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Abstract: High speed steel material tools are frequently used to machine products which finds frequent applications in
machining process mainly by turning operation. Hence it is necessary to know various stress levels and possibilities of failures
during machining process. A method is proposed with finite element analysis to determine vulnerable regions of the HSS tool
by determining its stress contours through its geometry. Cutting forces must be determined by strain gauge dynamometer and
also feed rate ,spindle speed, depth of cut and cutting velocities are used to determined experimentally for the purpose. With
various influential parameters, finite element analysis is done with the help of solid works and maximum shear stresses are
calculated to determine the weak regions.
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I. INTRODUCTION

Machining is a regular manufacturing approach where material eliminated from a part employing a tool with a small, hard point. In
order to fabricate a part promptly, a high cutting speed preferred. This higher velocity may cause faster degradation of the tool point,
which may cause tool to change regularly. There are many models amd theories pertaining to calculate this period. It is very
necessary to predict the tool wear according to input machining parameters. It is desired to determine the stress on turning tool
materials so that the particular tool must use for a threshold operation. Surface quality and tool wear in various turning treatments
were specified by Pavel et al. [1].Dawson and Kurfess [2], mentioned experimental and theoretical roughness values for high feed
values. The impact of soothing on flank wear was analyzed by Zhao et al. [3]. Chang-Xue et al. [4] described the numerous
constraints influencing surface roughness of the turned surface. Chou and Evans [5] presented the properties of different work
pieces and cutting conditions. The optimal tool life period of tools was analyzed by Negishi et al. [6]. The method of orthogonal
metal cutting is examined by Shih [7] considering the finite element method under plane strain circumstances. Baker and Rouch[8]
shows finite element modelling of a cutting tool just before its fracture and able to predict the failure conditions. By this analysis
and study we develop a method to study stresses occurring on tool tip while machining. It also offers to determine shear stress at
weak regions of tool, life of the cutting tool local stresses and effects of cutting forces to that spindle speed, feed rate, depth of cut
and cutting velocity.

Il. EXPERIMENTAL SETUP
The experimental set-up was prepared by using cutting parameters and test conditions that are advised by the tool manufacturer. In

order to measure main cutting force F., feed force F;, and thrust force F;, a 2D turning dynamometer was used. Workpiece material
is taken to be of mild steel bar of 50 mm. in diameter. After taking the readings of the cutting forces the diameter decreases and
noted accordingly for variable cutting velocity. The tool with geometry 6-8-10-10-20-45-0.6 is selected.

The cutting tests were carried in single-point turning operations. Three process parameters namely feed rate, cutting speed and depth
of cut were considered to perform turning operations keeping all other parameters constant. The radial cutting force (Fy) is not
detected by the dynamometer as it a 2D strain gauge dynamometer. The radial cutting force is dependent on tangential cutting force
and it is calculated by the formula below which is mentioned by A.K. Dutta[9], F, = 0.14 X F,

1) Fy; =0.14x58.3=8.16N

2) Fy,=0.14x69.04=9.66N

3) Fy3=0.14x82.4=11.536N

4) Fy=0.14x312.2=43.70N

5) Fy5=0.14x322.09=45.09N
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Experiments were carried out according to the parameter settings shown in Table I.

TABLE |
Cutting Force Obtained With Different Feeds

e Depth | Cutting | Tangential A}qal Rad.lal
Spindle i . ! cutting | cutting
Feed () oo | of cut | velocity | cutting .
speed ‘N°| ~, |, . force | force
(mm/rev) {epii) d v force Ty By
n/mi ‘¥z’
(mm) | (m/min) Z’(N) ™) ™)
294 0.12 | 46.18 58.3 9:2 8.16
0.08 290 025 ] 45.53 69.04 12.3 9.66
285 0.38 | 44.76 82 .4 162 | 11.536
05 296 0.12 | 46.49 3122 132.4 | 43.68
' 290 025 ]| 4513 322.09 | 140.9 | 45.09

IHLFINITE ELEMENT ANALYSIS (FEA)
The solid works 13 simulation (SWS13) is used to analyze stresses in turning process. It is a computer-based numerical technique

which makes the structure under analysis in to finite elements and calculates its strength individually. So the results will be more
accurate. It can be used to calculate the effects on tools by the application of stresses which causes the phenomena like deflection,
stress, vibration, buckling behavior etc. A cutting tool is usually subjected to multi-axial stresses in a cutting process such that each
face may be subjected to the total force. Relatively lower tensile strength of modern cutting tools (i.e., carbide tools) makes them
prone to brittle failure due to chipping and fracture. Premature failure often results due to improper selection of cutting parameters,
which causes excessive stress on the cutting edge. Generally when the induced stress in a cutting tool reaches a critical value, tool
failure will occur. In cutting process, the surface is influenced by changes in tool geometry, chip flow, temperature generation, heat
flow and tool wears. The understanding of these interactions during the cutting process is done by static and dynamic analyses with
the help of finite element analysis software, called SOLIDWORKS. . Table Il showing the material properties of HSS, the density,
poissons ratio, shear modulus, tensile strength, yield strength, hardness is mentioned.

