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Abstract- This study was conducted to investigate the optimization of process parameters in the internal turning operation of 
an accumulator made up of MDN-250, so as to get an improved Ra value by using Taguchi’s Design of experiments. The 
input parameters, namely spindle speed, feed rate and depth of cut are optimized based on the ANOVA coupled with the 
Taguchi method. Taguchi’s L9 orthogonal array was used for the experiment. Response table for signal to noise ratio is used 
for the analysis to produce the best output and accordingly the correlation between the input parameters and the roughness 
evaluating parameter Ra is developed. 
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I. INTRODUCTION 
 
1.1 Surface finish 
One of the major attributes of a turned product is its 
surface roughness, which is often considered in order 
to regulate and evaluate the quality of that product 
([1], [2]). Surface roughness describes the geometry 
of the machined surface; combined with the surface 
texture. It is a measure of the technological quality 
aspect of a product and a factor that greatly 
influences the manufacturing cost. The procedure 
behind the formation of surface roughness is process 
contingent and intricate. To select the cutting 
parameters for turning operation, several 
mathematical models have been constructed that 
establishes the relationship between the cutting 
performance and cutting parameters. Finally, an 
objective function for the given constraints is 
formulated to solve the optimal cutting parameters 
using an optimization technique. Thus, substantial 
knowledge and experience are required while 
developing this approach. 

 
Turning operation has been one of the most widely 
used and an important operation in a manufacturing 
industry & surface finish is one of the key 
requirements in consideration. Engineering judgment 
struggles with every new combination of cutting 
parameters and required performance characteristics. 
Experimental design gives you a hand to optimize a 
process, whereas techniques like Taguchi 
methodology provides you a ladder to design an 
optimized quality process. 
 
1.2 Taguchi approach 
The Taguchi method ([3], [4]) reduces the variation 
in a process through robust design of experiments by 
optimizing a process or product through a three-step 
approach, i.e. system design, parameter design and 
tolerance design. Scientific and Engineering 

knowledge are applied to produce a principal 
functional prototype design in the system design 
stage by the engineer, including the product design 
stage and the process design stage. The parameter 
design of the Taguchi method aims to determine the 
optimal design parameters with its contribution to 
quality characteristic and forecasting the quality 
characteristics based on the optimal design 
parameters. The tolerance design tightens the 
tolerances around the optimal settings recommended 
by the parameter design to meet the required 
performance for the product parameters or process 
parameters. A technique for designing the 
experiments to investigate how differently the 
parameters affect mean and variance of a process 
performance characteristic that defines how well the 
process is functioning is accordingly developed. The 
overall outcome of the approach is to produce a high 
quality product at low cost to the manufacturer. The 
experimental design put forward by Taguchi reflects 
the use of orthogonal arrays to organize the 
parameters which affects the process and their levels 
at which they vary. Instead of testing all the possible 
combinations using factorial design, the Taguchi 
approach tests pairs of combinations. The Taguchi 
method is best used, when there are an intermediate 
number of variables (3 to 50), few interactions 
between variables, and when only a few variables 
contribute significantly. 
 
Taguchi suggests the use of loss function to evaluate 
the performance characteristic deviating from the 
desired value. The value for the loss function is 
further processed into a signal-to-noise (S/N) ratio. 
Generally, there are three categories of the 
performance characteristic in the analysis of the S/N 
ratio, i.e., the lower-the-better, the higher-the-better 
and the nominal-the-better. The S/N ratio for each 
level of process parameters is computed based on the 
S/N ratio analysis. Regardless of the category of the 
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performance characteristic, the larger S/N ratio 
corresponds to the better performance characteristic. 
Therefore, the optimal level of the process parameters 
is the level with the highest S/N ratio. Moreover, a 
statistical analysis of variance (ANOVA) is 
performed to see which process parameters are 
statistically significant. With the S/N and ANOVA 
analyses, the optimal combination of the process 
parameters can be forecasted. 
 
II. PROBLEM DEFINITION 
 
With the existing set up, the company selected for 
this study is struggling to achieve a Ra value of 0.32, 
which is the design specification for the accumulator. 
So initially, the company achieves required diameter 
with 1.2 Ra and then perform surface finishing 
operations on the component which leads to higher 
machining time and cost. So if these surface finishing 
operations could be reduced from total cycle time by 
optimizing final cut of internal turning, total process 
cycle time and cost can be reduced. 
 
III. EXPERIMENTAL PLANNING AND 
EXECUTION ([5], [6], [7]) 
 
The following section gives the details of 
experimental planning and execution 
Step 1) Identification of the quality characteristics 
and selection of design parameters to be evaluated 
 Free issue material is issued by the customer in 
annealed condition and no further heat treatment is 
needed. So the component could be directly 
machined. As is widely known, during the course of 
the literature survey during this study, it is found that 
speed, feed and depth of cut are three parameters 
which influence the surface finish. So these three 
parameters are selected as control parameters. 
 
Step 2) Determination of the number of levels for the 
design parameters and possible interactions between 
the design parameters 
 
Table 1 - Machining parameters used and their levels 

 Parameter Level I Level II Level III 

Speed    (rpm) 710 800 900 

Feed (mm/rev) 0.3 0.4 0.5 

Depth of   cut(mm) 0.1 0.15 0.2 

Step 3) Selection of the appropriate orthogonal array 
and assignment of design parameters to the 
orthogonal array For the three levels of each factor, 
L9 Orthogonal array is finalized to design the 
experiment. 
 

