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Abstract 
 
FDM technology has been extensively used in almost every manufacturing 
industry for new product development because of its simple, economical and 

minimum material consumption strategy. These days apart from designing, 

testing, conceptualization and prototyping, it is used for functional materials 
and end-product fabrication. The present work highlights the different 

materials available for FDM process and the detailed discussion is made on 

bio-medical applications. The optimization techniques used for minimization 
of surface roughness and maximization of mechanical strength. The impact 

and scope of post-processing techniques used of surface finishing are also 

discussed. The articles also explore various challenges and future areas of 

research on FDM technology, materials and applications. The Scopus 
database is used to collect the information about the existing research on 

surface improvement and strength enhancement of FDM parts.process and 

the detailed discussion is made on bio- 
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1 Introduction 
 

FDM gives opportunities to users to conveniently create complex shapes 

and easily print them; it is now growing rapidly over the last few years [1]. 

FDM machines are growing up more reasonably because of companies like 
MakerBot who focuses on their machines for special purpose. Fused 

Deposition Modeling works by depositing a layer one above other till a 

complete geometry is made [2]. Research trends on the FDM was studied and 
different results were found. FDM is process is one of the most commonly 

additive manufacturing process. Since, 1999 the use of FDM process is 

increasing rapidly. From the above study we have seen that it has a potential 

application. Reason for using this process is because of its simplest 
fabrication process. Another reason for its popularity is its cost-effective 

method. Many sectors have been revolutionized after the implementation of 

FDM process. From the study it was found that in past 20 years there have 
been an intensive research in the field of the FDM. Figure 1 shows the yearly 

trend of the research in FDM.   

 
Fig. 1: Number of Research conducted in last 20 years 

  

From the data of last 20 years we can see that the study on FDM is 

increased tremendously. With the advancements in technology the FDM 

technology is also improved and hence, its application is also increased. 
Numerous studies are being done on FDM process. These days almost every 

sector is implementing additive manufacturing or FDM process in their 

manufacturing process. They have been used of the rapid prototyping 
process. In figure 2 different types of article published shown in the form of 

pie chart.  
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Fig. 2: Types of Publication 

The major journals publishing on FDM are shown in figure 3 
below. 

 

 
Fig. 3: Different Journals publishing on FDM 

  

In last 20 years, India followed by USA is among the top researchers in 

field of FDM. This process was first implemented by the USA and is being 
used in every sector. But in recent years there India is on the top of countries 

to conduct research in FDM. Different research is being conducted in India 

on FDM and its improvement. These days FDM is used widely in almost 
every field. Earlier it was used for rapid prototyping process but with 

advancements in technology it is also used for different parts manufacturing. 

After intensive study following results were found and shown in figure 4. 
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Fig. 4: The research trend in FDM as per the Country 

 

Apart from these countries there are many other countries like France, 
Mexico, Netherlands, UAE, Russia, etc. are studying FDM and 

implementing them. From above trend we can see that in last 20 years there 

have been an intensive research being conducted in FDM. In last two decades 

the FDM process has changed as per the changes in technology. FDM 
process now are more efficient. 

 

2 Accuracy Improvement 
 

Another parameter that is intensively studied to improve the part quality 

of FDM processed parts is its Accuracy improvement. Dimensional accuracy 
of FDM fabricated parts depends upon many factors which are related to 

material and the process used. Different studies being done the influence of 

the part accuracy and tolerances and methods to improve them.  Gregorian et 
al. [3] studied the effect of shrinkage of the ABS part for the improvement of 

the dimensional accuracy. From their investigation, they determined the 

optimal SCF (shrinkage compensation factor). And for the machine 

FDM1650, SCF was 1.007% to 0.7%. 
Pennington et al. [4] examined different ABS parts and their dimensional 

accuracy. All the parts of their study were made on FDM200) machine. A 

proper analysis of 12 different dimensions on parts was done. From the result 
of the analysis, it was found that size of the part, work envelope location and 

