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Abstract— Fused Deposition Modeling (FDM) based rapid 

prototyping technique, is basically used to fabricate three 

dimensional (3D) objects. In this context, the adjustment of 

instrument parameters such as extruder nozzle diameter, 

nozzle angle and liquefier length is of paramount 

importance to achieve improved extruded melt flow 

behavior and scaffold design. Therefore, this main focus of 

this review paper is to understand the importance of the 

extruder nozzle and its important parameter. The present 

review paper shows researches done on Fused Deposition 

Modeling (FDM). 
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I. INTRODUCTION 

Fused Deposition Modeling (FDM) is a process by which 

physical objects can be made from virtual three dimensional 

CAD models. It is an additive manufacturing technique, 

which means that objects are built layer by layer. During the 

process, a thermoplastic   extruder is used to deposit small 

beads (or strings) of plastic to draw a picture as it is moved 

over the build surface. Once the layer is complete, the build 

platform lowers one layer height and the extruder draws the 

next layer––depositing plastic that fuses to the previous 

layer. This process is repeated until the complete three-

dimensional plastic object is built such that it closely 

resembles the original CAD model. Figure 1 presents a good 

visual depiction of this process. Fused deposition modeling 

has been traditionally used only to rapidly prototype 

designs; recently though, there has been a push to use the 

fused deposition modeling process to manufacture end 

products. For this move from prototyping to manufacturing 

to be successful, the quality of the 3D printed object needs 

to improve. There are a number of ways that this quality 

improvement is being made, but improvements in the design 

and implementation of thermoplastic extruders is perhaps 

the most obvious and most direct method. [1] 

 

Fig. 1: Schematic of FDM process [5] 

II. THE ROLE OF THE EXTRUDER IN THE FDM PROCESS 

A. Introduction To FDM Extruders: 

The extruder in the fused deposition modeling process is 

responsible for taking raw plastic filament, heating it up, and 

extruding it through a tiny nozzle to deposit thermoplastic 

material on the build-surface. In many ways FDM extruders 

are the least understood and most complicated parts of a 3D 

printer. While gantry systems (that position the extruder and 

move it around to draw each layer) are very well established 

and have existed since the 1800’s, thermoplastic extruders 

for use in 3D printers are relatively novel, having been first 

developed by Stratasys Inc. in the late 1980’s.Despite the 

extruder’s complication though, every extruder is comprised 

of a few standard primary components. [2] 

B. Primary Components Of A FDM Extruder; 

There are two primary components of an FDM 

thermoplastic extruder: the filament drive mechanism and 

the heated nozzle, or hot-end.  

The filament drive mechanism is what drives the 

raw plastic filament into the heated nozzle. It is usually 

comprised of an actuator like an electric motor and a drive 

gear to grip the filament and translate the rotational motion 

of the actuator into linear motion of the filament. The drive 

mechanism needs to be powerful enough to force the plastic 

filament through the heated nozzle, or hot-end. 

The hot-end is what the raw filament finally passes 

through before being deposited in the fused deposition 

modeling process. It is comprised of a heater, a temperature 

sensor, and a fine tipped nozzle. The hot-end accepts 

filament (often at a nominal diameter of 1.8mm) and 

extrudes the melted thermoplastic through the nozzle tip, 

which is usually on the order of 0.3mm. The temperature 

sensor is used to provide feedback to the controller such that 

the temperature can be regulated to a certain temperature. 

[2] 

III. LITURETURE SURVEY 

A. Critical Parameters Affecting The Rapid Prototyping 

Surface Finish P. Vijay Et Al [3]: 

In the Rapid Prototyping process, surface finish is critical as 

it can affect the part accuracy, reduce the post-processing 

costs and improve the functionality of the parts. This paper 

presents an experimental design technique for determining 

the optimal surface finish of a part built by varying Build 

Orientation, Layer Thickness and keeping other parameters 

constant using the Fused Deposition Modeling (FDM) 

process. The design investigates the effect of these 

parameters on the surface finish. Experiments were 

conducted using a fractional factorial design with two levels 

for Layer Thickness and three levels for Build Orientation 

factor. The results are statistically analyzed to determine the 
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significant factors and their interactions. The significant 

factors, their interactions and the optimum settings are 

proposed.  

