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ABSTRACT-

The traditional production process has been changed by 3D printing technology, presenting both new potential and difficulties. This study examines present trends
and potential futures to examine how 3D printing has affected the manufacturing sector. The report offers a thorough analysis of the benefits and drawbacks of
adopting 3D printing in manufacturing, taking into account factors like cost effectiveness, customer customization, and product quality. The report also looks into
how the market for 3D printing is doing right now, identifying important companies and the future possibilities of this ground-breaking technology. The report
finishes with a review of the potential applications of 3D printing in production, including the possibility of a manufacturing revolution and the anticipated effects
on the world economy.
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1. Introduction

Additive Manufacturing (AM), including 3D printing, is a technique that employs computer control to add successive layers of material on top of each
other, resulting in the production of three-dimensional objects. In contrast to conventional technologies such as sand moulding, machining, etc.,
complicated geometries and intricate shapes are easily replicated in a short amount of time since material is added layer by layer. A suitable computer
application is used to create a 3D model of the desired product, which is then loaded straight into the printer.

Although Hideo Kodama of the Nayoga Municipal Industrial Research Centre is widely recognized as the creator of the first solid object printed from a
digital design, Charles Hull is often credited as the inventor of the first 3D printer. Hull founded 3D Systems Corp. and pioneered the stereolithography
solid imaging technique as well as the STL (stereolithographic) file format, which remains the most commonly used file type for 3D printing today.

Since the invention of the first 3D printer in 1984, technological developments have made it less expensive and simpler to manufacture these printers on
a big scale. Beginning in the early 2010s, the phrases 3D printing and additive manufacturing have evolved to serve as two distinct umbrella categories
for AM technologies, with one being used indiscriminately by consumer maker groups and the media and the other by industrial AM end-use component
makers, AM machine manufacturers, and international technical standards organisations. Both names refer to the same technology, which is the successive
addition and connecting of layers of material throughout a 3D work envelope under automated control.

e  Principles behind 3D Printing

a) Modelling: Using computer programmes like Blender and CAD software, a 3D model of the final product is created. The model's size and shape
will vary on the requirements, but the fundamental idea—converting the object to be created into an electronic or digital format so a computer can
easily oversee production—remains the same.

b)  Printing: The produced model is then fed into a program called Slicer that divides the model into series of thin layers to be worked upon and this
data is then converted into G-code automatically for the printer. There are Open-Source slicer program available of which are commonly used for
this purpose. In order to create a model from a set of cross-sectional pieces derived from a CAD model, a 3D printer uses G-code instructions to
deposit successive layers of liquid, powder, or sheet material. These layers correspond to the virtual cross-sections of the CAD model and are fused
together to produce the final shape of the model.

¢) Finishing: The object produced can readily be used without any machining operation required. Or The specific finishing process may be used
depending on the material, geometry, and intended use of the 3D-printed part.

. Processes used in 3D printing
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a)

b)

c)

d)

Stereolithography: Using photochemical processes, stereolithography—also referred to as vat photopolymerization or resin printing—is a unique
3D printing technique used to build models, prototypes, patterns, and production parts layer by layer. Chemical monomers and oligomers are
incident with light, often ultraviolet. These photosensitive compounds solidify chemically under the influence of light to form the three-dimensional
solid's body. In addition to numerous other uses, stereolithography is used to create prototypes, goods that are still in development, medical models,
and computer hardware. Although it is quick and can manufacture practically any design properly, the method is pricey.

Selective Laser Sintering (SLS): Selective laser sintering involves the fusion of powder using high energy laser. The laser melts powdered material
such as Plastic, Glass, Metal or Ceramic by precisely aiming on specific points of cross-section on powder surface as determined by the modeling
software. This fusion generates object of desired geometry and dimensions. The density of finished area depends on peak power of laser. For this
purpose, the powder is generally heated to a temperature just below its melting point and pulsed laser beam is used. Because the finished part is
surrounded by sintered powder intricate geometries can be easily generated without the need of overhanging gear or supporting fixture.

Electron Beam Additive Manufacturing: Using an electron beam and metal powders in a high vacuum atmosphere, electron beam additive
manufacturing builds up a solid mass layer by layer. This process creates fully dense metal pieces with the desired properties directly from metal
powder. The EBM machine applies successive layers of powdered material after reading data from a 3D CAD model. An electron beam that is
controlled by a computer is used to melt these layers together. The procedure is suitable for producing parts made of reactive materials with a strong
affinity for oxygen, such as titanium, because it is performed under vacuum.

