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Abstract: 

Single point cutting tool is most widely used 

tool in several machining and metal cutting operations. 

The work piece material is removed or machined step by 

step by force which increases temperatures of both work 

piece and tool Itself. Where it causes in thermal damage 

and high tool wear rate. The tool tip may deform 

plastically due to high temperature which results in poor 

accuracy in machining. There are several experiments 

and research going on to minimize these temperatures 

The modelling is carried out in NX 10.0 and analysis is 

done using ANSYS Explicit solver. The stress vs. 

deformation curves were drawn for each depth from 0.1 

mm, 0.2 mm, 0.3 mm, respectively and results are 

obtained for the optimum depth for a single stroke to be 

used for the cutting operation The input of the model 

consists of feed rate, cutting speed and depth of the cut 

while the output from the model. This research is to test 

the collecting data by Taguchi method. The model is 

validated through a comparison of the experimental 

values with their predicted counterparts. The 

optimization of the tool life is studied to compare the 

relationship of the parameters involved. The result of the 

experimental optimization shows that depth of cut was 

the only parameter found to be significant. The 

experimental optimization also shows that the predicted 

values and calculated values are very close, that clearly 

indicates that the developed model can be used to reduce 

the cost of machining 

Key words: Single point cutting tool, ANSYS R21, 

Taguchi methods, Inconel 718, SS 304, H30 materials  

I.INTRODUCTION 

Machining, the most widespread process for 

shaping metal, has become a very significant aspect of 

modern society and industry. The importance of the 

machining process is evident by the observation that 

nearly every device used by humanity in day-to-day life 

has at least one machined part or surface. From a 

materials viewpoint, high speed machining is a relative 

term, since different materials should be machined with 

different cutting speeds to insure acceptable tool life. 

Because of this difference and the fact that cutting speed 

determines whether a material will form continuous or 

segmented chips, one way to define high-speed 

machining is to relate it to the chip formation 

mechanism. Machining is a common fabrication 

technique where material removed from a part using a 

tool with a small, hard tip. Usually, the material being cut 

is a metal, such as aluminum or steel. In order to fabricate 

a part quickly, a high cutting speed desired. These higher 

speeds, however, lead to a faster degradation of the tool 

tip, which requires that the tool tip replaced more 

frequently. Over the history of machining, guidelines and 

conventions have arisen based on empirical information 

of trade-offs between cutting speed and tool replacement 

time. Machining is a term covering a large collection of 

manufacturing processes designed to remove material 

from a work piece 

In today’s CIM environment and competition 

are the main attention of manufacturer is a cost reduction. 

When it is not possible to reduce the fixed cost, it is 

necessary to concentrate on variable cost like electricity, 

cutting fluids, cotton waste, oil grease, welding rods, 

cutting tools etc. Of all the factors the cost of cutting tool 

is very high. Tools of H.S.S, carbide, diamond tip is 

costing very high. Therefore, it is necessary to pay 

attention to increase the tool life. As the tool life 

increases, the variable cost decrease. In exact mechanism 

of metal cutting briefly stated is that a cutting tool exerts 

a compressive force on the work piece. Under this 

compressive force the material of the work piece is 

stressed beyond its yield point causing the material to 

deform plastically and shear off. The sheared material 

begins to flow along the cutting tool face in the form of 

small pieces called chips. The flowing chips causes the 

wear of cutting tool. Heat is produced during shearing 

action. The heat generated raises the temperature of tool, 

work and chips. The temperature rises in cutting tool 

tends to soften it and causes loss of intensity in the 

cutting edge leading to its failure. This temperature 

during metal cutting is maximum at the tip of the tool, is 

to be measured by experimental set up and this 

experimental temperature is given as input to the 

software and analyzes the stresses and deformation on 

the single point cutting tool. Hence the FEM is capable 

of providing this information, by creating the geometric 

model required for the finite element using software like 

PRO-Engineer and analyzing the model using software 

like ANSYS. PRO-Engineer generates the three 

dimensional model of tools and analysis can be 

performed using ANSYS on the tool easily. Also the 

forces acting on the tool due to the workpiece are 

responsible for deformation of tool and the tip of the tool 

displaces in XYZ direction. During the metal cutting 

process heat is produced due to shearing action and it 

raises the temperature of the tool. Due to this temperature 

the tool gets soften at the tip and various stresses and 

deformation is take place in the tool. It is essential to 

measure this temperature experimentally at various depth 

of cut. Also to find out the effect of forces acting on the 

tip of the tool. 
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Significance of metal cutting: 
Using metal cutting, metal chips are removed from a 

