
 

                                                                                                                  
 

 

   
   Journal of Green Engineering (JGE) 
       

        Volume-10, Issue-9, September 2020 
   

 

 
                      

 
 
 
 
 

  A Study on Process Parameters and 
Scientometric Analysis of Fused Deposition 

Modeling for Eco-friendly Operation 
   

1
Jasgurpreet Singh Chohan, 

2
T.H. Bhatia Singh, 

3
Raman Kumar 

 

1Associate Professor, Department of Mechanical Engineering, Chandigarh 

University, Mohali, India.E-mail:jaskhera@gmail.com 
2Research Scholar, Department of Mechanical Engineering, Chandigarh University, 

Mohali, India.E-mail:thokchambhatiasingh@gmail.com 
3Associate Professor, Department of Mechanical Engineering, Chandigarh 

University, Mohali, India.E-mail:ramankakkar@gmail.com 

 
Abstract 
 
Additive manufacturing process involves adding subsequent layers of 

material to create a complete product from information acquired from a three 
dimensional CAD data. Fused Deposition Modeling (FDM) is most 

commonly used additive manufacturing (3d printing) technique due to wide 

range of materials, environmental friendly and economical operation. The 

present work focuses on principle components and process parameters of 
FDM which influence the surface quality and mechanical strength. The five 

process parameters viz. layer thickness, print speed, nozzle diameter, part 

density and orientation angle are discussed along with their impact on surface 
quality of printed products. The article also discusses the visualized 

keywords and network analysis which indicated the quantity of research 

performed in FDM technology. VOSviewer software is used to compute the 
occurrence of keywords. 

 

Keywords: FDM, process parameters, surface roughness, keyword analysis, 

Vosviewer. 
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1 Introduction 
 

Additive manufacturing can build complex geometrical parts which are 

otherwise not possible in subtractive manufacturing process. It uses plastic, 

ceramics or metal powder as raw material in addition to biomaterials, food 
materials and composites. There are many types of additive manufacturing 

such as material extrusion, multijet, stereolithography, Laminated object 

manufacturing, material and binder jetting, digital light processing. The 
reason for the diverse types of printers are due to variable cost of the printers, 

speed of the printing, resolution, material flexibility and bed size [1].  

 

 
Figure 1: Description of layer-by-layer deposition process 

 

1.1 Fused Deposition Modelling 
 

FDM is a technology that depends on layering strands of semi-liquid 

thermoplastic over one another and so organizes to generate a solid 3D 
geometry as shown in Figure 1. The replica is made on a computer and then 

transferred as a STL file for handling. The computer then segments the STL 

data into layers, which are then utilized by the FDM machine to make the 
desired shape. However, due to continuous layering process, there happens to 

trap air in between the layers due to porosity [2]. 

First the filament passes through a heated nozzle then the extruded 

material is deposited at the bottom of the printer platform and solidifies. The 
next layer so extruded fuses with the layer below. The process goes on; 

building the object from the bottom up layer by layer till a solid geometry is 

formed. The schematic of FDM apparatus is shown in Figure 2. 
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Figure 2: Schematic of FDM 

 

FDM is 3D printing machinery that involves fabricating the 3D physical 
model commencing digital computer aided design. The printing process 

includes stacking a thin layer of filament materials in one direction and 

bonding them after cooling. The fabrication involves direct addition of 
polymer materials/composites which is completely different from traditional 

methods where metal cutting operations is used to manufacture parts. In 

conventional methods, a blank is provided where the materials are removed 
to form an object [3]. 

There are various types of 3D printing available; FDM is the mostly used 

process. It also has potential to utilize different build materials. It uses a 

thermoplastic filament such as PLA (Polylactic acid), ABS (Acrylonitrile 
Butadiene Styrene), nylons, composites etc. The filament is heated till it 

reaches melting point which is then extruded layer by layer to create some 

solid geometries [4].  

 

2 Types of FDM 3D Printers 
 

2.1 Cartesian FDM 3D printers 
 

These types of printers are one of the most known 3D printing 
technologies that are available. In this type of printer, three axes: X, Y and Z 

are used to determine the right position of the path of the printer head. The 

bed only moves in the direction of the Z axis, and the printer head are able to 

move in the direction of X and Y axis [5]. MakerBot and Ultimaker are the 
recognized brands in the FDM marketplace so as to utilize Cartesian 

technology. The schematic representation of Cartesian FDM printer is shown 

in Figure 3. 
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2.2 Delta FDM Printers 
 

These types of 3D technology are found to progressively used in the 
business sector, with a nonstop extension, it is comprised with the six-axis 

3D printer subjected to delta advancements. These printer works with the 

Cartesian coordinate. It has a round printing plate or bed which is in contact 
with the extruder and is the main focus of the three triangular joints. Each of 

these joints is able to move up and down, allowing the print head to decide 

the position and orientation [6]. Delta printers are planned to fasten the 
printing methodology. There have been reports of inaccuracies of these kinds 

of printers. The schematic of Delta FDM printer is shown in Figure 3. 