Metal Additive Manufacturing: Metal additive manufacturing uses metal powder using which layers are made and each layer is held together using
a bonding adhesive. Different types of metal additive techniques are present in the market.

2. Current Trends

1)  Automated Assembly

2)  Acceleration of Digital Information Coding Into 3D Printed Textures
3) Rise in demand of 3D thinking

4)  Customization of product on individual and mass scale

5) Increase in efficiency of supply chain

6) Introduction of advance software and Al

Automated assemblies

Automated assembly system is a combination of automated and mechanized devices that are used to perform set of tasks during manufacturing process.
Large industries favour automated assembly system for the manufacturing and the assembling of product for its large volume handling capacity, ease in
material handling, less interference of labour, low percentages of defective product manufacturing and reduction in operation time all of which in turn
helps in increasing profit.

An automated assembling systems basic requirement are:

&)
2)
3)

4)

High production rates
Stable and continuous production
Assembly of product is comprised of limited components

Product is assembly compatible

Automated assembly is different from machining as it doesn’t have large force to do machining of parts. Its popularity stems from the fact that it can
deliver speed and precision in product assembly. These factors make it not only cost effective but help the manufacturer meet supply demand. Setting an
assembly line is capital intensive job and making a product assembly line compatible is not all businesses can take this risk.

Various types of system are discussed below.

In-line assembly machine system:

In this type of arrangement automated machines are present in a straight line and assembling happens one machine at a time and then moves to second
machine. Used to handle both synchronous and asynchronous type of work transfer.

Dial-indexing machine:

A circular dial table's fixtures or nests are used to load base parts, while workstations positioned around the dial's perimeter are used to add components
to the base part.

Carousal assembly system:
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A hybrid between circular work flow of dial type and straight work flow of in-line system. The workstation kind of forms a loop in which the starting
base and ending base is located near and the product goes around the system

Single station assembly:

Assembly operation in this system is performed on the base part at a single point, sometimes using robot in the assembly process.

Nowadays the design trend changes every now and then based on market demand and customers mood. High competition in market, product designing
has to stay updated with market causing the requirement of a flexible system to be high. To achieve flexibility custom machines, have to be made
according to job demand which is a very capital-intensive decision.

The second problem is the requirement of space required to install the machines since they can be small or large depending on type of work and the
number of tasks they can perform.

The third problem that arises is that they need a stable and continuous product design to work efficiently. For large industries such as that in automobile
sector, health sector whose production rates are high installing an automated assembly system is an easy task. Small Businesses and such whose production
depend on season and market demand cannot afford an automated system for production either because of lack of capital or not a stable supply of product
design.

These types of problems are solvable using 3D printing techniques. 3D printing techniques don’t rely on individual parts, rather they make product from
start to finish without using parts/component separately in one place and they don’t even need machining as they already have high surface finish. Thus,
the need for automated machines and extra parts are eliminated. The manufacturer doesn’t need to stock on parts as the product is made in one go.

e  Acceleration of Digital Information Coding and 3D Printed Textures

IT sector is growing at a large scale globally and bringing in new technological advancement with it. Digital information coding refers to the process of
converting real world object in machine code for more interactive and real-life experience of objects in software.

One example is NVIDIA's Ray-tracing technology which uses new and more enhanced rendering engines for creating real world light characteristic in
object digitally. This helps in near to real world experience increasing the user engagement with software.

The characteristics of a real-world object is observed and stored into codes. The use of this information for creating texture of an object helps in creating
more depth finish of the product.

This provides with the opportunity of creating object closure to real world definition using just printing without the use of machining.

Not only this but by using advance 3D printing technique, digital information can easily be coded onto the surface of the product providing with a bigger
information payload about the product rather than just the serial number. And this information can either be made visible or hidden. This is one way to
tag product so that both human and machine can read the product whenever required. Furthermore, tagging each part and storing into a database will
ensure tracking is easy.

. Rise in demand of 3D technique

Individuals now have access to global ideas thanks to smart devices with worldwide connectivity, which encourages innovation. Soon, 3D printing
technology will be widely used in homes, enabling people to create unique designs and goods. The demand for 3D printing methods has increased as a
result, and new materials are being created to boost printing capabilities while maintaining affordability. For instance, sheet metal additive manufacturing
employs metal powder to create objects with specified properties, altering the metal ratio in the powder to produce the required effects.

