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Abstract - The following study discusses an investigation into the use of full factorial design methodology for parametric 
study of turning operation response variable. ANOVA was used to identify the dependency of our response variable i.e. 
Surface Roughness on input parameters i.e. Speed, Feed and Depth of Cut. 27 experimental runs were conducted to define 
the ideal conditions of input parameter. To validate the dependency results from ANOVA we have applied a widely used 
algorithm from Machine Learning - Gradient Descent. The algorithm iteratively models our response parameter as an output 
of our input variables and updates the coefficients over a predefined number of iterations and learning rate. The coefficients 
output from Gradient Descent validate the ones from ANOVA. MINITAB 17 software was used to perform the analysis for 
ANOVA and the Gradient Descent algorithm was written in Python. Main effect plot is used to determine optimum value of 
individual response. Interaction plots are used to determine whether there is an effect of one factor on the level of other 
factors. Normality tests were conducted to validate assumptions involved in ANOVA. The optimum value of Surface 
Roughness is 0.6 micron at speed 800 rpm, feed 40mm/min and depth of cut 1.0 mm. 
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I. INTRODUCTION 
 
Lathe is one of the most widely used machine in 
manufacturing industries. Productivity can be 
interpreted in terms of finishing i.e., surface 
roughness; and machining time. In past research 
papers related to CNC Lathe and the optimization of 
its operations, material removal rate (MRR) and 
surface roughness are selected as objective functions. 
Furthermore, optimum values for input parameters 
such as speed, feed, different cooling conditions are 
calculated to obtain maximum MRR and minimum 
surface roughness. Metal matrix composite form a 
group of engineering product that has received 
considerable research. For our study we have chosen 
Silicon Carbide as the composite due to its vast 
industry applications. Surface roughness is a major 
matter of concern over the last few years as industries 
desperately try to excel in quality and reduce the 
price simultaneously. 
 
Statistical techniques have been widely used by lot of 
researchers for optimizing surface roughness 
(1Selvaraj and Chandermohan, 2010; 2Akhyar et al, 
2008; 3Thamizhmanii et al, 2007), tool wear (4Singh 
and Kumar 2004), tool life (5Sahin 2009), cutting 
force (6Sharma et al, 2008), power consumption 
(4Aggarwal et al 2008), MRR (7Yanda et al 2010) and 
cutting temperature (8Shetty et al 2009) etc. The work 
material selected is AL 6061 aluminum alloy. AL 
6061 is a precipitation-hardened aluminum alloy, 
containing magnesium and silicon as its major 
alloying elements. This study is going to focus on an 
approach based on full factorial design with ANOVA 
for optimizing the process parameters for CNC lathe 
machining with multi-performance characteristics in 

turning operation. Much of the previous research is 
focused on End Milling operation. Our study focusses 
on Turning. ANOVA is to be applied to determine the 
significant effect of various cutting parameters on the 
performance characteristics as well as the percentage 
contribution of each parameter. MINITAB 18 is used 
to analyze the data. 
10Gradient Descent is a widely used iterative 
algorithm in Machine Learning. With a defined 
learning rate, the algorithm updates the initial 
assumed coefficients after every run. We have 
applied it in the field of Production Engineering and 
attempted to align its results with ANOVA. 
 
A. Factors affecting output in turning process 
 
1. Speed 
It is found that an increase of speed generally 
improves surface quality. The criterion of the tool 
wear is dependent on the cutting speed because the 
predominant wear may be wear for flank or crater if 
cutting speed is increased. 
 
2. Depth of Cut 
It is evident from literature that increasing the depth 
of cut increases the cutting resistance and the 
amplitude of vibrations. As a result, cutting 
temperature also rises. Therefore, it is expected that 
surface quality will deteriorate. 
 
3. Feed 
Experiments show that as feed rate increases surface 
roughness also increases due to the increase in cutting 
force and vibration. With a low feed the area of chip 
passing over the tool face is greater than that of high 
feed for a given volume of metal removal. 
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II. PROBLEM FORMULATION 
 
Optimization of process parameter is the key step to 
achieve high quality without significant increase in 
cost. The optimal process performance is selected not 
only to improve quality, but also to be least sensitive 
to the variation of environmental conditions and other 
noise factors. 
 
