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Abstract— In present times, with the advancement in the 

modern machining process with the implication of all the 

sophisticated equipment and techniques the forming of a 

metal chips will remain the same. In the metal 

manufacturing process machining is an important parameter 

to acquire good dimensional precision, near net shape and 

even for aesthetic requirements also. Many researchers and 

scientists are still working in the field of improving the 

cutting efficiency of a cutting tool to achieve mirror like 

surface finish. They also worked in the era of exploring the 

life of cutting tool in order to optimize the rate of the 

production and to reduce the cost of production, which is 

highly acceptable to the manufacturing Industry. In this 

paper a comprehensive review has been presented which 

focus on cutting tool advancement and failure. 

Keywords: Cutting Tool, FEA, Failure, Tool life 

I. INTRODUCTION 

The history of cutting tools began during the industrial 

revolution in1800 A D., the ever-increasing importance of 

machining operation is gaining new dimension in the 

present industrial age. With the advancement of technology, 

new materials having high melting point, low thermal 

conductivity are being extensively used in modern 

industries. However, these materials create enormous 

challenges while machining. The low thermal conductivity 

of such materials has resulted in a rapid temperature rise in 

cutting zone which enhances tool wear [1]. The use of 

cutting fluids in machining reduces friction between chip 

and tool. It also helps to carry away the wear debris from 

machining. 

II. LITERATURE REVIEW 

Wang et al. [2] simulated the evolution of grain size and 

microhardness during high speed orthogonal machining of 

Ti6Al4V alloy based on the Zener-Hollomon and Hall-Petch 

equations using the Abaqus® FE code. They found that the 

depth of machining deformation zone remained almost 

constant with cutting speed, while grain size and 

microhardness changed inversely with cutting speed.  

 

Fig. 1: Experimental setup for orthogonal cutting. a Photo of 

experimental setup; b schematic diagram of orthogonal 

machining [2] 

 
Fig. 3 Experimental and simulated chip shape. a v=100 

m/min; b v= 200 m/min [2] 

Pan et al. [3] investigated the effect of machining 

parameters including cutting speed and feed rate on 

microstructural changes in orthogonal machining of 

Ti6Al4V based on the JMAK model using the DEFORM™ 

software. They found that a higher cutting speed decreased 

the grain size of the machined surface in high speed 

machining.  

 
Fig. 4: Comparison of experimental and simulated 

morphology [3] 

 
Fig. 5: The temperature (a), α phase volume fraction (b) and 

average grain size [3] 
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Caruso et al. [4] predicted the variations of the 

grain size and hardness in the surface and subsurface of 

machined components of Waspaloy based on the Zener-

Hollomon and Hall-Petch equations using the DEFORM™ 

software. They found that both cutting speed and feed rate 

affected the machined surface and subsurface integrity.  

 
Fig 6: a Scheme of the orthogonal machining. b Obtained 

disks from Waspaloy bar. c Coated DNMG Sandvik tool 

positioned for the orthogonal machining operation [4] 

 
Fig. 7: Hybrid friction model, thermal, and kinematic 

boundary conditions set for the 2D FE simulation [4] 

Wu et al. [5] examined the effects of micro-

grooved cutting tools on grain size distributions in 

orthogonal cutting of Al6061-T6 alloy based on FEM using 

the Abaqus® software. The results showed that the micro-

groove width and convex width changed the grain size along 

the depth from the machined surface and the depth from the 

tool-chip interface 

 
Fig. 8: CEL model setup for orthogonal cutting of Al6061-

T6 alloy [5] 

 
Fig. 9: Variations of chip thickness with microgroove width 

(edge distance = 20 μm, convex width = 20 μm, and 

microgroove depth = 5 μm) [5] 

Morteza et al. [6] studied the impact of machining 

parameters on grain size alterations in machining of 

Ti6Al4V alloy using finite element analysis (FEA) based on 

the Johnson-Mehl-Avrami-Kolmogorov (JMAK) 

recrystallization model. The machining parameters consisted 

of both cutting conditions and tool geometry including 

cutting speed, feed rate, tool edge radius and rake angle. 

