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Abstract: Additive manufacturing, also known as 3D printing, has revolutionized the manufacturing industry by enabling
the production of complex geometries and customized products. The integration of smart materials, which possess unique
properties that allow them to respond to external stimuli, has gained significant attention in recent years. The survey
explores the applications of smart materials in additive manufacturing, including shape memory alloys (SMAS),
piezoelectric materials, and stimuli-responsive polymers. SMAs, with their ability to recover their original shape after
deformation, find applications in aerospace, robotics, and biomedical engineering. Furthermore, the survey highlights the
benefits of integrating smart materials into additive manufacturing processes. Multifunctional structures can be created by
incorporating smart materials, reducing complexity and assembly time. Adaptive and self-healing structures are made
possible by utilizing materials that respond to external stimuli, enhancing durability and product lifespan. The survey
concludes by discussing future research directions in the field. Efforts are focused on developing new material formulations
tailored for additive manufacturing processes, as well as advancing printing technologies and post-processing techniques.
Material characterization techniques and simulation tools are being developed to optimize printing parameters and predict
material behavior accurately. Interdisciplinary collaborations and the integration of emerging technologies, such as
machine learning and nanotechnology, hold promise for further advancements in the field.
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l. INTRODUCTION revolutionizing production methods. Additive manufacturing
offers numerous advantages over traditional manufacturing

Additive manufacturing, commonly known as 3D techniques. Firstly, it enables the production of complex

printing, has revolutionized the manufacturing industry by
enabling the production of complex geometries and
customized products (Guo Liu et al., 2020). AM can utilized
various materials options for producing any complex
geometry with higher accuracy (Bryan et al., 2018; Chen et
al., 2021). In recent years, there has been a growing interest
in integrating smart materials into additive manufacturing
processes. Smart materials possess unique properties that
allow them to respond to external stimuli, such as
temperature, light, or electrical signals. This literature review
aims to explore the current state of research and development
in the field of smart materials in additive manufacturing. It
examines their applications, benefits, challenges, and future
prospects, providing valuable insights into this rapidly
evolving area. The impact of additive manufacturing spans
across various industries, including aerospace, automotive,
healthcare, and consumer goods. This write-up explores the
significance of additive manufacturing and its role in
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geometries that were previously unachievable, thereby
fostering design freedom and innovation (Vaezi, et al.,
2013). Secondly, AM reduces material waste significantly as
it uses only the necessary amount of material required for the
object's creation, minimizing environmental impact
(Berman, 2012). Additionally, AM has the potential to
shorten supply chains, lower transportation costs, and
facilitate localized production (Lindemann, et al., 2019).
These benefits make additive manufacturing an attractive
choice for industries looking to enhance efficiency and
reduce costs. There are mainly domains in which AM serves
as a technology solution. The aerospace industry has
embraced additive manufacturing for prototyping, tooling,
and manufacturing lightweight, high-strength components
(Bikas, et al., 2016). Additive manufacturing has also
revolutionized the healthcare sector, allowing for customized
medical devices, prosthetics, and even organ printing
(Mazzoli, 2017). In the automotive industry, 3D printing has
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been instrumental in creating intricate parts, optimizing
vehicle performance, and reducing assembly time (Chen, et
al., 2017). Moreover, additive manufacturing has found
applications in the consumer goods industry, where it enables
the production of personalized products and small-scale
manufacturing  (Berman,  2012). While  additive
manufacturing offers substantial benefits, it is not without its
challenges. Quality control, standardization, and material
limitations remain areas of concern (Campbell, et al., 2011).
However, ongoing research and development efforts are
addressing these issues, paving the way for further
advancements. Looking ahead, the future prospects of
additive manufacturing are promising. As technology
continues to evolve, we can anticipate increased adoption
across industries, improved material options, enhanced
printing speeds, and reduced costs (Lindemann, et al., 2019).
Moreover, advancements in multi-material and bioprinting
hold tremendous potential for future applications (Mazzoli,
2017).