Now pre-designed 3D models are available on internet which one can use for reference and change its dimension to suit his need and make product at
home. This is made convenient with the rise in 3D technique types. Follow these steps to print at home using 3d printer:

. Downloading the model from internet

. Uploading the model in slicer program and get g-code and m-codes
e  Transferring the codes in 3D printer

e  Printing the model

One may develop and modify the product several times to suit his needs using these four procedures. Using continuous carbon fibres and thermosetting
polymers, a team of researchers from the University of Delaware have created a 3D printing process that enables the flexible, affordable manufacture of
products composed of fibre-reinforced polymer composites. Their results were recently published in the journal Matter. There is still time until full
potential of 3D printing can be seen.

Customization of product on individual and mass scale

By making personalization possible and inexpensive, 3D printing has changed the industrial industry. In contrast to conventional manufacturing methods,
which necessitate costly molds or tooling, 3D printing enables the production of distinctive items without incurring a considerable cost. This has made it



International Journal of Research Publication and Reviews, Vol 4, no 4, pp 5483-5489 April 2023 5486

possible for both individualized customization and mass customization, enabling businesses to design products that are tailored to the unique requirements
and tastes of their customers.

In addition, 3D printing has created new avenues for product innovation and design by making detailed designs and complicated geometries that were
previously impractical or impossible to produce. We may anticipate even higher degrees of personalization and innovation in the industrial sector as
technology continues to advance.

. Increase in efficiency of supply chain

3D printing can significantly increase supply chain efficiency by allowing on-demand production of parts and products, reducing inventory costs and lead
times. For example, companies can produce spare parts on-demand, reducing the need for large inventories and improving maintenance and repair
operations' responsiveness. On-demand production also reduces transportation costs and associated emissions by producing parts closer to end-users.
Furthermore, 3D printing offers supply chain flexibility and adaptability, allowing companies to quickly adjust production to respond to changes in
demand or supply chain disruptions. While more efficient printing technologies and materials are needed, the benefits of on-demand production are
already being realized by companies in various industries. With further technological advancements and wider adoption, we can expect to see even more
improvements in supply chain efficiency and resilience.

. Introduction of advance software and Al

The development of 3D printing in the manufacturing sector has been significantly aided by the incorporation of cutting-edge software and Al. The
production process has been streamlined and more sophisticated designs have been made possible by these technologies. In order to improve the quality
of printed parts and streamline the printing process, machine learning algorithms can be utilised. This reduces the need for manual inspection and
correction. Al can also be used to find trends in errors or faults and enhance the entire manufacturing process by analysing data from sensors. Software
and artificial intelligence have also made it simple for designers and engineers to produce extremely sophisticated and detailed designs, cutting down on
the time and expense involved in the design process.

As 3D printing continues to evolve and become more widely adopted, we can expect to see even greater integration of advanced software and Al into the
manufacturing process. This will enable manufacturers to create highly complex and innovative products with greater speed, efficiency, and quality, and
to better meet.

3. Potential future upgrades

A. Enhanced efficiency and productivity: They are one of the key areas of 3D printing technology development. Nowadays, printing 3D items can
be a time-taking process, especially when producing larger and more complicated objects. This can be caused by a number of things, such as how
quickly the printing material is applied, whether layers need to cool between them, and how long it takes to alter the printing bed or the printer's
parameters. As a result, efforts are being undertaken to increase the 3D printing process' speed and effectiveness so that it will be more useful and
affordable for a wider range of applications.

e  Using several print heads is one technique to increase the speed and effectiveness of 3D printing. In order to create objects that require several
materials, such as those that are flexible in some places and hard in others, multiple print heads can print multiple materials at once. By requiring
fewer print runs to produce the object, this can decrease the total print time and improve efficiency.

e  Creating novel printing materials that can be deposited more quickly or with fewer layers is another strategy for enhancing 3D printing's speed and
effectiveness. For instance, scientists are developing materials that can be heated or lit to cure them, eliminating the requirement for chilling between
layers. Moreover, some 3D printing techniques, such Continuous Liquid Interface Production (CLIP), employ a layer less technique that allows for
the faster and more efficient production of items.

e  Optimizing the printing process itself is another tactic to increase the 3D printing process's speed and effectiveness. This may involve creating new
algorithms to more effectively slice 3D models into printable layers or tweaking the design of the printing head or the printer's software. In some
instances, combining these tactics can help to further speed up and improve the effectiveness of 3D printing.

