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Abstract— In this paper, the experimental investigation is carried out to assess the effect of overhang length on two important responses - 

vibration amplitude and surface roughness by using response surface methodology (RSM) and main effects plot. For this purpose, we used 

workpiece of AISI 304 material and the vibration amplitude and surface roughness of the workpiece are determined through experiments 

using constant depth of cut (1 mm) with different cutting speed, feed rate, and tool overhangs. Based on different tool overhangs under dif-

ferent cutting parameters, the impact of overhang length on vibration amplitude and surface roughness in turning process is studied. Then 

the optimized value of overhang length is suggested by Desirability Function Analysis (DFA) to get the minimum vibration amplitude and 

better surface quality. The 3D response graphs present how tool overhangs affect vibration amplitude and surface roughness. From main 

effects plot, it is evident that minimum overhang length gives the better quality machining performance. 

Index Terms— AISI 304, Turning, Overhang Length, Response Surface Methodology (RSM), Desirability Function Analysis, Main Effects 

Plot, Vibration Amplitude, Surface Roughness. 

——————————      —————————— 

1  INTRODUCTION                                                                    

urning is a form of machining, a material removal process, 
which is used to create rotational parts by cutting away 
unwanted material. Turning operation using a single 

point cutting tool has been one of the oldest and popular 
methods of metal cutting. It has even replaced grinding in 
several applications with reduced lead time without affecting 
the surface quality. In turning, it is important to find out the 
appropriate parameters to obtain the high cutting perfor-
mance. In this connection, two important aspects which are 
widely studied in turning operations are vibration amplitude 
and surface roughness of the work-piece. Present manufactur-
ing industries are facing difficulties due to vibrations and poor 
surface qualities. 

 Overhang length of the tool holder has a great significance 
along with the machining parameters (Cutting speed, feed 
rate, and depth of cut). Tool overhang is a cutting tool param-
eter that has not been investigated in as much detail as some 
of the better-known ones. Based on previous researches and 
theories, it is concluded that cutting tools should be clamped 
as short as possible to achieve the better surface finish and 
minimum vibration amplitude. 

In our research, we investigated the effect of the overhang 
length of the cutting tool holder on vibration amplitude and 
surface roughness using Response Surface Methodology 
(RSM) and Main Effects Plot. From 3D response graph, it can 
be clearly observed the changes in vibration amplitude and 
surface roughness with the change of overhang length. 

2 LITERATURE  REVIEW 

In a turning operation, it is important to select cutting pa-
rameters so that high cutting performance can be achieved. 
Selection of desired cutting parameters by experience or using 
handbook does not ensure that the selected cutting parameters 
are optimal for a particular machine and environment [1]. 

According to B. A. G. Yuvaraju [2],  vibrations produced in 
machine tools like lathe, milling, and grinding, etc. during 
machining operation are one of the primary concern in manu-
facturing industries. These vibrations not only increase the 
surface roughness of workpiece but also affect the tool life and 
noise during the machining operation. 

Surface quality of machined workpieces is one of the most 
important parameters in machining processes. It is highly in-
fluenced by machine vibrations because chatter vibrations 
cause poor surface qualities [3]. 

Murat Kiyak [4] investigated the effects of changes in the 
tool overhang in the external turning process on both the sur-
face quality of the workpiece and tool wear. He observed that 
the surface roughness of workpiece increases as the tool over-
hang increases. Using the same tool overhang, the surface 
roughness of the workpiece increases as the DOC increases. 

Zhenyu Zhao [5] said that the increased amount of tool 
overhang is bound to lead to reduced tool stiffness, especially 
in the processing of hardened steel and other relatively high 
hardness materials difficult to machine tooling, tool used to 
select a small amount of overhang length. Clamp installation 
tool shank part as much as possible, can improve the tool ri-
gidity, reducing vibration so that the cutting process more 
stable and less tool wear. Tool overhang increases, less rigid 
cutting tools, bending deformation is increasing, prone to vi-
brations in the milling process, the surface of the workpiece 
processing ripple, leaving the processing trace on processing 
quality and accuracy. 

K. KHALILI [6] studied the relations between tool over-
hang and vibration signal. The result of his paper shows that 
vibration signal increase with increased tool overhang. 

Gaurav Bartarya [7] used a full factorial design of experi-
ments procedure to develop the force and surface roughness 
regression models, within the range of parameters selected. 
The regression models developed show that the dependence 
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of the cutting forces i.e. cutting, radial and axial forces and 
surface roughness on machining parameters are significant, 
hence they could be used for making predictions for the forces 
and surface roughness. 

