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A multilayer back propagation learning algorithm was used as an artificial neural network tool to

predict the mechanical properties of porous NiTi shape memory alloys fabricated by press/

sintering of the mixed powders. Effects of green porosity, sintering time and the ratio of the

average Ti to Ni particle sizes on properties of the product were investigated. Hardness and

tensile strength of the compacts were determined by hardness Rockwell B method and shear

punch test. Three-fourths of 36 pairs of experimental data were used for training the network

within the toolbox of the MATLAB software. Porosity, sintering time and particle size ratios were

defined as the input variables of the model. Ultimate strength and hardness were the outputs of

the model. Results indicated that seven neurons in the hidden layer yielded the minimum normal

error. The modelling outcomes confirmed the feasibility of the model and its good correlation with

the experimental information.
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Introduction
NiTi shape memory alloys (SMAs) have attracted
much attention due to their prospective industrial uses
and desirable behaviours.1,2 Porous NiTi SMA has
recently been recognised as a promising candidate for
medical implant applications owing to its super-
elasticity, biocompatibility, corrosion resistance, low
stiffness and achievable open pore arrangements that
facilitate tissue growth and integration with bone
structure.3–5 The unique porous structure of SMAs
permits the augmentation of newly born tissues along
with easy transportation of nutrients and medica-
tion.6–8 Porous NiTi SMAs have, therefore, been
considered for many load bearing applications, such
as spine surgery, lumber osteochondrosis, dental
implant and craniofacial endoprosthesis.9,10

Compared to the traditional melting/casting method,
powder metallurgy (PM) offers major advantages like
control of the chemical composition, diminution of the
undesirable diffusive reactions, lower grain growth and
segregation, near net shape production, desirable
dimensional tolerance, reducing production duration
and overall cost reduction.11 Strict compositional
control required introduction of alternative PM techni-
ques to fabricate high quality porous Nitinol. Self-
propagation high temperature synthesis,12–14 hot
isostatic pressing,5,15 prealloyed and elemental PM

fabrication16–18 and electron beam melting method19

are a few examples.
Mechanical properties of porous Ni–Ti are a complex

function of numerous variables. It is, thus, very difficult
to develop a complete theoretical/analytical model to
predict the alloy strength. It is important to develop new
methodologies for properties of initial materials and
design variables based on scientific principles that
sufficiently consider materials behaviour at work and
mechanisms of the manufacturing processes.

Artificial neural network (ANN) is a mathematical
model capable of mimicking complex non-linear rela-
tionships through the application of many non-linear
processing units called neurons especially when system
involves several variables. This process adopts sets
of input–output data to train a defined network
structure.20,21 It has successfully been applied to solve
wide varieties of complex scientific and engineering
problems.22 Its main advantage is needlessness to prior
assumption of any material behaviour.22 Computational
details of the ANN model construction is discussed in
detail in the literature.23,24

Artificial neural network modelling for prediction of
hardness and sintering behaviour of porous NiTi SMAs
has recently been informed.25,26 A multilayer feedfor-
ward back propagation learning algorithm to predict the
yield strength and Young’s modulus of porous SMAs
fabricated by thermal explosion method has also been
reported.27 Artificial neural network modelling for
prediction of mechanical properties of porous SMAs
has, however, received limited attention.

The present work utilises the ANN modelling to
correlate the physical and mechanical properties of
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