B. Advanced materials: A variety of advanced material types, each with a distinct set of features and applications, are now being developed and
employed in 3D printing. These materials include, as examples:

. Conductive materials: Circuits, sensors, and other electronic components can be built with these materials and integrated into 3D-printed things.
Typically, conductive materials are created by mixing plastic with conductive substances like copper powder or carbon black.

. High-performance polymers: Unlike conventional 3D printing polymers like ABS or PLA, high-performance polymers have improved mechanical,
thermal, or chemical qualities. Applications for these materials typically include aerospace, automotive, and medical equipment. PEEK, ULTEM,
and PEKK are a few high-performance polymers as examples.
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. Materials that have the capacity to restore themselves when injured are known as self-healing materials. These materials are often employed in
applications like biomedical implants or corrosive-prone parts. Microcapsules containing a healing ingredient are combined with a polymer matrix
to create self-healing materials.

. Shape memory materials: These are substances that may alter their shape in response to stimuli like changes in temperature or light. Applications
for these materials often include robotics, aircraft, and medical devices. Shape memory alloy particles and a polymer matrix are combined to create
shape memory materials.

C. Customization: Customization is a key advantage of 3D printing, allowing users to create objects that are tailored to their specific needs and
preferences. With 3D printing, objects can be easily customized by modifying the 3D model used to create them. This allows users to create objects
that are unique and personalized, with specific shapes, sizes, and features that are not possible with traditional manufacturing methods.

. One of the key benefits of customization in 3D printing is the ability to create objects that are tailored to a specific individual's needs or
preferences. For example, in the medical field, 3D printing is being used to create customized prosthetics and implants that are designed to fit
the specific anatomy of each patient. Similarly, in the fashion industry, 3D printing is being used to create custom-fitted garments and
accessories that are designed to fit the individual shape and size of each wearer.

D. Miniaturization: Miniaturization is the process of making small-scale objects or devices, and it is an important aspect of 3D printing technology.
With 3D printing, it is possible to create objects that are much smaller than those produced with traditional manufacturing methods, making it an
ideal technology for the production of miniature objects and devices.

. One of the key benefits of miniaturization in 3D printing is the ability to create objects with intricate details and complex geometries. With
traditional manufacturing methods, creating objects with small or intricate features can be difficult or even impossible. However, with 3D
printing, these objects can be easily created using a range of materials, including plastics, metals, and ceramics. This allows designers to create
miniature objects with high levels of detail and precision, such as tiny gears, intricate jewellery pieces, or dental implants.

e Another advantage of miniaturization in 3D printing is the ability to create custom-fit objects. With traditional manufacturing methods, creating
custom-fit objects, such as hearing aids or dental aligners, can be a complex and time-consuming process. However, with 3D printing, these
objects can be easily created using digital models that are customized to fit the individual needs of each user. This allows for a more personalized
and efficient production process.

e  Miniaturization in 3D printing also has the potential to revolutionize fields such as medicine and electronics. For example, in the medical field,
3D printing is being used to create miniature implants and devices that can be inserted into the body with minimal invasion. In the electronics
industry, 3D printing is being used to create miniature circuits and sensors that can be integrated into a range of devices, from smartphones to
wearables.

E. Integration with other technologies: Integration with other technologies refers to the ability of 3D printing to work in conjunction with other
technologies, such as scanning, CAD (computer-aided design) software, and automation systems. By integrating with these other technologies, 3D
printing can be used to create highly complex objects

F.  and systems that are tailored to the specific needs of a given industry or application.

. One of the key benefits of integration with other technologies is the ability to capture and digitize real-world objects and convert them into
3D models that can be used for printing. For example, 3D scanners can be used to capture the shape and dimensions of an object, and the
resulting data can be used to create a 3D model that can be printed using a 3D printer. This allows for the creation of highly accurate and
detailed replicas of real-world objects, such as historical artifacts or works of art.

The Anticipated Effects on the World Economy

The potential uses for 3D printing in manufacturing are enormous and might spark a revolution in the industry. With the help of 3D printing, products
can be made altogether differently, cutting out the use of conventional production processes completely. Significant cost reductions, shorter lead times,
and greater production flexibility could result from this.

The entire economy could be significantly impacted by 3D printing. It's probable that many employments in conventional manufacturing industries will
be lost as a result of the ability to make items more cheaply and effectively. Yet, the addition of new jobs in the 3D printing sector and associated fields
like design and engineering may compensate for this displacement.