Table 2 - Assigned L9 Orthogonal array for 
experiment to conduct 

Orthogonal Array 
Trial Speed feed depth of cut 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 2 

5 2 2 3 

6 2 3 1 

7 3 1 3 

8 3 2 1 

9 3 3 2 
 
Step 4) Conducting of the experiments based on the 
arrangement of the orthogonal array Nine 
experiments are conducted and three trails are taken 
for each experiment. The experiment was conducted 
on a DMG 420X CNC machine. The experiments 
were conducted according to L9(OA). 
 
IV. DATA ANALYSIS AND DISCUSSION OF 
RESULTS 
 
Step 5) Analysis of the experimental results using the 
S/N ratio and ANOVA 
 
The Result obtained from experiment is analyzed by 
using Minitab 16 software. Statistical tools used for 
analyses are signal to noise ratio and ANOVA. 
 
For analyzing the significant effect of the parameters 
on the quality characteristic, the F-test is used. This 
analysis was carried out for a level of significance of 
5%, i.e., for a level of confidence of 95%. 
 
Experimental data for the surface roughness (Ra 
value) is tabulated below (table 3). 
 
Surface roughness value , being a 'lower the better' 
type of machining quality characteristic, the S/N ratio 
for this type of response is used as given by following 
equation, 
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Table 3 - Result of experiments conducted 

 
 
where, 

 

 
i = Experiment number 
u = Trail number 
Ni = Number of trails for experiment i 
 
For the case of minimizing the performance 
characteristics, the following equation can be used, 

 
The main effects i.e. the effects of process parameters 
on the response characteristics, when the process 
parameters change from one level to another are 
given in following table 4. 
 

Table 4 - Response Table for Means 
Level Speed Feed Depth of cut 

1 1.100 0.8544 0.9389 
2 0.9144 0.9022 0.9767 
3 0.8644 1.1222 0.9633 

Delta 0.2326 0.2678 0.0378 
Rank 2 1 3 

 
The mean response refers to the average value of the 
performance characteristic for each parameter at 
different levels. It is clear from this table and Main 
effect plot that Ra value decreases with increase in 
speed whereas it increases with increase in feed rate. 
The difference of mean Ra value between levels 1 
and 3 indicates that feed rate contributes the highest 
effect (∆max-min=0.2678) on surface roughness 
followed by speed (∆max-min=0.2326). Depth of cut 
has very less effect (∆max-min=0.0378) on Ra value.  
 

 
 
The average values of S/N ratios of various 
parameters at different levels are given below and 
plotted in Main effects plot for S/N ratio. 
 
The difference of signal to noise ratio (table 5) 
between levels 1 and 3 indicates that the feed rate 
contributes the highest effect (∆max-min=2.3895) on 
the Ra value followed by speed (∆max-min=2.1475) 
and depth of cut (∆max-min=0.3572). Also, signal to 
noise ratio is utilised to measure the deviation of 
quality characteristic from the target. The response 
table for means confirms the results from response 
table for signal to noise ratios. 
 

 
 

 
 

After the analysis, it is found that the Ra value is 
significantly influenced (at a 95% confidence level) 
by feed rate, followed by speed, whereas, the depth of 
cut has a smaller influence. The Ra value decreases 
with the increase of speed and increases with the 
increase in feed rate. Based on the analysis of the S/N 
ratio, optimum surface roughness value is achieved 
when speed is set to highest level (level 3) and feed 
rate and depth of cut are set to lowest level (level 1) 
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of the experimental range. Optimal settings of various 
process parameters for turned parts to yield optimal 
Ra value are: Speed = 900 rpm, feed rate =0.3 
mm/rev depth of cut =0.1 mm. 
 
Table 6 - Analysis of Variance for Ra, using Adjusted 

SS for Tests 

 
 

 
From the results of ANOVA (table 6), it is concluded 
that the Feed rate and speed have a significant effect 
on surface roughness value, while depth of cut has no 
effect at 95% confidence level. It is found that feed 
rate is a more significant factor than other parameters, 
while depth of cut is the least significant parameter. 
 
CONCLUSION 
 
In this study, an investigation into the turning of 
MDN 250 was performed in order to analyse the 
effect of the cutting parameters on the surface 
roughness value. The results are analysed using the 
S/N ratio and ANOVA. Within the range of cutting 
parameters used in this study, the following 
conclusions are arrived at: 
 
1. Statistical results indicate that the Ra value is 

significantly influenced (at a 95% confidence 
level) by feed rate, followed by speed, whereas, 
the depth of cut has only a smaller influence. The 

Ra value decreases with the increase of speed and 
increases with the increase in feed rate. 

 
2. Based on the analysis of the S/N ratio, optimum 

surface roughness value is achieved, when speed 
is set to highest level (level 3) and feed rate and 
depth of cut are set to lowest level (level 1) of the 
experimental range. Optimal settings of various 
process parameters for turned parts to yield 
optimal Ra value are: Speed = 900 rpm, feed rate 
=0.3 mm/rev depth of cut=0.1 mm. 
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