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Abstract. The shape memory materials have attracted great interest in various fields of applications because of their
special functional. Among the smart materials, the shape memory alloys (SMA) are the best representatives of the class
of metals. In this context, Ni-Ti SMA are the most successful smart metals today because combine good functional
properties with a high mechanical strength. The electrical resistivity of Ni-Ti is high enough for direct Joule heating by
passing an electrical current. In this sense, this paper aims to show the results from a numerical simulation of the
temperature distribution as a function of the electrical current and of the time, for an structure composed of Ni-Ti SMA
wires embedded into a polymeric matrix, when different wires are turned on and compare the results of two different
activations, using the ANSYS CFX software. Results of behavior the distribution temperature along time, line and
contour lines were analyzed. Through of results, it is revealed the influence of quantity of turned on wires, and position
of wires turned on for the distribution temperature.
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1. INTRODUCTION

The shape memory materials have attracted great interest in various fields of applications such as aerospace,
robotics, structural applications and civil engineering. Due to of their special functional properties, known as the shape
memory effect (SME) and superelastic effect (SE) (Urbina, ef. al 2010). Many alloys displaying shape memory have
been found and considerable effort is still being made to discover new materials (Huang, 2002; Savi et al., 2002;
Ashrafiuon ef al., 2006).

The shape memory alloys (SMAs) are able to “remember” a geometrical shape at high temperature and another
shape at low temperature, and during the repeated heating and cooling the SMAs change its shape between these two
shapes without the help of the external stress (Meng et. al., 2004).

The use of SMA is a major scientific and technological challenge in the area of smart materials and structures.
Currently there is a very large variety of materials presenting the SMA phenomenon. However, only have commercial
interest those with a significant shape recovery or that offer considerable recover forces when restricted to recovering its
original shape after the imposition of temperature, and its properties are strongly dependent on alloy composition (Van
Humbeeck, 2001; Chen, et al., 2009; Kang et al., 2011)

NiTi shape memory alloys (SMAs) are the most successful shape memory alloys today because they combine good
functional properties with a high mechanical strength (Frenzel et al., 2004).

The resistivity of Ni-Ti is high enough for direct Joule heating by passing an electrical current. This is an additional
advantage as the actuation of Ni-Ti shape memory alloy based devices is simplified. In term of the size of Ni-Ti shape
memory alloys in engineering applications, one can see a quick movement in recent years from large size (An et al.,
2008; Frenzel et. al.,2011). There are many investigations on the effect of ternary alloying elements such as Cu, Fe,
Nb, Mo, Hf, etc. on phase transformation behavior, SME and superelasticity in TiNi SMAs (Li et. al, 2005).

The structure to be studied in this work is a Shape Memory Alloy Hybrid Composite (SMAHC) designed as an
active beam of epoxy resin that contains five Ni-Ti pre-trained wire actuators, uniformly distributed along its neutral
plane. These SMA wires can be activated differently and controlled by resistive heating (Joule effect).

In this sense, this paper aims to show results from numerical simulation of the temperature distribution as a function
of the electrical current, when different wire are driven, and to compare the results of two different activation.

2. MATERIAL AND METHODS
2.1 The SMAHC Beam

The system in analysis is a SMAHC beam with 300 x 24 x 4 mm, with SMA wires of 0.29 mm in diameter and 300
mm in length. Figure (1) shows a schematic drawing of SMAHC.
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Figure 1. The SMAHC beam with Ni-Ti wires

Figure (2) shows how the wire Ni-Ti was driven. In this works two different activations was done. Activation mode
1 when two wires are turned on with the setup shown in Fig. (2) and activation mode 2 for three wires turned on. These
trained Ni-Ti wires, when heated electrically tends to shrink inside the composite. In this paper this effect will not be

considered.
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Figure 2. Electrical activation for Ni-Ti wires

The Ni-Ti wires are driven by an electrical current that varies linearly with time from 0 to 1.5 A between 0 to 145
seconds in the heating, and from 1.5 A to 0 for 145 to 260 seconds during cooling. How is describes by Eq. (1).

% to 0<t<145
I(t)= 1
(t) —-1,5t 390 M
+—— to 145<t<260
115 115

Propriety of the SMAHC and the Ni-TI wires are consider constant and shown in Tab (1).

Table 1. Material properties of epoxy resin and Ni-Ti wires.

