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Abstract- This study considers the comparison between the surface roughness criteria (Ra) of the wiper inserts with 
conventional inserts during hard turning of EN-9 hardened steel. Recently EN-9 steel finds many applications like shaft, 
axle, gears and fasteners due to their high hardness, strength and weight ratio. Optimum machining parameters of turning 
operations are greatly influenced with concern along with manufacturing environment. In this experimental work turning on 
EN-9 steel with different cutting parameters like cutting speed, and depth of cut greatly influenced by response parameter 
like surface roughness. Mainly surface roughness where investigated employing L9 orthogonal array using Taguchi’s design 
of experiments with different cutting parameters of EN-9 of turning, parameters were optimized and analyzed by Analysis of 
variance (ANOVA’s). The assessment of surface reveals that, when compared to conventional inserts, the application of 
wiper inserts leads to significantly improved surface roughness. 
 
Keywords- ANOVA’s, EN-9 steel, Standard and Wiper insert, Taguchi’s method. 
 
 
I. INTRODUCTION 
 
Good control on the quality of machined surface and 
sub-surface during turning is most important 
consideration apart from considering the tool life. In 
order to attain sufficiently high production rates at 
minimum cost, optimization of cutting tool geometry 
is necessary. The design of cutting edge geometry 
and its influence on machining performance have 
been a research topic in metal cutting for a time. Edge 
preparation has a critical effect on the tool life. A tool 
with poor edge preparation may chip and fail quickly  
Users expect to have more and more productivity in 
their machining processes (high removal rate of 
work-material) and low wear of their cutting tools 
(long tool life). These demands require major 
improvements in the design of cutting tools: new 
substrates, new coatings, cutting tool geometry and 
materials etc. According to tool manufacturers, the 
manufacturing procedures of their cutting tools, 
especially the micro-geometry preparation (cutting 
edge etc.), have a major influence on their 
performance and on their reliability. 
 
Surface finish in turning operations depends on a 
variety of factors. Feed rate and the size of an insert’s 
nose radius are considered to be the most influential 
of these. The traditional understanding has been that 
Ra increases with increased feed rate and decreases 
with a larger nose radius.  
 
This has become less absolute in recent years, with 
the introduction of wiper inserts designed for high 
feed finishing. The unique geometries of these inserts 
reduce the tradeoff between surface quality and feed 
rates, allowing for highly productive machining of 
fine surface finishes. To improve the overall 
efficiency, a multi-radii (wiper) design on the corner 
of the inserts is introduced (see Figure 1) 

 
WojciechStachurski, BogdanKruszynski, Stanislaw 
Midera; have carried out evaluation of the influence 
of selected cutting parameters on surface roughness 
of the workpiece. Conventional geometry and wiper 
geometry inserts were applied. Relationship between 
cutting forces levels during turning tests of C45 steel 
are analyzed too. Moreover evaluation of 
experimental results which consider application of 
different strategies of cutting fluid supply such as wet 
machining and dry machining are shown. Description 
of experimental conditions and methodology of 
investigation are presented. Finally experimental 
stands which were employed during surface 
roughness and cutting forces measurements are 
described too. They concluded that the use of wiper 
inserts produces a considerable reduction of 
roughness of the surface as compared to inserts with 
conventional corner geometry.  
 
J. Guddat, R. M’Saoubi, P. Alm, D. Meyer [6]; 
investigated the effect of wiper PCBN inserts on 
surface integrity and cutting forces in finishing by 
hard turning of through hardened AISI 52100 
(100Cr6) (58-62 HRC). The assessment of surface 
and subsurface integrity reveals that, when compared 
to conventional geometry inserts, the application of 
PCBN wiper inserts leads to significantly improved 
surface roughness and higher compressive residual 
stresses. They concluded that using wiper inserts 
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leads to superior surface integrity compared to 
conventional inserts. At the same time, higher 
productivity can be achieved. 
 
II. EXPERIMENTAL PROCEDURE 
 
2.1 Test Specimen  
EN9 is a very popular grade of through hardening 
medium carbon steel, which is readily machined in 
any condition. EN9 is suitable for the manufacture of 
parts such as general purpose axles and shafts, gears, 
bolts and studs.  
 

Table 1: Chemical Composition of EN-9 Steel (wt %). 

 
 

Table 2: Mechanical Properties of EN-9 Steel 

 
 
2.2 Cutting Inserts 
In tests commercially available standard and wiper 
inserts (manufactured by Sandvik Coromant) of 80 
degree point angle, rhombic shaped inserts have been 
used for experimentation. Standard insert used for 
turning is CNMA, and wiper insert used is CNMM-
WR. They are selected for Sandvik Coromant 
catalogue considering the workpiece materials and 
experimental parameters like speed, feed and depth of 
cut.  
 
2.3 Surface Roughness Measurement  
The arithmetic average surface roughness (Ra) of the 
workpiece is measured by using Surface Roughness 
Tester as shown in figure.  The cut off length and 
assessment length was fixed as 0.8 mm and 5 mm 
respectively. The instrument was calibrated using a 
standard calibration block prior to the measurements. 
The measurement was taken at four locations (90 
apart) around the circumference of the workpiece. 
 
