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a b s t r a c t

The extensively adopted non-traditional approach of wire electrical discharge machining (WEDM) pro-
cess can be formulated the complicated shapes and difficult-to-cut products with cost effective solution.
The surface integrities and mechanical characteristics are sternly affected in the nickel titanium shape
memory alloy (NiTi SMA) during WEDM process. In this study, an attempt has been made to investigate
the effects of machining parameters on the surface integrity characteristics of NiTi SMA. The machining
parameters such as servo voltage, input power, wire speed, pulse-on and pulse-off time were considered
as inputs and their effects on surface integrity characteristics such as surface roughness, material removal
rate, microstructure and hardness were studied. The machining process has been carried out with three
levels of input parameters in the full factorial design. The TOPSIS analysis was used to evaluate the opti-
mum machining parameters in order to exhibit the better surface integrity characteristics for NiTi alloy.
The results of the optimization technique revealed that the better surface integrity properties (minimiz-
ing the roughness and maximizing the material removal rate) were achieved with the combination of 3 A
input power, 9 ms pulse on time, 8 ms pulse off time, 20 V servo voltage and 3 m/min wire speed.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 1st International Con-
ference on Energy, Material Sciences and Mechanical Engineering.

1. Introduction

The versatile applications of NiTi SMAs in different fields specif-
ically biomedical (stents, vena cava filter), aerospace (flexures, flap
edge) and robotics (micro-grippers, actuators), it is required to
machine to develop the complicated shapes. Moreover, SMAs find
applications in servo motors, actuators, thermo-mechanical sen-
sors, bone, vascular implantation, sealing, and coupling [1,2].
Hence, high precision is required in the development of smart
materials with an intricate shape. Generally, three types of SMAs
are used in industrial field such as nickel-titanium alloys, copper-
zinc-aluminium-nickel and copper–aluminium–nickel. Among
these, the most prevalent SMA is NiTi based alloy which exhibits
high damping capacities, good biocompatibility, shape memory
effects and pseudoelasticity along with corrosion resistance and
fatigue strength [3–7]. NiTi SMAs are processed by the conven-
tional and unconventional methods of machining to shape the

required products as per the dimensions. The conventional
machining of NiTi SMA is complicated due to its distinctive fea-
tures such as pseudoelasticity, shape memory effect, high tough-
ness, rapid tool wear, high chemical reaction, low thermal
conductivity, high hardness and high strain hardening [8,9]. In
order to avoid such problems in the conventional methods, special
machining of non-traditional methods such as WEDM, EDM and
laser machining are used in the machining of NiTi SMAs [10,11].

Habib et al. [12] machined the intricate shape and texture pro-
file on smart materials using WEDM process. It is ensured that the
WEDM is one of meticulousness non-traditional machining process
for preparing such kind of functional materials as per the require-
ments. The investigation on the machinability characteristics and
shape recoverability of NiTi alloys exhibited using WEDM process
with the variation of input parameters such as flushing pressure,
servo voltage, input power, electrode material, peak current, short
pulse time, wire feed and pulse-on, off time. The machinability
characteristics during WEDM process can be evaluated by elec-
trode wear rate (EWR), material removal rate (MRR) and surface
roughness of the machined area. Productivity of such kind of smart
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