R. Suresh’s [8] paper deals with developing a response sur-
face method as a function of cutting parameters in turning 
AISI H13 steel to correlate the machining parameters with tool 
wear and surface roughness. The developed RSM models ex-
hibited better proximity between predicted values and exper-
imental values with 95% confidence intervals. The results im-
ply that the model can be used easily to forecast tool wear and 
surface roughness in response to cutting parameters. Sul-
eyman Neseli [9] suggested that the RSM developed model 
can be effectively used to predict the surface roughness in 
turning operation. 

Priyabrata Sahoo [10] used response surface methodology 
(RSM) for surface roughness (Ra) and tool vibration (dB) op-
timization. The method used in his study has been proven as 
an effective tool for the analysis of the turning process. 

From the above literature reviews, it is revealed that over-
hang length of tool holder has a great impact on vibration am-
plitude and surface roughness. But the number of researches 
about overhang length is very limited. The objective of this 
paper thereby is, to analyze the influence of tool holder over-
hangs on vibration amplitude and surface roughness in turn-
ing using response surface methodology (RSM) and main ef-
fects plot. 

3 EXPERIMENTAL CONDITION AND PLANNING OF 

EXPERIMENT  

The experimental instruments and cutting conditions have 
been summarized into the following table (Table 1). 

3.1 Experimental Layout 

The experimental layout plan (Table 3) is established using  
Response Surface Methodology (RSM) in Design Expert 

11.0 Software. The experiments have been done with the val-
ues of these three inputs. Full factorial design with 20 runs is 
used. RSM can be conducted by two methods- Box-Behnken 
and Central Composite Design (CCD). Here, CCD method is 
used. 

3.2 Experimental Setup 

The experimental setup of our turning operation has been 
presented in Figure 1. Initially, the cutting tool holder with 
carbide insert has been fixed at a certain overhang length ac-
cording to the experimental layout which is found from De-
sign Experiment on the tool post of lathe and AISI 304 work-
piece has been mounted on the headstock. A sound level me-
ter has been fixed in a place by which vibration amplitude in 
decibel values are found. After that, the turning operation is 
performed on the lathe by changing RPM, feed rate, and over-
hang length at constant depth of cut (1 mm). Vibrations in-
duced during machining are measured by the sound level me-
ter and analyzed. Further, the surface roughness of workpiece 
is measured using Surface Roughness Tester SRG-4500(phase 
II). 

 
 
 
 
 

TABLE 3 

EXPERIMENTAL LAYOUT OF INPUT PARAMETER  AND THEIR  

RESULTAN OUTPUT 

 

TABLE 1 

EXPERIMENTAL CONDITIONS  

 
TABLE 2 

SELECTION OF MACHINING PARAMETER AND THEIR DESIGN 

 CRITERIA 
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3.3 Experimental Investigation 

Response surface methodology (RSM) is employed to de-
velop the model equations for the responses i.e. vibration am-
plitude in decibel and surface roughness of machined part as a 
function of input variables. 

Response Surface Methodology (RSM) is a collection of 
mathematical and experimental techniques that requires suffi-
cient number of experimental data to analyze the problems 
and to develop mathematical models for several input varia-
bles and output performance characteristics. 

After completing the machining work, all the experimental 
data for the outputs are inserted into the experimental layout 
found from response surface methodology. Then Analysis of 
variance (ANOVA) is conducted to determine the result (P-
Value) that independent variables (cutting speed, feed rate, 
overhang length) have on the dependent variables through a 
regression study and check the model is significant or not. In 
the experimenters based mathematical model of Cutting 
Speed (Vc), Feed Rate (f) and overhang length (OL) are devel-
oped in terms of three process parameters, namely vibration 
amplitude and Surface Roughness (Ra). 

                                             (1)  

 Here, Yn is desired response (vibration amplitude, 
surface roughness) and F is the response function of cutting 
speed, feed rate and overhang length. 

The output response are proposed using the fitted second-
order polynomial regression model which is called quadratic 
model. The quadratic model of Y can be written as follows: 

      (2) 

Here, Y represents the responses and ,  are the inde-
pendent variables. 

The influence of cutting parameters and their interaction ef-
fects are analyzed by using 3-D response graph. Desirability 
Function Analysis (DFA) shows the optimized results in terms 
of both responses.  

After that, the main effects plot have been drawn to exam-

ine differences between level means for three factors. There is 
a main effect when different levels of a factor affect the re-
sponse differently. 