 

Table 1: Historical developments of Rapid prototyping and 

related technologies [3] 

 
Fig. 2: The variation of datum over the sample length with 

layer  thickness 0.303 [3] 

 
Fig. 3: The variation of datum over the sample length with 

layer thickness 0.2547 = 2.12μm.36μm [3] 

 

Fig. 4: Variation of Surface Roughness with Build 

orientation for 0.254mm Layer Thickness [3] 

 
Fig. 5: Variation of Surface Roughness with Layer 

Thickness for 20 Deg Build Orientations [3] 

 
Fig. 6: Variation of Surface Roughness with Layer 

Thickness for 45 Deg Build Orientations [3] 

From the graph 5 we can observe that at this layer 

thickness the roughness value Rz increased slightly and then 

started reducing accordingly with the increase in orientation. 

From the graph 6 we can observe that as the layer thickness 

is increased, the roughness value also increased. From the 

graph 7 we can observe that as the layer thickness is 

increased, the roughness value also increased. From the 

graph 8 we can observe that as the layer thickness is 

increased the roughness value decreased. 

B. Critical Parameters Influencing The Quality Of 

Prototypes In Fused Deposition Modeling R. Anithaa Et Al 

[4]: 

Fused deposition modeling (FDM) is one of the key 

technologies of RP. Various process parameters used in 

FDM affect the quality of the prototype. Work was 

undertaken to assess the influence of the parameters on the 

quality characteristics of the prototypes using Taguchi 

technique. This paper discusses the results of the study. 

 

Table-2 [4] 

 The results revealed several interesting features of 

the FDM processes. It is found that without pooling; only 

the layer thickness is effective to 49.37% at 95% level of 

significance. But on pooling, it was found that the layer 

thickness is effective to 51.57% at 99% level of 

significance. 

 The other factors, road width and speed, contribute 

to 15.57 and 15.83% at 99% level of significance, 

respectively. The significance of layer thickness is further 

strengthened by the correlation analysis, which indicates a 

strong inverse relationship with surface roughness. 

According to the S/N analysis, the layer thickness is most 

effective when it is at level 3 (0.3556 mm), the road width at 

level 1 (0.537 mm) and the speed of deposition at level 3 

(200 mm). 

C. A Study Of Melt Flow Analysis Of An ABS-Iron 

Composite In Fused Deposition Modeling Process 

MOSTAFA Nikzad Et Al [5]: 

Fused deposition modeling (FDM) is a filament based rapid 

prototyping system which offers the possibility of 

introducing new composite material for the FDM process as 
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long as the new material can be made in feedstock filament 

form. In order to predict the behavior of new ABS based 

composite materials in the course of FDM process, it is 

necessary to investigate the flow of the composite material 

in liquefier head. No such study is available considering the 

geometry of the liquefier head. This paper presents 2-D and 

3-D numerical analysis of melt flow behavior of a 

representative ABS-iron composite through the 90-degree 

bent tube of the liquefier head of the fused deposition 

modeling process using ANSYS FLOTRAN and CFX finite 

element packages. Main flow parameters including 

temperature, velocity, and pressure drop have been 

investigated. Filaments of the filled ABS have been 

fabricated and characterized to verify the possibility of 

prototyping using the new material on the current FDM 

machine. Results provide promising information in 

developing the melt flow modeling of metal-plastic 

composites and in optimizing the FDM parameters for better 

part quality with such composites. 

