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ABSTRACT : This paper is all about the advanced technology of 3D printing, their implementation in the 

respective fields and its significant contribution in the global world of science and medical. In this paper we will 

deal with the term Additive Manufacturing or 3D Printing and a little bit of its history. Its various applications 

along with the type of materials used in the 3-D are also described. We shall also throw some light on the 

numerous opportunities provided by this emerging technology as well as the risks and challenges related to it. 

Its environmental aspects are also shown in the paper. Lastly the scope and scenario in future potential of 3D 

printing is also evaluated. 
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I. INTRODUCTION 
3D printing can also be referred to as Additive Manufacturing. “Additive Manufacturing— Defined by 

ASTM International (ASTM 2792-12): Additive Manufacturing is a process of joining materials to make objects 

from three dimensional model data, usually layer upon layer, as opposed to subtractive manufacturing 

methodologies. As a new tool in the entrepreneurial toolbox, additive manufacturing system use computer- aided 

design models and 3D scanning systems for production.[1]This technology has changed the world of 

manufacturing. Today any tool can be developed by simply making a 3d model of it or by scanning it with a 3d 

scanner and then just click on “print” and then object can be seen taking shape from a digital to the physical 

reality. 

The AM process begins with a 3D model of the object created with the help CAD software or a 3D 

scanner. AM printer then creates the object layer by layer using a suitable material. This material may vary from 

plastic to molten metal and compounds of carbon. 

The first solid object was printed by the Hideo Kodama of Nagoya Municipal Industrial Research 

Institute. However it was mid 1980s when Charles Hull (Founder of 3D Systems) and Scott Crump (Founder of 

Stratasys) developed a range of technologies now known as 3D printing. Charles Hull is also the pioneer of the 

solid imaging process known as stereo lithography and STL (stereo lithographic) file format which has become 

one of the most widely used file formats for 3D software. [2] 

 

II. BASIC PRINCIPLES OF 3D PRINTING 

A 3D printer works on different technologies which are: 

a. Stereolithography’:  It was invented by Charles Hull in 1986. In this method UV rays are concentrated 

on the surface of the object to be replicated which is made of photopolymer. As the rays strike the 

object, the required model is created. 

b. Fused Deposition Modeling (FDM): It was patented by Stratasys. In this process, filament of plastic 

modeling material and soluble support material are fed from auto-loading carries in the material bay up 

to the extrusion head. There, the materials are heated to a semi-liquid state, forced through dual up to the 

extrusion tips and precisely deposited onto the modeling in extremely fine layers. The print head moves 

in X-Y direction and the modeling base moves in the Z-axis. 

c. Selective Laser Sintering: In this technology powdered material is used instead of liquid resin. Nylon, 

ceramics, glass, aluminum, steel or silver. 

d. Selective Laser Melting: In this process the powder material used in the printer is melted instead of 

combining them. 

e. Electronic Beam Melting: 3D printers use the electron beam instead of UV rays. 
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f. Laminated Object Manufacturing: In this process the plastic, paper, or metal are glued together and after 

that they are cut with laser to give them the desired shape.[3] 

 

III. CLASSIFICATION OF VARIOUS TYPES OF 3-D PRINTING 
Based on the fact that 3D printers work on various technologies, there are many types of printers 

available in the stores. These printers vary from expensive and multi-head printer to cheap printers which can be 

easily bought and used in homes and offices. They can also be classified on the basis of the type of materials 

used.  

The different types of materials used are FDM Thermoplastics, Polyjet Photopolymer, WDW materials 

etc. Recently chocolate has also been used as a material in 3D printer. Other materials such as carbon compounds 

and combination of different element are also being tested. 

Nowadays 3D printers are also used in the field of medical science to repair tissue cells and to replicate 

the body organs. Ears, kidney and heart vessels have already been made and in near future it may be possible to 

print a real 3D printed heart working on its own. 3D printers were earlier used by the engineers to make only the 

prototypes but with the betterment of the technology, these are now used to print finished products. Around 28% 

of the output of 3D printers is now the final product which is expected to rise to 50% by 2016 and to 80% by the 

year 2020. [4] In Australia a local community has created a 3D printing lab in a library so the community can 

understand the technology. [5] Some of the companies which manufacture 3D printers are Stratasys, Ultimaker, 

Zcorp, 3D Systems, BitsfromBytes, Dimension, EOS, MakerBot, Object and RepRap Project. 

