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Abstract. This paper reviews the application of two analytical tools namely Artificial Neural Net-
work (ANN) and Taguchi based design of experiment in the field of polymer matrix composite.
These two tools are used extensively to predict the tool wear, fatigue life etc., during machining
operation.

1. INTRODUCTION

Composites constitute two or more chemically dis-
tinct parts combined macroscopically. The proper-
ties of composites are superior to those of their
constituents Composite materials take advantage
of the different strengths and abilities of different
materials. The majority of composite materials use
two constituents: matrix and reinforcement. The
reinforcement is stronger and stiffer, while the ma-
trix keeps the reinforcement in a set place. Basi-
cally there are three different types of composites
are there, they are: Metal Matrix Composite (MMC-
B/Al, Al2O3/Al, Al2O3/Mg, SiC/Al, SiC/Ti), Ceramic
Matrix Composite (CMC- C/C, C/SiC, SiC/Al2O3,
SiC/SiC, SiC/Si3N4) and Polymer Matrix Compos-
ite (PMC- Kevlar/epoxy, Kevlar/polyester, Graphite/
PEEK, Graphite/PPS, Carbon/polyimide etc.). Re-
cently, due to light weight, ease of fabrication, less
cost, high weight-stiffness ratio etc., polymer-ma-
trix composites are finding increased use in aero-
space, automotive, marine and civil infrastructure
applications.

In last few decades, analytical tools are exten-
sively used to predict the mechanical properties of
polymer based composite. Mostly widely used tools

are ANN and Taguchi method of analysis. These
two tools became popular because of their ease
and less time consuming. Moreover they help the
researchers to evaluate the behaviour of the mate-
rial accurately before the fabrication of composite.
ANN became popular due to the fact that it can
handle multivariable non-linear modeling for which
an accurate analytical solution is difficult to obtain.
The application of ANN model to predict the me-
chanical Behaviour became popular by recently only
[1]. An Artificial Neural Network (ANN) is an infor-
mation processing paradigm that is inspired by the
way biological nervous systems, such as the brain,
process information. The key element of this para-
digm is the novel structure of the information pro-
cessing system. It is composed of a large number
of highly interconnected processing elements (neu-
rons) working in unison to solve specific problems.
Fig. 1 shows the basic working architecture of neu-
rons. It has multiple inputs, using the input it learn
and provide output.

The basic architecture of ANN is classified into
feed forward and feed backward algorithm. Along
with this architecture learning rules are used to make
the designed neural network model to work. The
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most widely used learning algorithm is back propa-
gation. Learning is continuous process of output
evaluation, modifying weights and taking new inputs.
Performance of learning process depends on net-
work architecture and learning methods (Unsuper-
vised, Reinforcement and Back propagation). The
most widely used learning algorithm is back propa-
gation.

The technique of defining and investigating all
the possibilities in an experiment involving multiple
factors is known as design of experiment [2].The
quality and the price of the product are closely re-
lated o each other. Taguchi defined quality as the
loss imparted to the society from the time a prod-
uct is shipped to the market .The basic concepts of
Taguchi strategies are:
1. Quality can be express as the loss imparted to

the society.
2. Loss to society has the functional relationship

with the variation in each important product char-
acteristic and can be quantified and expressed
as loss function.

3. A quality characteristic can be expressed in terms
of an ideal loss value.

4. The quality improvement of a product can be
achieved by reducing the variation around the
target value of the product.

5. The sensitivity of an effect to changes in specific
factor is measured as signal-noise ratio [3].
The DOE approach is important to determine the

behavior of the objective function that was exam-
ined because it is able to identify which factors are
more important. The choice of DOE mainly depends
on the type of objectives and on the number of vari-
ables involved. Therefore DOE statistical techniques
are especially useful in complex physical
processes.Usually, linear or quadratic relations are
used.

This paper reviews the various works carried out
so far using the ANN and Taguchi method in the
field of polymer composite with reference to me-
chanical behaviour, tool wear and various machin-
ing operation.

Fig. 1. Basic neuron working principle.

2. ARTIFICIAL NEURAL NETWORK

ANN’s a_e class of a_tificial intelligence conce]t
applied in engineering process. Basically they con-
sist of neuron connected in the similar fashion to
our brain. In Alexander et al. [4] view the ANN re-
semble as human brain in two respects. They are:
a. Knowledge is acquired through learning process.
b. Neural network formed is used to store the knowl-
edge acquired from learning process.

Zhang and Fedrich [1] reviewed the application
of ANN approach in predicting fatigue life, wear per-
formance and dynamic loading characteristics of
polymer matrix composite. Review shows that ANN
is best suited for predicting mechanical behaviour
of polymer composite because of its resemblance
to the complex biological network. Hany El kadi and
Yousuf Al Assaf [5] predicted the fatigue life of uni-
directional glass fiber/epoxy composite using vari-
ous neural network models. Their investigation re-
vealed that modular network work better in predict-
ing fatigue life is better than feed forward, radial ba-
sis function and principal component analysis net-
work. Hany El Kadi [6] reviewed the various work
carried out on mechanical modeling of fiber rein-
forced composite using ANN. The work concluded
that the accuracy of result depends on chosen ANN
architecture, number of hidden layers and number
of neuron in each layer. Further, application of ANN
model developed for predicting the mechanical
behaviour of one type of material is not suitable for
the other. Hence, further research work to be car-
ried out to overcome this hurdle. Al-Assadi et al. [7]
predicted the fatigue life of different composite ma-
terials using ANN. Different materials used are Glass
fiber, carbon fiber, Kevlar fiber with epoxy/polyester
as matrix. The result shows that no single architec-
ture/training method combination can always pro-
duce the best results for all materials. Junhui Jia,
Julio F. Davalos [8] studied the fatigue in bonded
FRP-wood composite using ANN approach. Fatigue
data (max. load, min. load, max. strain energy re-
lease rate, min. strain energy release rate, mean
strain energy rate and crack opening displacement)
using Root mean square method is used as input.
Mean squared error value is approached after 350
iteration and 25 nodes. The developed model has
effectively predicted the fatigue life data in compari-
son with experimental method.