 

Fig. 7: FDM tip nozzle configuration [5] 

A new composite material with 10%-iron particles 

filled in ABS polymer matrix has been successfully 

developed for direct application in fused deposition 

modeling rapid prototyping process. Experiments have been 

conducted to characterize the thermal, mechanical, and 

rheological properties. In order to study the process ability 

of such composites through the current FDM300 machines 

developed by Stratasys, finite element analysis has been 

carried out to investigate main flow parameters such as 

temperature, pressure drop, and velocity using two CFD 

software: one for two-dimensional and the other for three-

dimensional analysis. The results obtained by both of the 

analyses have been compared and show a very good 

correlation in predicting the flow behavior. The flexible 

filaments of the new material have been successfully 

produced and processed in the existing FDM3000 machine 

to produce sample parts. 

D. Thermo-Mechanical Properties Of A Highly Filled 

Polymeric Composite For Fused Deposition Modeling.    M. 

Nikzad Et Al [6]: 

This paper presents an investigation on thermal and 

mechanical properties of new metal-particle filled 

Acrylonitrile Butadiene Styrene (ABS) composites for 

applications in Fused Deposition Modeling rapid 

prototyping process. Test samples of Iron/ABS and 

Copper/ABS composites involving metal content up to 40% 

by volume have been made by controlled centrifugal 

mixing, thermally compounded through a single-screw 

extruder and compression moulding. Dynamic Mechanical 

Analysis (DMA) techniques were used in order to 

characterize viscoelastic properties of these newly 

developed composites materials for use in Fused Deposition 

Modeling process. It has been shown that significant 

improvements of ABS thermal and mechanical properties 

due to incorporation of metallic fillers can potentially 

promote processing of high performance and functional 

prototypes on the existing FDM platform for a wide range of 

applications. Sample prototypes from the new composite 

materials have been successfully made and tested. 

 

Fig. 8: Thermal conductivity of copper-filled ABS 

composites at various temperatures [6] 

 
Fig. 9: Thermal conductivity of iron-filled ABS composite 

for various temperatures [6] 

 
Fig. 10: Storage modulus of various Copper/ABS 

composites with copper particle size of 10 lm at 

Temperature Scan [6] 

 
Fig. 11: Storage modulus of various Copper/ABS 

composites with copper particle size of 45 lm at 

Temperature Scan [6] 
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Fig. 12: Storage modulus of various Iron/ABS composites 

with iron particle size of 45 lm at Temperature Scan [6] 

 
Fig. 13: Comparison of dynamic mechanical properties of 

virgin ABS and 10% iron-powder filled ABS [6] 

New composite materials with iron filled particles 

in ABS and copper filled particles in ABS have been 

successfully developed for direct application in Fused 

Deposition Modeling rapid prototyping process. The flexible 

filaments of the new composite material have been 

successfully produced and processed in the existing 

FDM3000 machine to fabricate sample parts. Due to highly 

metal particulate filled matrix of the new composite 

material, injection tools and inserts made using this material 

on Fused Deposition Modeling, will demonstrate a higher 

stiffness comparing to those made out of pure polymeric 

material resulting in withstanding higher injection moulding 

pressures. Moreover, comparison of thermal conductivity 

and dynamic mechanical test values of the new composites 

with varying metal filler content show great promise for 

application of the new materials in functional parts and 

direct rapid tooling on the FDM systems. 

E. Improving Dimensional Accuracy Of Fused Deposition 

Modeling Processed Part Using Grey Taguchi Method 

Anoop Kumar Sood Et Al [7]: 

This paper presents experimental investigations on influence 

of important process parameters viz., layer thickness, part 

orientation, raster angle, air gap and raster width along with 

their interactions on dimensional accuracy of Fused 

Deposition Modeling (FDM) processed ABSP400 

(acrylonitrile-butadine-styrene) part. It is observed that 

shrinkage is dominant along length and width direction of 

built part. But, positive deviation from the required value is 

observed in the thickness direction. Optimum parameters 

setting to minimize percentage change in length, width and 

thickness of standard test specimen have been found out 

using Taguchi’s parameter design. Experimental results 

indicate that optimal factor settings for each performance 

characteristic are different. Therefore, all the three responses 

are expressed in a single response called grey relational 

grade. Finally, grey Taguchi method is adopted to obtain 

optimum level of process parameters to minimize 

percentage change in length, width and thickness 

simultaneously. The FDM process is highly complex one 

and hardly any theoretical model exist for the prediction 

purpose. The process parameters influence the responses in 

a highly non-linear manner. Therefore, prediction of overall 

dimensional accuracy is made based on artificial neural 

network (ANN). 

