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Abstract: Now a day’s machining of hard turning is an interesting subject in industry and research and development. 
Hardened steels are mostly utilized in automobile, die, gear, bearing industries. Therefore, advanced technologies 
required for machining of hardened steels with higher material removal rate (MRR). The machining of hard turning is 
carrying out on hardened steel in the range of moderate level of Rockwell hardness. It is substitute to traditional grinding 
process is a flexible, productive and successful machining process for hardened metals. Hence mainly used in various 
uses such as dies, molds, tools, gears, cams, shafts, axles, bearings and forgings. The machining of hardened steel using 
superior tool materials such as coated carbide inserts, mixed ceramic inserts and cubic boron carbide nitride (CBN) have 
higher merits than traditional grinding such as high material removal rate, can produce good surface finish, reduced 
processing costs, Although the process is accomplishing with small depth of cut and feed rates, evaluate to minimizing the 
machining time as high as 60 % in hard turning process. In this project work, the machining of steel job having elevated 
hardness is carried out using HSS tool. This project discusses the importance of hard turning of steel by using various 
front clearance angular tool bits. The angle values incremental by 20 to 50 on each High Speed Steel tool bit. 
Investigations will be carried out on conventional lathe using the prefixed cutting conditions. The feed rate is the main 
impact with increasing feed rate, but reduces with larger cutting speed and rapidly increasing depth of cut. Due to these 
cutting conditions, the responses will be studied in the measurement of surface roughness (Ra) on each circular work 
material. The surface coarseness reading is to be measures by using surface roughness meter and the readings Ra will be 
tabulated and the graphs are to be generated. Chip formation also to be acknowledged during this machining. 
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I INTRODUCTION 

 In the view of increasing the machining characteristics among the single point cutting tool on work 
surface. Especially steel specimen has been involved for this operation. To improve the surface property while 
machining with irrelevant intervals of feed rate and depth of cut. To achieve an even chip removal of material 
removal rate and also to reduce the tool wear rate. The selected specimen has machined with the HSS turning 
tools which is having wonderful Characteristics of Working hardness, High wear resistance, High retention of 
hardness and red hardness, Excellent toughness etc.,  

So many researchers were developed various methods to do these kinds of machining with sufficient level of 
surface roughness values. [12].A. Srithar et al., were discussed the importance of hard turning of AISI D2 steel. 
Investigations were carried out on conventional lathe using the prefixed cutting conditions. The graph shows the 
feed rate is the main impact with increasing feed rate, but reduces with larger cutting speed and rapidly 
increasing depth of cut. The responses studied in the investigation of surface roughness were studied in the 
investigation of surface roughness parameters (Ra, Rt and Rz) on responses has been studied and presented in 
detail. [10] C.J. Rao et al., were proposed an alternative approach to determine the optimal process parameters 
used to predict cutting forces, tool life and surface finish. Aluminium is taken as a work material and tungsten 
carbide as tool material. By varying the different parameters like depth of cut, speed and feed at different 
conditions the tool life, surface finish, cutting force and other parameters were calculated. The results showed 
that the tool life is decreasing as the cutting force, MRR and cutting speed increases.   The MATLAB results 
showed that the best surface finish is approximately equal to average of three stages output. The optimum 
process parameters obtained from MATLAB program will give a reasonable surface finish with better life.[11] 
D.G. Thakur et al., were discussed that the Specific cutting pressure can be used as the one of the important 
process parameter to understand the status of the cutting edge. Hence, any change in the specific cutting 
pressure can be attributed to the loss of form stability of the cutting edge.   
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In this project work, the HSS tool edges machined or grind with the coarse surface wheel peripheral for reducing 
the tool edge radius as well as the tool chamfer angle also reduced. The turning of hardened steel has utilized for 
finding the surface finish after the machining process has been done. Based on the machining parameters and 
chamfer angles the influencing factors have to be determined.  

 

II EXPERIMENTAL DETAILS  

The turning operation has been performed over the hardened steel components by using the following 
machining conditions:  

Front Clearance angles : 20, 50 
Feed rate  : 100, 200, 300 mm/min 
Depth of Cut  : 2 to 3 mm  
Speed   : 500, 700, 900 rpm  
 

The stepwise methodology has been followed for this research work as mentioned in figure 1.  

 

Fig. 1 Methodology of this research 

 

After completion of the tool grinding to get the required front clearance angles in the HSS tool tips, the turning 
has been completed over the hardened steel specimen. The discontinues chips were produced from the tool and 
work surface during machining. the surface quality was identified by the surface roughness testing was 
conducted over each machined areas of the specimen.  
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Fig. 2 High Speed Steel 

 

The surface roughness is nothing but the unevenness of the machined surface after the machining was 
completed. Due to the feed direction and the values of feed rate is the major influencing factor for achieving the 
good surface roughness. The movement of t
much of cutting forces. This will cause some important effects over the work surface. the less values of surface 
roughness have been considered as good quality surface. 