TABLE I
Material Properties Of Hss Tool

Properties

Density (x1000 kg/m’) | 7.7-8.03

Poisson's Ratio 0.27-0.30
Elastic Modulus (GPa) 190-210

Tensile Strength (MPa) 3947

Yield Strength (Mpa) 204.8
Elongation (%) 36.5
Reduction in Area (%) 66.0
Hardness (HB) 111

The cutting tool is modeled with a nose radius of 0.6 mm. The tool geometry is 6-8-10-10-20-45-0.6.The initial tool geometry was
drawn in Solid works. In order to compare the finite element analysis results to those obtained experimentally the following
approach was used. The workpiece was assumed to be elasto-viscoplastic whilst the tool was assumed to be elastic. The spindle
speed used for the simulations was 290 rpm, feedrate 0.08, 0.5 mm/rev, and depth of cut 0.12, 0.25, 0.38 mm to experimental
conditions.
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Fig.1 load and fixtures applied

Figure 1 shows the boundary conditions applied in the analysis based on the experimental cutting forces. All the area except the
portion which is not contact with workpiece is held fixed. Nose radius occupies the cutting load as shown in figure 5.1.

Mesh information is provided as following for the turning tool

1) Mesh Type: Solid Mesh

2) Mesher Used: Standard mesh
3) Jacobian points: 4 Points
4) Element Size: 1.73258 mm

5) Tolerance: 0.0866291 mm

6) Total Nodes: 12552

7) Total Elements: 8132

8) Maximum Aspect Ratio: 5.8706

Fig 2 Mesh density in the turning tool used.

Figure 2 shows the mesh density in the turning tool used. A static analysis calculates the effects of steady loading conditions on a
structure, while ignoring inertia and damping effects. In a static analysis a rigidity matrix is calculated for each element according to
the given specifications. These matrices are aggregated and the rigidity matrix of the system is generated. The solution is the zero
displacements of the nodes that are fixed to the tool holder. In this research, free meshes are used for the FEM of the cutting tool.
Experimental data shows that if the calculated stress of the cutting tool is much above the material yield strength, the tool fractures
under the critical forces. Since these forces are the measured forces when the tool breaks, the result shows that the metal cutting
process predicted by the finite elements model agreed well with experimental results.

IV.RESULTS AND DISCUSSION
During the orthogonal machining with the tool, the chip is formed by shearing in the primary deformation zone. As a result of very

high shear stresses and pressures at the chip—tool interface, a secondary deformation zone along the chip—tool interface also occurs.
The magnitude of the von Mises equivalent stress increases while the workpiece element goes through the primary deformation
zone. However, with the irregular-shaped particles employed in this work, extremely high local stresses are developed at the particle
corners. Particle clustering also leads to an increase in the stress on and around the hard particles. The equivalent von Mises stress
on the hard particle was found to have the highest value in the primary deformation zone which is due to the high compressive stress
exerted by the cutting tool tip. The result obtained from the experiment has been shown in Table 111
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. TABLE Il
Maximum Von Misses Stress
. Depth | Cutting | Tangential A}gal Rad.lal Max
: Spindle . : : cutting | cutting | von
Feed () | of cut | velocity | cutting . )
speed ‘N’ ., s force | force | muises
(mm/rev) (epiE d v force Ty iy | seeess
mm) | (m/min) | ‘Fz’ o
(mm) | ( ) N) N) ™) | ovpa)
294 0.12 | 46.18 58.3 D2 8.16 T
0.08 290 0.25 | 4533 69.04 123 9.66 9.15
285 038 | 44.76 82.4 16.2 | 11.536] 10.95
05 296 0.12 | 46.49 3122 132.4 | 43.68 | 44.09
’ 290 025 | 45.13 322,09 140.9 | 45.09 | 45.823

The finite element and numerical analysis results of equivalent von misses stress are carried out and it’s approximately equal to the
numerical breaking stress. The FEA analysis of single point cutting tool showing the stress analysis of the single point cutting tool
with 2 different feeds and 3 different cut from the finite element analysis maximum breaking stress is 45.819 MPa (0.50mm gap
and 290 rpm).

The following graphs show how the three cutting forces and vonmises maximum stress are related with the cutting velocity when
the other parameters like feed rates, spindle speeds and depth of cuts are varied.

Cutting forces vs. Cutting velocity
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Fig.3 Graph showing relation between cutting force v/s cutting velocity

Von misses Stress vs. Cutting velocity
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Fig 4 Graph showing relation between cutting velocity v/s max VVon mises stress
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Von misses Stress vs. Cutting velocity
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Fig 5 Graph showing relation between cutting velocity v/s max VVon mises stress

Cutting forces vs. Cutting velocity
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Fig.6 Graph showing relation between cutting force v/s cutting velocity

V. CONCLUSION

The goal of this work is to present a method in order to determine tool forces and temperatures for use in finite element simulations
of metal cutting processes. From the experimental set up, it is clearly observed that as depth of cut increases, the temperature
generated in the tool at the tool tip also increases. It is also observed that, as the depth of cut increases, tool forces are also increases.
It is main reason of tool failure. At this condition more heat is dissipated at the tool, due to which tool blunt. The values obtained
from dynamometer were used to analyse stress in the tool. This analysis helps us to determine maximum stress occurred in tool with

the set of input parameters. It is understood that if the maximum von Mises stress is higher than the yield strength 380 MPa (HSS) ,
it will result in tool wear and hence decreased tool life.
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