work piece to create a completed product of the required 

size, shape, and finish. Thousands of machining 

instruments can be found in nearly every manufacturing 

industry, including vehicles, railroads, ships, aircraft 

manufacture, household appliances, consumer 

electronics, and construction. Machining contributes to 

more than a quarter of the total value of goods produced 

in industrial countries. Metal cutting allows for better 

customization of the operating conditions than any other 

way of shaping metals, resulting in higher outcomes and 

better production rates at a lower cost. 

 

1.2 Cutting force: 

When machining, the machine tool's static and dynamic 

deformations can influence the tolerance integrity and 

process stability. This affects the part's quality as well as 

its production. Tools can cause substantial shape-related 

dimensional errors, and this should be considered while 

designing tie machining processes in various conditions. 

To effectively estimate tool deflection, one must first be 

able to forecast the dynamic cutting forces that will be 

present during end milling. A precise milling force 

model is crucial for understanding process aspects and 

regulating process outputs such as surface precision, 

vibration, and tool wear. The cutting coefficients greatly 

influence the accuracy of the milling force model and the 

local cutting force model selected. The model's 

tangential and radial specific cutting coefficients are 

calculated using the proportional coefficients technique. 

Cutting coefficients vary with chip thickness. End 

milling cutting forces are predicted using an analytical 

approach presented in this study. In developing the 

cutting force model, tool geometry and rotational angle 

were taken into account. It is possible to examine and 

forecast the milling force's response to feed and depth of 

cut parameters using an analysis method. To confirm the 

accuracy of the cutting force models, researchers used a 

3-axis milling tool dynamometer to take measurements.  

1.3 Tool wear: 

When cutting tools wear out over time through regular 

use, it's called "tool wear." Machine tools' tipped tools, 

tool bits, and drill bits are all affected. Cutting tools that 

break down unexpectedly reduce production, cause 

components to be rejected, and result in financial losses. 

Roughness is reduced from tool's relief face by rubbing 

on machined surface. Abrasion from the crater causes the 

chip and rake face to become extremely rubbed together, 

leaving a scar that runs parallel to the primary cutting 

edge as the chip flows away.  

This wear is most commonly found in cutting 

tools because of the amount of flank wear. Cutting 

conditions (such higher cutting speeds and feeds) can 

increase crater wear, therefore that is how tool life is 

estimated when these variables exist. The cutting force 

will be reduced if the cutting edge has crater wear, but 

the cutting edge's strength will be reduced as well. 

 

 

1.4 CUTTING TOOLS: 

 Cutting is the separation of a physical object, or a 

portion of a physical object, into two portions, through 

the application of an acutely directed force. An 

implement commonly used for cutting is the knife or in 

medical cases the scalpel. However, any sufficiently 

sharp object is capable of cutting if it has a hardness 

sufficiently larger than the object being cut, and if it is 

applied with sufficient force. Cutting also describes the 

action of a saw which removes material in the process of 

cutting. 

Single Point Cutting Tool: 

 

Figure:  Nomenclature of a single point cutting tool 

 Single point cutting tools have one principal cutting 

edge which is mainly used for cutting. These tools are 

used for turning, boring, planning etc. used in machines 

like lathe, boring and shaping machines. Single point 

cutting tools contain following parts: - shank (this is the 

main body of the tool), flank (which is adjacent below 

the cutting edge), face (the surface upon which chip 

slides), nose radius (it is the point where cutting edge 

intersects with side cutting edge) 

 

Figure:  Cutting angles 

 

1.5 OBJECTIVES: 

 To analyse the Stress distribution on 

the Single point cutting tool for 

prescribed cutting forces. 

 To analyse the Single point cutting 

tool under different parameters (Depth 

of cut and speed).  

 To compare the results of the two 

materials with respect to their better 

performance. 
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II.LITERATURE REVIEW 

The primary problem that metal-cutting 

companies face is the requirement to improve 

manufacturing quality while also lowering production 

costs. Other factors like as lubricants and coatings affect 

both the quality and the price of the finished product 

depending on how the cutting parameters are set up as 

well as the wear and tear on the tooling.  

