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Abstract-This paper describes a review onDesigning Optimum Tool Geometry for Minimization of Cutting Force for 

Turning of Hardened Steel. Tool Geometry is important mechanical component in removing metal during machining 

operations.This paper also includes the literature on energy consumption by considering different cutting forces by 

varying different cutting parameters during the turning operation. Lathe tool dynamometer can be used for 

measuringCutting Forces generated during turning operation for different tool geometry and cutting parameters. 
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I. INTRODUCTION 

Hardened medium carbon steel are having wide applications in automotive, aerospace, biomedical, building construction, 

communication industries and agriculture farm equipments. The hardened EN9 material are having wide range of applications in 

the manufactory of shafts and gears, crank shafts, cams, connecting rod, machine components, lock washers, bolts, nuts, guide 

bush and guide pillars, sprockets, cylinders, keys, pulleys, grinding balls for ball mills, etc. With the improvement in technology, 

the manufacturing of steel with the lower cost is also on high demand that means they are now capable of manufacturing high 

quality products with lower cost by optimizing tool geometry and process parameters. 

 

 

Fig. 1Block diagram of lathe machine 

The main components of the lathe machine are illustrated in figure 1. The lathe spindle drive generates a rotary motion to the 

work piece. The X-axis drive system is used to develop a longitudinal motion of the table over the slide-ways. DC motor 

connected to a gearbox, which transfers the motion to the spindle shaft using a pulley and belt mechanism. 

A. Cutting Tool Geometry 

Nearly all turning processes use single point cutting tools; this is the tool that cut with only a single edge in contact with the 

work, the different tool angles are very important. 

 

Fig. 2 Cutting Tool Geometry 
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There will be a huge loss of power in industry due to improper tool geometry which leads to higher cost. The merits of medium 

carbon steel are low cost with good mechanical properties such as good strength, ductility, high rigidity. There are various 

problems during the turning of hardened steel which affects the geometrical accuracy on work piece and the tool used for 

turning operation. The prime problem is of improper tool geometry which leads to increased turning forces and leading to the 

more power consumption and tool wear at higher rate. The optimization of the tool geometry is the most important of all which 

contributes to greater force reduction and their by resulting minimizing the power consumption. 

The optimization of tool geometry consists of various parameters like approach angle, rake angle, nose radius, clearance angle, 

cutting feed, depth of cut, and tool insert grade. 

B. Factors Influencing Estimation of Cutting Forces 

The cutting forces in metal cutting depend upon several factors. The influence of each factor is discussed below in brief.  

1) Work material:Work material physical and mechanical properties influences to a great extent on the cutting forces. 

Tangential force can be determined by multiplying the chip cross-section with the specific cutting resistance offered by 

the work material.With increasing chip thickness tangential force decreases and with increase in tensile strength and 

hardness of the work material tangential forceincreases. 

2) Cutting speed: The tangential force Pz varies with increase in cutting speed. It will be noted that the cutting forces first 

increase with increase in cutting speed and on further increase in speed reach a maximum value and start decreasing 

and become fairly stabilized at higher speed ranges. 

3) Feed: The tangential component of cutting force is greatly influenced by the feed rate. It has been observed that cutting 

feed at higher cutting speed is responsible forchanges of cutting force linearly, but the change is exponential at lower 

cutting speeds. 

4) Depth of cut:As increase in the depth of cut the tangential cutting force component Pz increases but the condition for 

this is the ratio of depth and feed is more than four. 

5) Tool approach angle:The approach angle influences the chip size. The tangential component Pzis more or less constant 

within the range 900 to 550 and increases slightly for approach angles less than 550. Axial component Pz is maximum 

for approach angle of 900 and decreases with decrease in approach angle. Radial component Py is minimum for 

approach angle of 900 and increases with decrease in approach angle. 

6) Side rake angle:When side rake angle increases from negative value to positive value all components of cutting forces 

decreases; the tangential component alone being predominant for positive side rake angles and other two being 

negligible. However for higher negative values, both Pz and Px are considerable and thus result in vibrations. 

7) Back rake angle: It controls the direction of chip flow either away from or towards the work piece depending upon 

whether it is positive or negative. The vertical component Pz increases slightly as the back rake angle increases from 

negative value to positive value.  

8) Flank wear: The tangential component Px as well as Pz and Py increase considerably with increase in flank wear. 

II. LITERATURE SURVEY 

Literature survey plays an imported part in formulating any work. There are many papers available for the analysis of spindle of 

which few are selected based on the relevance of the statement of this paper. Based on these research papers, a different 

methodology will be chosen which is suitable for analysis of spindle. The referred papers are explained in brief as below. 

 

Stefan Velchev et al. [1] conducted the experimental analysis to determine the optimum cutting parameters for minimum direct 

energy consumption during turning. He developed mathematical equation for the optimal cutting speed by applying the 

minimum energy criterion and mathematical model on specific energy consumption for CNC turning operation. He also studies 

the dependence of the specific energy consumption by material removal rate (MRR) when turning of steel using CNC lathes 

with an improved empirical model of this dependence. He also used cutting tools of different grades and optimized the power 

consumption by applying minimum energy criterion. He concluded that in order to achieve lower energy consumption for given 

machining conditions, insert grade should be selected. By selecting an insert grade with higher wear resistance and then the 

maximum possible values of feed and depth of cut should be chosen as well. 

