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Abstract. The various characteristics of shape memory alloys, such as hyperelasticity, memory
alloy effect and so on, make shape memory alloys become a new type of material with broad
engineering applications. These components developed based on the characteristics of shape
memory alloys are not only used in the aerospace field, but also in various fields such as
bridges and railways, and can be used for various purposes such as bridge vibration control and
intelligent hybrid control. This article mainly introduces several characteristics of shape
memory alloys, and explains the practical application and development prospects of shape
memory alloys in the aerospace field. Based on these studies, this article studies the
characteristics of shape memory alloys through equation calculus and ANSYS simulation
experiments modeling. It can be foreseen in the future that with the development of intelligent
control technology, shape memory alloy structures will have a larger operating temperature
range, more precise structural control, and will be applied in a wider variety of spacecraft
structures.
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1. Introduction

In 1932, Lander discovered that AuCd alloy deformed on cooling and completely restored the shape
after heating [1]. In 1951, Chang et al. found that after deformation in the martensitic state, the AuCd
series alloys can return to their initial shape after heating in 1951[2]. This is one of the outstanding
mechanical properties of shape memory alloys(SMA), that is the shape memory effect(SME). In 1963,
Buehler et al. discovered that near-equiatomic NiTi alloys also have shape memory effects [3]. This
discovery made the academic and engineering communities recognize the importance of SMA and
provided the possibility for its engineering applications. Since then, scientists around the world have
discovered SMA with other components. Although different SMA have their own advantages for
specific application requirements or scenarios, the excellent performance of NiTi based shape memory
alloy materials makes them occupy a leading position in scientific research, especially engineering
applications [4].

Since some large flexible components are prone to structural vibration during operation and have a
significant impact on the spacecraft, structural vibration control is a very challenging issue that must
be taken seriously. As a new type of functional material, it has the most significant property, which is
shape memory effect (SME). Of course, it also has many other important properties, such as
hyperelasticity, temperature variation of elastic modulus, and good damping performance. Utilizing
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the outstanding characteristics of SMA such as memory alloy effect and hyperelasticity, it can be
applies to many fields such as structural active control, passive control, and structural vibration
reduction [5]. This research will focus on the application of SMA in the field of aerospace, using
various methods such as literature review, simulation, and experiments to study the characteristics of
SMA, understand its existing applications in the engineering field, and explore its future application
directions.

2. characteristics of SMA

Compared to other materials, SMA has high specific strength and good corrosion resistance. When
utilizing its shape memory effect, it has a high energy density and high power output [6-7], and the
designed driver has a compact structure, high reliability, and can be reused for a long time. When
using its superelasticity, it can produce a large and full stress-strain hysteresis loop, with excellent
energy absorption, vibration reduction, and large deformation recovery performance [5].

2.1. SME
SME refers to a phenomenon in which a trained SMA can recover to its original shape without
residual strain under heating conditions when subjected to large strains.

When lowering temperature can increase gravity, the parent phase austenite undergoes phase
transformation, forming low-temperature martensite or stress induced martensite. If heated or under
reduced stress, the martensite begins to reverse transformation and returns to the parent austenite state,
and restoring its original shape (Figure 1). In the aerospace field, the shape memory effect is more
often used in the design of SMA actuators, so the macro and micro constitutive models that are more
closely related to SMA actuators are more common [4].
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Figure 1. Strain-Stress Curve of Superelastic Effect of SMA.

2.2. Superelasticity
At high temperatures, SMA can produce large elastic strains without plastic strain under external
load(Figure 2).
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Figure 2. SMA stress-strain temperature curve.
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When the temperature exceeds a certain value for the completion of austenitic phase transformation,
SMA will induce martensitic transformation under the action of external stress. The part where the
stress induced martensitic transformation occurs can only exist stably under the action of stress. Once
the stress disappears, the material will immediately undergo a reverse phase transformation and return
to the austenitic phase transformation state. This property is known as the superelasticity of SMA. The
superelastic properties of SMA exhibit strong nonlinearity, so it is necessary to select more accurate
mathematical models to describe its hysteresis characteristics and accurately predict its vibration
response [4]. The classic models for describing SMA hyperelasticity include Graesser model [8], the
Bouc Wen model [9-10], etc.

