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Abstract— in today’s fast changing scenario in manufacturing industries, End milling machining is an operation which produces
variety of shapes and surfaces with varying surface roughness. The application of effective optimization techniques in metal cutting
process is essential for a manufacturing to increase the quality of a product and to cost minimization. So In this paper Artificial
intelligence machining techniques are presented which can be successfully applied in monitoring of machining processes, machining
process modelling, prediction and optimization of various process parameters etc. The most often used techniques are artificial neural
networks, fuzzy logic, adaptive neuro fuzzy interference systems, genetic algorithms, and others. In the paper is given recommended
application of Artificial I ntelligence techniques applied in End Milling are presented.
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I. INTRODUCTION

The main objective of modern industries is to manufacture
those products which are superior in quality low in and cost
take less time in manufacturing. The selection of optimal
cutting parameters is a very important issue for every
machining process in order to enhance the quality of
machining products and reduce the machining costs [1].
Milling is one of the operations which produce severa shapes
with varying surface roughness value. In milling, a
predetermined amount of material is removed from the work
piece at a relatively slow rate of movement or feed by a
milling cutter rotating at a comparatively high speed.
Basically, milling cutter can be divided into 3 groups viz.,
Peripheral milling, Face milling and End milling.. (fig.1).

() Face millng () End milting

Fig.1 Typesof Milling

The End milling process is widely used in industry because of
its versatility and effectiveness. The end mill has edges in the
side surface and the bottom surface [2].
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v" The final surface roughness might be considered as
the sum of two independent effects:

» Theideal surface roughnessis aresult of the

geometry of tool and feed rate
» The natural surface roughness is a result of
the  irregularities in  the  cutting

operation.[3][4]

The quality of the surface plays a significant role in the
performance of the machining as a good quality machining
surface significantly improves fatigue strength, corrosion
resistance or creep life. [5]. Conventiona surface inspection is
carried out through manually inspecting the machined surfaces
and using surface profile meters with a contact stylus. Asit is
a post-process operation, it becomes both time-consuming and
labour-intensive. In addition, a number of defective parts can
be found during the period of surface inspection, which leads
to additional production cost [6] [2]. Some of the machine
operators use ‘trial and error’ method to set-up machine
cutting conditions [3].This method is not effective and
efficient and the achievement of a desirable value is a
repetitive and empirical process that can be very time
consuming. This is the reason of using optimization
application techniques in metal cutting process is essential for
the manufacturing to increase the quality of a product. It is
expected that the tools of the next decade would be intelligent
machines with various capabilities such as prediction of self
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setup required parameters to reach to the best surface finishing
qualities. In recent years the trends are toward modelling of
machining processes using artificia intelligence due to the
advanced computing capability. Researchers have used
various intelligent techniques, including neural network, fuzzy
logic, neuro-fuzzy, ANFIS, etc., for the prediction of
machining parameters and to enhance manufacturing
automation. [7]. Indrajit Mukherjee and Pradip Kumar Ray
critically reviewed the existing and frequently used techniques
for optimization to meta cutting processes.

The authors categorize

(i) Input-output and
optimization (fig.2)

in-process parameter relationship

(i) Determination of optimal cutting conditions (fig.2.) [8]

Al tools can be used for prediction of the performance
parameters of machining as well as for the optimization of the
process. In this paper, application of major Al techniques to
various machining processes is discussed with merits and
demerits.

Input-output and in-process parameter relationship optimization

!
v v v

Regression Artificial Neural Fuzzy set theory

Network

Fig.2 Input-output and in-process parameter relationship optimization
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Fig.3 Optimal Tools and Techniques
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Il. ARTIFICIAL INTELLIGENCE TECHNIQUES

Al tools can be used for prediction of the performance
parameters of machining as well as for the optimization of the
process. In this paper, application of major Al techniques to
various machining processes is discussed.

ARTIFICIAL NEURAL NETWORKS

ANN are simplified mathematica models of human brain
function, artificial neural network is attempted imitation of
biological neural networks. Similar to its biological
counterpart, an ANN has each processing element (the
neuron) receiving inputs from the other elements, the inputs
are weighted and added, the result is then transformed (by a
transfer function) into the output. The transfer function may
be a step, sigmoid, or hyperbolic tangent function, among
others. [9]. One of the most common neural network
architecture is anetwork with three layers.

first layer second layer third layer
weights
inputs Y
X; (w,,}
—{ Wi N\
g g Rl activation
. N s functon
X o N4 ;‘.;‘;1 N net input
. W, e S, net
= g . (/r - 0
s o _( W, ‘~,'r = '/: : activation
~—~ _~~  transfer ‘
. / function
: ¥ .
N 0,
X o—(W,,; ¥~
\_ "V threshold