temperature affect accuracy. Tong et al. [5] have created a technique to 

improve the accuracy of the FDM machine. In their study, they have created 
the software error compensation technique which will be applied to the FDM 

machine to improve dimensional accuracy by correcting the STL and slice 

file. This technique was found to be improving dimensional accuracy by up 

to 30%. Kumar et al. [6] developed an experiment for determining part 
quality. The part considered in their experiment was made up of ABS 

thermoplastics.  
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They studied the same Taguchi method to investigate and study the 

effect of characteristics like contours width, raster angle and the air gap on 

the accuracy (dimensional) and surface finish. 
El-Katany et al. [7] studied the different errors appeared during the FDM 

manufacturing process. The parts studied were two medical models (skull 

and mandible) and the machine used was FDM3000. During their study, they 

compared the dimensional accuracy of the model with the virtual model. 
During their demonstration, they achieved a very high level of accuracy. 

Chang and Huang [8] performed an investigation on extruding aperture 

and the profile error for parts made up of ABS thermoplastic using the FDM 
process. They studied the effects of characteristics like extruding parameters, 

contour and raster width and raster angle. For their study, they also used 

Taguchi's Method. There were numerous studies and investigations 
performed on Dimensional accuracy. In a different set of studies by Sood et 

al. [9-10] performed the investigations on dimensional accuracy using the 

Taguchi's method. The parameters considered in their studies were the 

length, thickness, width, raster angle and diameter for the cylindrical parts. 
Apart from this they also used the neural networks to study the overall 

dimensional accuracy of the FDM processed parts. In another study by 

Equbal et al. [11] investigated the method on prediction FDM parts 
dimensional accuracy using Fuzzy logic. Their result demonstrated that 

Fuzzy model can predict the dimensional accuracy for all operating 

conditions. In another study by Saravanam [12] studied the effects on FDM 

parts because of thermal stress. They used the Finite Element Method in their 
studies. Their studies have shown that the variation in part due to thermal 

stresses can be reduced by changing the base thickness, width and method for 

support removal. 
 

3 Slicing and Part Orientation 
 

Slicing and part orientation are also considered one of the important 

characteristics to improve the part quality and they have their effect on the 

surface finish and their dimensional accuracy. There have been numerous 
studies performed on these parameters to improve the part quality.  

 Different researchers performed studies on the slicing process and 

methods to improve them so further they can improve the characteristics like 
surface finish and dimensional accuracy. Tyberg and Bohn [13] 

demonstrated the methodology for slicing the parts and features in a build 

volume independently and each layer is built distinctively. The result from 

incorporating this methodology shown that there was a significant reduction 
in process time compared to the conventional method. This new method was 

incorporated into the FDM1600 machine. In another study by Panday et al 

[14] examined the adaptive slicing procedure to enhance the surface quality 
of FDM processed part.  
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In their study, they demonstrated two methods for adaptive slicing. These 

methods were direct adaptive slicing of axisymmetric parts and adaptive 

slicing of the tessellated CAD model. Compared to other approaches where 
the rectangular build edge profiles were used, this approach was more 

efficient and reduced the build time and number of slices. In a study by Ma et 

al. [15] a new adaptive slicing algorithm was developed. This algorithm was 
based on non-uniform rational B-spline. This algorithm was implemented to 

FDM3000 machine and this helped in reducing build time to a great extent. 

Chakraborty [16] developed a new building paradigm for FDM. In his 
approach, he showed that the filaments would be deposited in a curved path. 

This new method which uses a curved path instead of the planer path was 

called Curved Layer FDM (CLFDM) methodology. This CLFDM method 

has the potential of increasing the part strength and reduce the surface 
roughness because of the staircase effect. It also reduced the number of 

layers and build time. In another study on CLFDM by Singamneni et al. [17] 

proposed a mathematical algorithm. This practical based algorithm was 
designed for curved layer slicing. 

Part orientation also plays a major in determining the part quality. 

Different studies are being done on the part orientation and its effect on the 

quality of FDM processed part and the build time. Different methodologies 
have been developed by the researchers for obtaining best part orientation. 

