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ABSTRACT 
 

Residual stresses generated in tool play a very important role during machining process .The functional 

behavior of tool can be enhanced or affected by residual stresses.  To understanding the residual stress 

imparted by machining is an important aspect of the overall quality of the part. The main objectives of this 

paper is develop a numerical approach to predict the near surface residual stresses in cutting tool and 

work piece  resulting from turning of AISI 1006 and  validate the model with ANN. The FEM Explicit 

dynamics is used for calculating the residual stress in real time environment. Total L16 experiments were 

designed by Taguchi method. Three input factors (depth of cut, cutting speed and rack angle) and two 

responses (stress and strain) selected for simulation work. Optimizations of process parameters were done 

using design of experiments (DOE) and analysis of variance (ANOVA) for some qualitative outcome. In 

this study model equations are also generated for further analysis using linear regression modeling 

technique using Minitab software. An artificial neural network model is using for the analysis and 

prediction the responses. On the basis of simulation work tool wear is dependent on rack angle.  
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1. INTRODUCTION 
 

Simulation can increase the understanding of the cutting process and reduce the number of 
experiments. Researchers find these variables by using experimental techniques which makes the 
investigation very time consuming and expensive [5]. At this point, finite element modeling and 
simulation becomes main tool. These important cutting variables like stress and strain can be 
predicted without doing any experiment with finite element method. This paper present a attempt 
to use the finite element simulation of the turning process using single point cutting tool for 
realistic and comprehensive modeling of effect of operational parameter which also include all 
non linear effects that are present in cutting process .Today finite element method and the 
simulation becomes the main tool. The finite element method is used to simulate the cutting 
conditions at which the dynamic instability may be occurring and the interaction between two 
phenomena is studied [6].It is also found that it is the most realistic modeling of cutting process 
which is able to include various phenomena in chip formation can be obtain by numerical 
simulation of cutting process.  
 

It should be noted that the accuracy of Finite Element modeling is determined by how adequately 
the characterization of selected input parameters reflect the deformation behavior undergoing 
during the chip formation in the actual practice. In general the application of finite element 
modeling for cutting process involves consideration of certain key features such as type of 
formulation, material models, friction models and chip separation criterion. Langrangian 
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formulation is easy to implement, efficient and fast converging but unable to handle large 
deformation problems involving high mesh distortion 
 

2. NUMERICAL SIMULATION AND PROBLEM IDENTIFICATION 
 

FEM has become a powerful tool in the simulation of cutting process such as cutting force, 
cutting temperature, stress, strain, cutting speed and depth of cut. In the recent years there have 
been increasing attempts to extend the finite element method techniques to cutting with non sharp 
tools. The Finite Element Method simulation is used for conventional machining process and it 
predict the chip formation, strain rate and stress on the cutting edge. Simulation substitute the 
expensive and time consuming experimental tests for predicting measure variables such as stress, 
strain and machining temperature. It also determines result with higher accuracy as compared to 
the any analytical models. The first model was developed for metal cutting process by Klamecki 
in the year 1972. After that many works has been done by using FEM for gaining better result of 
the machining process.[10] 
 

Explicit dynamics analysis is used to determine the dynamic response of structure and in the 
static implicit methods used for simulation, static equilibrium is satisfied in the unknown final 
configuration of a time increment. In this method convergence control is used  for  determining  a  
full  static  solution  to  the  problems  with  deformation. Theoretically very large increment sizes 
can be selected throughout the process, but contact  conditions  in  the  problem  limit  the  size  
of increments,  so  small  enough increments  are  selected.  As the element number increases, 
computational time increases as well. Required memory for the problem is also high because of 
matrix inversion step with accurate integration process. The most important disadvantage of 
implicit method is the divergence problem.   
 

In this study two engineering materials were used for analysis from them one was used by    work 
piece was used by plate (SS-304) and another for tool steel 1006. Table 1 to 2 show properties of 
materials . 
 

Table 1 Properties of structural Steel (used for Tool) 
 

 
 

Table 2 Properties of Steel AISI 1006 
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In this study orthographic material properties were used so that FEM results are predicted more 
perfectly with real world environment. Tool material is only elastic material and this problem can 
resolve by converting it to dynamic body. Impact analysis was dependent on equations of state 
of materials and here these equations were used for accurate simulations of impact (Impact of tool 
on plate), these equations were used for change of states of material after impact and simulate 
effect of impact like impact of tool and solution after tool impact on plate was shown clearly. 
 