1. Process Parameters of CNC Lathe Operation 
The selection of parameters of interest was based on 
some preliminary experiment and earlier studies by 
the authors. The following process parameters were 
thus selected for the present work 

 Process Parameter - Speed, Feed and DOC  
 Work material - Aluminum based SiC 

composite.  
 Environment - Dry  

Process parameters are to be studied at three level. 
2. Response Parameter 
The response parameter is 

 Surface roughness 
3. Workpiece Material 
Aluminum based silicon carbide (SiC) composite i.e. 
casted, is the work material to carry out the 
experiment. It offers great strength and thermal 
stability. Work piece is cylindrical in shape. It has 
diameter of 30 mm and length of 90 mm. 
4. Analysis of Variance (ANOVA) 
ANOVA is to be employed to determine the 
machining parameters that significantly affect the 
performance. Each explanatory variable (factor) 
consist of two or more levels. 
Software to be used 
MINITAB 17 will be used to analyze the data. 
5. Gradient Descent Optimization algorithm 
Gradient Descent is an optimization technique used to 
minimize our cost function. It accomplishes it by 
iteratively moving in the direction of steepest descent. 
In the field of Machine Learning it is used to update 
the parameters of our model. 

 

 

 
6. Experimentation 
The design of experimentation technique is very 
powerful tool, which permits us to carry out the 
modelling and analysis of the influence of process 
variables on the response variable. The response 
variable is an unknown function of process variable. 
7. Selection of the independent variables 
Before conducting the experiment, the knowledge of 
the product or process under investigation is of prime 
concern for identifying the factors likely to influence 
the outcome. In order to compile a comprehensive list 
of factors, the input to the experiment is generally 
obtained from all participants. 

 
 
III. EXPERIMENTATION 
 
In turning operation, there are a lot of number of 
factors that can be considered as the input parameter. 
In present study, speed, feed and depth of cut are 
selected as design parameter, while the response 
variable i.e. surface roughness is unknown function 
of theses input variable. 
1. Surface roughness Measurement 
The surface roughness of all the specimens is to be 
measured using the profilometer (E-35 A, Tokyo 
Seimitsu) surface texture measuring instruments, with 
0.8mm as cut-off length. Measuring condition were 
as follows; stylus radius- 2 micrometer, evaluation 
length – 0.4mm, filter type Gaussian and cut-off 
value =0.8 mm. 
2. Machines 
All experiment was conducted under dry condition 
environment MTAB CNC Lathe. 
Once the orthogonal array is selected, the experiment 
is conducted as per the level combination. It is 
necessary that all the experiment be conducted. The 
interaction column and the dummy variable columns 
shall not be considered for conducting the 
experiments but are needed while analyzing the data 
to understand the interaction effect. 
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IV. RESULTS 
 
Result of experiment conducted for the measurement 
of surface roughness for Turning operation of 
workpiece with different machining parameter using 
full factorial design is shown in the table below. 

 

 
 
Analysis of Variance (ANOVA) 
Analysis of variance (ANOVA) consists of 
simultaneous hypothesis test to determine if any of 
the effects are significant. 
Null Hypothesis: The mean of all levels is 
significantly equal. 
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Alternate Hypothesis: The means of all levels vary 
significantly. 
Thus, for each factor combination, ANOVA tests the 
null hypothesis against the alternate hypothesis. This 
analysis was carried out for significance level of 0.05 
that is for confidence level of 0.95. When p-value is 
small (less than 0.05), it rejects the null hypothesis 
and concluded that the level of corresponding factor 
is significantly different. 
The experimental results were analyzed with 
ANOVA which was used for determining the factor 
significantly affecting the performance measure 
(surface roughness). The result of ANOVA for 
surface roughness are shown in table below. 
 

 
Where 
DOF- Degree of freedom SS- sum of squares MS- 
Mean of square F- Statistical Parameter 
P- Significance value 
Here in the analysis, feed and DOC are found to have 
significant contribution (p value < 0.05). 
 