4 RESULTS AND DISCUSSIONS 

After completing the experiment, the value of surface 
roughness and vibration amplitude (dB) have been measured. 
The values have been inserted into Response Surface Method-
ology (RSM) table and, then the further analysis are done. 

4.1 Analysis of Variance (ANOVA) 

An ANOVA test has been done to find out if the experi-
mental results are significant or not. The analysis of variance is 
commonly used to summarize the test, the significance of the 
regression model, and test for significant on individual model 

coefficients. Here, it has been done for both responses (vibra-
tion amplitude and surface roughness). 

The ANOVA results for vibration amplitude (Table 4) 
showed that the selected full factorial model is significant. 

Model F-value of 30.79 implies that the model is significant. 
There is only a 0.01% chance that an F-Value this large could 
occur due to noise. 

P-values less than .0500 indicate model terms are signifi-
cant. In this case, Overhang Length (C) is a significant model 
term. Values greater than 0.1000 indicate the model terms are 
not significant. Here, the P-value is less than 0.0001. So, the 
model is significant. 

The Lack of Fit F-value 0.2569 implies the Lack of Fit is not 
significant relative to the pure error. There is a 91.90% chance 
that a Lack of Fit F-value this large could occur due to noise. 

 
 
 
 
 
 
 
 

 

TABLE 4 

ANOVA TABLE FOR VIBRATION AMPLITUDE 

 

 

Fig. 1. Experimental Setup in turning AISI 304 
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The ANOVA results for surface roughness (Table 5) 
showed that the selected full factorial model is significant. 

The Model F-value of 60.73 implies that the model is signif-
icant. There is only a 0.01% chance that an F-Value this large 
could occur due to noise. 

P-values less than .0500 indicate model terms are signifi-
cant. In this case, Cutting Speed (A), Feed Rate (B), and Over-
hang Length (C) are significant model terms. Values greater 
than 0.1000 indicate the model terms are not significant. Here, 
the P-value is less than 0.0001. So, the model is significant. 

4.2 Quadratic Model Equation 

After analyzing the experimental data the regression equa-
tions are developed and are given as: 

Vibration Amplitude= 
+68.01203-0.003334*A-20.66712*B+0.084369*C-0.001000*                                           

A*B-0.0000033*A*C-0.001667*B*C+0.0000199*A^2+                                           
49.81818*B^2+0.000531*C²                                                           (3) 

Surface Roughness =    
+1.03329+0.003141*A-0.618985*B+0.000588*C+0.000100*A*                                        

B+0.00000033*A*C-0.000167*B*C+0.00000269*A^2+                                        
0.872727*B^2+0.00000525*C² (µm)                                              (4) 

4.3 Regression Co-efficient 

From the analysis of table 6, it is evident that capabilities of 
the regression based models, R² factors, are higher than 0.90. 
From table 6, it could be seen that P values are less than 0.05; 
hence the models are significant to 95% level of confidence. 
 

 
 

4.4 3D Response Graphs 

The influence of cutting factors on responses can be ana-
lyzed by using 3-D response graph. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
3-D response surface plots are drawn based on the regres-

sion equations (3) and (4) for the better understanding of in-
teraction effects of independent variables on responses. 

The response graphs are shown in Figure 2, for two varying 
parameters cutting speed and feed rate (v*f) by keeping the 
third parameter overhang length at three different level which 
indicates how vibration amplitude changes with overhang 
length. The vibration amplitude at 35 mm, 50 mm, 65 mm 
overhang length have been represented here. From the above 
three figures, minimum vibration amplitude is found in fig (a) 
which is 69.73 dB having shorter overhang length (35 mm).  
And the value increases with the increase of overhang length. 
Fig (c) indicates the maximum vibration amplitude (75.74 dB) 
where the overhang length is 65 mm. So, overhang length may 

TABLE 5 

ANOVA TABLE FOR SURFACE ROUGHNESS 

 

TABLE 6 

R² VALUES FOR VIBRATION AMPLITUDE AND  

SURFACE ROUGHNESS 

 

Fig. 2. Variation in Vibration Amplitude at Over-
hang length (a) 35 mm (b) 50 mm (c) 65 mm 
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be regarded as one of the major causes for such changes in 
vibration amplitude. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The response graphs are shown in Figure 3, for two varying 
parameters cutting speed and feed rate (v*f) by keeping the 
third parameter overhang length at three different level which 
indicates how surface roughness changes with overhang 
length. 3D surface plot for surface roughness in terms of three 
different overhang length (35 mm, 50 mm, 65 mm) have been 
represented in Figure 3. These figures are drawn on the basis 
of Equation (4). It is observed that surface roughness increases 
with increase in overhang length. Minimum surface roughness 
(1.135 µm) is found at minimum overhang length (35 mm) and 
maximum surface roughness (1.383 µm) is found at maximum 
overhang length (65 mm). 

