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ABSTRACT 
 
Shape memory alloy (SMA) actuators have the 
capability to actuate high forces while being 
compact, making them a potential replacement for 
complex electromechanical systems especially in 
aerospace applications. Common heating 
technique of SMA actuator is electrical heating. 
However, the actuation capability of SMA is 
dependent on the heat transfer mechanism of 
SMA as it is very sensitive to temperature and 
stress, thus lead to the difficulty in controlling 
mechanism. Owing to the complex controllability 
of heating techniques, the induction heating 
technique for SMA wire was undertaken in this 
investigation and proposed to be promising 
technique for SMA. A comparison between 
electrical heating and induction heating were 
performed using tensile testing. The tensile 
loading was performed using Instron 3366 
Universal Testing Machine (UTS) with a 5 kN load 
cell and strain rate of 0.04 mm/min. A series of 
experiment at three different activation 
temperatures of 60°C,70°C and 80°C were 
performed for both the electrical and induction 
heating technique. The electrical actuation was 
done through power supply, whereas the inductive 
actuation was done through a specially developed 
heat control chamber comprises electromagnetic 
coil. The stress-strain curve for loading path was 
developed for both techniques and were 
compared. The results showed that the loading 
profile for inductively actuated wire was similar to 
the loading pattern of SMA superelasticity 
performance compared to electrical actuated wire 
which was nonlinear and serrated.  In conclusion, 
induction heating technique is seemed to be a 
promising method to actuate SMA precisely.  
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INTRODUCTION 
 
The most common form of SMA actuator is wire 
and the actuation rate of wire is affected by the 
changes in temperature or stress. The rate of heat 
transfer and amount of heat energy into and out 
of wire influences actuation response, response 
time and energy efficiency. In addition to that, the 
interaction of the coupled-behaved SMA wire with 
the ambient environment directly affect the phase 
transformation process of SMA wire. This 
phenomenon further influences the hysteresis 
behaviour of SMA wire and compromising the 
functional behaviour of SMA wire. Therefore, the 
characterization of heat transfer is utmost 
important in determination the frequency 
response of SMA actuators [1] and must be trained 
using reliable heating techniques.  
  
 

 
 

Figure 1: Induction Heating System 
 
 
To date, available heating methods such as 
electrical heating, capacitance-assisted resistive, 
conductive, convective, radiative including laser, 
and inductive were used to manipulate SMA 
coupling behaviour in order to achieve desired 
actuation [2]. Electrical heating is most common 
method but the current capacity is limited to 
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small, fine and slender components such as wire 
[3]. Therefore, induction heating technique 
became a promising method to heat SMA 
component in shorter time with better thermal 
control regardless the shape. Induction heating 
system comprises a workpiece and inductor coil 
which induces coupling effect through a 
contactless heating. Figure 1 illustrated the 
induction heating system in which the workpiece is 
placed inside the coil. Many research work has 
implemented induction heating for SMA 
thermomechanical characterization. Previously, R. 
Mohr et.al [4] trained shape memory polymers for 
faster actuation by using induction heating in short 
response time. Manufacturing industry utilized 
induction heating for the homogenous heat 
distribution [5] during production phase and 
achieved desired mechanical properties. While M. 
Tanaka et.al [6] utilized contactless induction 
heating to train urethra valve in medical field.  

Here, the aim of this paper is to demonstrate 
and to compare the efficiency of electrical and 
induction heating on Flexinol NiTi wire. The change 
of the stress-strain curve for loading path of the 
wire is analysed at three different activation 
temperature. 
 
 
METHODOLOGY 
 
As-received nickel titanium (NiTi) shape memory 
wires with commercial trade name of Flexinol 
made by Dynalloy company were used in this 
investigation. The diameter of the wires was 
0.31mm with nearly equatomic composition. The 
maximum safe stress for the wire was 170MPa as 
recommended by the manufacturer [7]. 
 
Heating Methods 
 
Instron 3366 Universal Testing Machine (UTS) with 
a 5 kN load cell was used to perform tensile test on 
NiTi wire which comprises loading path only. The 
tensile test for both electrically and inductively 
actuated heating were conducted at three 
different activation temperatures which are 60°C, 
70°C and 80°C respectively. The strain rate used 
for Flexinol wire is 0.04 mm/min as recommended 
in ASTM F2516[8]. 