Abdullah, K.; Ulvi, S. (2005) developed a turning 

process surface roughness prediction knowledge-based 

system. This project necessitated the usage of fuzzy set 

theory and neural networks. Set theory that is a bit fuzzy 

Surface roughness can be predicted using process 

variables. the authors constructed a rule that also predicts 

process variables for known surface roughness. 

Abukhshim N.A., Mativenga (2005) in their research, 

they focus on micromachining, namely metals micro-

milling and the study of micro-cutting in this context. 

Tools having a diameter of less than 1 mm and a 

resolution of 0. 05 mm are used in micro-milling. Due to 

manufacturing issues, these tools do not have the same 

complicated and sharp geometries as traditional tools. 

Cutting parameters for small tools differ greatly from 

those used in normal machining, and manufacturers 

typically recommend "adapted" cutting settings like a 

feed per tooth lower than 10 μm. However, using a top-

down (scale reduction) technique in micro milling results 

in the appearance of critical size effects.  

III. RESEARCH METHODOLOGY 

Increasing tool longevity and ensuring a more 

constant production flow lowered tool wear, according to 

research. The cutting tool's force components were used 

to estimate how much metal was removed by the tool. 

The cutting tool's lifespan will be shortened if the feed 

rate or cut depth are increased because doing so raises 

the temperature of the machine. The temperature of the 

chip tool's contact rose as the feed rate and main cutting 

force were increased; it fell as a result. 

3.1 Chip formation and cutting forces: 

Prior to the cutting edge, substantial plastic 

deformation of the work piece material occurs during all 

cutting tool operations, resulting in shear and the creation 

of chips. According to ISO 3002/4, the work piece 

produces a total force (F) on the cutting tool that can be 

broken down into many geometrical or physical 

elements. There are three geometrical components of 

force shown in Figure 1 from the ISO 3002/4. It's 

important to note that while cutting forces are important, 

they are only a small part of the overall force. This is why 

the cutting force (Face) is so important. Facial 

expressions are the contribution to force that gives rise to 

the slicing power. Ff is the force component that is 

obtained by putting a perpendicular line along the feed 

axis and projecting the total force along it, also known as 

the feed force or in-feed force. When talking about back 

force (Fop), ln opposition to both main and feed motion, 

it's how much power you're applying 

 
Figure: Geometrical cutting forces acting on the 

cutting tool during machining operation 

Cutting tools for lathes: tool geometry 

Cutters use geometries that are dictated in large part by 

their work materials' and the tool's physical qualities. 

Figure 1 depicts the usual terminology. When using 

single-point tools, the rake angles, end relief angles, and 

side relief angles are all crucial. 

 
Figure: Geometry of a single point turning tool 

Flank: A single-point tool's flat surface located near the 

tool's face. Tool's end flank is over newly machined 

surface while tool's side flank is towards where work 

piece is fed during turning. 

Face: In a machining process, the work piece revolves 

around the single-point tool's flat surface called the face. 

Normally, the tool's face is pointing upwards during a 

turning setup. Rake angle at the back of the tyre a tool's 

face and a line parallel to the floor make an angle when 

viewed with your eye from the end of your work piece. 

To tilt the tool back, use a positive back rake angle; to tilt 

it forward and upward, use a downward back rake angle. 

Cutting Tool Insert: 

Insert is a word used to describe the state in which a 

cutting tool is screwed or clamped to a tool post. Inserts 

are held in place by a number of different locking 

methods. With inserts, you may rotate the cutting edge 

when it wears out so that you have a new one. After using 

all of the insert's cutting edges, the insert can be turned 

upside down and clamped to reveal a brand-new set of 

cutting edges if the geometry allows it. A variety of insert 

forms and sizes are available, as illustrated in Fig. 

 
Figure: Various shapes of cutting tool inserts 
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Cutting tool geometry: 

Cutting-tool geometry refers to the size, shape, 

and angles of the cutting blade. When it comes to 

materials, the type of machining method used has an 

impact on everything from productivity and cost to the 

final product's quality and cutting tool life span. 