(1) Orientation: Part build orientation or orientation 

refers to the inclination of part in the build platform 

with respect to X, Y, and Z axis, where X and Y-

axis are considered parallel to build platform and 

Z-axis is along the direction of part build. 

(2) Layer thickness: It is a thickness of layer deposited 

by nozzle and depends upon the type of nozzle 

used. 

(3) Raster angle: It is a direction of raster relative to 

the X-axis of build table. 

(4) Part raster width (raster width): Width of raster 

pattern used to fill interior regions of part curves. 

(5) Raster to raster gap (air gap): It is the gap between 

two adjacent raster on same layer. 

 
Fig. 14: Schematic description of process parameters             

(u = orientation, a = raster angle). 

 
Fig. 15: SEM image of crack between two raster 

 

Fig. 16: SEM image showing air gap 
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F. Anoop Kumar Sood Et Al [8] Parametric Appraisal Of 

Mechanical Property Of Fused Deposition Modeling 

Processed Parts: 

These five important process parameters are also influence 

on three responses such as tensile, flexural and impact 

strength of test specimen is studied. Experiments are 

conducted based on central composite design (CCD) in 

order to reduce experimental runs. Empirical models 

relating response and process parameters are developed. The 

validity of the models is tested using analysis of variance 

(ANOVA). Response surface plots for each response are 

analyzed and optimal parameter setting for each response is 

determined. The major reason for weak strength may be 

attributed to distortion within or between the layers. Finally, 

concept of desirability function is used for maximizing all 

responses simultaneously. 

G. Anoop Kumar Sood et al [9] Experimental investigation 

and empirical modeling of FDM process for compressive 

strength improvement: 

Hence, the extensive study to understand the effect of five 

important parameters on the compressive stress of test 

specimen. The study not only provides insight into complex 

dependency of compressive stress on process parameters but 

also develops a statistically validated predictive equation. 

The equation is used to find optimal parameter setting 

through quantum-behaved particle swarm optimization 

(QPSO). As FDM process is a highly complex one and 

process parameters influence the responses in a non linear 

manner, compressive stress is predicted using artificial 

neural network (ANN) and is compared with predictive 

equation. 

H. Anoop Kumar Sood Et Al [10] An Investigation On 

Sliding Wear Of FDM Built Parts: 

Extensive study to understand the effect of five important 

parameters on the sliding wear of test specimen built 

through fused deposition modeling process (FDM). The 

study provides insight into complex dependency of wear on 

process parameters and proposes a statistically validated 

predictive equation. Microphotographs are used to explain 

the mechanism of wear. The equation is used to find optimal 

parameter setting through quantum-behaved particle swarm 

optimization (QPSO). As FDM process is highly complex 

one and process parameters influence the responses in a non 

linear manner, artificial neural network (ANN) are 

employed to confirm the results of present study. 

 

Table 3: Fixed factors and their level 

Table 4: Factors and their level (modified). 

Table 5: ANOVA table 

DOF, degree of freedom; SS, sum of square; MS, mean sum 

of square 

 
Fig. 17: SEM image of part showing raster bonding (the 

surfaces of the test part were examined by scanning electron 

microscope (SEM) JEOL JSM-6480LV in the LV mode). 

 
Fig. 18: Crack surface of flexural specimen (the surfaces of 

the test part were examined by scanning 

electronmicroscope(SEM) JEOL JSM-6480LV in the LV 

mode). 
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Fig. 19: Fracture surface of impact specimen (the surfaces of 

the test part were examined by scanning electron 

microscope (SEM) JEOL JSM-6480LV in the LV mode). 

