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ABSTRACT

A digital fabrication process with the help of design softwares in computersrefered as fused filament fabrication,
creates natural objects out of geometric models by layering materials on top of one another. The use of 3D
printing is a rapidly growing industry and in almost every sector, whether it is the medical industry or
aerospace industry. The use of 3D printing has become widespread in recent years because of its easy operation
and low cost. In the agricultural, healthcare, automotive, and locomotive industries, 3D printing is rapidly used
for mass modification and production of open-source designs. A three-dimensional object can be constructed
using 3D printing technology layer by layer, starting with a CAD model as a base. The numerous forms of AM
techniques, materials used& applications in various fields are covered in this paper.

INTRODUCTION

AM is a “process of adding the material layer by layer to form 3D parts, as a resist to traditional manufacturing and
developmental manufacturing techniques”[1]. Additive manufacturing is the process in which an object is made by
adding the material in layers recognized as rapid manufacturing [2]. The development of AM technology initiated in
the 1980s [3]. FDM is also known as Fused Filament Fabrication used in 3D printing. Fused Deposition Modeling uses
the thermoplastic polymers like - ABS, PLA, polyethylene terephthalate glycol, Nylon, etc. Thermoplastic
polymer/composites are manufactured using the cost-effective additive manufacturing method known as FDM [4-9].
The top layer roughness, which depends on the printer's minimum thickness, is this technology's main flaw
[10].According to certain writers, the air void and raster orientation significantly affect tensile strengthfabricated
prototypes using RP processes (3D printer, nanocomposite deposition system (NCDs), and FDM) [11-22]. They used
different process parameters and measured the compressive strength and perform the experiments in the axial direction,
transverse direction and diagonal. FDM and NCDS specimens were made axial and transverse, whereas, 3Dprinter
specimens were made diagonal [23-36].

Types of Additive Manufacturing/3DPrinting
1. STEREOLITHOGRAPHY

2.SLS

3. FDM

Stereolithography

The Stereolithography was patented on 11 March 1986, and it was touted in Hull [37]. With the help of UV laser and
photosensitive monomer, Stereolithography builds 1line at once (figure 2). Then, the build plate is lowered to coat the
part. The part is left to solidify to make sure the even surface previous to the next layer [38]. The support can be
removed manually when the part is built. The limitation of the Stereolithography was the product size and the cost. The
availability of the material in comparison to other additive manufacturing processes is limited [39].
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Fig 2 Stereolithography.

Selective Laser Sintering

It was patented on 5 September 1989, but it was previously described in Deckard and Beman [40,41]. It uses huge
energy to merge small particles of the filament. To ease the fusion and to reduce the thermal misrepresentation powder
bed is fiery just down its melting point (figure 3). Using the laser every veneer is drawn on to the powder bed to sinter
the filament. This process is complicated. The feasible surface finish is not fine as it was of stereolithography and the
material transition is also challengeable [42].
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Fig 3 Selective Laser Sintering

Fused Deposition Modeling

The FDM technology was patented on 9 June 1992, but it was construed previous in Crump [43]. The Filament is
extruded in semi-liquid form through the portable FDM head and deposited in layers (figure 4). The filament
temperature is set to one degree above its melting temperature so that the filament stiffens just after the ouster onto the
earlier layer. The materialthat dissipated to wax, TPE, and metals [44]. With a good quality of the filament, the
accuracy of the part can reach + 0.05mm. FDM uses less space because of dense size and preservation cost is
minimized. The materialis fed to the nozzle, through the Bowden extruder with the help of stepper motor, where the
filament is heated in the hot end and ejected through the nozzle on the heated bed, and then solidifies at room
temperature. An adhesive (glue) is provided at the heated bed for the successful first layer, the heated bed moves in a
vertical axis provide extruder 3-dimensional freedom to move, extruder moves up a certain layer thickness to deposit
the next layer. This step reruns until the part is built. Many researchers have worked for the optimization of various
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process parameters to improve the printing Quality of FDM 3D parts and uses hybrid algorithms to verify and validate
the results.[45-52].
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Fig 4 Fused deposition modeling printer.

Most Important Parameters Affecting the FDM 3D Printing Fabrication

* Layer height — is taken in mm, which affects the resolution of the print. If the layer height is taken higher than the
printing will be fast but resolution of the print will be lower. whereas if it is taken lower than the printing will be slow
but the resolution of the print will be high.