 

.  
Figure 3: Cartesian and Delta FDM printer 

 

2.3 Polar 3D FDM Printers 
 

The positioning of the polar 3D printer isn’t controlled by X, Y and Z 

coordinates, however it is controlled by length and angle. This implies that 
plate is able to make a rotation and move at similar period, while the extruder 

moves up and down. The most favourable principle of such printer is that 

they just need two motors; while Cartesian needs three. In the extended 
period, such type of printer is more energy efficient and are able to create 

bigger products while utilizing fewer space [7]. The schematic of Polar 3D 

FDM printer is shown in Figure 4. 
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.  
Figure 4: Polar 3D FDM printer 

 

2.4 Robotic Arms FDM 3D Printer 
 

Robotic arms are mostly known to collect parts on modern industrial 

production lines, mostly in huge automotive plants. While 3D printing is on 

the go to consolidate robotic arms into their generation process, mostly 

established in 3D printing of homes and building, this type of technology 
stills remains in development stage. In spite of the fact that this printing 

process is not widely being used, it has now begun to increase, as the 

procedure is not dependant to fix on printing plate, making it considerably 
more versatile [8]. The schematic of Robotic arms 3D printer is shown in 

Figure 5. 

 

 
Figure 5: Robotic arms FDM printer 
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3 P\Process Parameters Of FDM 
 

3.1 Layer Thickness 
 

In 3D printing, the thickness of the layer is an extent of the layer height 

of every progressive addition of filament material in the 3D printing process, 

where layers are stacked. It is one of the essential attribute of 3D printer. 3D 

printer may differ from each other in producing the thickness of layer. 
Generally, the layer thickness can be as low as 16µm and can increase to as 

high a thickness as 150µm. With least layer thickness, higher resolution is 

achieved, but it takes longer time to manufacture. However, with increase in 
the thickness of layer, the manufacturing time takes less, but the dimension 

and finish are not appropriate. The thickness of the layer cannot be greater 

than the nozzle diameter; else there will be no bonding between the layers 
[9]. The schematics of the Layer thickness in printed part is shown in Figure 

6. 

 

 
Figure 6: Layer thickness 

 

3.2  Nozzle Diameter 
 

The most important factor while choosing a nozzle is the diameter of the 
nozzle. The size of the nozzle directly affects the layer thickness. The most 

common nozzle diameter used in printers is 0.4mm. Bigger nozzles are fast 

in printing and most reasonable for fast prototyping. They are especially 
valuable while managing composite fibre. They are most likely to get unclog 

easily. There are some companies that are able to produce nozzle diameter of 

1.2mm [10]. 
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Smaller size nozzles are estimated around 0.35mm. A few companies are 

able to create a nozzle diameter of 0.1mm. These printers are able to print 
fine layers. The main hindrance with the smaller diameter is its print speed. 

For example, a standard nozzle diameter of 0.4mm will take up to three times 

shorter than the 0.25mm nozzle. Smaller diameter nozzle is most likely to get 

clogged [11]. The schematic of the nozzle is shown in Figure 7. 

 

 
Figure 7: Nozzle of FDM Machine 

 

3.3 Print Speed 
 

For the most part, 3D printer supports three arrangements of printing 

speed as shown in Table 1. The principle sets are assembled at 40 to 50 
mm/s. The second sets are set between 80 to 100 mm/s. The third set prints 

are at around 150 mm/s. The print quality gets directly influenced by print 

speed. If printer moves quickly, it doesn’t stick and hauls string around. 

Extruding gradually leads to better quality as it offers time to flow steadily 
for the plastic so melted [12].  

 
Table 1: Speed of different printers 
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3.4 Part Density 
 

Density in additive manufacturing parts refers to the porosity of a part 

and is usually an issue with additive manufacturing technology. Some parts 

require as high a density as possible in application. Parts that must operate 
under cyclic loading must be dense enough so as not to fail under load. 

Several additive manufacturing technologies can deliver densities of 98% 

and higher. The reason a part may be additively made for density rather than 
machined or molded would be primarily because of cost and geometric 

complexity [13]. 