3.2 Testing of Tools  

For all practical purposes, tool life cannot be 

defined. Process goals dictate how the life should be 

specified. End-of-tool-life quantification commonly 

involves setting a limit on the amount of VB or Bam that 

a tool can tolerate before it reaches its end-of-life. 

Common numbers include: 

HSS Tools roughing 1.5 mm 

HSS Tools finishing  0.45 mm 

Carbide tools 0.4 mm 

Ceramic tools  0.6 mm 

The following equation (the Taylor equation) 

mathematically expresses the tool life: The following is 

the formula for: n VTC= Here 

V Cutting speed 

T Tool life 

N, C Constants 

You can find the constants n and C by experimenting 

with different materials and tools, or by looking at 

published data. 

Milling: 

 Milling is a subtractive shape realization process that 

removes a predetermined amount of material from the 

work piece with the cutting tool rotating at a 

comparatively high speed. The cutting tool used for the 

purpose has multiple cutting teeth. The characteristic 

feature of the milling process is that each milling cutter 

tooth removes its share of the stock in the form of small 

individual chips during each revolution from the 

advancing work 

Table: Relative Motion of various Cutting 

Operations 

 

A wide variety of operations can be performed 

during milling since both the work piece and the cutter 

can be moved relative to one another independently or in 

combination. Milling consists of two motions: rotation of 

the cutter about its axis which is primary cutting motion, 

and a feed motion. In some applications, the feed is given 

to the work piece while in other the work piece is held 

stationary and the cutter is traversed across at a given 

feed rate. The feed motion is along a straight line in 

milling flat and cylindrical surfaces; it is rotary in milling 

surfaces of revolution and helical in milling helicoidal 

surfaces. Milling operations are performed on different 

machines with different type of cutters. Milling cutters 

are bodies of revolution, rotating about their axes, with 

equally spaced cutting teeth on their surfaces 

Applications of milling include the production of flat or 

contoured surfaces, slots, profile surfaces, grooves, 

recesses, and bodies of revolution, threads, and other 

configurations. 

  

Figure: Canonical View of Milling Cutters 

IV. EXPERIMENTAL SETUP AND CONDITIONS 

A three-jaw centre lathe was used for the experiment, 

which was done in dry conditions. Using a tool that can 

feed deep work while traversing the work, a lathe 

eliminates unwanted material such as chips from a 

revolving work piece. This work piece has a hole drilled 

in the face so that it can be supported by the tailstock 

while it is being machined. 

External operations 

Turning - A single-point turning tool moves axially, 

along the side of the work piece, removing material to 

form different features, including steps, tapers, chamfers, 

and contours. These features are typically machined at a 

small radial depth of cut and multiple passes are made 

until the end diameter is reached. 

 

Facing - A single-point turning tool moves radially, 

along the end of the workpiece, removing a thin layer of 

material to provide a smooth flat surface. The depth of 

the face, typically very small, may be machined in a 

single pass or may be reached by machining at a smaller 

axial depth of cut and making multiple passes. 
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Thread cutting - A single-point threading tool, typically 

with a 60 degree pointed nose, moves axially, along the 

side of the work piece, cutting threads into the outer 

surface. The threads can be cut to a specified length and 

pitch and may require multiple pas 

Internal operations: 

 

Drilling - A drill enters the work piece axially through 

the end and cuts a hole with a diameter equal to that 

of the tool. 

 
Figure: drilling process 

Boring - A boring tool enters the work piece axially 

and cuts along an internal surface to form different 

features, such as steps, tapers, chamfers, and contours. 

The boring tool is a single-point cutting tool, which 

can be set to cut the desired diameter by using an 

adjustable boring head. Boring is commonly 

performed after drilling a hole in order to enlarge the 

diameter or obtain more precise dimensions. 

 
Figure: Boring process 

Reaming - A reamer enters the work piece axially 

through the end and enlarges an existing hole to the 

diameter of the tool. Reaming removes a minimal 

amount of material and is often performed after 

drilling to obtain both a more accurate diameter and a 

smoother internal finish. 

 
Reaming process 

Tapping - A tap enters the work piece axially through 

the end and cuts internal threads into an existing hole. 

The existing hole is typically drilled by the required 

tap drill size that will accommodate the desired tap. 

 
Figure: Tapping 

 

Stainless Steel 304: 

There are many different grades and finishes of stainless 

steel available, but most people prefer to buy it annealed 

or cold wrought. Portion of stainless steel 304 with 

chromium (Cr) and nickel (18/8 stainless steel) (Ni). 