 

Fig. 20: Microphotographs of specimens after compressive 

failure: (a) failure due to buckling and (b) de-bonding 

between fibers (the surfaces of the test part were examined 

by scanning electron microscope (SEM) JEOL JSM-

6480LV in the LV mode). 

After investigation and experiments by Anoop 

Kumar Sood et al [7] [8] [9] [10] conclude that the effect of 

five factors viz., layer thickness, part build orientation, 

raster angle, raster to raster gap (air gap) and raster width 

each at three levels together with the interaction of part 

build orientation with all other factors is studied on the 

dimensional accuracy of FDM build part. Taguchi’s design 

of experiment is used to find the significance of factors and 

their interactions before recommending optimum factor 

levels. It is found that shrinkage is dominant along the 

length and width of test part where as thickness is always 

more than the desired value. For minimizing the percentage 

change in length, higher layer thickness (0.254 mm),    
orientation, maximum raster angle (   ), medium raster 

width (0.4564 mm) and maximum air gap (0.008 mm) are 

desirable. For minimizing the percentage change in width, 

medium raster angle (   ) and air gap (0.004 mm) will give 

desired result. Remaining factor levels are same as for 

percentage change in length. On the other hand, lower value 

of layer thickness (0.127 mm), orientation (  ), raster angle 

(  ) and higher value of raster width (0.5064 mm) and 

medium value of air gap (0.004 mm) will minimize the 

percentage change in thickness of test part. Study on the 

observed results show that there are large numbers of 

conflicting factors independently or in interaction with 

others may influence the dimensional accuracy. Few of them 

have more influence in comparison to others. Therefore, 

instead of considering factor settings in an arbitrary manner, 

it is proposed that fabrication process must be based on 

optimum settings obtained through a structured 

methodology. It is desirable to fabricate the parts in such a 

manner that all the three dimensions show minimum 

deviation from actual value simultaneously and hence the 

common factor settings need to be explored. In order to 

achieve above goal, grey Taguchi method is adopted. Grey 

Taguchi method has the ability to combine all the objectives 

that is minimizing the percentage change in length, width 

and thickness into single objective known as grey relation 

grade. Maximization of grey relation grade shows that layer 

thickness of 0.178 mm, part orientation of   , raster angle of 

    road width of 0.4564 mm and air gap of 0.008 mm will 

produce overall improvement in part dimension. Prediction 

of proposed model is done using artificial neural networks 

(ANN) model. Error between predicted data and observed 

values varies between 0% and 3.5%. Small percentage of 

error proves the suitability of present model. In future, 

proposed methodology may be tested for parts with complex 

geometry. [7] 

Functional relationship between process parameters 

and strength (tensile, flexural and impact) were determined 

using response surface methodology. The response surface 

plots involving interaction terms are studied and the reasons 

behind the observed response can be summarized as follows. 

(1) Number of layers in a part depends upon the layer 

thickness and part orientation. If number of layers 

is more, it will result in high temperature gradient 

towards the bottom of part. This will increase the 

diffusion between adjacent raster and strength will 

improve. But high temperature gradient is also 

responsible for distortion within the layers or 

between the layers. Moreover, increase in number 

of layers also increases the number of heating and 

cooling cycles and thus residual stress 

accumulation increases. This may results in 

distortion, interlayer cracking and part de-

lamination or fabrication failure. Hence, strength 

will reduce. 

(2) Small raster angles are not preferable as they will 

results in long raster which will increase the stress 

accumulation along the direction of deposition 

resulting in more distortion and hence weak 

bonding. But small raster angle also means that 

raster are inclined along the direction of loading 

and will offer more resistance thus strength will 

improve. 

(3) Thick raster results in stress accumulation along the 

width of part and have a same effect as the long 

raster. But this stress accumulation results in high 

temperature near the boding surfaces which may 

improve the diffusion and may result in strong 

bond formation. 

(4) Zero air gaps will improve the diffusion between 

the adjacent raster but may also decreases the heat 

dissipation as well as total bonding area. Part build 

mechanism in FDM is a complex phenomenon. 

