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Abstract: CNC tool is generally made of high speed steel (HSS) 

which has shorter life due to the increasing depth of cut. The steel 
shank wears within a short life time by the chips produced during 
machining process. And even the tool material cannot withstand a 
large amount of load. The damaged tool material is analysed and 
an alternate material is used to manufacture the tool. Alternate 
material used to manufacture the CNC tool which would have 
properties superior than HSS. The objective of this paper is to 
analyze the temperature increase & the thermal deformation of 
different materials like nickel-chromium and nickel-vanadium 
using Finite Element Analysis. 
 

Keywords : CNC Machine tool, Nickel-chromium and 
Nickel-vanadium  

I. INTRODUCTION 

In order to a give shape of the components after 

manufacturing industry, metal cutting or simply machining is 
employed. Due to machinery operation employed at least 
20% of the mechanical components are manufactured all over 
the world. Still in spite of its explicit economic and technical 
importance, machining happens to be a not very well 
understood machining operation because of its poor 
productive ability in machining models. 

An adequate energy necessary for chip formation is 
converted while machining the metals and alloys. Therefore, 
the temperature created in the cutting zone is taken into 
consideration. Both the performance of the cutting tool and 
quality of the work piece have a pivotal role to play the 
temperature created in the cutting zone is in proportion to the 
length of contact between tool and chip, forces of cutting and 
friction between work piece material and the tool. The 
intensity of heat generated while machining is moved to the 
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cutting tool to make it soften leading to a major deformation 
over the cutting surface. 

The cutting tool introduces a compressive force on the 
work piece and the same is stated regarding cutting tool 
mechanism. Because of their compressive force, the work 
piece of the material is stressed more the yield point and 
therefore the material gets deformed plastically and it shears 
off. The chips are none other than shear materials which start 
flowing along the cutting tool face as small pieces. 

Heat is generated during machining for shearing action to 
be produced. The higher heat generated has an impact on 
temperature of the tool, work piece and chips. Therefore a rise 
in the cutting tool tries to make it soft with lesser intensity in 
the cutting edge to make it a failure. In the metal cutting 
process, the temperature reaches maximum at the tools tip and 
the same is assessed through an experimental setup. In order 
to analyses several stresses and deformation taking place in 
the single point cutting tool, this experimental temperature is 
offered as an input. It is imperative to assess this temperature 
on an experimental basis for different depths of cut and 
intensity the impact of forces acting on tool tips. 

II. LITERATURE REVIEW 

A. Machining process dynamics 

In 1965 Merritt et al suggested that the machining process 
is treated from complex inter relates dynamic properties for 
the structure of tool mechanism and cutting intersection of 
work piece. After some time, it got extended through 
Bordatchev EV and Orban PE, 1999 so as to effectively 
manage the machine tool spindle mechanism. Adam G 
Rehorn et al 2004 have on the expansion of the concept so as 
to encompass the cutting tool dynamics and produce a total 
dynamic model for this important sub system of the machine 
tool. 

B. Variables Influencing the Machining Process 

Rehorn AG et al considered the process as a black box for 
machining. This model comprises three main parts namely: 
the input variables, the output variables and the process 
Bordatchev and Orban, 1999 talked about the output of the 
machining operation and the work piece by including a seven 
surface profile and geometry. 

There is possibility of quantifying this surface profile 
through product quality reactor which encompasses cylinder 
city, the measurement of ovality, 
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and dimensional accuracy along which some qualification 
in the surface finish roughness. Controlled and characteristic 
variables could be controlled in an independent manner and 
changes could be made by the machine tool operator both 
before and during machining process. Altintas Y, 2000 took 
into consideration both spindle speed and rat, depth of cut, 
cutting speed and motion immersion, cut geometry which as 
well as tool rotation direction. The characteristic variables 
which have not been controlled even once are selected so as to 
make it process specific. There are some typical examples 
such as cutter type and geometry along with the physical and 
mechanical aspects of the work piece. There is chemical 
affinity behaves the cutting tool and the material. For creating 
an impact on the quality of the product only a very little 
control could be exercised. 

