experiments that has 
effectively saved time and cost for the concerned manufacturing. The validation of developed model confirms that 
Taguchi and ANOVA techniques are the adaptable technique for the process optimization. In case of stainless steel 316L 
and aluminum 7075, feed rate found to be the most influential cutting parameter that affects the surface finish.  Whereas, 
cutting speed was second most influential parameter for non-ferrous material and depth of cut was for ferrous material. 
The percentage contribution of feed rate was of 90-91 %, cutting speed was of 5 % and depth of cut was 6 %. The same 
methodology can be applied to study different/multiple performance features without the issue of partiality. The 
outcomes from this study have indeed add a value to the manufacturing industry.  
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