4.5 Optimization of Overhang Length of Tool Holder 

The optimized result of the experiment in terms of cutting 
parameters are shown in the desirability table (Table 8). Desir-
ability is simply a mathematical model to find the optimum 
results. As there are several factors and responses, all goals get 
combined into one desirability function. 

In our experiment, the main aim is to minimize the vibra-
tion amplitude and surface roughness. So the goals are set 
according to this. 

The Desirability Function Analysis (DFA) takes values in 
range 0 < d < 1. When the response variable is at its goal or 
target, d becomes 1, and if the response variable is outside the 
acceptable range, d becomes zero. In this study, the targets for 
the responses are minimum value (smaller-the-better). 

 
62 solutions have been found from desirability function 

analysis (DFA). Among them, the desired cutting condition 
has been attained at shorter overhang length (35 mm) along 
with lower cutting speed ( 50 m/min) and higher feed rate 
(0.200 mm/rev) which gives the minimum vibration ampli-
tude and surface roughness. It can be concluded that shorter 
overhang length gives the better results than longer overhang 
length. 
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DESIRABILITY SELECTION CRITERIA 
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DESIRABILITY FUNCTION ANALYSIS (DFA) 

 Fig. 3.  Variation in Surface Roughness at Overhang 
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4.6 Main Effects Plot 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
In case of vibration amplitude and surface roughness min-

imum value is better. From the main effects plot, it is clearly 
seen that shorter overhang length (35 mm) gives the best re-
sult for both responses (Vibration amplitude, surface rough-
ness) along with the lower cutting speed (50 m/min) and 
higher feed rate (0.20 mm/rev) which is coherent to the results 
found from 3D plots and Desirability Function Analysis 
(DFA). According to 3D plots and desirability function mini-
mum surface roughness and vibration amplitude is gained at 
shorter overhang length (35 mm). 
 

5 CONCLUSION 

The effect of overhang length on output variables such as 
vibration amplitude and surface roughness in turning opera-
tion has been studied by Response Surface Methodology 
(RSM) and Main Effects Plots. The full factorial design using 
20 experiments with varying combinations of machining pa-
rameters has been tried. Further, the models for output re-
sponses have been developed. Based on these the following 
conclusions are drawn: 

1.  R² (correlation coefficients) for the quadratic models 
have been found from Analysis of Variance (ANOVA) which 
are quite satisfactorily as 0.9652, 0.9820 for vibration ampli-
tude and surface roughness respectively and the P values of 
the models are less than 0.05 which indicate that the models 
are significant to 95% level of confidence. 

2.  From 3-D Response Graphs, it has been clearly observed 
that overhang length is one of the major causes that affect vi-
bration amplitude and surface roughness. These two respons-
es increase significantly with the increased overhang length. 
Minimum vibration amplitude (69.73 dB) and surface rough-
ness (1.135 µm) have been found at 35 mm overhang length. 
And maximum vibration amplitude (75.74 dB) and surface 
roughness (1.383 µm) have been found at 65 mm overhang 
length. 

3.  An optimized result has been found from desirability 
function analysis (DFA) which indicates that shorter overhang 
length of the tool holder is preferable to reduce vibration am-
plitude and get better surface quality. The desired cutting 
condition has been attained at shorter overhang length (35 
mm) along with lower cutting speed (50 m/min) and higher 
feed rate (0.200 mm/rev) which gives the minimum vibration 
amplitude and surface roughness. 

4.  From the main effects plot it has been seen that shorter 
overhang length (35 mm) gives the best result for both re-
sponses (vibration amplitude, surface roughness) along with 
the lower cutting speed (50 m/min) and higher feed rate (0.20 
mm/rev). The results found from main effects plots are coher-
ent to the results found from response surface methodology 
which gives the experiment a strong validation. 

5.  Considering all the findings, it can be concluded that 3D 
response graphs, desirability function, and multi effects plots 
give almost the similar results and that is minimum length of 
tool overhangs (35 mm) gives better machining performance 
in turning AISI 304.  

 
 
 
 
 
 
 
 
 
 
 
 

(b) 

Fig. 4. Main Effects Plot for (a) Vibration Amplitude 
(b) Surface Roughness 

(a) 
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