Fig. 4 Neural Networks

The first layer (input) is the only layer that receives signals
from the environment. (fig.4) The first layer transmits signals
to the next layer (hidden layer) which processes this data and
extracts the characteristics and patterns of the received signal.
Complex neural network can have multiple hidden layers,
feedback loops and time delay elements, which are designed
to enable more efficient separation of important characteristics
or patterns of input levels. Neural networks learn from
examples. Examples should be more in order to use the
network at a later acted as precisely as possible. The essence
of the learning process is that it leads to the adjustment of
synaptic weights. [10]. this process of adjusting the weights is
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cadled learning or training. An ANN may have either a
recurrent or non recurrent structure. A recurrent network is a
feedback network (fig. 5) in which the network calculates its
outputs based on the inputs and feeds them back to modify the
inputs. For a stable recurrent network, this process normally
produces smaller and smaller output changes until the output
become constant. If this process would not end, the network is
unstable and is known as a chaotic system .To create a stable
network, the weight matrix must be symmetrical with zeros on
its main diagonal [5]. Moreover, the outputs may be fed back
to middle layers to adjust the weights, similar to unsupervised
learning. As for the non recurrent networks (fig.6), data will
flow in one direction, from input layer to output layer without
any feedback |oop: they are also called feed forward networks.

[9].
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Fig.5 Recurrent Network Structure

(b) Nonrecurrent (Feed-Forward) Network Structure:

— Y

on explorations in the microstructure of cognition. Liu and
Wang [4] aso propose a back propagation (BP) ANN for on-
line modeling of the milling system. [11]. Kovag¢, P., Rodi¢,
D., Pucovski, V., Mankova, 1., Savkovic, B., Gostimirovi¢, M.
[10] compared two Artificial Neural Networks based on a
cost function and best network was selected on basic of
efficiency and accuracy and concluded that In back-
propagation networks, the use of a single hidden layer showed
to work sufficiently well for the process in consideration.
However, it is shown that radial basis network is superior to
back-propagation network in predicting the milling forces,
when evaluated in terms of a cost function that combines costs
of experiments with accuracy .Jie Ren shie [12] conducted
End milling on commercial grades of high purity graphite
ISO-680 from TOY O Japan and concluded that ANN yielded
better performance than traditional methods such as the
Taguchi and Design of experiments (DOE).

Jignesh G. Parmar , Prof.Alpesh Makwana [13]
investigated the end milling of M.S material up to 30 HRC
with carbide tool by varying feed, speed and depth of cut and
the surface roughness was measured using Mitutoyo Surface
Roughness and concluded The average prediction error for
data set is found to be 3.5% and maximum prediction error is
8.743766%

FUZZY SET THEORY-BASED MODELLING

The fuzzy logic and fuzzy inference system (FIS) is an
effective technique for the identification and control of
complex non-linear systems. For prediction, fuzzy logic is
used. The theory of fuzzy logics, initiated by Zadeh professor

¢ of computer science at the University of California in

lBerkeIey, is useful for dealing with uncertain and vague
2information. Fuzzy logic is particularly attractive due to its
ability to solve problems in the absence of accurate
3mathematical models. Fuzzy Logic (FL) is a multi valued
logic that allows intermediate values to be defined between

g conventional evaluations like true/false, yes/no, high/low, etc.
- Notions like rather tall or very fast can be formulated

X4 Sl » - _— (¥ y S §< Q)—b
Xq o - \Arj; : N ¢ mathematically and processed by computers, in order to apply

Fig.6 5 Nonrecurrent Network Structure

Since the first neural model by McCulloch and Pitts (1943).
One of the first engineering applications was reported by
Minsky and Papert developing perceptrons in 1969.
Rumelhart and McClelland [2] published a two-volume book
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a more human like way of thinking in the programming of
computers. [14]
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Fig.7. Design of fuzzy system

The basic structure of a FIS consists of three conceptual
components: a rule base, which contains a selection of fuzzy
rules, a database which defines the membership functions
(MF) used in the fuzzy rules;, and a reasoning mechanism,
which performs the inference procedure upon the rules to
derive an output.(fig.7) There are three types of fuzzy
inference systems in wide use: Mamdani-type, Sugeno and
Tsukamoto-type. [15]

These three types of inference systems vary somewhat in the
way outputs are determined. Design of fuzzy logic system is
divided into three phases:

1. Define afuzzy variable.

2. Set of al fuzzy subsets of variables with appropriate
membership functions.

3. Form fuzzy rules.

A fuzzy set is also defined mathematically by assigning to
each possible individual in the universe of discourse a value
representing its grade of membership in the fuzzy set. This
grade corresponds to the degree to which that individual is
similar or compatible with the concept represented by the
fuzzy set. Thus, individuals may belong in the fuzzy set to a
greater or lesser degree as indicated by a larger or smaller
membership grade. Fuzzy logic deals with issues such as
forming impressions and reasoning on a semantic or linguistic
level. The fuzzy set also plays an important role in input-
output and in-process parameter relationship modelling.[10]
Y. C. Shin, S. J. Oh and S. C. Coker studied the vibration data
generated by an accel erometer were used to predict the surface
roughness by using neural fuzzy optimize technique.[3]

Kovac et.d. used FL to predict the surface roughness and
compare with regression analysis in face milling process.
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Cutting speed, feed rate, depth of cut and flank wear were
considered as input parameters. The FL was modelled using
gausian membership functions. Although fuzzy model is a bit
complicated to develop than regresson model (need of
experience and knowledge). The adequacy of the model is
checked and is found to be adequate at 94% confidence level
and the model can be used for predicting the surface
roughness in machining of carbon steel. [10]

