
PERFORMANCE EVALUATION OF MULTIWALLED 

CAROBON NANOTUBE USING DEFORM3D 

 

BIJO VARUGHESE  

UG Student, Department of Mechanical Engineering, 

 MBC College of Engineering& Technology, 

 Kuttikanam, Kerala, India. 

 

MIDHUN SUDHIR SP  

UG Student, Department of Mechanical Engineering, 

 MBC College of Engineering& Technology, 

 Kuttikanam, Kerala, India. 

 

RAHUL RAJ  

UG Student, Department of Mechanical Engineering, 

 MBC College of Engineering& Technology, 

 Kuttikanam, Kerala, India. 

 

ROHAN THOMAS ABRAHAM  

UG Student, Department of Mechanical Engineering, 

 MBC College of Engineering& Technology, 

 Kuttikanam, Kerala, India. 

 

ABSTRACT 

Turning is the most versatile conventional machining 

operation performed in tool making industry. Proper 

analysis of turning operations is essential to optimize 

turning operation, resulting in reducing machining 

cost. This article compares machining in environment 

with different heat transfer coefficients. A model of 

AISI 52100 steel as work piece and TNMA332 

carbide cutting tool were created using Deform-3D, a 

FEM based software. This software is used for 

predicting the force, temperature and damage by 

Lagrangian model. Response surface methodology 

were used to create design of experiments with 

parameters like speed feed and depth of cut are input 

parameters. Simulations were performed for each 

experiments to obtain cutting force, temperature and 

damage. The obtained results while machining at 

different environment are compared. As heat transfer 

coefficient increases temperature at cutting zone 

decreases. Damage over tool have very small impact 

with change in heat transfer coefficient.  The results 

obtained from the simulations were also compared 

with the experimental results. 

INTRODUCTION 

Hard turning came into existence from the beginning 

of the industrial revolutions. There was a certain need 

for hard turned products and this need for newly hard 

turned products lead to the proposition of new rigid 

and hard tools as well as rigid machineries. The result 
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of these developments made finish hard turning a 

viable alternative to grinding, as an accurate finishing 

operation. It is used for components made of hardened 

steel work piece. Still problem of tool failure exists 

and to eliminate this problem detailed research is 

needed. The critical load or critical stress for a certain 

type of cutting tool normally depends on the tool 

material and will not be changed according to cutting 

parameters. Therefore, the state of the stress in a 

cutting tool would be the best criteria for predicting 

premature tool failure. Cutting forces are important 

criteria for machining because they directly affect 

mechanics of machining, energy requirement and tool 

stability. Usually cutting forces are high in case of 

hard turning. Also, there is generation of high 

temperature and high stress at the tool chip interface. 

Therefore, it is necessary to analyze all these 

parameters because of their direct correlation with tool 

performance and tool wear [1]. To increase the 

productivity along with tool life is a major concern in 

the current scenario. For this purpose, optimum 

combination of tool type, tool and workpiece material 

and cutting variables are required. These optimum 

combinations will affect the cutting forces and it will 

directly affect the power requirement as well as tool 

life. Finite element method is an effective numerical 

technique used for solving problems of engineering 

and mathematical physics. Here FEM is used for 

analyzing problems of contacting surfaces such as 

chip morphology and process variables i.e. forces, 

temperature, stresses and strain.  

In the present study with the help of DEFORM 3D 

simulation software turning model has been created. 

DEFORM 3D is a computer aided engineering (CAE), 

machining simulation and analysis software [2]. It is 

used for the study of effect of cutting parameters 

(cutting speed, feed, depth of cut) on cutting forces 

[3]. 

EN31 steel is used as the workpiece which is a high 

carbon Alloy steel which achieves a high degree of 

hardness with compressive strength and abrasion 

resistance [4]. It has very high wear resistance and can 

be used for components subjected to severe abrasion, 

wear or high surface loading, This material is widely 

used in ball and roller bearings, spinning tools, 

beading rolls, punches and dies. The properties of 

EN31 are the same as that of ES52100 of SAE grade. 

Experiments were performed on EN31 steel with 

control factors considered for experiments as spindle 

speed, feed and depth of cut. 