3. SMA in aerospace
One of the important problems to overcome in designing better spacecraft is spacecraft flutter.
Spacecraft flutter is a complex aeroelastic phenomenon, which is a self-excited vibration of a system
caused by the combined action of structural elastic forces, self-inertial forces, and aerodynamic forces.
Spacecraft flutter mainly consists of two parts: the thermal effect and harmonic excitation. It brings
unstable factors to spacecraft attitude response and data signal acquisition, and even leads to some
spacecraft failures.

Structural vibration control is a common practical task in engineering, and vibration control has
become the focus of engineering research. The SMA material with its large displacement, complete
recovery deformation, high stiffness, and other properties can help solve the problems.

3.1. Application of superelasticity

3.1.1. Dampers. Based on the performance of superelasticity and the good damping performance of
SMA, high-performance dampers can be made for energy dissipation and vibration control of
structures.

Dampers can be used for passive control of structures, which can consume vibration energy and
reduce vibration response. Moreover, under heating conditions, because of the shape memory effect of
SMA, it can also restore the structure to its original state without being damaged [5]. However, current
SMA shock absorbers and dampers have low energy dissipation efficiency and complex structures. In
the future, accurate, simple and efficient SMA hyperelastic constitutive models should be combined to
design simpler and more efficient devices .

Figure 3. A schematic diagram of an SMA damper.

3.1.2. Adaptive structures. SMA undergoes phase transformation during loading, resulting in
significant deformation and can still fully recover after unloading. Therefore, utilizing the
characteristics of SMA superelasticity that can generate large deformation and complete recovery can
be used in adaptive structures that require large deformation and complete recovery [11].

3.2. Application of SME
The shape memory effect is one of the most important characteristics of SMA, according to which
actuators or some specific structures can be designed in the aerospace field. SMA has high strength,
good corrosion resistance, high energy density during operation, and high power output. It can make
the designed structure more compact and reliable to meet the needs of long-term reuse.

In the process of restoring the original shape of the SMA, if it is restrained, it will generate a huge
restoring force. It can be used to make SMA based actuators.
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SMA tube is an application form of SMA, that can output various loads. When driving is needed,
the SMA tubes are heated to generate a recovery displacement to drive the structural movement,
thereby completing the corresponding function. The SMA tube linear driver can be used to drive the
compression release mechanism. We can attach the SMA film to the controlled structure and adjust the
temperature of the SMA driver film according to the vibration signal obtained by the SMA sensor,
generating a control force proportional to the vibration speed as a damping force, and by this way we
can achieve the goal of reducing vibration response [5].

SMA can also be used to design torsional actuators. The characteristic of SMA torsional actuators
is that they can output more torque at a smaller size. SMA torsion actuators are commonly used in the
aviation industry, such as for the torsion of blades, and wings [12].

SMA-KHD10

Figure 4. One kind of SMA compensators.

SMAs are used in aerospace to meet the design requirements of lightweight, high-efficiency
because of their excellent properties, there are a lot of other examples of practical applications of SMA.

Figure 5 (a) shows the smart antenna of the Apollo 11 lunar module. By designing the antenna on
the ground and folding it into the lunar module, the space occupied by the antenna is effectively
reduced. After the lunar module arrives, it can be restored to its original shape by heating it [13].
Figure 5 (b) shows the shape memory alloy pipe joint developed by Aerofit, which has been widely
used in military aircraft, greatly reducing the occurrence of liquid leakage in aircraft pipelines [13].
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Figure 5. SMAs applications (a) the smart anetenna of Apollo 11; (b)shape memory alloy pipe joints.
4. Simulation and experiments

4.1. simulation
In order to study the material’s function of reducing vibration, this paper establishes a finite element
model. This simulation experiment adopts a cantilever supported box beam method to establish a
numerical simulation model of the SMA intelligent control model, and uses the software Ansys to
model, conduct dynamic analysis, and calculate the frequency and modal calculation of the model.