Table 3 Summary of all levels and their factors 
 

Factor/ 

Level 
Cutting Speed (m/min) Depth of cut (mm) Rake Angle 

1 100 0.25 0.0 

2 125 0.50 2.0 

3 150 0.75 4.0 

4 200 1.00 6.0 

 

 
 

Fig. 1 CAD design of Test Plate and Tool 
 

3. DESIGN OF EXPERIMENT AND RESEARCH METHODOLOGY  
 

Design of Experiments (DOE) is a methodology for systematically applying statistics to 
experimentation. It estimates the effect of each variables on the response are more effectively and 
precise. It can creating, analyzing, and plotting experimental designs and improve the process. It 
is consists a series of no. of experiments which purpose is doing some changes in the input 
variables (factors) of a product or process, after may be observe and identify the reasons for these 
changes in the output response. DOE can screen the factors to determine which are important for 
explaining process variation, after screen the factors, Minitab helps  to understand how factors 
interact and drive the process. It provides a cost-effective and quick method to understand and 
optimize products and processes. Designed experiments are often carried out in four phases: 
planning, screening, optimization, and verification. 
 

Figure 2 represents a flow diagram, which describe all steps involved during simulation to data 
collection. Statistical analysis of this study is done using Minitab software. All steps involved for 
DOE analysis are following: 
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Fig. 2 Simulation flow chart 

 
Available DOE table is L16 for AISI 1006. These materials are used in this study for cutting 
operation. Relief angle and nose radius is constant for this study. Tool stress and work piece 
studied in this paper. 
 

Table 4. 16 Experiments According DOE Surface Response 
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4. RESULT AND DISCUSSION  
 

Single point cutting process is simulated in this study for one design cases which is shown in 
figure 1. ANSYS Explicit Dynamics FEM package is used for simulation purpose. All 
experiments were designed according to DOE technique (Taguchi orthogonal array table), which 
were presented table 4. Main outcomes focused in this study are following: 
 

• Signal to noise ratios analysis 

• ANOVA Analysis  

• Model equations generation 
 

In this study response is von-misses stresses (MPa) developed during cutting process is selected, 
and all results according to L16 array experiments is presented in table 5. 
 

Table 5.Response result from FEM code simulation  
 

 
 

 
 

Fig. 3 Stress contour for work piece and tool in case 
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Fig. 4 Strain contour for work piece and tool in case 

 

4.1. SIGNAL TO NOISE RATIO 
 

Minitab software is used for ANOVA analysis in this study. Summary table of three factors and 
their levels is presented in table3. Signal to noise ratio is simple technique to predict the effect of 
changing of factors according to their levels to find effect on product quality. In this study 
“smaller is better” option is adopted as quality indicator for S/N ratio and means ratio. The 
response tables for S/N ratio and mean are presented in table 6 and table 7. 
 

Table 6 Response table for signal to noise ratio for work piece 
 

Level cutting speed Feed Rate Rake Angle 

1 -59.84 -55.3 -60.03 

2 -59.10 -59.87 -60.76 

3 -59.02 -60.91 -58.09 

4 -60.02 -62.77 -59.80 

Delta 0.92 7.65 2.66 

Rank 3 1 2 
 

Table 7. Response table for signal to noise ratio for tool 
 

Level cutting speed Feed Rate Rake Angle 

1 -58.95 -58.15 -59.61 

2 -61.76 -58.37 -62.52 

3 -59.69 -62.03 -58.58 

4 -60.12 -61.96 -59.80 

Delta 2.81 3.88 3.94 

Rank 3 2 1 
 

 In this table represent factors importance ranking and it is clear that Feed Rate is most important 
factor in case of work piece and rake angle for cutting tool, which can reduce von-misses stress 
magnitude during cutting process. Best and worst cases from experiment factors and their levels 
are also presented in this study and were calculated from figure 5 and figure 6. 