Main Effect Plot 
The data is further analyzed with the help of main 
effect plot using software package MINITAB  
17. The plots show the variation of individual 
response with the three machining parameters; 
spindle speed, feed and depth of cut separately. In the 
plot, x-axis denotes the value of each 
machining parameter at three level and y-axis 
indicates the value of response. This plot is used to 
determine the optimal design condition to obtain the 
low surface roughness. 

 
Figure 3: Main Effect plot for surface roughness 

The result shows that with the increases in spindle 
speed, there is decrease in roughness. Surface 
roughness also found to have minimum value at 
1.0mm. 

Interaction Plot 
Interaction plot compares the effect of two 
parameters at different level. If the plots are found to 
be parallel, there is same effect of the two parameters 
on the response parameter. 

 
Figure 4: Interaction plot 1 

 
Figure 5 Interaction plot 2 

 
Figure 6 Interaction plot 3 

Validity of ANOVA Assumption 
The population normality can be checked with 
normal probability plot of residuals. The constant 
variance assumption is checked by residual versus 
fitted values. 

 
Figure 7: Normality plot of residual for surface roughness 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-6, Jun.-2018, http://iraj.in 

Optimization of CNC Lathe Operation by ANOVA and Validation using Gradient Descent 
 

53 

 
Figure 8: Residual vs Fitted Value plot for surface roughness 

 
Figure 9: Residual versus order of observation 

 
Gradient Descent Algorithm – 
Below is the code that we have run to qualitatively 
identify the dependence of Surface Roughness on 
DOC, Feed and Speed. 
Starting off, the coefficients to the variables are taken 
as zero and iteratively updated over. 
In the below code, the no. of iterations is set as 
50,000 and the learning rate as 0.000001. Taking a 
large rate will result in skipping the global minima. 
 
CODE – 

 

 
 
RESULT 
 
Theta = [0.98668639 -0.00161156 0.03648246 
0.98399928]  
These values of intercepts and coefficients indicate 
the dependency on Speed, Feed and DOC. 
Dependency of Roughness on DOC (0.98399) is 
highest followed by Feed (0.03648). In addition, there 
is negligible dependency on Speed. This 
interpretation is inline with our ANOVA results. 
 
CONCLUSION AND SCOPE FOR FUTURE 
WORK 
 
Conclusion 
Statistical tool ANOVA was applied to determine the 
significant effect of each machining parameter in a 
dry environment (speed, feed and depth of cut) using 
MINITAB 17. Based on the ANOVA results 
following conclusions can be drawn. 

 In case of Aluminum based Si-C Composite, 
speed does not have statistically significant 
effect on surface roughness. While feed and 
depth of cut has significant contribution with 
p value < 0.05.  

 The interaction plot shown in the discussion 
clearly states that there is significant 
interaction among the parameters. As in 
interaction plot 1, the three levels of speed 
do not produce the same effect with three 
level of depth of cut.  

 Main effect plot shows that the optimum 
value of surface roughness is found for 
speed at 1000 rpm.  

 It has been explored that surface roughness 
attains its minimum value at feed value of 
20mm/min.  

 Also, we explored surface roughness attains 
its minimum value at depth of cut of 1mm. 

 
On the basis of the coefficients from Gradient 
Descent Algorithm – 

 It is ensured that Surface Roughness 
depends primarily on DOC and secondly on 
Feed. • Speed’s relation with Surface 
Roughness is negligible in both cases as 
shown by coefficients.  

 The values of coefficients are different in 
Gradient Descent optimization from 
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ANOVA due to the absence of Hyper-
parameter optimization. It’s an advanced 
branch of optimization in which the learning 
rate, no. of iterations and other parameters 
are optimized using heuristics. But 
qualitatively, we can claim adherence in 
both results. 

 
Scope of future work 
Using CNC Lathe process, we may perform diverse 
research. Some of them are 

 Study performing same work with increased 
level of variables and using shinning 
technique and Taguchi method. 

 Study performing same work by considering 
variables like MRR, specific energy 
consumption, Forces etc. 

 Study performing the effect of temperature 
and coolant condition on tool life. Tool 
material and energy consumption can also 
play a part. 

 Gradient Descent can be extended in a 
similar approach by incorporating Hyper-
Parameter optimization. 
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