APPLICATIONS OF SMART MATERIALS IN
ADDITIVE MANUFACTURING

Smart materials offer a wide range of potential
applications in additive manufacturing. One prominent area
is in the development of functional prototypes and end-use
products with enhanced capabilities. For example, shape
memory alloys (SMAS) have gained significant attention for
their ability to change shape in response to temperature
variations. This has implications in fields such as aerospace,
robotics, and biomedical engineering (Gupta et al., 2017;
Chen et al., 2019). SMAs integrated into 3D-printed
structures can enable self-actuating components and adaptive
structures that respond to external stimuli. Piezoelectric
materials, another class of smart materials, have the ability to
generate an electric charge in response to mechanical stress
or vibration. This property makes them suitable for
applications in sensors, actuators, and energy harvesting
devices. In additive manufacturing, piezoelectric materials
can be integrated into 3D-printed structures to enable precise
control of mechanical vibrations and deformations (Meng et
al., 2019; Sodano et al., 2020). They have shown promise in
various industries, including aerospace, healthcare, and
robotics. Stimuli-responsive polymers, also known as smart
or intelligent polymers, are materials that can undergo
reversible changes in their physical or chemical properties
when exposed to specific external stimuli. They offer
opportunities for creating shape-changing structures,
responsive surfaces, and adaptive devices.

Additive manufacturing allows for the precise
fabrication of complex structures with these polymers,
opening up possibilities in areas such as drug delivery
systems, biomedical devices, and flexible electronics (Li et
al., 2020; Karimi et al., 2021). Smart materials, also known
as functional or intelligent materials, possess unique
properties that can respond to external stimuli. These
materials have gained significant attention in the field of
additive manufacturing (AM) due to their ability to enhance
the performance and functionality of printed objects. This
write-up explores the applications of smart materials in

NISRT25JUL1381

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/25jul 1381

additive manufacturing, highlighting their potential in
various industries.

» Shape Memory Alloys (SMAS):

Shape memory alloys are a type of smart material that
can recover their original shape after being deformed. In
additive manufacturing, SMAs find applications in creating
self- healing and shape-changing components. For example,
in the aerospace industry, SMASs can be used to manufacture
adaptive wings that change shape based on flight conditions
(Ma, et al., 2016). SMAs also have potential in medical
applications, such as orthodontic arch wires that exert
constant gentle pressure on teeth (Schmitt, et al., 2015).

» Shape Memory Polymers (SMPs):

Shape memory polymers are another type of smart
material that can change their shape in response to
temperature or other external stimuli. In additive
manufacturing, SMPs enable the creation of objects with
temporary shapes that can be recovered upon triggering. This
property is utilized in applications such as self-assembling
structures, deployable structures, and smart textiles (Liu, et
al., 2018). The medical field also benefits from SMPs, as they
can be used for minimally invasive surgical tools and drug
delivery systems (Pei, et al., 2014).

» Conductive and Magnetic Materials:

Additive manufacturing allows for the integration of
conductive and magnetic materials into complex geometries,
offering new possibilities for electronics and sensing
applications. Smart materials with conductive properties,
such as graphene and carbon nanotubes, can be 3D printed to
create functional electronic devices, including sensors and
flexible circuits (Khan, et al., 2015). Additionally, the
incorporation of magnetic particles into printed objects
enables the development of magnetic actuators and shape-
changing structures (Wang, et al., 2019).

» Hydrogels:

Hydrogels are smart materials that can retain large
amounts of water while maintaining their structure. In
additive manufacturing, hydrogels have found applications in
tissue engineering and biomedical devices. 3D-printed
hydrogel scaffolds provide a supportive environment for cell
growth and regeneration (Gao, et al., 2016). Hydrogel-based
bioactive sensors and drug delivery systems are also being
explored in the medical field (Mondal, et al., 2021).

> Photopolymers:

Photopolymers are widely used in additive
manufacturing due to their ability to solidify when exposed
to light. Within the realm of smart materials, photopolymers
offer the advantage of photo responsive properties. By
incorporating light-sensitive additives, 3D- printed objects
can exhibit functionalities such as light-induced shape
changes, color changes, and tunable optical properties (Khan,
et al., 2018). These materials have applications in optics,
photonics, and responsive surfaces.
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1. BENEFITS OF SMART MATERIALS IN
ADDITIVE MANUFACTURING