C. Regenerative cutting action in machine tools 

Robert G. Landers, [Dec-2000] reported that the forces 
generated during cutting action produces structural 
deflections. This may result in tool wear and scrap parts. The 
author reported that at high cutting speed, 
temperature-activated wear mechanism like diffusion, 
chemical and thermal wears occur. Adhesive and abrasive 
wears for HSS could also occur. While performing machining 
operation, a very crucial rule is planned by both surface 
roughness and dimensional accuracy. This paper attempts to 
bring out the effect of various tool material compositions. 

III. BASIC MATERIAL PROPERTIES OF TOOLS 

The three types (Nickel, Chromium, Vanadium) of basic 
material properties discussed in this section. 

A. Nickel 

It is a very high heat resistant alloy when it is in a 
composition of 70%. It has high strength and tough internal 
matrix. When nickel reaches an elevated temperature it forms 
austenite micro structurally which is poses high hardness 
property than ferrite. 

Nickel alloys work harden rapidly, and the high pressures 
produced during machining cause a hardening effect that 
slows further machining and may also cause warping in small 
parts.  

B. Chromium 

Chromium is employed to produce both stainless steel and 
hardened steel. It is again employed to create various plays. It 
is due to chromium plating that a polished mirror finished is 
obtained in steel.  

C. Vanadium 

Vanadium created is employed as a steel additive for about 
80%. This vanadium – steel alloys are very rough by nature. It 
is employed for machining the armour plate, tools, axles, 
piston rods and crank shafts. Only less than 1% of vanadium 
resists the shock and vibration.  

IV. METHODOLOGY  

A. Create Analysis System and Define Engineering Data  

From the Toolbox, Static Structural (ANSYS) or Static 
Structural (Samcef) is dragged and template to the project is 

schematically placed. Material properties of 
nickel-chromium, nickel-vanadium are based on non-linear or 
linear orthotropic or isotropic and constant or 
temperature-dependent. The nickel-chromium, 
nickel-vanadium data are added to the analysis system with 
respect to their properties such as Young's modulus, density, 
hyper elastic and Poisson’s ratio etc.  

B. Attach Geometry and Apply Mesh Controls 

3D model of the nominal CNC tool is designed at PRO-E 
software and imported to ANSYS by saving it in IGES file 
format or in a file format supported by an ANSYS Connection 
product. Sufficient mesh density is offered on contact surfaces 
so as to permit contact stresses to be distributed in a smooth 
manner. The mesh density offered is sufficient for resolving 
stress and areas where there is a need for stresses and strains 
in a fine mesh in compression to displacement or non-linearity 
solution.  

C. Apply Loads and Supports 

The applicable loads and supports in the static structural 
analysis have been with inertial and structural loads. Supports 
are made at the central axis of the tool to hold it rigidly and 
force of 16.45N is employed at the tools cutting edge. 

D. Solve  

For the applied loads supports, the analysis offered a 
solution. Then the solution is being reviewed for total 
deformation and equivalent stresses. 

V. RESULT AND DISCUSSION 

A. Figures and Tables 

Case study is carried out on nominal HSS tool used in CNC 
machine. The tool material which is made of high speed steel 
which had lost its hardness while machining and gets 
damaged rapidly.  The wear and thermal properties of the 
tool were studied with the help of parameters like cutting 
forces and thermal stresses. For the same parameters 
nickel-chromium and nickel-vanadium composition are 
chosen and analysis was done by using ANSYS software. The 
deformation and stresses of this various composition is 
compared among each other and suitable alternative for HSS 
is been selected. The static and thermal characteristics of the 
tool feed drive system have been analysed and compared for 
two materials in Table I.  

Fig – 1 is represented by the total deformation of 
Nickel-Chromium and Fig – 2 is represented by the total 
deformation of Nickel-Vanadium respectively. Fig – 3 is 
represented by equivalent stress of Nickel-Chromium and Fig 
– 4 is represented by the equivalent stress of 
Nickel-Vanadium respectively. A comparative study of total 
deformation and equivalent stress is represented in fig 5 & 6 
respectively. 
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Table- I: Total Deformation and Equivalent Stress  

Properties 

Type of materials 

Nickel- 
Chromium Nickel-Vanadium 

Deformation 7.75E-09 1.09E-05 

Equivalent 
stress 0.66587 0.22339 

 

Fig. 1. Total deformation of Nickel-Chromium 

 

Fig. 2. Total deformation of Nickel Vanadium 

 