When it comes to low temperature strength and 

mechanical qualities, Type 304 excels. It also welds 

beautifully. Type 304 does not undergo heat treatment 

hardening, making stamping and bending possible. A 

wide range of industries, such as furniture, food 

processing, and pharmaceuticals, rely on the versatility 

of SS304. 

Table : Physical Properties of Stainless Steel 304 

Property Value 

Density 8.00 g/cm3 

Melting Point 1450 °C 

Modulus of Elasticity 193 GPa 

Electrical Resistivity 0.42 x 10-6 Ω.m 

Thermal Conductivity 16.2 W/m.K 

Thermal Expansion 17.2 x 10-6/K 

 

Tool Steel and Hard Alloy: H30 

Table: Mechanical properties 

Quantity Value Unit 

Young s modulus 200000-200000 Mpa 

Tensile strength  650-880 Mpa 

Elongation 8-25 % 

Fatigue 275-275 Mpa 
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Yield strength 350-550 Mpa 

 

Table: Physical properties 

Quantity Value Unit 

Thermal 

Expansion 

10-10 Mpa 

Thermal 

conductivity 

25-25 Mpa 

Specific Heat 460-460 % 

Melting 

temperature 

1450-1510 Mpa 

Density 7700-7700 Mpa 

Resistivity 0.55-0.55 0hm.mm2/m 

 

Modelling of Single point cutting tool: 

To make a solid model of the Cemented Carbide 

single point cutting tool, we used 

SOLIDWORKS. The following images display 

both 3D and 2D views: 

 
 Figure: 3D view 

of Single point cutting tool  

 

 
Figure 2D view of Single point cutting tool 

Finite element analysis of Single point cutting 

tool  

The geometry is modeled using 

„SOLIDWORKS-2013‟and then it is imported 

into „ANSYS WORKBENCH. 

 
Figure Geometry of Single point cutting tool 

Load and Boundary Conditions: 

It's business as usual for structural loads and 

boundary conditions to be used. There are four 

factors at play here. 

Cylindrical support for work piece  

Longitudinal displacement of tool (63.7 mm) 

Tangential displacement of tool (0.1 mm, 0.2mm, 

0.3 mm)  

Speed of rotation of work piece (800 rpm, 1000 

rpm, 1200 rpm) 

 
Figure 5.14: Load and boundary conditions 

for Single point cutting tool 
In this situation, the model is referred to as a 

frictional model. Machining generates heat as a 

byproduct. Consequently, we've figured out how 

to get in touch with the right people. There is a 

surface contact node generated as a result of a 

cutting tool making contact with the work piece, 

with the work piece being the target. In this case, 

the coefficient of friction is 0.3, and the contact is 

asymmetric. 

 
Figure: Frictional model of Single point cutting 

tool 
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IV. RESULTS AND DISCUSSIONS 

 

Static structural analysis: 

 It was decided to use a meshed model, total and 

directional displacements, and equivalent stress and 

strain as factors in the investigation. The flywheel under 

consideration was part of a device used to measure how 

much speed can be slowed down. Working with different 

materials such as Inconel 718, SS3304, and H30 

Materials, Annoys Workbench 2020R1 is well-designed 

software. 

 
Figure : Tool Designed model  

 
Figure: Imported model 

 
Figure: Meshed model 

 
Figure: Total deformation 

 
Figure: Directional deformation 

 
Figure: Equivalent elastic strain 

 
Figure: Equivalent stress 

Table 6.41: Structural analysis of Single point 

cutting tool using with Inconel 718 Material 
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Graph:  Structural analysis of Tool using with Inconel 

718 Material different variations 

Structural analysis of Single point cutting tool using 

with SS304: 

 
Figure: Equivalent elastic strain 

 
Figure: Equivalent stress 

Table 6.42: Structural analysis of Tool using with 

stain less steel 304 Material 

Parameters Maximum Minimum 

Total 

deformation 

152.15 0 

Directional 

deformation 

37.861 1.5196 

Equivalent 

elastic strain 

24.218 2.7546 

Equivalent 

stress 

48.281 2.7805 

 

 

