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Abstract: Shape Memory Alloys (SMAs) are a fascinating class of materials capable of restoring themselves to a predetermined shape
under thermal and/or mechanical conditions. This means that they can reshape to recover their original geometry after deformation.
Such behavior, also called the shape memory effect, holds paramount importance for many industries. The most promising materials in
this class are NiTi and CuAlNi alloys. The use of SMAs represents a particularly interesting application and is growing rapidly thanks
to these materials’ toughness, reliability, and adaptability. The ever - changing modern textile industry is driven by adopting new
innovative materials and technologies. One of the developments in textiles is employing Shape Memory Alloys (SMAs) for smart textiles
and adaptive clothing. SMAs are materials that can return to a predefined shape when triggered by factors such as heat. This
characteristic feature makes them excellent materials for textile applications in terms of environmental responsiveness and functional

clothing.
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Dynamic Aesthetic Features
1. Introduction

Smart textiles are often referred to as e - textiles or
intelligent fabrics that incorporate electronics with textile
functionalities, or both, in such a way that their basic
capabilities go beyond those of fabrics. For example, by
embedding SMAs in textiles, these fabrics can actively react
to stimuli to offer features such as insulation, self - healing,
and dynamic fit adaptation [1].

a) Thermo - Responsive Clothing

One of the primary applications of SMASs in textiles is in
thermo - responsive clothing. These garments can adjust
their thermal properties in response to temperature changes,
ensuring optimal comfort for the wearer. Adaptive insulation
is one of the applications of SMAS in textiles and is intended
for temperature - responsive clothing. For instance,
temperature - responsive SMA fibers are woven into the
fabric, which would expand or contract proportional to the
temperature changes. In cold conditions, the contraction of
fibers will make the fabric less porous, which increases the
insulation. When it is hot, the expansion of fibers will make
the fabric more porous and increase its cooling and
breathability [2]. The adaptive nature of these fabrics
ensures the wearer stays comfortable despite changes in
temperature. With fewer layers of clothing, there’s less
energy required to heat the building in the winter, or cool it
in the summer.

b) Shape Memory Garments

SMAs allow you to design a garment that will change its
morphology in response to the wearer’s body temperature,
ambient temperature, or other local stimuli, affording a wide
variety of useful properties. Consequently, SMAs are an
ideal choice for athletic wear (fabrics that will conform to
the body), fashion (fabrics that wrap and adapt to the body),
or medical textiles (adapting to long - term health needs over
time). Self - Fitting Clothing is an example of how a SMA
might be incorporated into a design for a sports bra and any
type of compression or adaptive fashion wear, each of which

might use SMA components that behave by contracting with
body heat when activity level increases, thus providing a
snug fit (think swimsuit), and loosening as the body cools
down [3]. This can potentially improve the performance of
athletes by improving their fit. One garment can fit multiple
sizes, which can help reduce inventory needs and waste.

c) Self - Healing Textile

Implanting SMAs might sound laborious, but these actuators
can be incorporated into fabrics before or after being woven,
depending on the application, making them easy to scale up
for mass production. SMAs can improve the durability and
lifespan of clothing by making it self - healing. For instance,
jackets made with SMA fibers can patch themselves up if
they sustain small tears or cuts from being snagged on
something. When activated by heat, SMA fibers shrink in
response to the external stimulus, pulling neighboring fibers
closer and closing the gap [4]. This helps extend the life of
garments, reduces the need for repairs or replacements,
reduces textile waste, and promotes sustainable fashion
practices.

d) Dynamic Aesthetic Features

In the case of fashion, SMAs can produce unique visual
effects. Fabrics can change their shape or appearance in
response to environmental stimuli, offering a unique
aesthetic appeal. Transforming dresses that incorporate
SMA elements can change shape or even color to provide
eye - catching looks when immersed in heat or light [5]. This
would provide designers with new tools to create innovative
and interactive fashion that is customizable and adaptable.

2. Methodology

This manuscript will focus on the application of SMAs in
thermo - responsive clothing, which is a powerful concept
with the potential to enhance comfort, energy efficiency, and
adaptability through the use of advanced materials. This
upcoming technology is soon to be in many garments as it
uses shape memory alloys to alter the thermal properties of
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the textile itself in reaction to temperature changes in the
surrounding environment. Shape memory alloys undergo a
reversible phase transformation when exposed to
temperature changes, and this allows the fabric to change its
structure and provide better thermal or breathable insulation

[6].
3. Mechanism

o Phase transformation: Some SMAs, like nickel -
titanium (NiTi) alloys, have an austenite or high -
temperature phase and a bcc martensite or low -
temperature phase. When the temperature crosses the
martensite start (Ms) or change (Mct) temperature, the
super elastic metal transforms, resulting in a change in
shape or stiffness that can be harnessed to alter the
fabric's properties.

o Actuation Process: With increases in ambient
temperature, SMA fibers in the fabric would contract,
resulting in decreased porosity and enhanced thermal
retention. With a decrease in ambient temperature, the
fibers would expand, increasing porosity and improving
breathability.

Figure 1 illustrates the system architecture for managing the
SMA:s in thermo - responsive clothing.

1) Sensors: The system includes a variety of sensors
strategically placed within the textile to monitor
temperature, humidity, and other environmental
parameters. These sensors continuously collect data to
provide real - time inputs to the control system.

2) Control Unit: This is the central processing component
of the system. It receives data from the sensors and uses
a control logic embedded within the PCB to alter the
thermal properties of the textile itself in reaction to
temperature changes in the surrounding environment.
The thermal comfort requirements are input by the user.

3) SMA Actuator: Based on the predictions from the
control logic, the control unit adjusts the current that is
input into the SMA, which would then activate the
SMA to undergo a reversible phase change.

