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Abstract— The purpose of this work is to presents Artificial 

Neural Network (ANN) based model to predict the effects of 

various parameters of the process such as Spindle Speed, 

Feed Rate, and Depth of Cut on the Mean Cutting force. A 

total of 27 samples were casted with the variation of Input 

data out of that a set of 19 data are used to train models. Out 

of remaining 8 data, a set of 4 data is used for testing and 

rest 4 data is used for validation. The experimental results 

taken by base reference paper are the training data to make 

the artificial neural network model. The data used in the 

multilayer feed forward neural network models are arranged 

in a format of three input parameters. This study leads to the 

conclusion that the artificial neural network (ANN) 

performed well to predict the results of high performance. 
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I. INTRODUCTION 

The research on the milling cutter deflection is a very 

refined and precise job. In modern days there are so many 

new machines that cut with such precision, but if we speak 

in terms of precision in microns, some conditions and 

factors influence the precision of the cut such as Spindle 

Speed, Feed Rate, Depth of Cut, etc. Milling is a process of 

removing the material widely used in industry, so the 

precision and precision of the cut are essential to know the 

effect of Mean Cutting force on geometry and imprecision 

in real geometry is discussed in this work. 

The research work on milling deflection is 

important on the basis of precision. The deflection of the 

drill consists of different directional deformations such as 

axial deformation, tangential deformation and radial 

deformation due to the cutting force that exists during 

cutting. Furthermore, another factor such as depth of cut, 

cutting speed and power also affects the accuracy of the 

ideal geometry. 

This work is motivated by the fact that processing 

is a very common process in the industry and experimental 

observations are still needed with trial and error periods for 

process optimization. Therefore, the availability of 

successful models of Artificial Neural Network for the 

prediction of process variables is very promising in the 

decrease of experimentation, which is rather long and 

expensive. Furthermore, it is possible to obtain the 

simultaneous design of the product and its machining 

operations, optimizing the cutting conditions by means of 

simulations. 

Therefore, the goal of this work is to develop an 

Artificial Neural Network with the help of MATLAB. Thus, 

observations will be made of the effects of various 

parameters on the results. These parameters can be divided 

in variables, which are related to the cutting conditions. 

The cutting conditions can be changed with feed and cutting 

speed. 

At the end of the simulations, it is possible to 

predict the Mean Cutting Force with high degree of 

accuracy. 

Therefore, the scope of the thesis can be concluded as the 

following. 

1) Developing Artificial Neural Network for milling cutter 

operation. 

2) Observing the effects of parameters Spindle Speed, 

Feed Rate and Depth of Cut on the predicted results.  

Two different methods for force analysis i.e. 

mechanistic and mechanics of cutting models, in first 

calculated cutting force coefficient which are calibrated for 

certain cutting condition. Three cutting force coefficient in 

the direction, radial, axial and tangential [2;10]. The 

maximum torque and power also calculated after one 

revolution of tool. As the force coefficient affected by chip 

thickness, since it varies continuously, the average chip 

thickness is used. As a result this model is very time 

consuming and number of experiment were taken to find the 

cutting forces. But it’s very high accuracy force prediction 

for most application. So mechanics of milling approach is 

used and may reduce the tests. In this technique measured 

tool angles, velocity and force equilibrium conditions [1]. 

The modelling of tool done by cantilever beam model, 

segmented beam model, and finite elements modelling. 

After the tool is modelled, the clamping stiffness must be 

known for the total tool deflection [9]. Then structural 

deformation model of the work piece determined by FEM. 

Controlling by feed rate scheduling, milling conditions. The 

results represented that the cutting deflection reduced by 65-

78% for variable curved geometries [2]. 

In case of curved geometries, the process geometry 

of each tooth is different, and so the cutting forces 

contributed by each tooth can be calculated by integrating 

the cutting intensities along the cut portion [3]. 

A cantilever beam deflection model can be used 

effectively, by using this approach measured a deflection 

due to cutting forces, it was assume the average cutting 

force acting at the midpoint along axial depth [7], but it vary 

with each rotation, hence force centre also vary resulting in 

surface error. At each station normal force produce some 

error on the surface and it is measure by [3]. 

This paper concluded that the surface error due to 

deflection can be reduced by tool compensation by 

comparing the actual and desired position of tool [8]. 

The stiffness of the machine tool, tool holder and 

spindle has the same importance when moving the tool tip. 

If the instrument is rigid, the flexibility of the machine and 

tool holder may be greater than that of the instrument. The 

tool deflection ratio between 55% in the case of the most 

flexible instrument and 30.5% in the case of the most rigid 

instrument. Furthermore, incorrect tool configuration in the 

tool holder results in a dimensional error and, if there are 

more teeth in the tool, a different cut and a different chip 
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thickness. The origin of the superficial error is the 

displacement of the tool in the initial tooth and an element in 

the work piece. In three axes, the tool axis is tightly fixed 

with respect to the work piece; only the feed can be varied 

and after 15 degrees of cutter movement the cutting forces 

are evaluated, the error due to the cutting forces can be 

reduced in two similar steps. The stock margin left by the 

deflection instrument in the first cutting passage and make 

the appropriate surface with respect to the theoretical one. 