The integration of smart materials in additive
manufacturing brings several benefits. Firstly, it enables the
creation of multifunctional structures. By incorporating smart
materials, a single component can perform multiple tasks,
reducing complexity and assembly time (Liu et al., 2018; Ma
et al., 2020). This integration eliminates the need for separate
components and allows for the consolidation of
functionalities within a single printed part. Secondly, smart
materials enable the production of adaptive and self-healing
structures. By incorporating materials that can respond to
external stimuli, additive manufacturing opens up
possibilities for creating structures that can adapt to changing
conditions or repair themselves when damaged. This has
implications in areas such as aerospace, automotive, and
consumer electronics, where durability and reliability are
essential (Yu et al., 2019; Wang et al., 2021). Thirdly, the use
of smart materials in additive manufacturing facilitates the
development of novel devices with unique functionalities.
For example, 3D-printed structures with embedded
piezoelectric materials can be used as sensors or actuators for
precise control and manipulation (Meng et al., 2019; Yang et
al., 2020). This opens up new avenues for advancements in
fields such as robotics, haptics, and wearable technology.
Smart materials, characterized by their ability to respond to
external stimuli, have become a vital component in additive
manufacturing (AM). The integration of smart materials into
the 3D printing process offers a multitude of benefits,
including enhanced functionality, customization, material
efficiency, complex geometries, rapid prototyping, and more.
This write-up delves into the advantages of utilizing smart
materials in additive manufacturing, highlighting their
potential in various industries.

» Enhanced Functionality:

Smart materials bring enhanced functionality to printed
objects in additive manufacturing. Shape memory alloys and
polymers, for instance, enable the creation of components
that change shape in response to temperature or other stimuli.
This property leads to the development of self-repairing
structures, adaptive systems, and shape- changing objects
(Frenzel et al., 2019). Such enhanced functionality opens up
new possibilities across industries, including aerospace,
automotive, and healthcare.

» Customization and Personalization:

Smart materials in additive manufacturing facilitate
customization and personalization of printed objects. By
precisely controlling material properties during the printing
process, tailored products that meet specific requirements can
be produced. In the healthcare industry, smart materials allow
for the creation of personalized prosthetics, implants, and
orthopedic devices that fit an individual's anatomy with
precision (Paterson et al., 2020). Customization also extends
to consumer goods, where smart materials enable the
production of personalized wearables, home appliances, and
accessories.
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» Material Efficiency and Waste Reduction:

Additive manufacturing with smart materials offers
improved material efficiency and reduced waste generation
compared to traditional manufacturing methods. Smart
materials allow for optimized resource usage by depositing
only the necessary amount of material to create the desired
object (Berman, 2012). This approach minimizes material
waste, lowers production costs, and contributes to sustainable
manufacturing practices.

» Complex Geometries and Design Freedom:

The integration of smart materials into additive
manufacturing facilitates the creation of complex geometries
and designs that were previously unachievable using
conventional manufacturing techniques. Smart materials can
change shape, respond to stimuli, or exhibit unique
properties, enabling the fabrication of intricate structures and
functional features (Ravichandran et al., 2021). This design
freedom offers immense possibilities for industries such as
aerospace, architecture, and electronics. Complex geometries
made possible by smart materials can enhance product
performance, reduce weight, and optimize functionality.

> Rapid Prototyping and Iterative Design:

The utilization of smart materials in additive
manufacturing enables rapid prototyping and iterative design
processes. With smart materials, functional prototypes can be
quickly fabricated and tested, accelerating the product
development cycle. This allows for faster iterations, design
improvements, and quicker time-to-market (Senthilkumaran
et al., 2020). Smart materials serve as valuable tools for
design validation and performance testing, fostering
innovation and optimization.

» Improved Sensing and Actuation:

Smart  materials  incorporated  into  additive
manufacturing enable improved sensing and actuation
capabilities. For example, the integration of conductive
materials and sensors allows for the creation of printed
objects with embedded electronic functionalities (Zarek et
al., 2016). This opens up avenues for applications such as
flexibe electronic devices and self-sensing structures, which
can provide real-time feedback and response to
environmental conditions.

