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Abstract — Constructing a system that is impervious to
environmental circumstances, such as an averse chemical
environment and severe events like earthquakes and cyclones
is one of the primary objectives of structural design.
Conventional construction materials like steel and concrete
may function inadequately under these conditions. Shape
Memory Alloys (SMAs) are new metals with unique
properties that have the potential to fill construction gaps and
improve a structure's ability to withstand impacts. The focus
of this paper is to do modal analysis of Shape Memory Alloy.
The element under investigation is a beam with fixed-free and
fixed-fixed boundary conditions. We have designed different
cross section beams models in ANSY'S design modeler. Finite
Element Analysis conducted, in order to find out beam
deflections, frequency of Vibrations and also different mode
shapes. Theoretical and FEA findings is compared and
presented.
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I. INTRODUCTION

Shape Memory Alloy has a special ability to memorize its
shape. It can regain its original shape, even with a significant
distortion. After being deformed at low temperatures these
material remains at this condition until heating. After heating
they automatically return to their initial, pre-deformed shape.
Cause of the memory effect is that materials can easily
transform to and from martensite [1]. Smart materials, which
are among the most sophisticated materials, contain special
actuation and sensing properties, such as the ability to sense
load, electricity, or heat. Among the numerous kinds of smart
materials, shape memory alloy is proven to be more practical.
Copper-aluminum and nickel-titanium (Nitinol) alloys are the
two most popular forms of shape memory alloys. Nickel-
Titanium shape memory alloys are most preferred due to the
stability.

Il. LITERATURE REVIEW

There are lots of literature in which works have been done on
Shape Memory Alloys. Some of these recent literatures are
following which | have studied:

In their research Ebin Justin S, Ankit Kumar Mishra
[2] conducted research on composite beams of various
diameters and used various materials for the face plate and
core layers. Two materials were selected for the composite
structure. Structural analysis has been done on composite
beams with different dimensions to find deflection graph is
plotted for the values obtained at different time steps during
transient loading.

To study composite steel, concrete, and shear
connection beams, Alla El-sisi, Fahad alsharari, Hani Salim,
Ali Elawadi, Ahmad Hassanin [3] created a unique two-node
beam element with eight degrees of freedom. The beam

model was able to closely predict the load deflection
response. Less than 2% separated the numerical and
experimental findings.

Zhi Xiang Rao, Xiaoyuan wang, Jiaming Leng,
Zehong Yan, Xiaojun Yan [4] studied the shape-memory
alloy beam actuator made of NiTi SMA. from the viewpoints
of heat treatment, training and numerical modelling in order
to provide a thorough and innovative design technique. For
the beam, the ideal heat treatment parameters that provide the
comparatively high actuation performance were identified.
The development of thermomechanical behavior was shown
to be dependent on training load. Also described a humerical
analytical technique for the Shape Memory Alloy (SMA)
beam actuator based on a 3D constitutive model that took
tension compression asymmetries into account. This was
followed by the calibration of material parameter values.

Qianlong Zhang, Hong Fei Zhu, Fabio Semperlotti
[5] studied, a theoretical and numerical analysis of the axial
pre strain influence on the transverse dynamic response of
shape memory alloy beams has been conducted. In order to
assess the impact of (axial) pre-Strain on either the free or
forced dynamics. Together the static stress brought on by the
preloading conditions and the dynamic stress brought on by
occurrence of the stress induced SMA phase shift, offering a
means to passively control the dynamic response. Both
material and geometric nonlinear behaviors are taken of the
shape memory alloy beam. The resultant model is then
numerically solved using the finite element method to assess
the beam’s free and forced responses. For this ABAQUS is
used. Geometric nonlinearity was included to the model of
the SMA's material nonlinear behavior to account for the
effects of the significant displacements that regularly occur
during the phase change.

The main objective of the work done by Alireza
Tabrizikahou, Mieczyslawkuczma Magdalena Lasecka-
plura, Ehsan Norozinejad Farsangi, Mohammad Noori Paolo
Gardoni, Shaofan Li [6] is to give an overview of the uses of
Shape Memory Alloys and the most popular constitutive
models, as well as the drawbacks of these models for seismic
isolation and structural vibration control devices. This article
included a current evaluation of the application of shape
memory alloys in seismic response control systems. This
novel material's many distinguishing characteristics open up
new possibilities for the design and use of seismic devices for
building and infrastructure systems.