The established model is shown in Figure 6. The beam is made of Q235 steel, with a density of
7800 Kg/m3, an elastic modulus of E=200Gpa, and a Poisson's ratio of 0.3.SMA is selected as NiTi
alloy wire, with a density of 4500 Kg/m3, an elastic modulus of E=41Gpa, and a Poisson’'s ratio of 0.3.
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Figure 6. Finite element model: (a) the finite element model; (b) the finite element model.
Firstly, according to Figure 7, it’s the result without SMA. It can be seen that the stress and
displacement under an impact force, and the y-direction displacement gradually decrease from one

side of the beam to the other side.
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Figure 7. The result without SMA: (a) Displacement in y-direction under impact force; (b )\Von mises
stress.
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Figure 8. The result after adding SMA: (a) Displacement in y-direction under impact force; (b) Von
mises stress.

4.2. Experiments
The actual experiments use a box girder to place SMA material on the surface of the bridge, apply

impact force to it, and study its vibration mode. The first and second order natural frequencies and
amplitudes of the cantilever beam without SMA were measured using the hammering method and
fixed frequency scanning method. The natural frequencies and amplitudes of the cantilever beam with
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SMA were studied and compared, and the role of SMA materials in structural vibration control was
obtained. When heating is required, directly energize the SMA wire and use the resistance of the SMA
wire material for heating (high current, thin wire).

The fixed frequency scanning method is an experiment in which one or two vibration parameters
(displacement, velocity, or acceleration) remain constant during the test process, while the vibration
frequency continuously changes back and forth within a certain range. Linear scanning is linear, that is,
the number of hertz swept per unit time, in units of Hz/s or Hz/min. This type of scanning is used in
experiments to find resonance frequencies. Hammering method.

The test is suitable for small structures, especially when the connection of the exciter can cause
serious interference to the boundary conditions of the structure. Although it requires a short
preparation time, data acquisition is a lengthy tapping process.

For the cantilever beam without SMA material, the excitation point is shown in the Figure 9, and

the measurement point is selected at the end of the cantilever beam.
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Figure 9. Cantilever beam without SMA material added.
When SMA is not added, the first-order time-history curve obtained by using the fixed frequency
scanning method is as Figurel0 follows.
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Figure 10. Time history curve obtained by fixed frequency scanning method.
And then, we can add SMA to the beam. This is the time history curve and frequency obtained by
the sweep frequency method without applying force (Figurell).
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Figure 11. Time history curve and frequency obtained by sweep frequency method without applying
force.
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Then, the Figure 12 shows the time history curve and frequency obtained by the sweep frequency
method under an applied force.
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Figure 12. Time history curve and frequency obtained by applying force and frequency sweep method.
Figure 13 is the result of the experiments using the fixed-frequency scanning method, it can obtain
the vibration curve and observe the amplitude.
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Figure 13. Experimental results using the fixed-frequency sweep method: (a)The first time; (b) The
second time; (c) The third time; (d) The fourth time.

4.3. Result

After adding SMA material, it can be observed that the amplitude of vibration is getting smaller and
smaller during the first-order fixed-frequency scanning. The decrease in amplitude proves that the
addition of SMA materials effectively absorbs vibration energy and plays a role in shock absorption.
In this experiment, the super elastic characteristics of SMA play a major role in reducing vibration,
and its shape memory effect is also shown.

5. Conclusion

This paper mainly summarizes the specific meaning and practical application of shape memory alloy
superelasticity and shape memory effect. It is obvious that if we carefully study this excellent material,
we can also invent more components for improving vibration and improving deformation recovery,
and assemble them on various new spacecraft in the simulation and experiments.
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It mainly shows that SMA can effectively reduce the vibration of the structure and can be applied
to the vibration reduction design of the flexible part of the spacecraft (such as the flexible arm), and
the actual experimental results are close to the simulation results.

It has broad prospects for development in the future, and we can improve many engineering
structures by studying it, and overall, the application research of SMA in the aerospace field will
develop towards a wider operating temperature range, more accurate and comprehensive constitutive
models, more diverse structural forms, and more intelligent actuator mechanisms.
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