International Journal of Recent Advances in Mechanical Engineering (IJMECH) Vol.7, No.1/2, May 2018 

7 

  
     Fig.5 Data means for S/N ratios for work piece          Fig.6 Data means for S/N ratios for tool 
 

                       Best case: A2 B1 C3                                    Best case: A1 B1 C3 
                   Worse Case: A1 B4 C2                                 Worse Case: A2 B3 C2 
 

Here A, B and C represent factor cutting speed, feed rate and rake angle respectively. (Smaller is 

better) 
 

Table 8 S/N ratios for tool and Work piece 
 

Sr. No. cutting speed Feed Rate Rake Angle 

Stress 

in 

Work 

Piece 

Stress 

in tool 

SN 

ratio 

for 

Work 

Piece 

SN 

ratio 

for tool 

1 250 0.6 0 
578.77 827.6 -

55.2501 
-
58.3564 

2 250 0.8 2.5 
1399.4 703.43 -

62.9188 
-
56.9444 

3 250 1 5 
902.48 831.97 -

59.1088 
-
58.4022 

4 250 1.2 7.5 
1271.5 1271.5 -

62.0863 
-
62.0863 

5 500 0.6 2.5 
592.07 1570.8 -

55.4475 
-
63.9224 

6 500 0.8 0 
837.88 837.88 -

58.4636 
-
58.4636 

7 500 1 7.5 
1508.9 1508.9 -

63.5732 
-
63.5732 

8 500 1.2 5 
882.57 1131.1 -

58.9150 
-
61.0700 

9 750 0.6 5 
553.69 587.26 -

54.8653 
-
55.3766 

10 750 0.8 7.5 
851.73 851.73 -

58.6060 
-
58.6060 
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Sr. No. cutting speed Feed Rate Rake Angle 

Stress 

in 

Work 

Piece 

Stress 

in tool 

SN 

ratio 

for 

Work 

Piece 

SN 

ratio 

for tool 

11 750 1 0 
1103.1 1103.1 -

60.8523 
-
60.8523 

12 750 1.2 2.5 
1688.1 1571.2 -

64.5480 
-
63.9246 

13 1000 0.6 7.5 
558.52 558.52 -

54.9408 
-
54.9408 

14 1000 0.8 5 
941.07 941.07 -

59.4724 
-
59.4724 

15 1000 1 2.5 
1012.3 1841.1 -

60.1062 
-
65.3015 

16 1000 1.2 0 
1893.7 1091.9 -

65.5462 
-
60.7637 

 

4.2 ANOVA ANALYSIS 
 

The analysis of variance is calculated for this study and results are shown in table 9 respectively. 
In ANOVA analysis F-Test is conduct to compare a model variance with a residual variance. F 
value was calculated from a model mean square divided by residual mean square value. If f value 
was approaching to one means both variances were same, according F value highest was best to 
find critical input parameter. Table 9 list out one important result that F value for regression 
models are very high, than one and P value is very less (approx 0.0000) suggested that all cases 
were significant. From literature review various researchers found that if p value was very small 
(less than 0.05) then the terms in the regression model have a significant effect to the responses. 
 

ANOVA analysis is also tell that feed rate has very low p value than other factor in case stress in 
work piece and rake angle is most responsible for stress generation I cutting tool. 
 

Table 9 Analysis of Variance (Square and 2 way) for Stress response 
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Table 10 Analysis of Variance (Square and 2 way) for Stress response for tool 
 

 
 

Model equations for von-miss stress are presented in table 11 linear and 2 way ANOVA analysis 
with model equations. 
 

Table 11 Model summary for ANOVA analysis 
 

 S R-sq R-sq(adj) R-sq(pred) 

Work piece 310.500 77.47% 43.67% 0.00% 

Tool 350.500 66.41% 16.03% 0.00% 
 

Model Equation 
Regression Equation  
 

 
 

The adequacy of regression models shall be inspected to confirm that the all models have 
extracted all relevant information from all simulated cases. If regression equations results were 
adequate than the distribution of residuals should be normal distribution. For normality test, the 
Hypotheses are listed below  
 

A. Null Hypothesis: the residual data should follow normal distribution  
B. Alternative Hypothesis: the residual data does not follow a normal distribution Normal  

 

probability figures for all responses were shown in figure 7 and figure 8. 
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Fig. 7Normal probability for Stress in work piece     Fig. 8 Normal probability for Stress in tool 
 

4.3. ARTIFICIAL NEURAL NETWORK  
 

In this study ANN method is also used for prediction of outcome data gained by experimental 
work. ANN is advanced method to predict model equation generated by using experiments data. 
In present section both responses are predicted using ANN method. MATLAB software is used to 
solve ANN method for stress. 60% experiments are used for training, 20% are used to validate 
that the network is generalizing and the last 20% are used as a completely independent test of 
network generalization. 
 