Three series of JMAK constants were used in the 

simulations and the degree of accuracy of the obtained 

results were compared. Finite element (FE) simulations 

were conducted for machining conditions designed using a 

D-optimal Design of Experiment (DoE). Analysis of 

Variance (ANOVA) was carried out to identify the most 

effective machining parameters on the responses of average 

grain size (AGS), machining temperature (MT), cutting 

force (CF), and feed force (FF). Next, Response Surface 

Method (RSM) was used to predict regression models of 

AGS, MT, CF, and FF. The optimal values of machining 

parameters were obtained to improve AGS, MT, CF, and 

FF. The ANOVA results showed that rake angle and cutting 

speed were, respectively, the most and least significant 

parameters affecting AGS in the design space. Rake angle 

was the most effective parameter influencing all of the 

responses. 

 
Fig. 10: The thermal and mechanical boundary conditions of 

the workpiece and tool [6] 

 
Fig. 11: The FE predicted (a) AGS, (b) MT [6] 

Langlang et al. [7] investigates the performance of different 

wiper tool edge geometries in machining of AISI 4340 steel 

using finite element method (FEM) simulation. The cutting 
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process is simulated with Arbitrary Lagrangian–Eulerian 

(ALE) approach in AdvantEdge. The purpose is to explore 

the effects of wiper tool geometries on cutting performance 

of AISI 4340 steel compare with conventional tool. We 

explored the cutting force, residual stress, Mises stress and 

distribution of temperature, and the chip shape also be 

examined. The simulation results suggest that wiper tools 

can increase cutting force and peak cutting temperature 

compare with experimental result, but it can reduce the 

temperature of distribution in the cutting edge which is 

beneficial to reduce the wear of tool. At the same time, the 

wiper tools also have a great influence on chip shape and 

stress. 

 
Fig. 12: Experiment equipment. [7] 

 
Fig. 13: Temperature distribution of the (a) rake face and 

flank face (b) peak temperature during turning [7] 

Stephanie et al. [8] Using FEM, cutting tool 

geometries can be investigated replacing the need for 

expensive experimental works leading to software defined 

manufacturing. In addition, they can help making informed 

and data driven decisions for planning machining 

experiments. There are limited studies on cutting tool 

geometries for machining titanium alloys, of those, mostly 

concentrated on experimental investigations. In this study, 

the impact of cutting tool rake angle on machinability of Ti-

6Al-4V is investigated computationally and experimentally. 

Two levels of rake angle were used to model the cutting 

process. The Lagrangian formulation incorporating a 

Johnson-Cook (JC) material model, as well as energy-based 

ductile fracture criterion, were used to simulate the 

segmentation of chips. Machining experiments were 

conducted to assess the suitability and efficiency of finite 

element modelling for cutting tool design. 

Mustafa et al. [9] experimental work of Fielke 

(1994) was simulated using DEM techniques and the results 

were compared to both the measured data and FEM 

predicted results. The results of the study showed that better 

vertical force prediction was obtained using DEM whereas 

forward soil movements below the tillage depth were 

simulated more accurately using FEM. This can be 

attributed to the larger size of particles used in DEM 

simulation than needed to pass around the cutting edge. It 

was also shown that DEM can be used to accurately predict 

soil failure planes. 

 
Fig. 14: Glass sided soil bin test equipment (Fielke, 1994) 

[9] 

 
Fig. 15: mm cutting edge height: (a) Image taken during the 

glass-sided bin tests (Fielke, 1994), (b) Screen capture taken 

from the DEM simulations. [9] 

Mojtaba et al. [10] investigates the application of a 

general-purpose graphic-processing-unit parallelised hybrid 

finite-discrete element method (FDEM) which enjoys the 

advantages of both explicit FEM and BPM, in modelling the 

rock chipping and fragmentation process in the rock scratch 

test of mechanical rock cutting. The input parameters of 

FDEM are determined through a calibration procedure of 

modelling conventional Brazilian tensile and uniaxial 

compressive tests of limestone. A series of scratch tests with 

various cutting velocities, cutter rake angles and cutting 

depths is then modelled using FDEM with calibrated input 

parameters. A few cycles of cutter/rock interactions, 

including their engagement and detachment process, are 

modelled for each case, which is conducted for the first time 

to the best knowledge of the authors, thanks to the general 

purpose graphic processing units (GPGPU) parallelisation. 