Zhenyu Jiang et al. [9] used ANN technique to
predicted the mechanical and wear properties of short
fiber reinforced polyamide (PA) composites. Two
different sets of data are used to train the ANN
model. They a_e 1%1 ex]e_imental data’s f_om wea_
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test and 93 ]ai_s of data’s f_om izod im]act test,
tension and bending test. The study concluded that
the determination of number of neuron number is
case dependent. The prediction quality increases
in a certain rage with an increase in neurons, but it
deteriorates when the number of neuron exceeds
the saturation value. Wei Sha [10] investigated the
machinability aspect of unreinforced and reinforced
PEEK composite using ANN. Kranik [11] used the
multilayer feed forward network to study the effect
of power and specific cutting pressure on
unreinforced and carbon reinforced PEEK compos-
ite. Output of the study shows there is a non linear
relationship between response parameter and cut-
ting condition. Zhang et al. [12] predicted the spe-
cific wear rate and frictional coefficient of compos-
ite using neural network. Multilayer preceptor with
back propagation method using different training al-
go_ithm (Bayesian _egula_ization, Powell–Beale
conjugate gradient, BFGS quasi-Newton method
Ada]tive lea_ning _ate and Levenbe_g–Ma_qua_dt 
predict the effect of algorithm. Study shows the ANN
is a helpful mathematical tool in material design,
parameters studies and property analysis of poly-
mer composites, being directly based on a limited
number of measurement results.

3. TAGUCHI DESIGN OF
EXPERIMENT METHOD

DOE is a body of statistical techniques for the ef-
fective and efficient collection of data for a number
of purposes. Of the available various design of ex-
periment tool, Taguchi method became popular due
to its ease of nature. More over the result predicted
using Taguchi are well in compared with the experi-
mental method. Taguchi method divides all prob-
lems into two categories - STATIC or DYNAMIC. In
Static problems, the optimization is achieved by
using three Signal-to-Noise ratios (-smaller-the-bet-
ter, larger-the-better and nominal-the-best). In Dy-
namic problems, the optimization is achieved by
using two Signal-to-Noise ratios (Slope and Linear-
ity .  Taguchi’s o_thogonal a__ays ]_ovide an alte_-
native to standard factorial designs. Factors and
interactions are assigned to the array columns via
linear graphs.

E. Kilickap [13] investigated the effect of cutting
parameter in drilling of glass fiber reinforced com-
posite using Taguchi method. Optimum drilling pa-
rameter was predicted using signal-noise ratio.
Further, investigation revealed that the cutting speed
and feed are most influencing parameter in drilling.
Amar Patnaik et al. [14] studied the erosion behav-

ior of glass fiber composite using Taguchi method.
Study indicate that erodent size, fiber loading, im-
pingement angle and impact velocity are the signifi-
cant factors in a declining sequence affecting the
wear rate. Further, study revealed that Taguchi
method provides a simple, systematic and efficient
methodology for the optimization of the control fac-
tors. Tsao and Hocheng [15] used taguchi tool to
determine the delamination associated with various
types of drill. Comparative of experimental and ana-
lytical shows the analytical method has the error of
8%. Davim and Pedro Reis studied the delamina-
tion in carbon fiber reinforced composite using
taguchi two factor and three level methods. Tsao
and Hocheng [16] evaluated the thrust force and
surface roughness using ANN and Taguchi. Control
factor used are feed rate, spindle speed and diam-
eter with three levels each forming L27 orthogonal
array. Mohana et al. [17] carried out the delamina-
tion analysis of glass fiber reinforced composite with
reference to specimen thickness, cutting speed and
feed. Signal-noise ratio was calculated using Mean
square deviation. The optimal parameters for peel
up delamination are the feed rate (50 mm/min-
Level1), the cutting speed (1200 rpm-Level 3), drill
tool diameter (6 mm-Level 2) and the material thick-
ness at (12 mm-Level 4). Similarly, the optimum
parameters for push down delamination are the feed
rate (50 mm/min - level 1), the cutting speed (600
rpm - level 1), drill tool diameter (10 mm - level3),
and the material thickness (10 mm - level 3). Alok
Satapathy and Amar Patnaik [18] analyzed the wear
behavio_ of _edmud ]olyme_ com]osite. Taguchi’s
experimental design method is used to identify the
significant control factors and their interactions pre-
dominantly influencing the wear rate. Control factor
used are sliding velocity, red mud content and Nor-
mal load with three levels.

4. CONCLUSIONS

Thus the usage of artificial neural network and
Taguchi method of analytical tool in the field of poly-
mer matrix composite was reviewed. The review pro-
vided the usefulness and effectiveness of these
methods in predicting the properties which are non-
linear and difficult by other analytical tools.
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