 

     Faruk Unsacar  et al. [2] studied the effect of tool geometry and effect of the cutting speed on Cutting Force, experiments 

were designed using an orthogonal arrays and conducted on AISI 1040 steel using full factorial design. It was found that effect 

of rake angle was more influential on all the force components. He concludes that the optimum entering angle was obtained at 

60–70 degrees. He also concluded that with increase in cutting speed the force were reduced while the temperature of the tool 

tip increased. 

 

     Rajesh Kumar Bhushan et al. [3] conducted experiments for investigation of  effect of cutting parameters (cutting speed, feed 

rate, depth of cut and nose radius) in CNC turning of Al alloy SiC particle composites. To accomplish the objective of this paper 

design of experiment techniques (i.e. response surface methodology (RSM)) has been used.By using multi-response 

considerations of power consumption and tool life the machining parameters are optimized. Result of this research work show 

that the power consumption increases as cutting speed increase but increase in the cutting speed beyond a limit will lead to very 

rapid 
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tool wear and proved uneconomical. This paper also give results that larger nose radii only give finer surface finish with respect 

to smaller nose radii but it compromises tool wear with it. 

 

     Haci Saglam et al. [4] studied results of cutting force components and tool tip temperature by changing tool geometric 

variables (approaching angle and rake angle) and selected cutting parametersin machining of AISI 1040 steel hardened at HRC 

40. The selected cutting variables and the tools in different geometries were tested practically under workshop conditions. The 

average deviation between measured and calculated force results were found as 0.37%. This study shows that to determinethe 

tool and chip contact area rake angle is most influencing parameter.The optimum rake angle and approaching angle was 

obtained as 120 and 60-700 respectively from this study. 

 

 

Fig.3 Experimental setup to determine cutting forcesand tool tip temperature 

     Gaurav Bartarya et al. [5] experimented to develop a cutting force prediction model using hone edge uncoated CBN tool 

during finish machining of AISI 52100 steel hardened to 60±2 HRC and to analyze the combination of the cutting parameters 

for energy efficient machining. To develop the force and surface roughness regression models, within the range of selected 

cutting parameters  design of experiments and ANOVA analysis was used. The favorable range of the machining parameter 

values wasrelatively lower and moderate cutting speeds with moderate depth of cut in the range of parameters selected for 

nearly all feed values selected in the range for energy efficient machining. 

 

     Dr. C. J. Rao et al. [6] investigated the influence ofcutting parameters(cutting speed, feed and depth of cut) on cutting force 

and surface roughness while working with ceramic (KY1615) tool and the work material of AISI 1050 steel which is hardened 

to hardness of 484 HV. Experiments were conducted using Johnford TC35 Industrial type of CNC lathe. Taguchi method (L27 

design with 3 levels and 3 factors) was used for the experiments. Analysis of variance with adjusted approach has been adopted. 

This paper shows that feed rate has significant influence both on cutting force as well as surface roughness. Depth of cut has a 

significant influence on cutting force, but not that much on surface roughness. By optimization with respect to power 

consumption, appropriate combination of feed rate (< 0.06 mm/rev) and depth of cut (<0.15 mm) are suggested. 

 

     Hasan G¨O KKAYA et al. [7] investigated the effects of 4 different cemented carbide cutting tools on the surface quality of 

AISI 1015 steel work piece material, depending on various cutting parameters. In this experiment cutting parameters like five 

different cutting speeds and two different cutting feed rates were used, while depth of cut was kept constant. Different Coating 

types of tool inserts and cutting parameters(feed rate, cutting speed) have different influence on surface roughness. From this 

study it’s found that to increase in surface roughness value, cutting speed value should decrease and feed rate value should 

increase. The effect of cutting speed is less considerable than feed rate, on surface roughness. 

 

 

Fig. 4 The average surface roughness (Ra) obtained by processing the AISI steel with different cutters at differentcutting speeds and at chosen 0.32 and 0.24 
mm/rev feed rates 

      Wuyi Chen et al. [8] investigated the cutting Force and surface finish when turning ofcutting steel of 45–55 HRC hardness 

using cubic boron nitride tools. He also observed that the radial thrust force to be largest among all the 3 cutting forces. As 

depth of cut increases cutting force also increases. 
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Fig.5Cutting forces vs. depth of cut 

      This radial thrust force is mainly influenced by cutting edge chamfer, tool nose radius and flank wear changes. He also 

found that increasing cutting speed improves surface roughness. 

 

 

Fig.6 Surface roughness vs. cutting speed 

      NBV Lakshmi Kumari  et al. [9] studied machining processes byanalyzing the chip formation process. Manufacturing 

process quality is mainly influenced by cutting tool surface geometry. Research has conclusively shown that work material 

aheadtool portion subjected to plastic deformation and localized shear deformation. Plastic deformation and friction leads to 

generation of heat. Tool temperature increases upto certain cutting speed and after that it remains constant approximately. 