For the work presented here, multi-walled carbon 

nanotubes (MWCNT) were selected for preparing 

nanofluid [5], as the carbon nanotubes have maximum 

thermal conductivity (3000 W/m-K) than any other 

nanoparticles used so far. Andhare and Roja [4] have 

evaluated the properties of MWCNT dispersion and 

concluded that this dispersion could be an efficient 

cutting fluid. Thermal conductivity of nanofluid was 

found to be 0.751 W/mK, whereas thermal 

conductivity of the conventional cutting fluid was 

0.551 W/m K [6]. Therefore, it was decided to 

perform actual machining with the MWCNT-based 

nanofluid. 

Former experiments show that when there is an 

increase in cutting speed, feed and depth of cut cutting 

forces has been increased [7]. CHEN Zhuo and QIN 

Lu-fang [8] proved that DEFORM-3D can simulate 

cutting process of materials and has good validity and 

accuracy. 

FINITE ELEMENT METHOD 

The finite element method (FEM) is a numerical 

technique used to perform finite element analysis 

(FEA) of any given physical phenomenon. Typical 

problem areas of interest include structural analysis, 

heat transfer, fluid flow, mass transport etc. The FEM 

formulation of the problem results in a system of 

algebraic equations. The method yields approximate 

values of the unknown at discrete number of points 

over the domain. To solve the problem, it subdivides 

a large problem into smaller simpler part that are 

called finite elements. The simple equations that 

model these finite elements are then assembled into a 

larger system of equation that models the entire 

problem. 

METHODOLOGY 

The severe deformation occurs in local small area of 

tool tip during high speed turning process. In order to 

simplify the research work, the finite element model 

of orthogonal turning has been studied using 

DEFORM software. Turning conditions and tool 

geometries parameters for simulations conditions are 

given accordingly as manual. The cutting tool was 

considered as rigid object and workpiece as plastic 

object. Heat is transmitted between tool and chip as 

well as exchanged with environment. At cutting zone 

material deformation occurred at high stress, high 

strain rate and elevated temperature. In this 

experiment we use different strategy. That is first of all 

we carryout experiment in dry condition and wet 

condition by providing coolant and finally using 

nanoparticles called MWCNT which has a thermal 

conductivity of .756W/K. The result obtained from 

these 3 methods are observed carefully and are 

compared to reach a conclusion. The thermal 

conductivity during wet machining is given as 

.45W/K. The diameter of the workpiece was select as 
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25mm. About fifteen set of experiments were carried 

out to study the results. 

 

  

 

 

 

 

 

 

 

 

 

Layout of Turning Process 

DEFORM-3D is a computer aided engineering (CAE), 

machining simulation and analysis software. It uses 

Usui’s tool wear model to compute cutting inserts 

flank wear, which is used only with non-isothermal 

run, as it requires interface temperature calculations. It 

explains the step by step procedure of building the 

model. This includes specifying the process data, 

loading the materials, inserts and tool holders from the 

library. By specifying the model specific data, user can 

generate complete data required for the analysis. After 

executing the simulation and sufficient chip has 

formed, user can compute the steady state response of 

the process which includes the prediction of steady 

state thermal response and chip geometry. The results 

obtained from this stage form important input to the 

tool wear and tool life computations. 

 The initial temperature for the work piece and tool is 

set as200 C (room temperature). Turning modelling 

procedures in DEFROM-3D software enable to study 

the process response for any change in process 

conditions. The effect of process parameters i.e. 

cutting speed, feed rate and depth of cut on the process 

response i.e. damage, temperatures or stress etc can be 

study by it. Tool stress analysis is performed to obtain 

maximum principal stresses acting on the cutting 

inserts. The cutting insert is a rigid object, which turns 

a metal (EN31) work piece. During meshing of cutting 

inserts, the number of tetrahedron elements is fixed as 

25,000, while the number of elements in work piece is 

kept in accordance of feed rate. During meshing, a 

smooth mesh can be seen at tool tip and in the work 

piece, where the tool comes in contact with the work 

piece. 

The machining template comes with a set of library 

files for the insert geometry. User can also use any 

other insert geometry and save it along with the system 

library for any subsequent use. 

 

Design of experiments  

 

Response surface methodology (RSM) was used for 

design of experiments, which resulted in having 15 

sets of experiments using central composite design. 

Optimum cutting parameters were obtained from these 

experiments using response optimize for minimum 

cutting force, surface roughness and material removal 

rate. RSM is a practical, economical and relatively 

easy to use. RSM approach is a combination of 

statistical and mathematical techniques useful for 

developing, improving and optimizing process [].  The 

performance of the model depends on a large number 

of factors that can act and interact in a complex 

manner. In the present work, the input variables are 

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

is damage, temperature, stress and strain of tool. 