The energy equation of a composite beam taking
into account creep and slip coupling is constructed for
evaluating the mechanical characteristics of steel-concrete
composite beams under creep-sliding coupling by Qinan Lei,
Peng Wang, Hongliang Nan [7]. The second order differentail
equation for the axial force of steel-concrete composite
beams is constructed by making certain fundamental
assumptions. Different boundary conditions are used to
derive the calculation formulae for the axial force, deflection
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and slide of beams under various loads. Then as the concrete
material characteristics vary over time, the creep impact of
composite beam is modelled using the creep criteria in the
ANSYS finite element program. The findings reveal that this
type of beam taking slip and creep into account would have a
substantial impact on the structure, the more tightly the studs
constrain the concrete slab,the more negatively the combined
beam is affected by concrete creep.

In this paper Jun Wang, Bin Huang, Xiaojun Gu,
Jihong Zhu Weihong Zhang [8] used machined helical
springs created by cutting helical grooves into NiTi alloy tube
stock, giving them a great degree of design flexibility and
actuation capability following isothermal tensile testing of the
spring at 20 °C and 80°C, the experimental results revealed
that they could produce more than 50% of the actuation stroke
with a 300N applied force. The thermally induced actuation
behaviour of the machined NiTi spring was described using a
material model. To examine the impacts of geometries and
applied loads on the actuation performance, finite element
simulation of the springs was performed. The actuation stroke
and transformation temperature rose along with the applied
load, showing greater actuation potential at high loads.

The strengthening of a reinforced concrete beam by
a shape memory alloy at the site of greatest stress and
deformation is the topic of this research done by N. Bykiv, P.
Yasniy, Yu Lapusta, V. lasnii [9]. The behaviour of the beam
reinforced with steel and shape memory alloys under 3- and
4-point bending is investigated-using a structural analysis
utilising FEM. Depending on the kind of loading, the
reinforced concrete beam containing NiTi rods has a modest
increase in elasticity. It was discovered that the residual
deflection under bending in the Shape Memory Alloy.
Reinforced beam is lower than with conventional
reinforcement with NiTi rods, the reinforced concrete beam’s
elasticity marginally increases and is dependent on the kind
of stress.

The primary focus of N.J. Sai Sujith, Anudeep
krishna, Basavraj Noolvi [10] in their study is on analysis of
Smart Active Composite Cantilever beams (SACCB), which
are produced by enforcing Shape Memory Alloy wires in a
polymer matrix. To achieve useful material qualities,
homogenization is done for the composite utilising the rule of
mixtures for Smart Active Composite Cantilever Beam
(SACCB) analytical modelling is used to calculate the beam
tip deflection. Hand layup is used to create Smart Active
Composite Cantilever Beams Specimens. In order to give the
necessary pretension in the Shape Memory Alloy wires
strengthened in Smart Active Composite Cantilever Beams,
an appropriate die is constructed. The Smart Active
composite beam is the subject of experimental investigation
using a static cantilever beam situation.

In this research done by Basavraj Noolvi,
Shanmukha Nagraj [11], the subject of study is modal
analysis of Smart Hybrid Composite Beam (SHCB) in
cantilever configuration made of LY551 resin with embedded
Shape Memory Alloy (SMA) wires between layers of 0/90
glass fibers. The beam tip deflection and frequencies are first
computed analytically, then the overall parameters of the
Smart Hybrid Composite Beam evaluated using the mixture
approach. The deflections and vibration frequencies of the
beam tip are determined using finite element analysis (FEA)

carried out using ANSYS workbench. Analytical and finite
element analyses findings have been compared and the results
have been reported.

Ill. PROBLEM STATEMENT

According to the literature review, dynamic assessments of a
structure play a critical part in the design of the components.
The current effort involves assessing the dynamic
characteristics of a beam built of shape memory alloy in
various configurations. ANSYS workbench is used for Finite
Element Analysis of beam. Modal Analysis is conducted to
determine mode shape and frequencies. It is proposed to
validate the Finite Element Analysis outcome using Euler’s
Beam Theory.

IV. METHODOLOGY

In our research work these are the steps that we will use for

analysis of shape memory alloy beam:

1) Designing of beam using ANSYS Design modeler. Four
shapes of beam designed which are Rectangular, I-
section, L-section and T-section.

2) Assigning material. We are using Nitinol for our research
which is a Shape memory alloy.

3) Applying Boundary conditions. We have used Fixed-
Free, Simply Supported and Fixed-Fixed boundary
conditions.

4) Meshing of beam.

5) Modal Analysis using ANSYS workbench. Finding out
frequencies for first two modes, mode shapes and other
dynamic properties.

6) Theoretical solutions found out using Euler’s beam
theory.

7) Theoretical
compared.