2.4 Experimental Design 
The Taguchi design was selected to find out the 
relationships between independent variables and 
surface roughness. The independent variables were 
cutting speed, feed, and depth of cut. The 
experiments were carried out to analyze the influence 
of cutting parameters on surface roughness for 
machining EN-9 steel. Cutting conditions are selected 
using Taguchi based design of experiments. Three 

levels and two parameters are selected for 
experimentation. These levels and two parameters are 
as shown in table3. 
 

Table 3: Machining Parameters and their levels 

 
 
The feed was fixed as 0.3 mm/rev in all test 
conditions. 
Using three levels and two parameters L9 Orthogonal 
array is made for the experimentation. The 
Orthogonal array is as shown in table below. 
 

Table 4: L9 Orthogonal Array 

 
 
III. RESULTS AND DISCUSSION 
 

Table 5: Experimental Results 

 
 
3.1 Analysis of Variance (ANOVA): 
The experimental results from table were analyzed 
with analysis of variance (ANOVA), which used for 
identifying the factors significantly affecting the 
performance measures. The results of the ANOVA 
with the surface roughness and tool wear are shown 
in tables respectively. This analysis was carried out 
for confidence level of 90 %. The last column of the 
tables shows the percent contribution of significant 
source of the total variation and indicating the degree 
of influence on the result. 
  

Table 6: Analysis of Variance for Surface Roughness for 
standard insert. 

 
Table 6 shows the results of ANOVA for Surface 
Roughness using standard insert. It is observed from 
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the ANOVA table, the depth of cut (89.77%) is the 
most significant cutting parameter followed by speed 
(8.15%). However, speed has least effect (2.62%) in 
controlling the surface roughness which is not 
statistically significant  
The error contribution is (2.08%) for surface 
roughness. As the percent contribution due to error is 
very small it signifies that neither any important 
factor was omitted nor any high measurement error 
was involve 
 
Table 7: Analysis of Variance for Surface Roughness for wiper 

insert. 

 
 
Table 7 shows the results of ANOVA for Surface 
Roughness using wiper insert. It is observed from the 
ANOVA table, the depth of cut (93.87%) is the most 
significant cutting parameter followed by speed 
(6.05%).  
The error contribution is (0.08%) for surface 
roughness. As the percent contribution due to error is 
very small it signifies that neither any important 
factor was omitted nor any high measurement error 
was involved. 
 
3.2. Main effect plots  
The plots show the variation of individual response 
with the two parameters; cutting speed and depth of 
cut separately. In the plots, the x-axis indicates the 
value of each process parameters at three level and y-
axis the response value. The main effect plots are 
used to determine the optimal design conditions to 
obtain the low surface roughness. 
 

Fig 2. Main effect plot for surface roughness for standard 
insert. 
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Figure 2 shows the main effect plot for surface 
roughness for standard insert. The results show that 
with the increase in cutting speed there is a 
continuous decreases in surface roughness. However, 
with the increase in depth of cut there is an increase 
in surface roughness. Based on analysis using Figure 
1 low value of surface roughness was obtained at 
cutting speed of 1050 rpm, and DOC of 1.0mm.  

Fig 3. Main effect plot for surface roughness for wiper insert. 
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Figure 3 shows the main effect plot for surface 
roughness for wiper tool insert. The results show that 
with the increase in cutting speed there is a 
continuous decrease in surface roughness. However, 
with the increase in depth of cut there is an increase 
in surface roughness. Based on analysis using Figure 
2 low value of surface roughness was obtained at 
cutting speed of 1050 rpm, and DOC of 1.0mm.  
3.3 Comparative study of standard and wiper insert: 
Graphs are plotted using the result obtained 
mentioned in table 5. From above analysis it is clear 
that depth of cut is more affective parameter than 
speed. So the comparative study is based on depth of 
cut as a variable parameter. Graphs are plotted as 
surface roughness verses depth of cut, keeping speed 
constant. 
 

Fig. 4 Comparison of standard insert and wiper insert under 
constant cutting speed of 450 rpm. 

 
 

Fig. 5 Comparison of standard insert and wiper insert under 
constant cutting speed of 750 rpm. 
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Fig. 6 Comparison of standard insert and wiper insert under 
constant cutting speed of 1050 rpm. 

 
 
Figs 4, 5, 6 shows the comparative relation between 
the surface roughnesses gained from standard insert 
and that from wiper insert. What can be concluded 
from the graphs above is that wiper inserts provide 
lower roughness (Ra) of the worked surface, as 
compared to conventional inserts. The use of wiper 
inserts produces a considerable reduction of 
roughness of the surface as compared to standard 
inserts.  
The roughness value increases with increase in depth 
of cut for both inserts. 
 
CONCLUSION 
 
In this paper a study of the surface roughness 
evolution concerning the hard turning of EN-9 steel 
with wiper and standard inserts is presented. 
Based on the experimental results, the following 
conclusions can be drawn: 
(1) In general, wiper cutting insert has the better 
performance compared with standard insert in the 
surface roughness of the workpiece.  
(2) The statistical analysis of the surface roughness 
indicates that the depth of cut is the most significant 
factor on the surface roughness criteria (Ra). 
(3) Increase in depth of cut increases the surface 
roughness for both the inserts. 
(4) Increase in cutting speed decreases the surface 
roughness. 
(5) The wiper ceramic inserts are desirable for 
achieving a better surface finish as compared with 
standard insert. 
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