 

IV. APPLICATIONS OF 3-D PRINTING 

 3D printing is being used to manufacture hearing aids since more than 10 years ago. It has shortened the 

duration between the demand and supply and also can print different hearing aid shells. 

 Laser sintering method is used in the automobile industries such as BMW, Bentley and Rolls-Royce to 

produce cheap and strong automotive parts. 

 Nowadays aircraft components are also using the technique of 3D printing to print some of its parts. This is 

because of the fact that these parts are stronger as well as lighter as compared to the parts manufactured by 

the traditional method. 

 Airbus produced a door bracket for the A350-1000 in 2011 using Additive Manufacturing which were much 

lighter and stronger than the conventional bracket. [6] 

 The U.S. government has saved $3.8 million from 2004-2009 by using 3D printing in combination with the 

traditional manufacturing techniques.[7] 

 Recently the lower jaw of a patient was completely replaced with an artificial jaw which was completely 3D 

printed. Titanium powder is used in this printing. These printed bones are even degradable and may be 

replaced by the body’s own bone tissues. Here silicon is used instead of titanium. [8] 

 An artificial human ear has already been developed by the scientists. 

 A real 3D printed handgun was made in 2013. 15 out of 16 pieces of which were 3D printed. It was called as 

“Liberator”. [9] 

 Nike produced a part of a sports shoe, a plate, with the help of AM technique. While the production of 

prototypes is common. [10] 

 A quite different military application of 3D printing is the creation of topographical models to provide better 

intelligence. 

 

V. WHY FDM TECHNOLOGY PREFFERED IN 3-D PRINTING OVER  ALTERNATE 

METHOD 

3D printing is a faster and much less expensive process than the traditional method of manufacturing. It 

is also portable and can be transported anywhere round the world. 

The waste products formation in the 3D printing is also much lesser than the alternate method. For a 

particular specialty part, 3D printing reduced the cost of manufacturing from $10,000 to $600, the build time 

from 4 weeks to 24 hours, and the weight of the object by 70-90 percent.[12] 
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TABLE I. Part w.r.t FDM 

Part/Tool FDM Alternate Method 

End of arm robot $600 / 24hours $10,000 / 4 weeks 

Automated turntable $8,800 / 2 weeks $50,000 / 8 weeks 

Steel plates $20 / 2 hours $200 / 2 weeks 

[13] 

In fact this is the only technique through which a common person can create things of his own choice 

which are not availabiele in the stores. The acquisition cost of a 3D printer can be as little as $15,000(USD) 

versus as much as $500,000 for a rapid prototype machine, making a good option for companies of all sizes. 

The ABS (Acrylonitrile butadiene styrene) plastic used in 3D printers is tested under the following conditions: 

Tensile Strength: 5300 psi (37 MPa) 

Tensile Elongation: 3.0% 

Flexural Stress: 7600 psi (3 MPa) 

IZOD Impact, notched: 5.0 ft-lb/in (106 J/m) 

Heat Deflection: 204 F (96o C) [14] 

The process of delivery of a product to a customer with an alternate method goes as follows: 

The process of delivery of a product to a customer with an alternate method goes as follows: 

DESIGN   PROTOTYPE   MANUFACTURE       ASSEMBLEY       DISTRIBUTION       

WAREHOUSE     RETAIL         END USER 

While the same process with 3D printer goes from IDEA toEND USER 

 

VI. ADVANTAGES OF 3-D PRINTING 

 Quicker And Proximity to Market. The longer the product stays in design cycle, the lesser is the profit to 

the company. Thus there is a requirement of fast production units which also produce tools with precise 

measurement. Thus 3D printers can provide such a fast rate of production to the companies. 