In addition to eliminating jobs, 3D printing might also affect international trade. The demand for international trade may be lessened if commaodities could
be produced locally. For nations whose economies rely on foreign trade, this might have severe ramifications.

Conclusion

In conclusion, 3D printing technology has brought significant changes to the traditional production process, with both potential and challenges. This
report has examined the present trends and future possibilities of 3D printing in the manufacturing sector, taking into account factors like cost
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effectiveness, customer customization, and product quality. We have analysed the benefits and drawbacks of adopting 3D printing in manufacturing, and
identified important companies in the market. The potential applications of 3D printing in production, including the possibility of a manufacturing
revolution and the anticipated effects on the world economy, are promising. Overall, 3D printing has shown to be a valuable tool for manufacturers, and
with further development and adoption, it has the potential to transform the manufacturing industry in the years to come.

References:

1) Vijayalaxmi Sonkamble, Nitin Phafat. "A current review on electron beam assisted additive manufacturing technology: recent trends and
advances in materials design" , Discover Mechanical Engineering, 2023

2)  Anketa Jandyal, lkshita Chaturvedi, Ishika Wazir, Ankush Raina, Mir Irfan Ul Hag, 3D printing — A review of processes, materials and
applications in industry 4.0, Sustainable Operations and Computers, Volume 3, 2022, Pages 33-42, ISSN 2666-4127

3) S. Dinesh Kumar, A. Ajithram, S. Perumal, R. Premkumar, J. Ekanthamoorthy. "Investigation on natural plant powder reinforced 3D printed
composite absorption properties” , Materials Today: Proceedings, 2023

4)  Saadi, M. A. S. R., Maguire, A., Pottackal, N. T., Thakur, M. S. H., Md., M., Hart, A. J., Ajayan, P. M., Rahman, M. M., Direct Ink Writing:
A 3D Printing Technology for Diverse Materials. Adv. Mater. 2022, 34, 2108855.

5) Dhrutiman Dey, Dodda Srinivas, Biranchi Panda, Prannoy Suraneni, T.G. Sitharam, Use of industrial waste materials for 3D printing of
sustainable concrete: A review Journal of Cleaner Production, VVolume 340, 2022, 130749, ISSN 0959-6526

6) D.Ding, Z. Pan, D. Cuiuri, H. Li, Wire-feed additive manufacturing of metal components: Technologies, developments and future interests,
Int. J. Adv. Manuf. Technol. 81 (1-4) (2015) 465-481.

7) W.C. Lee, C.C. Wei, S.C. Chung, J. Mater. Process. Technol. 214 (2014) 2366-2374.

8)  A. Boschetto, L. Bottini, F. Veniali, Robot. Comput. Integr. Manuf. 41 (2016) 92-101.

9) W.Du, Q. Bai, B. Zhang, Procedia Manuf. 5 (2016) 1018-1030.

10) Z. Hai-ou, R. Wang, L. Liang, W. Gui-lan, Rapid Prototyp. J. 22 (2016) 857-863.

11) Z. Zhu, V. Dhokia, S.T. Newman, in: IEEE Int. Conf. Ind. Eng. Eng. Manag., 2012, pp. 1617-1621.

12) W.J. Sames, F.A. List, S. Pannala, R.R. Dehoff, S.S. Babu, Int. Mater. Rev. 6608 (2016) 1-46.

13) Z.X. Khoo, J.E.M. Teoh, Y. Liu, C.K. Chua, S. Yang, J. An, K.F. Leong, W.Y. Yeong, Virtual Phys. Prototyp. 10 (2015) 103-122.

14) M.Zarek, M. Layani, S. Eliazar, N. Mansour, |. Cooperstein, E. Shukrun, A. Szlar, D. Cohn, S. Magdassi, Virtual Phys. Prototyp. (2016) 1-8.
15) K.Kim, W. Zhu, X. Qu, C. Aaronson, W.R. McCall, S.C. Chen, D.J. Sirbuly, ACS Nano 8 (2014) 9799-9806.

16) D.Raviv, W. Zhao, C. McKanelly, A. Papadopoulou, A. Kadambi, B. Shi, S. Hirsch, D. Dikovsky, M. Zyracki, C. Olguin, R. Raskar, S. Tibbits,
Sci. Rep. 7422 (2014) 1-8.