Graph 6.2; Structural analysis of Tool using with stain 

less steel 304 Material Variations 

Structural analysis of Single point cutting tool using 

with H30 material 

 
Figure: Geometrical model 

 
Figure: Meshed model 

 
Figure: Directional Total deformation 

 
Figure: Equivalent Elastic Strain 
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Figure: Equivalent stress 

Table 6.44: Structural analysis of Tool using with H 

30 alloys 

Parameters Maximum Minimum  

Total 

deformation 

86.843 0 

Directional 

deformation 

32.813 51.215 

Equivalent 

elastic strain 

38.691 21.897 

Equivalent 

stress 

768.15 16.607 

 

 
Graph 6.4: Structural analysis of Tool using with H 30 

alloys variations 

5.1Taguchi’s Design of Experiments 

`Exploratory research can be used to evaluate and 

improve process parameters. The most influenced 

process parameters on output responses are listed at 

different columns in an intended orthogonal array. 

Machine parameters such as machining speed, feed rate, 

and depth of cut all influence tool wear and surface 

roughness. It is better to use lower values when dealing 

with wear on the flanks or surface roughness Because of 

this, the preferred machining output responses are low 

surface roughness and cutting tool flank wear. As a 

result, the lower the S/N ratio, the better the results were 

thought to be. S/N ratio for the nominal output response 

can be calculated from the following characteristics. 

………………… (1) 

From S/N ratio, the actual influencing parameters and 

the best optimal range of selected parameters can be 

characterized. 

 
Figure 6.38: Micro machining of Inconel and steel 

Tool flank wear and nominal surface roughness are 

desirable reactions in turning operations. As a result, it 

was decided that the smaller the output responses, the 

better the S/N ratio, the better. Using ANOVA, the 

impact of each cutting parameter on output responses 

was determined. A series of confirmation tests compared 

the optimised results to an empirically predicted value. 

Table 6.45: Taguchi parameters 

 Level 1 Level 2 Level 3 

Spindle 

Speed 

800 1000 1200 

Feed 1500 2000 2500 

Depth of cut 0.1 0.2 0.3 

 

Table 6.46: Taguchi L9 Orthogonal array 

S. No Speed Feed Depth of 

cut 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 2 

5 2 2 3 

6 2 3 1 

7 3 1 3 

8 3 2 2 

9 3 3 1 

 

Table 6.47: Taguchi L9Orthogonal array 

S. No Feed speed Depth of cut 

1 800 1500 0.1 

2 800 2000 0.2 

3 800 2500 0.3 

4 1000 1500 0.2 

5 1000 2000 0.3 

6 1000 2500 0.1 

7 1200 1500 0.3 

8 1200 2000 0.2 

9 1200 2500 0.1 

 

5.2 Micro structures of the experimental study level -

1 Micro structure 
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Figure: Microstructure 200x Inconel 718 material 

 
Figure: SS 304 material Microstructure 200x  

 
Figure: H30 material Microstructure 200x  

Flute rub has been observed while machining with high 

speed machining with depth of cut the things are added 

when feed rate is constant. The coolant effect on flute 

observed clearly after machining.  

VI. CONCLUSIONS  
Finally, the concluded that structural analysis 

using different materials and observing the simulation 

results Inconel 718 has a higher tensile strength than 

grade 304 stainless steel H30 and does a better job of 

maintaining that strength at higher operating 

temperatures. This is because Inconel is stronger than 

stainless steel at high temperatures, while being more 

resistant to oxidation and scaling as well. 

To investigated a single characteristic response 

optimization model based on Taguchi Technique was 

developed to optimize process parameters, such as speed, 

feed, depth of cut, and nose radius of single point cutting 

tool. Taguchi’s L9 orthogonal array is selected for 

experimental planning. The experimental result analysis 

showed that the combination of higher levels of cutting 

speed, depth of cut and lower level of feed is essential to 

achieve simultaneous maximization of material removal 

rate and minimization of surface roughness 

A L9 orthogonal array, S/N ratios and ANOVA are used 

to study the performance characteristics of cutting speed, 

feed rate and depth of cut as turning parameters with tool 

flank wear width as response variable. The result of the 

analysis show that the selected machining parameters 

affect significantly the tool flank wear width of Tungsten 

Carbide cutting tool while machining Inconel 718 and 

also indicate that the cutting speed is the most 

influencing 
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