 

      Renjith V B et al. [10] investigated deflection of a T-42 CT H.S.S single point cutting tool.It’s done by varying rake angle, 

cutting feed and tool extension length during turning operation on lathe. Taguchi‘s design method is used for selection of 

process parameters. Lathe tool dynamometer was used for measuring 3 cutting force components. In this study influence of each 

machining parameter on cutting force and deflection was studied. Empirical relationship is formulated between deflection and 

input parameters. As increase in tool extension length cutting force slightly decreases and it notably influences the deflection. 

 

      Satish Chinchanikar et al. [11] conducted experiments on AISI 4340 steel with a different hardness and cutting parameters 

to investigate the effect of test piece hardness on coated carbide tools. Experiments show that to machine harder work material 

all 3 cutting forces are higher. Depth of cut influence mostly on these cutting forces followed by feed rate. Higher feed and 

depth of cut influence significantly on surface roughness. Study also found that tool lifefor turning of harder work piece, cutting 

speed followed by depth of cut was the most influencing factors. Using machining parameters effects new modified Taylor’s 

tool life equation was developed. 

 

     Girish Kant et al. [12] focused on the optimizing cutting parameters for minimization of power consumption and surface 

roughness during turning of AISI 1045 steel which increased energy efficiency of machines by utilizing response surface 

methodology and grey relation analysis. From this study it’s observed that to minimize power consumption and surface 

roughness, feed is the main influencing machining parameter followed by the depth of cut and cutting speed. 

 

      Ravinder Tonk et al. [13] optimized the processing parameters including various cutting fluids and various grades of cutting 

tool and proved that these are very essential in reducing feed force and thrust force.  For statistical planning of the experiments 

Taguchi's design methodology has been used. 

 

      D. I. Lalwani et al. [14] conducted the experiments on MDN250 steel with coated ceramic tool by finish hard turning to 

investigate the cutting parameters influence on Cutting Forces (feed force, thrust force and cutting force) and surface roughness. 

They found that cutting speed in the range of 55 to 93 m/min does not affect much on cutting forces and surface roughness. 

Depth of cut is most significant factor for feed force than feed rate in the total variability of model. From thrust force model and 

cutting force model it’s found that feed rate and depth of cut are both significant factors in the total variability of the respective 

model. It’s found that feed rate is most significant factor influencing surface roughness. 
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      H. AOUICI et al. [15] studied the influence of cutting parameters (cutting speed, feed rate, work piece hardness and depth of 

cut) on surface roughness and cutting force components during turning of hardened steel with a hardness of 50 HRC and studied 

individual effect of parameters on surface roughness using cubic boron nitride tools. This study shows that the depth of cut and 

work piece hardness affects the cutting force components principally;the cutting speed has a very small influence on it. It’s 

concluded from this study that to achieve high surface roughness lower feed rate and the higher cutting speed is recommended. 

 

      Dr. G. Harinath Gowda et al. [16] investigated experimentallyeffects of cutting variables on tool wear and metal removal 

rate considering the effect of tool geometry, cutting parameters (Spindle speed, Feed and Depth of cut), tool material properties, 

work piece properties and cutting condition (with and without coolant) and concluded that the cryogenic cutting condition is 

very influential on wear of the tool. 

 

      W. Grzesik et al. [17] studied the Cutting Forces, specific cutting pressure, cutting temperature, tool wear and surface 

roughness for turning of pearlitic ferrite nodular iron with L-CBN tools using both orthogonal and semi orthogonal cutting 

conditions. They stated that the components of forces decrease when machining with higher cutting speeds and cutting forces 

increases non-linearly when feed rate increases for orthogonal cutting conditions and the minimum value of Ra roughness 

parameter for minimum cutting speed and medium feed rate.Tool life increases up to 5 times when machining is done with 

lower cutting speedof 100 or 160 m/min from 400 m/min. 

III. DISCUSSION 

From this literature review it has been found that, cutting forces generated and surface roughness during the turning 

operation can be determined experimentally by using different tool geometry such as approach angle, rake angle, nose radius, 

cutting tool edge length etc. and cutting parameters such as cutting speed, depth of cut and feed rate.Taguchi's design 

methodology can be used for planning of the experiments. 

IV. CONCLUSION 

      The topic of this studyfocus is on the reviews of tool geometry for minimization of cutting force in turning operation of 

hardened steel. By the results obtained from this review it is found that: 

 To achieve lower energy consumption, insert grade with higher wear resistance and the maximum possible values of feed 

and depth of cut wasselected. 

 The effect of rake angle was more influential on all the force components. Also the optimum entering angle was obtained 

at 60-70 degrees. 

 With increase in cutting speed the cutting forces were reduced, while the temperature of the tool tip is increased. 

 Feed rate has significant influence both on cutting force as well as surface roughness.  

 Depth of cut has a significant influence on cutting force but has an insignificant influence on surface roughness. 

 To achieve high surface roughness lower feed rate and the higher cutting speed is recommended. 
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