4) User Interface: There will typically be a user interface,
which is not shown in Figure 1, that will allow a user to
manually adjust the temperature settings at which the
SMA will be activated if needed.

In summary, Figure 1 depicts a sophisticated management
system for thermo - responsive clothing, leveraging real -
time data, control logic, and user input to enhance thermal
comfort.

SMA Actuator

Controller Flex PCB

Controller Flex Controller Flex
PCB - 1a PCB -2a
Sensor- 1a Sensor- 2a

Figure 1: System Architecture for SMA Actuator Control
Using Embedded Controller Flex PCBs and Sensors

Applications of Thermo - Responsive Clothing

Thermo - responsive clothing is applicable in different

contexts and is beneficial for many different user groups [7].

Outdoor and Sports Apparel:

« Adaptive Insulation: Jackets, pants, and other outerwear
infused with SMA fibers that alter their thermal
conductivity in response to the temperature of their
surroundings can help people stay warm in the cold and
cool in the heat.

o Performance: For athletes, regulating their core body
temperature is important. Thermo - responsive
sportswear can help regulate the temperature of the
body, which is crucial to a person’s comfort level and
ability to perform.

« Military and Professional Gear:

« Temperature regulation: Military gear or uniforms can
contain materials that are thermo - responsive, altering
the insulation for a soldier based on environmental
extremes.

o Energy Efficiency: Eliminating the need for several
layers of clothing reduces the amount of energy
required to keep a soldier warm or cool.

Medical and Health Care:

o Patient Comfort: Thermo - responsive fabrics can be
incorporated into medical gowns and fabrics, enabling
the patient’s body temperature to remain comfortable
even if there are external temperature changes. They
would be ideal for patients who have an impairment in
temperature regulation.

« Therapeutic applications: Some medical conditions can
be aided by controlled thermal environments. Clothing
made from SMAs could provide a consistent and
controllable source of warmth to enhance therapy and
promote recovery.

Advantages of Thermo -

Comfort:

o Thermo - responsive clothing’s thermal properties can
dynamically adjust, and this ensures that the wearer
remains comfortable over a wide range of temperatures
without changing layers.

« It allows for greater breathability when it is warm and
greater insulation when it is cold, thus shaping the
microclimate around the body to keep things
comfortable.

Responsive Clothing [2]
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Energy Efficiency:

e Reduced Energy Usage: The ability to adapt to
environmental temperatures ensures that thermo -
responsive garments will reduce energy usage.

o Sustainability: Less reliance on layers of clothing
means less material is used and less waste, which helps
promote sustainable fashion practices.

o Versatility:

o Thermo - responsive clothing can be comfortably worn
in almost all seasons and eliminates the need to change
wardrobes corresponding to seasons. From everyday
wear to specialized gear, their versatility extends their
usability across various industries.

4. Conclusion

Shape Memory Alloys introduce a powerful dimension to
the development of smart fabrics and ‘fourth generation’
clothing. From thermo - responsive clothing to self - fitting
garments, self - healing textiles and dynamic aesthetic
features in textiles, SMAs deliver a wide array of innovation
to enhance the functionality and appeal of modern textiles.
Expect more textile applications of SMA and other smart
fibers in the future as the trend of innovation and
sustainability in fashion and apparel continues. While the
benefits of thermo — responsive clothing are clear, there are
challenges to widespread adoption [3]. Some of these
challenges include:

Cost: Due to the production costs of SMA fibers and
incorporating them into textiles, thermo - responsive
clothing can be expensive. Their scalability from a cost
perspective to meet market demand while also maintaining
quality is challenging.

Durability: Retaining the shape - memory functionality of
the SMA fibers through the lifetime of the garment needs
more validation and research. Repeated phase - cycling over
time can cause fatigue and eventual breakdown. Thermo -
responsive clothing could require special care and
maintenance that consumers might not be aware of, which
would increase the total cost of ownership of smart fabrics
as compared to conventional fabrics.

5. Future Work

Ongoing work to develop more inexpensive SMAs and
manufacturing processes will be necessary for mass market
implementation. Novel materials will be needed for new
SMAs that have better properties. Integration of the SMAs
with the electronic components can provide more
functionalities, such as textiles with real - time temperature
measurement and regulation.

References

[1] J. Van Humbeeck, “Non - medical applications of
shape memory alloys, ” Materials Science and
Engineering: A, vol.273-275, pp.134-148, Dec.1999,
doi: 10.1016/S0921 - 5093 (99) 00293 - 2.

[2] R. R. Mather and R. H. Wardman, The Chemistry of
Textile Fibres, 2nd ed. The Royal Society of

(3]
[4]
(5]
6]

[7]

Chemistry, 2015. doi: 10.1039/9781782626534.

X. Tao, Smart Fibres, Fabrics and Clothing:
Fundamentals and Applications. Elsevier, 2001.

L. H. Sperling, Introduction to Physical Polymer
Science. John Wiley C Sons, 2005.

J. Hu, Adaptive And Functional Polymers, Textiles
And Their Applications. World Scientific, 2011.

Shape Memory Alloys: Modeling and Engineering
Applications. Boston, MA: Springer US, 2008. doi:
10.1007/978 - 0 - 387 - 47685 - 8.

J. Hu, H. Meng, G. Li, and S. I. Ibekwe, “A review of
stimuli - responsive polymers for smart textile
applications, ” Smart Mater. Struct., vol.21, no.5,
p.053001, Apr.2012, doi: 10.1088/0964 -
1726/21/5/053001.

Volume 9 Issue 3, March 2020

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper |D: SR24724163121

DOI: https://dx.doi.org/10.21275/SR24724163121

1692


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/