17) R. Maccurdy, R. Katzschmann, Y. Kim, D. Rus, in, Proc. - IEEE Int. Conf. Robot. Autom., 2016, pp. 3878-3885.

18) E. MacDonald, R. Salas, D. Espalin, M. Perez, E. Aguilera, D. Muse, R.B. Wicker, IEEE Access 2 (2014) 234-242.

19) H. Ota, S. Emaminejad, Y. Gao, A. Zhao, E. Wu, S. Challa, K. Chen, H.M. Fahad, A.K. Jha, D. Kiriya, W. Gao, H. Shiraki, K. Morioka,
20) A.R. Ferguson, K.E. Healy, R.W. Davis, A. Javey, Adv. Mater. Technol. 1 (2016) 1-8.

21) Kreiger, M.A., Mulder, M.L., Glover, A.G., Pearce, J.M., 2014. Life cycle analysis of distributed recycling of post-consumer high density
polyethylene for 3-D printing filament. J. Clean. Prod. https://doi.org/10.1016/j.jclepro.2014.02.009.

22) Lee, H.L., 2004. The triple-A supply chain. Harv. Bus. Rev. Mellor, S., Hao, L., Zhang, D., 2014. Additive manufacturing: A framework for
implementation. Int. J. Prod. Econ. https://doi.org/10.1016/j.ijpe.2013.07.008.

23) Oettmeier, K., Hofmann, E., 2016. Impact of additive manufacturing technology adoption on supply chain management processes and
components. J. Manuf. Technol. Manag. https://doi.org/10.1108/JMTM-12-2015-0113.

24) Pearce, J.M. 2020. A review of open-source ventilators for COVID-19 and future pandemics. F1000Research.
https://doi.org/10.12688/f1000research.22942.2.

25) Ruffo, M., Hague, R., 2007. Cost estimation for rapid manufacturing - Simultaneous production of mixed components using laser sintering.
Proc. Inst. Mech. Eng. B J. Eng. Manuf. https://doi.org/10.1243/09544054JEM894.

26) Salcom and EOS GmBH. 2014. 3D Printing Solutions for Tooling and Mold-Making. http://
www.eos.info/press/customer_case_studies/salcomp.



International Journal of Research Publication and Reviews, Vol 4, no 4, pp 5483-5489 April 2023 5489

27) D. T. Pham and C. Ji, “Design for stereolithography,” Proceedings of the Institution of Mechanical Engineers, vol. 214, no. 5, pp. 635-640,
2000.

28) G. D. Kim and Y. T. Oh, “A benchmark study on rapid prototyping processes and machines: quantitative comparisons of mechanical
properties, accuracy, roughness, speed, and material cost,” Proceedings of the Institution of Mechanical Engineers, vol. 222, no. 2, pp. 201-215,
2008.

29) J. P. Kruth, X. Wang, T. Laoui, and L. Froyen, “Lasers and materials in selective laser sintering,” Assembly Automation, vol. 23, no. 4, pp.
357-371, 2003.

30) H. Kim, C. Jae-Won, and R. Wicker, “Scheduling and process planning for multiple material stereolithography,” Rapid Prototyping Journal,
vol. 16, no. 4, pp. 232-240, 2010.

31) C.lancu, D. Iancu, and A. Stamcioiu, “From Cad model to 3D print via” STL” fifile format,” http://www.utgjiu.ro/revmec/mecanica/pdf/2010-
01/13 Catalin%20lancu.pdf.

32) J.P.Kruth, P. Mercelis, J. van Vaerenbergh, L. Froyen, and M.Rombouts, “Binding mechanisms in selective laser sintering and selective laser
melting,” Rapid Prototyping Journal, vol. 11,no. 1, pp. 26-36, 2005.

33) T. Hwa-Hsing, C. Ming-Lu, and Y. Hsiao-Chuan, “Slurrybased selective laser sintering of polymer-coated ceramic powders to fabricate high
strength alumina parts,” Journal of the European Ceramic Society, vol. 31, no. 8, pp. 1383-1388, 2011.

34) L. Murr, S. Gaytan, D. Ramirez et al., “Metal fabrication byadditive manufacturing using laser and electron beam melting technologies,”
Journal of Materials Science & Technology, vol.28, no. 1, pp. 1-14, 2012.

35) R. Singh, “Process capability study of polyjet printing for plastic components,” Journal of Mechanical Science and Technology, vol. 25, no.
4, pp. 1011-1015, 2011.