(i)  

Fig. 4 (i) Front Clearanc
            (ii) Specimen sample modelling and

For a machining process such as turning, the cutting conditions like cutting speed, feed, depth of cut and 
fluids plays an important role in the efficient use of a machine tool. For a practical machining situation, since no 
adequate machining theory is available to predict the tool life and cutting forces, one is compelled to rely on 
empirical equations to predict these parameters. 
speed and cutting depth on residual stresses in hard turning the results of their work shown that a greater 
negative rake angle gives higher compressive stresses 
feed rate. 

 

High Speed Steel Tool Edge Explore view 

 

Fig. 3 Tool Bit Geometry  

The surface roughness is nothing but the unevenness of the machined surface after the machining was 
completed. Due to the feed direction and the values of feed rate is the major influencing factor for achieving the 

The movement of tool edges towards the feed direction as in figure 
much of cutting forces. This will cause some important effects over the work surface. the less values of surface 

been considered as good quality surface.  

    (ii) 
 

Front Clearance Angle will be change through 20 to 50 from its initial state      
(ii) Specimen sample modelling and machined areas 

For a machining process such as turning, the cutting conditions like cutting speed, feed, depth of cut and 
fluids plays an important role in the efficient use of a machine tool. For a practical machining situation, since no 
adequate machining theory is available to predict the tool life and cutting forces, one is compelled to rely on 

parameters. The study was conducted on the influence of rake angle, cutting 
speed and cutting depth on residual stresses in hard turning the results of their work shown that a greater 
negative rake angle gives higher compressive stresses and the compressive stresses increase with the increased 

The surface roughness is nothing but the unevenness of the machined surface after the machining was 
completed. Due to the feed direction and the values of feed rate is the major influencing factor for achieving the 

as in figure 4will cause so 
much of cutting forces. This will cause some important effects over the work surface. the less values of surface 

 

from its initial state       

For a machining process such as turning, the cutting conditions like cutting speed, feed, depth of cut and cutting 
fluids plays an important role in the efficient use of a machine tool. For a practical machining situation, since no 
adequate machining theory is available to predict the tool life and cutting forces, one is compelled to rely on 

on the influence of rake angle, cutting 
speed and cutting depth on residual stresses in hard turning the results of their work shown that a greater 

and the compressive stresses increase with the increased 
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III RESULTS AND DISCUSSIONS 

We investigated the effects of tool nose radius on finish hard turning with ceramic tools. In their study, surface 
finish, tool wear, cutting forces, and, particularly, white layers were evaluated at different machining conditions. 
Their results shown that large tool nose radii not only give finer surface finish, but also considerable tool wear 
compared to small nose radius tools. Specific cutting energy also increases slightly with tool nose radius. They 
also have shown that large nose radius tools generate shallower white layers when cutting by worn tools. For 
new tools, small nose radius results in larger uncut chip thickness, and thus, induces deeper white layers. 

TABLE I SURFACE ROUGHNESS READINGS AT MACHINED SPOTS  
 

Specimen Reading 1 Reading 2 Reading 3 
Surface 

Roughness 

1 0.22 0.27 0.27 0.25 

2 0.23 0.26 0.30 0.26 

3 0.15 0.18 0.20 0.17 

 
 

TABLE 2 SURFACE ROUGHNESS VALUES FOR DIFFERENT MACHINING CONDITIONS 
 

 

 

 

 

 

 

 

 

 

 

The target has completed on three different work pieces which has sides 20 mm length (Simple turning). From 
both ends of the cylindrical jobs were well turned and the roughnesses also were calculated by moving the 
measuring tips of the tester over the turned areas for the setting distance. The average values of each roughness 
at various spots has been calculated and tabulated as in table 1 and 2. Fewer values were obtained for the 
machining with less front clearance angle of 20for the low feed rate of 100 mm/min has been identified.  

IV CONCLUSION 

 By the completion of this project work, we have concluded with the following suggestions and scope 
full ideas. The feed rate is the major dominant factor for the variation of surface roughness. The change of front 
clearance angle with less value was given less surface roughness with the less feed rate. The rotational speed 
also acting as dominant factor on surface roughness. Hence it was proved that the high rotational speed with less 
feed rate absolutely has given good surface finish with respect to the tool edge radius and nomenclature 
changes.  

 

 

 

 

Sl. 
No 

 
Job 

Front 
Cl. 

Angle 

Feed Rate 
(mm/min) 

Speed  
(rpm) 

Depth  
of  

Cut 
(mm) 

Surface 
Roughness 

(µm) 

 
Avg. 

 

1  
I 

2 deg 
100 900 

 
2 – 3 

 

0.15  
0.165 

2 5 deg 0.18 

3  
II 

2 deg 
200 700 

 
2 – 3 

 

0.26  
0.265 

4 5 deg 0.27 

5  
III 

2 deg 
300 500 2 – 3  

0.26  
0.28 

6 5 deg 0.30 
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