» Self-Healing Structures:

Smart materials in additive manufacturing contribute to
the development of self-healing structures, where printed
objects can repair themselves when damaged. By
incorporating self-healing polymers or materials with shape
memory properties, cracks or deformations in the structure
can be automatically repaired or reverted (Yang et al., 2018).
This capability has potential applications in various
industries, including  aerospace, automotive, and
infrastructure, where durability and maintenance are critical
factors.
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» Energy Efficiency:

Additive manufacturing with smart materials offers
energy-efficient production processes. The ability to
precisely deposit materials in specific areas reduces energy
consumption compared to traditional manufacturing methods
that involve extensive material removal (Yap et al., 2015).
Additionally, the potential for localized production and on-
demand manufacturing reduces transportation-related energy
requirements and carbon emissions.

» Integration of Multiple Functions:

Smart materials in additive manufacturing allow for the
integration of multiple functions within a single printed
object. By selectively depositing different smart materials
with distinct properties, objects can exhibit a combination of
functionalities. This integration reduces the need for
assembly and multiple manufacturing steps, leading to
improved efficiency and reduced production complexity
(Gibson et al., 2015).

» Improved Product Performance:

The integration of smart materials into additive
manufacturing contributes to improved product performance.
Smart materials can enhance properties such as strength,
durability, conductivity, and thermal characteristics, making
printed objects better suited for their intended applications
(Ravichandran et al., 2021). This can lead to increased
product lifespan, reduced maintenance requirements, and
improved overall performance in industries such as
automotive, aerospace, and electronics.

» Biocompatibility and Biomedical Applications:

Smart materials in additive manufacturing have
significant applications in the biomedical field. The ability to
print complex geometries and incorporate functional
properties allows for the creation of customized medical
implants, drug delivery systems, and tissue scaffolds (Malda
et al., 2013). Smart materials, such as hydrogels and shape
memory polymers, offer biocompatibility and the potential
for patient-specific solutions, revolutionizing healthcare
practices.

» Reduced Cost and Time-to-Market:

Additive manufacturing with smart materials can
reduce costs and time-to-market for new products. The
ability to rapidly prototype and iterate designs using smart
materials enables faster product development cycles, leading
to reduced design and manufacturing costs (Senthilkumaran
et al., 2020). Additionally, the elimination of tooling and the
potential for on-demand manufacturing reduce upfront
investment and inventory costs.

» Environmental Sustainability:

The use of smart materials in additive manufacturing
contributes to environmental sustainability. By minimizing
material waste, optimizing resource usage, and reducing
energy consumption, additive manufacturing with smart
materials aligns with sustainable manufacturing practices.
This has positive implications for industries striving to
minimize their ecological footprint and meet environmental
regulations.
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» Design Optimization and Light-Weighting:

Smart materials in additive manufacturing enable
design optimization and light- weighting of printed objects.
The ability to create complex geometries, incorporate lattice
structures, and tailor material properties allows for weight
reduction without compromising structural integrity (Liu et
al., 2018). This is particularly advantageous in industries
such as aerospace and automotive, where lightweight
components are crucial for fuel efficiency and performance.

> Versatility and Innovation:

Additive manufacturing with smart materials offers
versatility and fosters innovation. The diverse range of smart
materials available allows for the creation of novel products
with unique functionalities. Researchers and engineers can
experiment with various smart materials, pushing the
boundaries of what is possible and driving technological
advancements across industries.

V. CHALLENGES AND LIMITATIONS

While smart materials offer numerous benefits, their
integration into additive manufacturing processes is not
without challenges and limitations. One major challenge lies
in the compatibility of smart materials with additive
manufacturing techniques. The processing requirements of
smart materials may differ from conventional materials,
requiring adjustments to printing parameters, such as
temperature and extrusion rates (Lind et al., 2018; Chuacetal.,
2020). The development of specialized printing techniques
and equipment to accommodate smart materials is an ongoing
research area. Another challenge is the limited availability
and high cost of smart materials compared to traditional
manufacturing materials. This can hinder their widespread
adoption, particularly in large-scale production (Gonzalez et
al., 2020; Wang et al., 2021). Efforts are being made to
develop cost-effective approaches for synthesizing and
processing smart materials suitable for additive
manufacturing. Furthermore, the mechanical properties of
smart materials may differ from conventional materials,
necessitating careful consideration of design constraints and
material ~ characterization. Material ~ testing  and
characterization techniques specific to smart materials are
required to ensure consistent and reliable performance (Park
et al., 2017; Zhou et al., 2021). Standardized testing methods
and material property databases for smart materials in
additive manufacturing are areas of ongoing research.