Therefore, effect of various factors and their 

interactions can be observed but difficult to assign 

exact reasons. However, some of the possible 

reasons have been outlined. To summarize, it can 

be said that reduction in distortion is necessary 

requirement for good strength. Further, factor 

levels can’t be selected independent of each other 

because interactions play an important role. The 

desirability function concept have been used to 
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determine optimal factor levels for improving 

tensile, flexural and impact strength independently 

and all three strengths simultaneously. Optimal 

factor setting for tensile and flexural strength is 

same but it differs in factor levels of orientation 

and raster angle for impact strength. As far as 

simultaneous optimization of three strengths is 

considered, the factor levels are completely 

different from individual optimal factor setting. 

The study can be extended to reduce void 

formation and distortion and improve inter-laminar 

bonding. Also the residual plot shows that error 

between the predicted values and experimental 

values is normally distributed. With very small 

percentage of error between the predicted and 

actual values this study can also be extended in the 

direction of more complicated loading states, such 

as fatigue and vibration analysis.[8] 

To study the effect of five processing parameters 

on the compressive strength of FDM built part. The 

experimental results establish the anisotropic and brittle 

nature of FDM processed ABSP400 part. The developed 

relationship between compressive stress (output) and 

process parameters (input) is able to explain the 96.13% of 

variability in the response and is suitable to explore the 

design space for future engineering applications. In general, 

it can be said that fibre–fibre bond strength must be strong 

which can be achieved by controlling the distortions arising 

during part build stage. The reason of low strength is also 

due to anisotropy, caused by the polymer molecules aligning 

themselves with the direction of flow when they are 

extruded through the head nozzle. The anisotropy can also 

be caused by the formation of pores in preferred orientations 

and weak interlayer bonding. Curvature present in response 

plots shows high amount of non-linearity indicating the 

complex relationship between process parameters and 

output response. This is further substantiated by ANN 

prediction. Optimization of process by QPSO gives the 

maximum compressive stress of 17.4751 MPa and the 

optimum value of layer thickness, orientation, raster angle, 

raster width and air gap as 0.254 mm, 0.036 degree, 59.44 

degree, 0.422 mm and 0.00026 mm respectively.[9] 

Functional relationship between process parameters 

and wear was determined using response surface 

methodology. Central composite design is used for 

experimentation and model building. Wear model is 

validated using ANOVA and Anderson–Darling (AD) 

normality test. Microphotographs shows that wearing of 

FDM processed ABS part is a complex phenomena and may 

result due to formation and breaking of interfacial adhesive 

bonds, removal of material due to scratching and fatigue and 

formation of cracks in surface regions due to tribological 

stress cycles that result in the formation of pits or separation 

of material. Response surface plots indicate that reduction of 

distortion during part build stage is necessary requirement 

for minimum wearing. Hence factor levels which minimize 

the distortion must be used. Curvature present in response 

plots shows a high amount of non-linearity indicating that 

complex relationship exists between process parameters and 

output response. The response surface methodology 

identifies statistically significant factors affecting sliding 

wear characteristic and proposes the empirical equation 

relating sliding wear (response) and process parameters. 

However, quantum behaved particle swarm optimization 

attempts to find out the best parameter settings for minimum 

wear. As FDM process behavior is quite complex one, RBP 

of artificial neural network is used to map the output–input 

relationship efficiently with less data and computational 

efforts for accurate prediction of responses. The proposed 

prediction method is useful for the practitioners in the shop 

floor. The complex part building mechanism in FDM 

process is also substantiated by ANN prediction. 

Optimization of process using quantum behaved particle 

swarm optimization also confirms the findings of proposed 

study. Wear value predicted by ANN at optimum factor 

levels are found to be 80.0061      which is in good 

agreement with the wear value computed using QPSO. [10] 

I. An Optimization Approach For Components Built By 

Fused Deposition Modeling With Parametric Internal 

Structures. L. Villalpando Et Al [11]: 

Several studies have focused on the depositing parameters; 

however, none of them have characterized internal support 

structures in different geometrical arrangements. The 

incorporation of reconfigurable parametric internal matrix 

structures based on primitive elements will balance the 

mechanical properties, the material usage and the build time. 