Clodeinir Ronei Peres worked on end-milling process
optimization through combining analytic and fuzzy techniques
and concluded that it provides an understanding of the
behaviour of this hierarchical concept. Also, we were led by
the goal of controlling the process while making it possible to
anayse its status on-line. [16]

ADAPTIVE NEURO-FUZZY INFERENCE SY STEM

Adaptive neuro-fuzzy inference system is a fuzzy inference
system implemented in the framework of an adaptive neural
network. By using a hybrid learning procedure, ANFIS can
construct an input-output mapping based on both human-
knowledge as fuzzy if-then rules and approximate
membership functions from the stipulated input-output data
pairs for neura network training. This procedure of
developing a FIS using the framework of adaptive neural
network is called an adaptive neuro fuzzy inference system
(ANFIS). The entire system architecture consists of five layer,
namely, the fuzzy layer and total output layer. Five network
layers are used by ANFIS to perform the following fuzzy
inference steps: (i) input fuzzification, (ii) fuzzy set database
congtruction, (iii) fuzzy rule base construction, (iv) decision
making, and (v) output defuzzification. ANFIS is more
powerful than the simple fuzzy logic agorithm and neural
networks.[10][16]

Layer 1 Layer 2 Layer 3 Layer 4 Layer 5

Fig.8 Basic ANFIS architecture
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There are two methods that ANFIS learning employs for
updating membership function parameters: 1) back
propagation for all parameters (a steepest descent method),
and 2) a hybrid method consisting of back propagation for the
parameters associated with the input membership and least
squares estimation for the parameters associated with the
output membership functions. As a result, the training error
decreases, at least locally, throughout the learning process. It
applies the least-squares method to identify the consequent
parameters that define the coefficients of each output equation
in the Sugeno-type fuzzy rule base. The training process
continues till the desired number of training steps (epochs) or
the desired root mean square error (RMSE) between the
desired and the generated output is achieved. This study uses a
hybrid learning algorithm, to identify premise and consequent
parameters of first order Takagi-Sugeno type fuzzy system for
predicting surface roughness in ball end milling.[8][17] Ship
Peng Lo used ANFIS to predict the surface roughness in end
milling process. Spindle speed, feed rate, and depth of cut
were considered as input parameters. The ANFIS was
modeled using triangular and trapezoidal membership
functions. The average error of prediction of surface
roughness for triangular membership function was found
lower, around 4%.Wen-Hsien applied ANFIS to determine the
most suitable membership function by directly minimizing the
root-mean —squared-error performance criterion and results
shown that the optimal prediction of error by ANFIS is 4.06%
which outperforms the optimal errors 4.65% and 4.17%
obtained. [18] Md. Shahriar applied Adaptive Neuro-Fuzzy
Inference System, Artificial Neural Network and Response
Surface Methodology to predict the surface roughness during
ball end milling operation. The ANFIS model could predict
the surface roughness for training data with MAPE of
0.003014% whereas ANN model could predict the surface
roughness for training data with 0.0314% error and RSM
could predict with MAPE of 27.72%. In case of test dataset it
seems that ANFIS model is worse than ANN and even RSM
model. But prediction results for surface roughness are more
accurate in ANFIS model if training data are considered [17]

GENETIC ALGORITHMS (GA)

Genetic algorithm (GA), a global optimization method Jang et
a. (1997) to find the solutions through the evolution of a set
of chromosomes .GA mimics the process of natural evolution
by incorporating the “survival of the fittest” philosophy. In
GA, a point in search space (binary or decimal numbers) is
known as chromosome. A set of chromosomes is called
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population. [3]A population is operated by three fundamental
operations:

1. Reproduction (to replace the population with large number
of good strings having high fitness val ues)

2. Crossover (for producing new chromosomes by combining
the various pairs of chromosomes in the population),

3. Mutation (for dight random modification of
chromosomes)[10]

A sequence of these operations constitute one generation. The
process repeats till the system converges to the required
accuracy after many generations. The genetic algorithms have
been found very powerful in finding out the global minima.
Further, these algorithms do not require the derivatives of the
objectives and constraints functions. [19]
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Fig.9 Structure of genetic algorithm

I11. CONCLUSIONS

In this paper, a review of neural networks techniques in End
Milling for machining performance monitoring is presented
.Neural network model is used for modelling machining
process. Like modelling of surface quality prediction of
machining performance.

The effectiveness of Fuzzy models is only within the range in
fuzzy logic it is necessary to define the membership function
for each set of rules which form and combination appear with
too many solutions. Implementation of fuzzy logic for this
purpose can be applied successfully.

Fuzzy sets combination of fuzzy sets and neura networks
have been used for prediction of turning, milling and grinding.
Fuzzy set based methods are especially advantageous when
the expert knowledge is available.

GA have been used in machining are for optimizing the
internal parameters of neura networks, fuzzy sets, and neuro
fuzzy systems and for machining optimization. The best
strategy is to use a combination of fuzzy and neural network
for performance prediction and optimization tool like GA for
optimization
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