V. FUTURE PROSPECTS AND RESEARCH
DIRECTIONS

The field of smart materials in additive manufacturing
holds great potential for future advancements. Researchers
are focused on developing new material formulations tailored
for additive manufacturing processes. This includes
exploring novel combinations of polymers, nanoparticles,
and additives to enhance material properties, processability,
and compatibility with 3D printing technologies (Huang et
al., 2021; Chen et al., 2022). Advancements in printing
technologies and post-processing techniques are also being
pursued to improve the integration of smart materials into
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existing additive manufacturing workflows. This includes
the development of specialized printing heads or nozzles,
improved deposition methods, and advanced post-processing
techniques for curing or activating smart materials (Tian et
al., 2020; Li et al, 2021). In addition, material
characterization techniques and simulation tools are being
developed to optimize printing parameters and predict
material behavior. This includes advancements in
computational modeling, finite element analysis, and
machine learning algorithms to predict the mechanical,
electrical, or thermal properties of smart materials and their
response to external stimuli (Wu et al., 2022; Liu etal., 2023).

VI. CONCLUSION

The integration of smart materials in additive
manufacturing offers significant opportunities for enhancing
product functionalities and expanding design possibilities.
Shape memory alloys, piezoelectric materials, and stimuli-
responsive polymers have shown promise in various
industries, including aerospace, healthcare, and consumer
electronics. While challenges related to material
compatibility, cost, and design considerations exist, ongoing
research and development efforts are addressing these
limitations. The future of smart materials in additive
manufacturing looks promising, with advancements in
material formulations, printing technologies, and simulation
tools driving the field forward.

REFERENCES

[1]. Amit Bandyopadhyay, Bryan Heer. (2018). Additive
manufacturing of multi-material structures. Materials
Science and Engineering: R: Reports, 129, 1-16.

[2]. Berman, B. (2012). 3-D printing: The new industrial
revolution. Business Horizons, 55(2), 155-162.

[3]. Bikas, H., et al. (2016). Additive manufacturing
methods and modeling approaches: A critical review.
International Journal of Advanced Manufacturing
Technology, 84(1-4), 835-857.

[4]. Campbell, T. A, et al. (2011). Additive
manufacturing: Rapid prototyping comes of age.
Rapid Prototyping Journal, 17(3), 216-222.

[5]. Chen, D., et al. (2017). A review of 3D printing in
construction, its applications, and future directions. 3D
Printing and Additive Manufacturing, 4(4), 216-232.

[6]. Chen, S, Yang, Y., Zhang, M., Chen, Y., Huang, Y.,
Guo, S., & Luo, Z. (2019). Design and fabrication of
4D-printed shape memory alloy actuators with
multiple shape memory effect. Materials & Design,
173, 107789.

[7]. Chen, X., Zeng, X., & Wang, L. (2022). Additive
manufacturing of smart materials:  Progress,
challenges, and future perspectives. Applied Materials
Today, 24, 101216.

NISRT25JUL1381

(8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

WWW.ijisrt.com

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/25jul 1381

Chua, C. K., Leong, K. F., & Lim, C. S. (2020). 3D
printing and additive manufacturing: Principles and
applications. World Scientific Publishing Co Pte Ltd.
David, E., et al. (2018). Material issues in additive
manufacturing: A review. Journal of Materials
Science, 53(1), 45-97.

Frenzel, T., et al. (2019). Shape memory alloys in
additive manufacturing: A review. Materials &
Design, 180, 107898.

Gao, G., et al. (2016). 3D bioprinting of complex
channels within cell-laden hydrogels. Scientific
Reports, 6, 1-9.

Gibson, 1., et al. (2015). Additive Manufacturing
Technologies: 3D Printing, Rapid Prototyping, and
Direct Digital Manufacturing. Springer.

Gonzalez, L., Rivadeneira, J., Villegas, J., & Uribe, S.
(2020). Smart materials in additive manufacturing: A
review. Virtual and Physical Prototyping, 15(4), 334-
349.