Masood et al [18] demonstrated a method to compute the volumetric error for 

any part orientation. This technique was developed to determine the best 
possible orientation of the part. This method was based on the minimum 

volumetric error. Another method was proposed by Thrimurthulu et al [19] 

for obtaining the best part orientation for FDM processed parts. In their 
method, they proposed the real coded genetic algorithm to obtain the best 

orientation. Li et al [20] studied the approach for considering the best 

manufacturing orientation for the FDM process and developed a model. This 

model was based on analyzing and optimizing the support area, build time 
and surface finish. In their method, they used the Particle Swarm 

Optimization Algorithm for obtaining part orientation. From the above 

literature survey, we can see that different studies and researches were being 
done on FDM processed part to improve the surface quality, dimensional 

accuracy, slicing method and the part orientation. 

 

4 Process Improvement 
 

Further, in the last two decades, there has been intensive research being 
done in the field of the improvement of the FDM process. Different research 

has been done to improve the support generation, design of process and the 

material flow through the nozzle.  Huang Xiamao et al [21] created an 
algorithm for the support generation in the algorithm.  
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In another study by Huang Xiamao et al [22] created a new technique for 

support geometry and algorithm for its generation. Numerous studies were 

being done on the improvement of support generation.   
There have been different research being done on the improvement of 

process design and many techniques have been developed. Yardimci and 

Guceri [23] created a benchmark for thermal processing modelling in the 

FDM process. One of the earliest studies by the Lame et al [24] propose an 
approach for reducing the time taken during FDM fabrication process. For 

reducing the time taken during the process they reduced the material used 

inside the solid part. In their approach, they demonstrated the development of 
thin shell solids with the use of reinforced interior structure. In another study 

by Han et al [25] performed the investigation on the improvement of the 

FDM process by studying the process parameters like build time and 
deposition. Bellini et al. [26] investigated the complicated phenomenon of 

dynamics of liquefier in extrusion head. For their study, they developed the 

mathematical modelling and a transfer function. In their study, they proposed 

that model and function can be integrated to control the material flow and 
further improving the part build quality. Agrawal and Dhande [27] used the 

stochastic modelling technique for improving the surface quality. A unified 

approach is used to investigate the mechanical error in the FDM process for 
their study. Numerous studies were being done on the improvement of the 

FDM process in terms of part building time, part quality and the cost. For 

process improvement, many researchers applied the Finite element modelling 

(FEA) and computational fluid dynamics (CFD) to improve the FDM 
process. Zhang and Chou [28] in their study used to FEA to develop a finite 

element model for simulation of the FDM process. 

 

5 Application 
 

Fused deposition Modelling initially used for rapid prototyping. But with 
the advancement, it has a potential application in many fields. Use of FDM is 

shown in different sectors is shown in figure 5. FDM has some potential 

applications in various sectors like medical industry, mechanical and 
manufacturing, consumer goods, electronics, aeronautics, food industries and 

other sectors. Here, mechanical and manufacturing sector includes all the 

automobile, aerospace and manufacturing industries [29].  
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Fig. 5: Application of FDM in different Sectors 

 

5.1 Tissue Engineering 
 

Tissue Engineering has one of the potential application these days. FDM 

is intensively used for fabricating 3d scaffolds and biomaterials which are 

used in the Tissue Engineering these days. Many researchers have conducted 
different studies on Tissue engineering because of their application these 

days. Zein et al. [30] studied fabrication 3d scaffolds using PCL. They 

studied the parameters like morphology, porosity and other properties of 

scaffolds of different sizes which are fabricated using the FDM process. In 
another study by Too et al [31] used FD 1650 machine and developed the 3d 

scaffolds and studied its properties for further application in tissue 

engineering. Further in their study, they showed the effect of the process 
parameter. Cao et al [32] developed 3d scaffold using the PCL material and 

investigated the osteochondral coculture and further shown that it has a major 

application in the repair of the osteochondral defect. Kalita et al [33] 

developed polymer-ceramic 3d scaffold. The polymer-ceramic 3d scaffold 
was developed along with mixing of polypropylene polymer and tricalcium 

phosphate ceramic with changing the process parameters and building style. 