CAD model of beam is designed in ANSYS design
modeler. Four types of beam are taken for analysis here are

Rectangular, I-section, L-section, T-section

and Finite Element Analysis results

Table 1: Properties of Shape Memory Alloy

Properties Value
Young’s Modulus 60 GPa
Poisson Ratio 0.3
Density 6400 Kg/m3

V. THEORETICAL ANALYSIS:

The formulae for computing natural frequencies related to its
mode shape are derived from Euler's Beam theory [12]. The
equation listed below is based on Euler's beam theory. It is
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utilized to determine the natural frequency and the value of Bl cross sectional area of beam, E is Young’s Modulus, p is a
will vary depending on the boundary circumstances, asshown  density of material. | is length of the beam.

in Table II. Boundary Conditions | Mode 1 | Mode 2

fi= (Bn))? \/E (1.1) Fixed-Free 1.875 | 4.694

To2m o[ palt ' Simply Supported 3.141 | 6.283

Where f is frequency, Pl is constant it can be Fixed-Fixed 4.730 7.853
determined by different boundary conditions of beam. A is Table 2: Bl values for different boundary conditions

V1. FINITE ELEMENT ANALYSIS OF BEAM

A. Rectangular Beam
1) Fixed-Free
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Fig. 1: First mode

Fig. 2: Second mode
2) Simply Supported
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Fig. 3: First Mode
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Fig. 4: Second Mode
3) Fixed-Fixed
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Fig. 5: First mode.
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Fig. 6: Second mode.
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B. |- Section Beam
1) Fixed-Free

Fig. 7: First mode.

Fig. 8: Second mode.

2) Simply Supported Beam
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Fig. 9: First mode.
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Fig. 10: Second mode.
3) Fixed-Fixed

Fig. 11: First mode.

o M 0290 (mvrvl z ’
— m—
g 7]

Fig. 12: Second mode.
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C. L-Section Beam
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Fig. 12: First mode
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Fig. 14: First mode
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Fig. 16: Second mode
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D. T-Section Beam
1) Fixed-Free

Fig. 19: First mode

Fig. 20: Second mode
2) Simply Supported
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Fig. 21: First mode
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Fig. 24: Second mode

VII. RESULTS AND DISCUSSIONS:

Natural Frequency (Hz)

S.No. Beam Shape Boundary Condition ANSYS Results Theoretical Results
1st Mode | 2nd Mode | 1st Mode | 2nd Mode

Fixed-Free 19.805 123.17 19.759 123.82

1. Rectangular Beam | Simply Supported 54.247 276.93 55.466 221.866

Fixed-Fixed 125.07 339.9 125.734 346.59

5 I-Section _ Fixed-Free 32.978 195.51 33.317 208.79

Simply Supported 95.692 415.91 93.52 374.101
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Fixed-Fixed 194.09 514.62 212 584.38
Fixed-Free 34.725 201.19 31.2 195.56
3. L-Section Simply Supported 77.198 353.98 87.6 350.408
Fixed-Fixed 169.78 530.91 198.58 547.37
Fixed-Free 24.522 153.31 24.63 154.38
4, T-Section Simply Supported 98.978 291.95 69.155 276.62
Fixed-Fixed 151.79 402.13 157.76 432.11

Table I11: Comparisons of ANSYS and Theoretical results

The modal analysis and theoretical analysis done for
the beam with four shapes which are Rectangular, 1-section,
L-section and T-section. Three types of boundary conditions
had been applied which are Fixed-Free, Simply Supported
and Fixed-Fixed. The theoretical and Finite Element Analysis
results are given in the Table-11l. From the analysis, we have
found that beam with Fixed-Fixed boundary condition has a
higher natural frequency than other two boundary with the
same volume. Also, we have observed that | section has the
highest natural frequency followed by L-section, T-section
and then rectangular section.

VIII.

The modal analysis and Theoretical solutions that the beam
with different cross sections and same volume has been
conducted. we have found out natural frequencies, mode
shapes and deflections. ANSYS workbench is used for modal
analysis and Euler’s Beam theory is used for theoretical
analysis. We have taken same cross-sectional area and length
of beam with different sections Rectangular, I-section, L-
section and T-section. Applied Fixed-Free, Simply Supported
and Fixed-Fixed boundary conditions. First two modes have
been calculated and shown in the table. The results have been
obtained and compared. It is observed from the results that
the beam with Fixed-Fixed boundary conditions have highest
natural frequency. Also beam of I-section has the highest
natural frequency. From the investigations we have found the
potential of Shape Memory Alloy in controlling of Vibration.

CONCLUSION:
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