Guo Liu, Xiaofeng Zhang, Xuliang Chen, Yunhu He,
Lizi Cheng, Mengke Huo , Jianan Yin , Fenggian Hao
, Siyao Chen , Peiyu Wang , Shenghui Yi, Lei Wan,
Zhengyi Mao , Zhou Chen a, Xu Wang , Zhaowenbo
Cao , Jian Lu. (2020). Additive manufacturing of
structural  materials.  Materials  Science and
Engineering: R: Reports, 145, 100596.

Gupta, U., Kumar, M., Dhangar, A., & Bhattacharya,
B. (2017). Shape memory alloy- based smart materials
and structures: a review. Journal of Intelligent
Material Systems and Structures, 28(16), 2183-2214.
Hirt, L., et al. (2017). 3D printing of transparent and
conductive  heterogeneous hydrogel-  elastomer
systems. Advanced Materials, 29(35), 1703403.
Hopkinson, N., et al. (2006). Surface roughness of
parts produced by solid freeform fabrication.
International Journal of Machine Tools and
Manufacture, 46(14), 1413-1418.

Huang, Y., Xu, L., Zhu, B., & Li, J. (2021). Recent
advances and challenges in 3D printing of smart
materials: a review. Virtual and Physical Prototyping,
16(1), 59-83.

Khan, M. A, et al. (2015). 3D printing of electrically
conductive hydrogel composite for biomedical
applications. Journal of Materials Chemistry B, 3(41),
8061-8068.

Khan, M., et al. (2018). Photopolymers in additive
manufacturing technologies. In  Photopolymers:
Photoresist Materials, Processes, and Applications
(pp. 515-538). Elsevier.

Liang-Yu Chen, Shun-Xing Liang, Yujing Liu, Lai-
Chang Zhang. (2021). Additive manufacturing of
metallic lattice structures: Unconstrained design,
accurate fabrication, fascinated performances, and
challenges. Materials Science and Engineering: R:
Reports, 146, 100648.

Li, T., Wang, Z., Xie, T., Guo, Z., & Wang, X. (2020).
3D printing of smart materials: A review on recent
progresses. Composites Part B: Engineering, 188,
107856.

2070


http://www.ijisrt.com/

Volume 10, Issue 7, July — 2025

ISSN No:-2456-2165

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

NISRT25JUL1381

Lind, J., Tolli, H., & Vuorinen, J. (2018). A review of
the fabrication of smart materials by additive
manufacturing. Materials & Design, 139, 243-259.
Lindemann, C., et al. (2019). Additive manufacturing:
State of the art and challenges for expanding its
footprint in industry. International Journal of Precision
Engineering and Manufacturing-Green Technology,
6(4), 1001-1018.

Liu, Y., Chen, Y., & Gao, L. (2018). 3D printing of
shape memory polymer for functional parts and
prototypes: A review. Applied Sciences, 8(5), 777.
Liu, Y., et al. (2018). Shape memory polymers and
their composites in aerospace applications: A review.
Smart Materials and Structures, 27(3), 033001.

Liu, Y., Zhang, Y., & Liu, Y. (2023). Machine
learning-based multi-objective optimization for 4D
printing of shape memory polymer composite
structures. Additive Manufacturing, 50, 102535.

Ma, J., et al. (2016). Applications of shape memory
alloys in civil structures. Smart Materials and
Structures, 25(6), 063002.

Ma, J., Wang, X., Su, J., Hu, X., Huang, Y., & Ding,
Y. (2020). 3D printing of shape memory polymer: a
review on recent advances. Materials & Design, 188,
108461.

Malda, J., et al. (2013). 25th Anniversary Article:
Engineering Hydrogels for Biofabrication. Advanced
Materials, 25(36), 5011-5028.

Mazzoli, A. (2017). Selective laser melting of metal
powders. Materials Science and Technology, 33(9),
1044-1052.

Meng, Y., Zhao, Z., Liu, Y., & Zhang, Q. (2019). 3D
printing of piezoelectric materials for sensors and
actuators: A review. Materials and Design, 164,
107561.

Mondal, A., et al. (2021). Bioactive hydrogel-based
3D printing for bone tissue regeneration. Journal of
Materials Science & Technology, 80, 75-92.