The failure mechanism, cutting force, chipping morphology 

and effect of various factors on them are discussed on the 

basis of the modelled results. 

 
Fig. 16: Schematic illustration of chipping mechanism - 

Rock chipping process. [10] 
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Fig. 17: Second chipping process from numerical simulation 

of the rock scratch test: (a) Force-displacement curve; and 

(b) Snapshots of the second rock chipping process: (A) 

Stress field build-up; (B-1) Mode I crack initiation and 

propagation; (B-2) Mode II crack initiation and propagation; 

and (C) Chipping due to mixed mode I-II fracturing. [10] 

Sreeramulu et al. [11] simulate a three-dimensional 

oblique cutting operations using FEM software (Deform-

3D) to study the effects of cutting speed, feed, depth of cut 

on cutting forces and temperature. The experiments are 

performed on a precision lathe and AL 7075-T6 material as 

a work piece and coated titanium carbide (TiC/Al2O3/TiN) 

as a cutting tool materials. The forces have been measured 

by 4-component KISTLER Dynamometer and temperatures 

have been measured by KIMO Infrared sensor thermometer 

(Spectral response: 8 - 14 µm). The experimental results are 

compared with the outputs of finite element temperature 

model, considering the maximum temperatures at the tool–

work piece interface. 

 
Fig. 18: Types of cutting: (a) orthogonal cutting (b) Oblique 

cutting [11] 

 

Yen et al.[12] developed a methodology for tool 

wear simulation by implementing the well-known Usui wear 

rate model into a two-dimensional cutting simulation. 

Similarly, Filice et al.[13] simulated both flank and crater 

wear in a two-dimensional model with an innovating 

method that tool meshes were updated directly during 

cutting process in every 30 s. However, the shortcomings of 

simulations in two-dimensional models were that tool details 

such as the inclination angle and the nose arc were ignored 

and were only used in the orthogonal cutting condition 

[14,15] 

Zhenyu et al. [16] novel method for simulating the 

actual chip formation and wear evolution thorough the 3D 

finite element model has been carried out. In order to 

improve the accuracy of simulation results, the influence of 

worn tool, stress and temperature distribution on wear rate 

are considered. Then cutting experiment has been conducted 

by turning AISI1045 with uncoated carbide tools to validate 

the accuracy of the proposed model. The comparison 

between experimental and simulation results show good 

agreement which proves the ability of the proposed model in 

forecasting the tool wear. The validated finite element 

model has been further utilized studying how the worn tool 

affects the cutting performance including actual cutting 

rake, stress distribution, cutting force and temperature. The 

results of this paper not only provide a clear understanding 

of wear evolution between tool rake face and chip, but also 

are meaningful to optimize tool design and cutting 

parameters. 

 
Fig. 19: FEM results at cutting time t = 360 s. [16] 

III. CONCLUSION 

 The textured tool is found to decrease the cutting 

temperature and tool wear as compared to non-textured 

tool. 

 Several factors affect the heat generation, heat partition 

and heat transfer during metal cutting with coated tools.  

 Commonly, tool coatings decrease the tool-chip friction, 

thus decreasing cutting temperature.  

 The geometric factors including coating thickness and 

coating layers affect the cutting temperature by changing 

heat partition and heat transfer in metal cutting process.  

 A significant reduction in cutting forces is found with 

textured tool.  

 The texturing on tool rake face is found to result in a 

decrease in tool chip contact length, which results in a 

decrease in coefficient of friction.  

 Tool coating shows the thermal barrier effect by 

preventing heat dissipated into tool substrate due to its 

lower thermal conductivity compared with that of tool 

substrate 

 The textured tool filled with solid lubricant is found to 

improve the lubricity and cutting performance of tool.  

 The wiper tool can reduce the temperature of flank face 

compared with conventional tool, but wiper tool caused 

the temperature of the rake face to rise. This is because 

the wiper tool has a lager radius of the arc of the tool and 

increases the contact area between the chip and the tool, 

so large cutting force causes an increase in temperature. 

Compared to conventional hone edge tool, the arc wiper 

tools increase the cutting temperature by 4% and the line 

wiper tool increase cutting temperature by 8%. 
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