 

Simulation 

 

The process of turning was simulated with Deform-

3D software [1]. The workpiece shape is curved with 

25 mm diameter and made from ES52100. The 

ambient temperature is 20°C. In the modelling 

software the EN31 cutting insert was considered as a 

rigid body. There is a set of cutting parameters 

obtained through experimental procedure as shown in 

table. The simulation has been carried out under 

certain conditions like varying feed, varying speed 

and depth of cut. During the operation anyone 

condition is varying and the other two are kept 

constant. 

Input parameters  

Environment temperature (ºC) 

 

20 

Friction factor 0.6 

Heat transfer factor (N/s/mm/ºC) 45 

Workpiece type Plastic 

Workpiece temperature (ºC) 

 

20 

Diameter of workpiece (mm) 25 

Number of element on cutting tool 

 

25000 

Side cutting Angle 

 

0 

Back Rake Angle -5 deg 

Side Rake Angle -5 deg 
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Table. cutting parameters [9] 

 

Sl No Speed 

(m/min) 

Feed 

(mm/rev) 

DOC 

(mm) 

1 120 0.016 1 

2 120 0.05 1 

3 120 0.1 1 

4 120 0.15 1 

5 120 0.184 1 

6 120 0.1 0.16 

7 120 0.1 0.5 

8 120 0.1 1 

9 120 0.1 1.5 

10 120 0.1 1.84 

11 52.72 0.1 1 

12 80 0.1 1 

13 120 0.1 1 

14 160 0.1 1 

15 200 0.1 1 

 

 

Result and discussions 

 

DEFORM 3D software is used to done by the 

Experimental Analysis and the growing chip removal 

of the Work piece by the tool. The analysis is run by 

the different parameters of Speed, Feed rate and 

Depth of cut. From the results obtained after 

simulation 12 graphs were plotted for damage, stress, 

temperature and strain 

 

Damage 

 

 
 

Fig 1. Constant feed Vs damage 

 

 

 

 

 

 

 
 

Fig 2. Constant depth Vs damage 

 

 
 

Fig 3. Constant speed Vs damage 

 

From the above graph (fig 1-3) it is observed that nano 

fluids produce less damage as compared to other two 

cutting fluids. 

 

 

 

 

 

 

 

 

 

 

 

 

0

5

10

15

20

0 0.05 0.1 0.15 0.2

FEED VS DAMAGE

DRY WET NANO

0

2

4

6

8

10

12

14

0 0.5 1 1.5 2

DEPTH VS DAMAGE

DRY WET NANO

0

5

10

15

0 50 100 150 200 250

SPEED VS DAMAGE

DRY WET NANO

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 14, 2019 (Special Issue)  
© Research India Publications.  http://www.ripublication.com

Page 121 of 124



Stress 

 

 
 

Fig 4. Constant feed Vs stress 

 

 
 

Fig 5. Constant depth Vs stress 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 6. Constant speed Vs stress 

 

From the above graph (fig 4-6) it is observed that nano 

fluids produce less stress as compared to other two 

cutting fluids. 

 

Temperature 

 

 
 

Fig 7. Constant feed Vs temperature  
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Fig 8. Constant depth Vs temperature 

 

 
 

Fig 9. Constant speed Vs temperature  

 

From the above graph (fig 7-9) it is observed that nano 

fluids produce less temperature on tool as compared to 

other two cutting fluids. 

 

 

 

 

 

 

Strain 

 

 
 

Fig 10. Constant feed Vs strain 

 

 
 

Fig 11. Constant depth Vs strain 
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Fig 12. Constant speed Vs strain 

 

From the above graph (fig 10-12) it is observed that 

nano fluids produce less strain on tool as compared to 

other two cutting fluids. 

 

CONCLUSION 

 

Analysis were performed for 15 experiments from the 

literature [9]. Following conclusions were obtained. 

1. Nano fluids should least value of strain rate, 

temperature, stress etc. 

2. High thermal conductivity of nanofluids 

enable it to enhance its performance as a 

cutting fluid. 

3. Dry should high values followed by 

conventional cutting fluid. 

Hence nano fluid could be a possible alternative for 

conventional cutting fluid for hard turning. 
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