Park, S. J., Shin, U. S., & Jung, H. D. (2017). Three-
dimensional printing of high- temperature
piezoelectric materials for flexible energy harvesting.
Applied Energy, 185, 51-57.

Paterson, A., et al. (2020). Additive manufacturing of
smart materials for personalized medical devices.
Applied Sciences, 10(14),5022.

Pei, X., et al. (2014). Shape-memory polymers and
their composites in biomedical applications. ACS
Applied Materials & Interfaces, 6(17), 13979-13992.
Ravichandran, R., et al. (2021). Smart materials and
4D printing in additive manufacturing: A state-of-the-
art review. Journal of Manufacturing Processes, 66,
205- 226.

Schmitt, J. M., et al. (2015). Shape memory alloy
actuators in smart medical devices. Journal of Medical
Engineering & Technology, 39(5), 263-269.
Senthilkumaran, K., et al. (2020). Additive
manufacturing for  functional prototypes: A
comprehensive review. Journal of Manufacturing
Systems, 56(Part B), 451-469.

[40].

[41].

[42].

[43].

[44].

[45].

[46].

[47].

[48].

[49].

[50].

[51].

[52].

WWW.ijisrt.com

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/25jul 1381

Sodano, H. A., Inman, D. J., & Park, G. (2020).
Piezoelectric materials for energy harvesting and self-
powered sensors. Journal of Intelligent Material
Systems and Structures, 31(5), 613-636.

Tian, Y., Wang, L., Yang, S., Wang, C., & Sun, L.
(2020). Developments of 3D printing techniques and
materials in biomedical engineering. Current Opinion
in Biomedical Engineering, 14, 166-178.

Vaezi, M., et al. (2013). Additive manufacturing (3D
printing): A review of materials, methods, applications
and challenges. Rapid Prototyping Journal, 19(2), 118-
135.

Wang, L., Ding, P., & Yuan, C. (2021). A review of
self-healing materials in additive manufacturing:
Approaches, applications, and prospects. Additive
Manufacturing, 45, 102012.

Wang, Z., et al. (2019). 3D printing of magnetic shape
memory polymer composite for multi-field responsive
actuators. Smart Materials and Structures, 28(8),
085014.

Wong, K. V., et al. (2012). A review of additive
manufacturing. ISRN Mechanical Engineering, 2012,
1-10.

Wu, Z., Jin, L., Cao, Y., Zhang, W., & Chen, Z.
(2022). A review on 3D-printed smart materials and
structures: principles, processes, and applications.
Journal of Intelligent Material Systems and Structures,
33(1), 3-26.

Yang, B., et al. (2018). Self-healing in additive
manufacturing: A review. Journal of Manufacturing
Processes, 32, 684-701.

Yang, Y., Chen, X., Zhang, X., & Zeng, X. (2022). 3D
printing of piezoelectric materials for sensor and
actuator applications: A review. Journal of Intelligent
Manufacturing, 31(2), 285-301.

Yap, Y. L., et al. (2015). Additive manufacturing of
metals: A brief review of the characteristic
microstructures and properties of steels, Ti-6Al-4V
and high-entropy alloys. Scientific Reports, 5, 1-14.
Yu, K., Ricci, F., Zhu, C., Cui, X., Liu, Y., Wei, J,, ...
& Wu, D. (2019). 3D printing of self-healing
materials: a review. Smart Materials and Structures,
28(4), 043001.

Zarek, M., et al. (2016). 3D printing of shape memory
polymers for flexible electronic devices. Applied
Physics Letters, 108(26), 261902.

Zhou, S., Zhang, L., Lu, L., & Zhang, Y. (2021). 4D
printing of shape memory polymers: A review.
Composites Part B: Engineering, 218, 108985.

2071


http://www.ijisrt.com/

	I. INTRODUCTION
	II. APPLICATIONS OF SMART MATERIALS IN ADDITIVE MANUFACTURING
	III. BENEFITS OF SMART MATERIALS IN ADDITIVE MANUFACTURING
	IV. CHALLENGES AND LIMITATIONS
	V. FUTURE PROSPECTS AND RESEARCH DIRECTIONS
	VI. CONCLUSION