This work concluded that at each control point selected by 

CAM users, by estimating the forces in each direction of 15 

degrees in the plane of the tangent surface, it is possible to 

select the minimum trajectory of the cutting tool, thus 

mainly reducing the deflection. [5]. 

II. ARTIFICIAL NEURAL NETWORK 

The Neural network (Artificial Neural Network) - the 

common name for mathematical structures and their 

software or hardware models, performing calculations or 

processing of signals through the rows of elements, called 

artificial neurons, performing a basic operation of your 

entrance. The original structure was inspired by the natural 

structure of neurons and neural systems, particularly the 

brain. 

The neural network is a type of computer system 

architecture. It consists of data processing by neurons 

arranged in layers. The corresponding results are obtained 

through the learning process, which involves modifying the 

weights of those neurons that are responsible for the error. 

Heuristic techniques such as artificial intelligence, 

Monte Carlo simulation and other applied problem solving 

approaches have been used in several areas with proven 

efficiencies [6]. Recently, the artificial neural network 

(ANN) approach has been widely applied to various relevant 

engineering fields. ANN is not a new technique and has 

been studied since the 1940s and was almost forgotten 

during the 70s, but reappeared in the 1980s as a possible 

alternative to traditional calculus [11]. Many investigators 

have been carried out using ANN because of the reliability 

of this method compared to another method. ANN is based 

on the structure of the brain and, therefore, also the 

terminology is borrowed from neuroscience. Inspired by 

biological neurons, ANN is a parallel processor of mass 

distribution consisting of simple processing units (neurons) 

connected to each other, which has a natural propensity to 

memorize knowledge of experience and make it available 

for use. Human beings by nature have the ability to learn 

from examples. ANN shares the same capacity to resemble 

brain function and has acquired knowledge through the 

learning process (training process). ANN can be trained to 

perform a particular function by adjusting the weight values 

between neurons. This is the key to ANN's ability to achieve 

learning and memory [14]. Unlike conventional computers 

that solve the problem using the instructions and algorithms 

provided, ANN works as a "black box" model, which does 

not require detailed information about the system or the 

process. Instead, they learn the relationship between input 

and output parameters by studying experimental data. 

III. MODELLING 

The present work was to develop an artificial neural network 

model that could predict the performance of milling cutter of 

AISI1045. The main objective of the current work was to 

employ neural networks to model the Spindle speed, feed 

rate, depth of cut and cutting Speed. Neural Network 

Toolbox of MATLAB (R2016a) was used to design the 

neural network. The basic steps adopted in the design are as 

follows: experimentation and collection of data; analysis and 

pre-processing of data; design of the neural network; 

training and testing of the neural networks; simulation and 

prediction with the neural networks; analysis and post-

processing of predicted result. ANN technique was used to 

predict the performance of AISI1045 by the parameters. 

Property Value 

Ultimate tensile stress 515 Mpa 

Young’s Modulus 200 GPa 

Brinell Hardness 170 HB 

Yield stress 484 MPa 

Poisson’s ratio 0.29 

Shear modulus 80 GPa 

Table 1: Mechanical Properties of AISI 1045 Steel [11] 

Spindle speed (s), feed rate (f) and axial depth of 

cut (a) are considered as the major controllable cutting 

parameters. Experiments were conducted for the progressive 

feed rate.  

A. Progressive Feed Rate 

When a cut is initiated the feed rate starts from a low value 

and gradually accelerates to the final feed rate. The feed rate 

is increased in four steps and reaches the final feed rate. The 

progressive feed is applied through a distance equal to the 

radius of the cutter. When the tool travels through this 

distance the cutting width will be equal to the cutter 

diameter. In this case the cutter diameter is 16 mm and 

hence the progressive feed is applied through a distance of 8 

mm. This distance of 8 mm is divided into four steps of 2 

mm each. Beyond 8 mm the feed rate is constant [4].  

Trial 

No 

Spindle 

Speed, rpm 

Feed 

rate, % 

Depth of 

Cut, mm 

Mean 

Cutting 

force, N 

1 750 15 0.2 19.6 

2 750 15 0.4 34.3 

3 750 15 0.6 52.0 

4 750 25 0.2 24.3 

5 750 25 0.4 48.1 

6 750 25 0.6 72.4 

7 750 35 0.2 26.5 

8 750 35 0.4 51.3 

9 750 35 0.6 79.2 

10 1000 15 0.2 15.6 

11 1000 15 0.4 30.1 

12 1000 15 0.6 45.2 

13 1000 25 0.2 19.5 

14 1000 25 0.4 38.7 

15 1000 25 0.6 54.0 

16 1000 35 0.2 22.4 

17 1000 35 0.4 45.5 

18 1000 35 0.6 71.4 
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19 1250 15 0.2 12.7 

20 1250 15 0.4 24.1 

21 1250 15 0.6 43.7 

22 1250 25 0.2 16.5 

23 1250 25 0.4 34.2 

24 1250 25 0.6 48.8 

25 1250 35 0.2 19.3 

26 1250 35 0.4 38.5 

27 1250 35 0.6 59.1 

Table 2: Mean Cutting Force –Experimental Results [4] 

IV. PROPOSED MODEL 

In this study, the artificial neural network based analytical 

model is proposed, in which Multi Layer Feed Forward 

Network is used. 