Properties Epoxy Ni-Ti Wire
Density (g/cm’) 1.18 6.48
Reference Pressure (atm) 1 1
Reference Temperature (°C) 24 24
Resistivity (uQ.m) - 85
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Thermal Conductivity (W/m.K) 0.4 8.5
Specific Heat (J/kg.K) 1050 400

2.2 Methodology Computational

Commercial software CFX 5.6 was used to simulate the conduction heat when wires were electrically activated.
The tri-dimensional model employed comprises the energy conservation equation in three directions.

A transient model was used with time step of 1s for a time total of 260s, and a convergence criterion of 10*. The
mesh was built in CFX- Build. Figures (3) and (4) show the volume distributions in the computational domain.
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Figure 3. Volume distribution of the mesh in the SMAHC beam with Ni-Ti wires (isometric view)
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Figure 4. Cross-section distribution of the mesh in the SMAHC beam with Ni-Ti wires (XY Plane)
2.2.1. Mathematical equations

The proposed problem can be described by Eq. (2):

6,02;10t —%+V0(pUhhot)=V°(/1VT)+SE @

where U is the flow velocity; Sg is the source force, p is the density, 4 is the thermal conductivity, p is the static
pressure, T is the temperature, and /,,, is the total enthalpy, related to the static enthalpy /(7,P) by Eq. (3):

s = h +§U2 3)

where / is the specific static enthalpy.
3.0 RESULTS

Figure (5) show the temperature distribution for different points along of time, point 1 (x,y,z) = (8 mm, 2 mm, 130
mm), for data directly extracted in center of activation wire, and point 2 (x,y,z) = ( 8mm, 2.375mm, 130 mm), for data
extracted immediately above of activation wire. The temperature of wire for activation 1 in point 1 reaches 71.52°C
while the temperature, in point 2, for activation 2 it reaches 83.04°C. Figure (5) show that the temperature inside of wire
for activation 2 is higher than activation 1.
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Figure 5. Temperature Distribution along of the time for two different points. (a) Activation 01. (b) Activation

02

Figure (6) presents the behavior of temperature distribution along on line (x,y,z)=(x,2mm,130mm) for ¢ =145s
during heating. As can be verified in Fig. (6), for Activation 1 the temperature maximum occurs in extremity of the
epoxy, while in Activation 2 its occurs in middle of the epoxy resin.
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Figure 6. Temperature as a function of Length for # = 145s during heating. (a) Activation 01. (b) Activation 02

The behavior of temperature distribution along the cross section of the SMAHC beam (XY plane for z = 130 mm) is
shown in Figs. (7) and (10), through the contour lines. Figure (7) and (9) shows this thermal distribution when electrical
current increases, for Activation 1 and 2, respectively, while Figs. (8) and (10) shows this behavior when electrical
current decreases. As can be verified the behavior of the temperature distribution has changed with quantity of wire
turned on and position of activation. Setup of the activation 2 permits one higher temperature.
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Figure 7. Activation 1 - Temperature distribution in the cross-section of the SMAHC during increase of electrical
current. (a) 10s; (b) 145 s
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Figure 8 - Activation 1 - Temperature distribution in the cross-section of the SMAHC during reduction of electrical
current. (¢) 210 s (A); (d) 260 s
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Figure 9. Activation 2 - behavior - Temperature distribution in the cross-section of the SMAHC during increase of
electrical current (a) 10's; (b) 145 s
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Figure 10 - Activation 2 - Temperature distribution in the cross-section of the SMAHC during reduction of electrical
current. (c) 210 s ; (d) 260 s

Similar thermal behaviors are shown in Figs. (11) and (12) for the XZ plane during increase and decrease of
electrical current, respectively. In these figures it is clear how activation of the Ni-Ti wire was done and how the
temperature distribution along the length of the SMAHC occurs.
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Figure 11. Temperature distribution along the XZ plane of the SMAHC during current increase (I =1.5 A). (a)
Activation 1; (b) Activation 2
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Figure 12. Temperature distribution along the XZ plane of the SMAHC during current decrease (I =0 A). (a)
Activation 1; (b) Activation 2
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4. CONCLUSIONS

Numerical simulation concerning the thermal distribution in the volume of a SMAHC with electrical activation of
the Ni-Ti wire was consistent. The quantity of Ni-Ti wires turned on, and setup of activation had influenced on behavior
the distribution temperature.

Results have presented for activation 2 showed that even with decrease of the electrical current , the temperature still
had risen for much more time than Activation 1. For both activations, when the electric current decreases reaching near
zero, the temperature inside of the SMAHC beam is still hot, especially inside of the Ni-Ti wires. It is precise much
more than 260s for epoxy resin and wires go back to initial temperature.
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