Fig. 3. Equivalent stress of Nickel-Chromium 

 
Fig. 4. Equivalent stress of Nickel Vanadium 

 

Fig. 5. Comparison of total deformation 

 

Fig. 6. Comparison of equivalent stress 

VI. CONCLUSIONS 

From the study and analysis done in ANSYS following 
observations have been drawn 
1. The Temperature distribution along the tool is found to be 
non- uniform. 
2. The temperature distribution is high at the cutting edge and 
due to the thermal effect the metal gets softened and 
deformation occurs. 
3. The deformation is found to be high at the cutting edge of 
the tool than at the Centre. 
4. The stress value of the tool is found to be within the safe 
limit as compared to yield stress of the materials. 
5. Therefore from the analysis nickel-chromium could be 
selected as an alternative for CNC tool material.  

REFERENCES 

1. H.E Merritt, “Theory of Self-Excited Machine Tool 
Chatter—Research I”, ASME journal of engineering for industry, vol. 
17, pp. 447-454, 1965. 

2. S. Smith and J. Tlusty, "An Overview of Modeling and Simulation of 
the Milling Process," ASME journal of engineering for industry, vol. 
113, pp. 169-175, 1991. 

3.   Y. Altintas, “Heat transfer and life of metal cutting tools in turning”, 

International Journal of Heat and mass transfer, vol. 41, pp. 613-623, 
1998.  

4.   P.K Prasanna, C.T Shreelakshmi, V.H Shruti, and N. Radha Bai, 
“Chip Formation and Cycle Time in Turning of EN-24 and EN-31 
Material”, International journal of engineering sciences & research 
technology vol. 3(11), pp. 574 – 582, 2014. 

 
5. M.A Baradie, "Statistical Analysis 

of the Dynamic Cutting 



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 
ISSN: 2278-3075 (Online), Volume-9 Issue-1, November 2019 

 

4733 

 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: A5061119119/2019©BEIESP 
DOI: 10.35940/ijitee.A5061.119119 
Journal Website: www.ijitee.org 
 

 

 

 
 

Coefficients and Machine Tool Stability", ASME journal of 
engineering for industry, vol. 115, pp. 205-215, 1993. 

6. N.H Cook, "Tool Wear and Tool Life", ASME journal of engineering 
for industry, vol. 95, pp. 931-938, 1973. 

7. S.M Pandit, T.L Subramanian and S.M Wu, "Modeling Machine tool 
Chatter by Time-Series", ASME journal of engineering for industry, 
Vol. 97, pp. 211-215, 1975.  

AUTHORS PROFILE 

 
Dr.S.Sridhar, is a Associate Professor in the 
Department of Mechanical Engineering at PSNA 
College of Engineering and Technology, Dindigul, 
Tamilnadu, India. His research interests are in the areas 
of scheduling for manufacturing systems. He received 
his BE in Mechanical Engineering from Bharath 
Nikethan Engineering College, Aundipatti (Madurai 

Kamaraj University) and his ME in CAD/CAM from Mepco Schlenk 
Engineering College, Sivakasi  (Anna University, Chennai), He has 
completed Ph.D degree from Anna university, Chennai, He has published 
more than 10 journal paper and 8 international conference papers. 

 
Mr.S.Sabareesan, is a Assistant Professor in the 
Department of Mechanical Engineering at PSNA 
College of Engineering and Technology, Dindigul, 
Tamilnadu, India. His research interests are in the 
areas computer aided manufacturing. He received his 
BE in Mechanical Engineering from PSNA College of 
Engineering and Technology, Dindigul (Anna 

University, Chennai) and his ME in CAD/CAM from RVS College of 
Engineering and Technology, Dindigul (Anna University, Chennai). He is 
doing Ph.D in anna university, Chennai. 

 
Dr.R.Kannan, is a Professor & Head in the 
Department of Mechanical Engineering at PSNA 
College of Engineering and Technology, Dindigul, 
Tamilnadu, India. His research interests are in the areas 
of industrial Engineering. He received his BE in 
Industrial Engineering from College of Engineering, 
Guindy (Anna University, Chennai) and his ME in 

Industrial Engineering from Thiyagaraja Engineering College, Madurai 
Madurai Kamaraj University), He has completed Ph.D degree from Anna 
University, Chennai,  
 