Neural Network MLP 

Number of Input Variables 3 

Number of Hidden Layer 2 

Number of Hidden Neuron in First Hidden 

layer 
10 

Activation function used in first hidden layer 
Straight 

line 

Table 3: Various elements of structure 

S. No. Input Data Range 

1 Spindle Speed 750 – 1250 rpm 

2 Feed Rate 15 – 35 % 

3 Depth of Cut 0.2 – 0.6 mm 

Table 4: Neural Network Input Variables 

 
Graph 1: MATLAB ANN Training Performance 

 
Graph 2: MATLAB ANN Training Status 

 
Graph 3: MATLAB ANN Regression Chart 

S. No. Data set Value of R 

1 Training 0.94443 

2 Validation 0.99998 

3 Test 0.99735 

4 All 0.96037 

Table 5: Values of Regression Coefficient 

Graphs provide the results of all the three data set 

using training, testing and validation data with whole data 

considering value of ‘r’ correlation coefficient. Value of ‘r’ 

indicates similarity between two data series, it value ranges 

from -1 to +1. A larger value of ‘r’ indicates better 

correlation. It has been observed from table, that value of ‘r’ 

between output from model and target value, for all the three 

sets of data is reaching ‘1’ which indicates a good 

correlation. 

V. RESULTS 

A total of 27 different theoretical results determined from 

equations given by author and employed as a database for 

the training, test and validation sets. Out of 27 Mean Cutting 

Force results, a set of 19 data are used to train models. Out 

of remaining 8 data, a set of 4 data is used for testing and 

rest 4 data is used for validation. This trained ANN is used 

to obtain the output values. 

In this study, Mean Cutting Force is predicted 

through prepared model by utilizing experimental value 

inputs (Spindle Speed, Feed Rate & Depth of Cut of End 

Milling Cutter) and the predicted results are compared with 

experimentally obtained Mean Cutting Force. The values are 

tabulated in Table and the comparison of the mean cutting 

force values for results is shown in Graph. 

Trial 

No 

Mean 

Cutting 

force, N 

Predicted Cutting 

Force by ANN, N 

Error in Predicted 

Cutting Force by 

ANN, N 

1 19.6 26.00373918 -6.4037 

2 34.3 34.43631967 -0.13632 

3 52 40.29780681 11.7022 

4 24.3 24.59927922 -0.29928 

5 48.1 68.7461815 -20.6462 

6 72.4 67.04589153 5.3541 
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7 26.5 26.61395937 -0.11396 

8 51.3 53.26764868 -1.9676 

9 79.2 78.55633801 0.64366 

10 15.6 15.93747939 -0.33748 

11 30.1 29.84074693 0.25925 

12 45.2 42.8060493 2.394 

13 19.5 19.23680758 0.26319 

14 38.7 47.35042876 -8.6504 

15 54 53.52035655 0.47964 

16 22.4 22.68580614 -0.28581 

17 45.5 45.54126152 -0.041262 

18 71.4 71.38858746 0.011413 

19 12.7 12.73018945 -0.030189 

20 24.1 23.94143185 0.15857 

21 43.7 43.70238669 -0.0023867 

22 16.5 16.71057034 -0.21057 

23 34.2 34.12556176 0.074438 

24 48.8 47.99339996 0.8066 

25 19.3 18.85949961 0.4405 

26 38.5 38.36527342 0.13473 

27 59.1 59.08464014 0.01536 

Table 6: Predicted Artificial Neural Network Results 

The outputs produced by the model have been 

compared with the target outputs, which are the Mean 

Cutting Force obtained experimentally. Generalization 

ability of developed network is measured by the mean 

square error (MSE). Graph presents the Mean square error 

(MSE) for 6 epochs in all the three runs during training. It 

has been observed that MSE decreased after each run and 

the best results found at 0 epochs. 

 
Graph 4: Experimental and Predicted ANN Results 

The predicted mean cutting force values obtained 

Artificial Neural Network was compared with the actual 

measured experimental values and the error for each trial. 

The comparison is graphically showed that the experimental 

values and the predicted values agree closely. 

VI. CONCLUSION 

An empirical model has been developed by using Artificial 

Neural Network to determine the Mean cutting force of End 

Milling Cutter. ANN prediction would have been more 

accurate if the experimental results were more. This study 

indicates the ability of the neural network tool as a brilliant 

technique in order to predict values of Mean cutting force 

with varying input variables. The model implemented 

satisfactorily in the prediction of Mean cutting force of End 

Milling Cutter with different variables. The prediction made 

using proposed model shows a high degree of accuracy for 

Mean cutting force of End Milling Cutter obtained through 

model. 
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