Further different mechanical testing was conducted on it for investigating its 
quality and further using in tissue engineering. Different research is being 

done on a biodegradable material that has a potential application in tissue 

engineering. Schantz et al [34] used the FDM process for fabricating 
biodegradable scaffolds using fibrin-polymer-ceramic composites. Further in 

their studies, they investigated their mechanical and cellular properties. 

Drummer et al [35] fabricated biodegradable 3d scaffolds using FDM 8000 

machine.  



                                                                                                                  
 

 

 
 

 
Advanced Materials and Resource Optimization Methods of Fused Deposition 

Modelling Parameters for Biomedical Applications 6534 

 
This biodegradable 3d scaffold in their study was fabricated along with 

PLA and TCP. From their study, it was found that there is a potential 

application of these biodegradable 3d scaffolds in tissue engineering. 
 

 
Fig. 6: Different View of Scaffolds produced using FDM process [36] 

  

5.2 Biomedical Engineering 
 

Fused Deposition Modelling has a potential application in biomedical 

engineering. There have different research being done on the FDM to be used 

as scaffolds (Figure 6) in biomedical engineering to fabricate medical models 
and efficient system for drug delivery.  Sheep lumbar vertebra was fabricated 

using FDM3000 in a study by Meakin et al. [37] In another study by Masood 

[38] developed an efficient drug delivery system using the FDM 3000 
machine. McCullough and Yadavalli [39] in their study used the FDM 

machine to demonstrate the methods to modify the surfaces of FDM 

processed part to make them compatible for biomedical devices. In another 

study by Owida et al [40] a coronary artery bypass graft was made using the 
combine process of FDM and electrospinning. FDM process was further used 

in fabricating 3d PCL-TCP mesh for the drug (gentamicin sulfate) delivery 

system. Many studies are being done on the biomedical engineering sector to 
improve the materials and further its application. The hip implants made 

through investment casting after fabrication by FDM are shown in Figure 7. 
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Fig. 7: Hip Plant manufactured using FDM process [41] 

  

5.3 Industrial Applications 
 

FDM has been used from the past two decades in the industries for rapid 

prototyping. But these days there is much research being done in the 

implementation of FDM to tooling and casting process. Masood and Song 
[42] in his study developed filaments of metal and polymer composite. 

Further, the same tools were used to fabricate the inserts for injection 

modelling. Then these inserts were used on the Injection modelling machine 

for fabricating ABS plastic part. In another study by Masood et al. [43] 
studied injection modelling using the FDM process. There is an extensive 

growth in the use of FDM process in industries these days.             

Apart from these, there are other applications also. These days they are 
used to produce different automobiles and aerospace parts. In a project by 

Ilardo and Williams [44] manufactured the intake manifold system for 600cc 

SAE formula car using the FDM process. They are also rapidly being used in 

electrical industries for fabricating sensors and electric circuit board. Macy 
[45] studied the potential of combining FDM and aerogel technologies for 

fabricating different sensors, electric boards and components. This shows 

that FDM has a potential application and there is intensive research being 
done in this field to implement the FDM process in daily life as this provides 

the fabrication with a minimal amount of waste production. 

 

6 Conclusions 
 

Fused Deposition Modelling process is the most widely used process for 
the additive manufacturing these days. From study it was found that it is the 

economic and most efficient process for additive manufacturing.  The major 

problems are the dimensional accuracy, surface finishing, part build quality 
and mechanical strength. Different methods have been used discussed for the 

improvement and modifications of the FDM build quality.  
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From study it was found that with the advancements in technology, the 

FDM part quality is also improved. They are extensively used in research and 

development to change their conceptual idea into a real model or product. 
Further, it was found that with implementation of advanced optimization 

techniques, can improve the FDM process to a great extent. They have a 

potential application in the field of orthopaedics, tissue engineering and 

aerospace. 
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