 Cost Saving efficient and Economical. 3D printer uses mostly ABS plastic as a working material which 

reduces the cost of production to a great extent and also saves the raw materials which would be used in 

traditional method. 

 Increased Data Security. Having a 3D printer at home removes any worry about the misuse of the 

confidential STL files which can then be safely sent to the vendor. 

 More Rigorous Product Testing. Basically 3D printers were used only for printing models of the real 

objects which were much stronger and do not shrink or absorb moisture. 

 Early Feedback identifies design flaws, defects and Discontinuities. As the output generated by the CAD 

software is very fast therefore it gives enough time to the user to identify any flaw if found in the design. 

 Early Changes Saves Money. The cost of production increases if the changes are made in the later phase of 

the process. Thus it is necessary to communicate and collaborate with each other to reduce the cost of 

production. 

 

VII. VARIOUS CHALLENGES WHILE INCORPORATING 3D PRINTING 

 Limitation in Speed: For large quantities of goods, AM would be difficult and require a considerable 

increase in speed of 3D printing. 

 Materials: Research on the type of material to be used in 3D printing is still in process thus there is a 

limitation in the variety of materials that can be used. 

 Real world proofing: Changes in temperature and atmospheric conditions can affect the 3D printing 

process. It may also require a skilled staff to run the 3D printer. 

 Post-Processing: It is done manually and is an intense process. In case of medium or high production 

volume this might become an important matter. 
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VIII.      FUTURE SCENARIO AND OUTLOOK 

 Food Beverages, drink and tobacco: In near future it may possible that the consumer would be consuming 

3D printed foods in place of original meat and other edibles. A company named Modern Meadow has 

patented techniques that would 3D print the meat to be available in markets. The technology includes 

prepared multicellular aggregate delivered into a biocompatible support structure. [13] 

 Wood and Paper:  NASA has been developing technologies that would 3D print wood using bio-printing 

technique. This would enable the astronauts to bring wood into space without actually carrying it with them. 

[14] 

 Metals and building materials: MIT Media Lab is experimenting on printing large moulds for concrete 

structures using spray poly-urethane foam. MIT has printed several wall moulds that are about 5-6 feet. 

Contour Crafting proposes 3D printing an entire house of 2,500 sq. foot within 20 hours with low cost and 

emergency housing system using a specially formulated concrete [15] 

 Defense and Aerospace: Printing an aircraft wing may be possible in near future which may further lead to 

the development of an entire aircraft by this method. 3D printing on a battleship ground can bring a 

revolution as there would not be any dependence on the supply of ammos in the battlefield. Also self healing 

military vehicles can be developed. 

 Automotive: 3D printed components for vehicles can be used whose models are rarely available in the 

market. Innovative vehicles enabled by 3D printing can also be manufactured. 

 Healthcare: Tissue and organ transplant is also possible using 3D printed organs. Nano-Scale medicines can 

be produced along with complex printed organs. 

 Consumer-Retail: 3D printing stores can be opened where a customer can express his ideas and accordingly 

the product can be printed. 

 General Manufacturing: Printed electronics embedded in parts may be very common in future. Also 

factories may comprise of 3D printing machines along with or without the traditional manufacturing 

machines. 

 Supply Chain management: Demand of powdered Titanium may increase. Also a scenario of direct supply 

may come into existence where designs are shipped and not the products. 

 

IX. CONSIDERATION OF ENVIRONMENTAL ASPECTS WHILE IMPLEMENTING 

3D PRINTING 

Two major factors affecting the Cumulative Energy Demand (CED) of 3D printed Products are: Choice 

of the material for printing and the amount of material used in manufacturing a product. Observations shows that 

3D printed products consume less energy as they require less material. A shift to plastics and metals might occur 

resulting in potentially higher energy demands. 3D printer uses a material which is essential for the formation of 

the product, therefore negligible or very less waste is produced. The product formed is lighter in weight and thus 

less fuel is required. There is a community called RepRap which makes self-replicating printers and are focused 

on mainly recycled waste materials and are economically cheaper. 
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