 
 

Figure 9. Function Fitting Neural Network Diagram 
 

Fig.9.Functions Fitting Neural Network Diagram for MRR shows an opened window of the 
network during training. This window displays training progress and allows the user to interrupt 
training at any point by clicking stop training. 
 

Figure 10 represent the training, validation, and testing data. The dashed line in each plot 
represents the perfect result – outputs = targets It is observed that the output tracks the targets 
very well for training (R-value = 0.9906), validation (R-value = 1), and testing (R-value = 1). 
These values can be equivalent to a total response of R-value = 0.8774 for stress generation in 
work piece and training (R-value = 1), validation (R-value = 1), and testing (R-value = 1). These 
values can be equivalent to a total response of R-value = 0.96036 for stress generation in tool.In 
this case, the output response is satisfactory, and simulation can be used for entering new inputs. 
The results of this study indicated high correlation coefficient (R-value) between the measured 
and predicted output variables, reaching up to 0.9. Therefore, the model developed in this work 
has an acceptable generalization capability and accuracy. As a result, the neural network 
modeling could effectively simulate and predict the performance of response data for stress  
develop in tool and work piece. Prediction values are presented in table 12. 
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Figure 10.    Regression Results for work piece 

 

 
 

Figure 11.   Regression Results for tool stress 
 

Table12. ANN Prediction results 
 

Sr. No. 
cutting 

speed 

Feed 

Rate 

Rake 

Angle 

Stress 

in tool 

Stress 

in 

Work 

piece 

Stress in tool 

(Predicated) 

Stress in work 

piece 

(Predicated) 

1 250 0.6 0 827.6 578.77 827.62 531.70 

2 250 0.8 2.5 703.43 1399.4 703.45 1376.04 

3 250 1 5 831.97 902.48 827.60 963.56 

4 250 1.2 7.5 1271.5 1271.5 1271.51 1441.06 

5 500 0.6 2.5 1570.8 592.07 1570.812 624.84 

6 500 0.8 0 837.88 837.88 655.90 801.03 

7 500 1 7.5 1508.9 1508.9 1508.916 854.16 

8 500 1.2 5 1131.1 882.57 1131.04 899.41 

9 750 0.6 5 587.26 553.69 587.28 670.09 

10 750 0.8 7.5 851.73 851.73 851.7 847.50 

11 750 1 0 1103.1 1103.1 838.58 1265.18 

12 750 1.2 2.5 1571.2 1688.1 1245.03 1686.77 

13 1000 0.6 7.5 558.52 558.52 558.53 858.085 

14 1000 0.8 5 941.07 941.07 941.09 946.794 

15 1000 1 2.5 1841.1 1012.3 1841.09 1033.37 

16 1000 1.2 0 1091.9 1893.7 1092.31 1876.49 
 

CONCLUSION 
 

The aim of this study is to try to balance among response results and FEM simulation results for 
single point cutting machining process. This study utilizes L16 orthogonal array for FEM based 
data analysis. In this study Analysis of variance (ANOVA), and linear regression analysis is main 
key techniques to show response and factor relations strongly with each other. Main results are 
summarized as follows:  
 

1. Signal to noise ratio predict a rank for most responsible factors rack angle is most 
responsible for tool wear. 

 

2. Model equations for stress response was predict accurately with Minitab software and show 
90% good prediction for responses and can be used by any cutting based machining process 
manufacturer.  
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3. Stress in tool and work piece also was predicted by ANN approach. This paper has 
successfully established new process model to predict the stress in different practical 
applications, values of the process parameters can be controlled better if the process models 
are employed in different industrial applications 
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