« Infill density — density of infill of the print, infill can vary from 0% to 100%.

« Infill pattern — there are so many patterns of the infill of the print affected by infill density. Patterns like Lines and
Zig-Zag change the directions on alternate layers and reduce the filament cost. The Grid, Triangle, Tri-hexagon, cubic
are printed fully in each layer.

* Ironing — used to smoothen the top layer, the nozzle will move one more time onto the top layer without extruding the
filament. Which melt the plastic and gives a smoother surface.

» Temperature — the temperature of the nozzle varies from 210°C to 250°C and bedplate temperature varies from 70°C
to 110°C. Depends on the material like here ABS extrusion temperature was 230°C and PETG extrusion temperature
was 240°C.

* Velocity — is the speed at which nozzle moves and extrude the filament layer by layer. The speed of the nozzle can
vary from 60 to 100mm/s, higher the speed faster will be the print.

* Retraction — retract the material when the nozzle goes from one point to another of a fabricating part. which helps in
minimizing the problem of stringing and gives us a finished part.

* Raster angle — during printing the FDM 3D Printing makes an angle between the path of the nozzle and the x-axis that
angle is defined as a raster angle which is differed by 90° between two adjacent angles, it influences the concoct
accuracy and the mechanical performance of the fabricated test piece.

Applications

Since ancient times, 3D printers have been used to create complex physical objects from 3D computer models for a
variety of purposes, including the production of goods and the study of the past through the arts, medicine, surveying,
and preservation of the past. Some are shown in the fig 5.

» Food — nowadays, 3d printing is used in the food sector like making a statue of someone with chocolate or making a
cake which looks like a car, etc. one just has to choose a design and fill up a raw material to print.
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» Automobile — 3d printing is the future of the automobile sector. In this sector, make a design in the cad and fabricate
it in the FDM 3D printing. Even the complex shapes and designs can be fabricated through FDM 3D printing. Spare
parts that are outdated can be fabricated through Fused deposition modeling3D printing.

* Bio-printing — FDM can be used to make human parts like bones, ligaments. its uses are so vast that even a human
heart is fabricated through FDM 3D printing.

Application

of 3DP

Architecture Marketing

Fig 5 application of the 3d printing

Advantages
There are so many advantages of the 3d printing in so many applications some of them are shown in fig 6
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Fig 6 advantages of the additive manufacturing printing

Problems and their remedies
* Leveling — if leveling is not done properly then either the nozzle comes too close to the bed or too away from the bed
in both the cases extruded filament will not stick to the bed and print will be bad. solution — nozzle should be at the
0.01mm gap.

* Blocked nozzle — usually nozzle blocked when the filament is changed or left unused for a couple of hours because
every filament has its own melting point and the filament is clogged in the nozzle when it solidifies. solution — before
extruding the filament through the nozzle or replacing the filament with different filament, the nozzle should be cleaned
with a 0.4mm size needle.

* Nozzle out of order — while setting the parameters for a print the temperature of the nozzle shows either a -19°C temp
or a gives a warning that nozzle is out of order. solution — this happens because sometimes the thermistor is not
working properly so changing the thermistor will solve the issue.

« Stringing — while printing the nozzle moves over a nonprinting area it leaves a string from that point to another point.
This problem occurs in some materials like PETG. solution — enabling the retraction speed and adjust the values
accordingly will overcome this issue.
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* Popping sound coming from the nozzle — when filament extruded through the nozzle sometimes it gives popping
sound because the filament gets moistured from the surrounding and when it extruded it makes air bubbles which gives
popping sound. solution — cover the filament in the airtight box and put some descents to absorb the moisture which left
in the box.

» Wraping — wraping occurs because the temperature of the bed is too low that the print will not stick to the bed.
solution — we can use the adhesions and raise the bed temperature.

CONCLUSION

In this review, a number of other topics are discussed along with the use of 3D printing in production. As it enters the
production sector, 3D printing technology offers numerous advantages to individuals, organisations, and the
government. As a result, further research is required to decide how to best encourage the applicability of the
technology. The infrastructure for fabrication area may be built by enterprises and the government with this new
technology. The objective of this page is to provide a general overview of the different 3D printing processes,
production materials, and applications. Future studies will be possible on the various kinds of fast prototyping tools and
the best materials to utilise.
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