Parametric internal structures are designed and compressive 

test components built and tested both experimentally and 

using simulation tools to depict the compressive 

characteristics. Extensive physical testing is done as the 

components built by the FDM process have anisotropic 

properties. The material usage, build time, and loading 

characteristics are captured for a variety of parametric 

structures (solid, shell, orthogonal, hexagonal, pyramid) 

build orientations, and internal densities (loose, compact). 

From this data, a model is developed that serves as a 

predictive tool to: (i) estimate the mechanical properties and 

(ii) calculate the build time and materials utilized based on 

various internal structural configurations for the 

component’s application. A model that generates an optimal 

solution (minimum material, minimum build time, etc.) 

needs to be developed. Using the collected data as a 

foundation, an optimization model that considers the build 

time, material usage, surface finish, interior geometry, 

strength characteristics, and related parameters is presented 

and can be used to assist designers making informed 

decision with respect to strength, material usage and time, 

etc. is developed using the Genetic Algorithm approach. 

There may be build conditions where the two main 

FDM manufacturing strategies (solid and shell) are not 

desirable. Introducing internal structures to provide balance 

between material usage and strength can provide new 

opportunities. However, this adds complexity to the 

manufacturing strategy, and extensive physical testing to 

determine the mechanical behaviors is time consuming and 

expensive. Virtual experimentation addresses these 

concerns, and it is shown in this research that the FEA 

simulation well represents the physical experiments 

performed on the compressive samples. Regardless of the 

assumption of elastic behavior, the compressive specimens 

behaved as if no buckling was present. Thus, there is no 

need for deepening the study into the non-linear 

representation. Also, based on the data gathered from the 
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results, there is no need for a large number of samples since 

load values remain within a relatively small range. 

Moreover, the thermoplastic material exhibited a brittle 

behavior that can be approached as being located in the 

linear elastic region. Further study of composite materials 

and the interactions at the boundaries is to be performed and 

characterize to understand the effect of the internal topology 

of the samples. This leads to a further study that deals with 

heat deposition characterization, which is inherently related 

to distortion. Hence, it can be assumed that reliability of the 

material characterization is strictly dependent not only of the 

RP technology, but the model/year of the machine from the 

same type of technology. Further to the characterization of 

the mechanical properties of the specific internal 

arrangement sets inside a part, the optimization of the build 

parameters is fundamental. Therefore, GA methods are 

developed to determine the optimal parameters that affect 

the mechanical meso and macro-structural properties, build 

time, material use, and surface finish. Future work will 

consist of case studies with more complex geometry and 

will address meeting minimum compressive and tensile load 

requirements. 

IV. NOMENCLATURE 

 RP: Rapid Prototyping 

 FDM: Fused Deposition Modeling 

 CAD: Computer Aided Design 

 FEA: Finite Element Analysis 

 CFD: Computational Fluid Dynamics 

 ABS: Acrylonitrile Butadiene Styrene 

 SEM: scanning electron microscope  

 CCD: central composite design  

 DMA: Dynamic Mechanical Analysis  

 ANN: Artificial Neural Network  

 QPSO: Quantum-behaved Particle Swarm 

Optimization  

 ANOVA: Analysis of Variance  

V. CONCLUSION 

In this study we can conclude that FDM is most promising 

fabrication techniques for making the product very easily 

and rapidly but after surveying of these literatures we know 

the importance of the extruder nozzle and its parameter so, 

we can say that the extruder nozzle is the heart of  the FDM. 

Extruder nozzle parameters are influencing the melt flow 

and due to that melt flow affected on mechanical properties, 

Thermal properties, surface roughness, build quality of part. 

So, for the future research work is need in the extruder 

nozzle for the better thermal performance and it’s used for 

wide variety of material such as ABS, nylon, wax, 

polycarbonate etc. 
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