In an additive build, the layer-by-layer melting can be incomplete before 

subsequent layers are added on. This incomplete melting results in holes, 
cavities, or pores. Those areas of the part with the pores could more easily 

fail under load than other areas of the part. Depending on the part’s 

application, such failure could be minor or catastrophic [14]. 
 

3.5 Orientation Angle 
 

In 3D printing, orientation is defined as the alignment of an object within 
the space of the build volume. It impacts stability, surface finish, and 

printability. The schematics of different orientation angle is shown in Figure 

8. 
 

 
Figure 8: Raster orientation at different angle 
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4 Surface Roughness 
 

Surface roughness of an object is the deviation of the normal vector of a 
real surface from its ideal form. With the increase in deviation, the surface 

roughness increases [15]. The schematics of error made in printed part is 

shown in Figure 9. 

 
Figure 9: (a) Tessellated CAD Model; (b) Chordal error after tessellation; (c) Stair- 

stepping after slicing 

 

In Additive manufacturing process, first the model that is being created 

in designing software is first converted into a STL file. It is then analyzed 
into build-preparation software before the manufacturing takes place. The 3D 

models dimensional characteristics such as the curved edges, surface, 

contours are approximated by a brunch of triangles during the file export 
which is also termed as tessellation process [16]. Due to this approximation, 

the circles are not perfect as they are approximated by a series of straight 

lines as the edges of triangles utilized in tessellation process. It is possible to 
reduce the staircase effects by reducing the height of the layer, but it also 

means driving more build up time. For example, an object with a height of 1 

inch would be sliced into a layer of 1270 times while building a layer 

thickness of 20 microns. In the process of laser sintering, there is a possibility 
that the powder melted can get stick to particles and make the surface part 

rougher. 

In additive manufacturing process, such as FDM, the parts that are so 
produced has undesirable characteristics such as surface roughness, 

overhangs, etc. One of the concerned topics dealing with it is the surface 

roughness. The cause of this roughness is due to the conversion of the CAD 

model and then slicing it. The STL format approximates the model to be a 
cluster of triangle by tessellating the CAD model. This process simplifies the 

model geometry but the outline of the parts such as curves is represented by 

triangles and therefore there is dimensional inaccuracy. This inaccuracy can 
be reduced by minimizing the nozzle diameter and reducing the layer height. 

But doing it so may lead to more slicing and more time consumption. The 

alternate way is to process the printed parts to various smoothing procedures 
such as Sanding, chemical dipping, vapour smoothing, etc.  
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5 Visualize Network Analysis  
 

5.1 Keywords Analysis 
 

Scopus database is used to collect the information of published articles. 
Two keywords viz. Fused Deposition Modelling and Surface Roughness 

were used to search the data and the record of 379 relevant documents was 

downloaded.  It has been observed that total 2865 keywords are used in these 

manuscripts and 177 keywords match the occurrence of 5. The keywords 
analysis is performed on the 64 keywords those having at least 10 

occurrences. It has been noticed that researchers have focused more on 

surface roughness and deposition keywords as shown in figure 10. As per 
existing research on FDM, surface properties and process parameters have 

more relatedness as compared with forecasting and finite difference methods. 

 
Figure 10: Keywords network 

 

5.2 Country-Wise Publication Network Analysis 
 

Figure 11 shows that United States, India and China have published more 

articles on FDM as compared to the rest of countries. Total 57 countries 

around the world have published documents on FDM, however a network of 
only 32 countries who have relationships is presented and discussed. The 

considered 32 countries are clustered in 8 clusters and differentiated with 

colors. Authors of Malaysia have done collaborative research with authors of 
Bangladesh and India only. Similarly, Authors of Austria have done 

collaborative research with Sweden and France. 
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Figure 11: Co-authorship publication Country-wise network 

 

6 Conclusions 
 

The popularity of 3d printing among researchers is increasing at fast pace 

since last decade due to its unique advantages over conventional 
manufacturing processes. In this review article, the components and process 

parameters of Fused Deposition Modeling (FDM) are thoroughly discussed 

to provide meaningful implication for recent literature.  The scientometric 

research has been performed to highlight the major countries and institutes 
performing research on FDM technology. The notable findings reveal that 

both India and China are listed in the top countries but authors of both 

countries have not performed collaborative research on FDM. In future, the 
focus must be given to relation between mechanical properties and process 

parameters of FDM. Moreover, there is need to develop mathematical 

models using advanced optimization techniques for prediction of best results. 
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