Figure 2 (a) shows the schematic diagram of 
the electrical heating technique used to activate 
NiTi wire. A J-type thermocouple attached 
between two junction points of the wire to the 
Data Acquisition PicoLog connector. This PicoLog 
device was connected to the laptop to receive and 
display the temperature data of the wire during 

the testing. The wire was heated by electrically 
through power supply connected directly to the 
specimen wire.  

The induction heating technique applied to 
Flexinol wire actuation was shown in the 
schematic diagram in Figure 2 (b). The heat control 
chamber mounted with tensile test and connected 
with cooling unit to provide uniform heating and 
cooling environment throughout the test. The 
specimen wire was inserted through the chamber 
comprises inductive coil and a pretension of 
approximately 0.1N was to tighten the Flexinol 
wire. Following it, the displacement and load cell 
were calibrated. The temperature data is 
controlled and monitored through the 
temperature sensor connected with Bluetooth 
device in the chamber to the laptop. 
 
 

 
(a) 

 
(b) 

 
Figure 2: Schematic Diagram Heating Techniques: (a) 
Electrically Actuated NiTi Wire and (b) Inductively 
Actuated NiTi Wire 
 
 
RESULTS AND DISCUSSIONS 
 
During thermomechanical training of Flexinol wire, 
the stress induced transformation is the most 
prominent mechanism for development of 
maximum strain generation. During the loading 
process of the wire, the phase transformation 
from austenite to martensite phases occurs due to 
the crystallographic changes in structure, thus 
resulting in the formation of the dislocation of 
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phase interfaces [1]. In addition, the actuation 
strain for induction heating was greater than 
electrical heating. This phenomenon is very 
prominent with the effect of the different 
activation temperature during thermomechanical 
training [3]. Increasing activation temperature 
increases the rate of change of the lattice 
structure, thus trigger the phase transformation of 
wire more distinctly. 
 
 

 
(a) 

 

 
(b) 

 

 
(c) 

 
Figure 3: Comparison of Loading Profile for Electrically 
and Inductively Actuated NiTi Wire. (a) Actuation at 
60°C, (b) Actuation at 70°C, and (c) Actuation at 80°C. 
  
 
Figure 3 illustrated the evolution of loading profile 
for both electrically actuated wire and inductively 
actuated wire for three different activation 
temperatures which are 60°C, 70°C and 80°C 
respectively. The performance of wire by electrical 
heating was non-linear with many serrated 
patterns. The trend of actuation response was up 
and down throughout the loading path. On 
contrary, the inductively actuated wire showed a 
consistent linear pattern with smooth line. The 

trend of actuation response is similar to the 
loading profile of superelasticity of SMA. This 
indicates that the inductively actuated wire able to 
perform according to the typical superelasticity 
behaviour. The physical properties of wire during 
loading process elastic modulus at austenite can 
be extracted from the output of induction heating 
with more accurate data compared to the 
electrical heating. Table 1 shows the elastic 
modulus for both the heating techniques. The 
elastic modulus of inductively actuated wire 
showed increasing values with activation 
temperature, whereas for the electrically actuated 
wire, the values was inconsistent. This is due to 
the inconsistency in heat transfer mechanism 
between the electrical heating source and the 
wire, allowing non-uniform heat distribution along 
the wire . 
 
 
Table 1: Elastic Modulus for Electrically and Inductively 
Actuated NiTi Wire 
 

Temperature 
(°C) 

Electrical 
Heating (GPa) 

Induction 
Heating (GPa) 

60 24 67 
70 47 94 
80 23 125 

 
 
Therefore, in comparison to electrical heating, the 
induction heating technique is foreseen as a 
promising heating technique for SMA material. 
Based on the result obtained, the trend of 
electrically actuated wire prove that the heat 
transfer is non-homogeneous and the heat 
distribution is non-uniform [2]. Moreover, the 
serrated trend of electrically actuated wire clearly 
indicates that the production of by product due to 
direct heating might be present and eventually 
influences the mechanical properties of the wire 
[2,3]. Furthermore, compared to electrical heating 
technique, the induction heating contactless, 
preventing overheating and any physical damages 
to the wire [2].  
 
 
CONCLUSION 
 
In present study, induction heating technique is 
proposed to be effective method for SMA material 
compared to electrical heating technique. It has 
been found that the actuation gained by induction 
heating is good enough to use in practical 
applications. Induction heating is capable to 
actuate Flexinol wire once the optimum activation 
temperature is achieved, depending on the desired 
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application. This study could provide the designer 
to accurately predict the coupling behaviour of 
SMA using induction heating. 
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