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Abstract 

 

Rapid prototyping (RP) refers to a class of technology that can automatically construct the physical models from computer aided 

design (CAD) data. Fused deposition modeling is one of the RP process that produced prototype from plastic material by lying 

track of semi molten plastic filament on to a platform in a layer wise manner from bottom to top. The quality of FDM made parts 

are highly depends upon various process parameters of process variable parameters of layer thickness (A), air gap (B), raster 

width (C), contour width (D), and raster orientation (E) on the mechanical properties viz. tensile, flexural, impact strength and 

hardness of part fabricated using fused deposition modeling (FDM) technology. To conduct this study, a full Taguchi experiment 

was used to obtain the test runs. A number of analytical methods Analysis of Variance (ANOVA), used to determine the 

influence of the variable FDM process parameter settings.  Hence optimization of FDM process parameters is necessary in order 

to improve the quality of parts. The purpose of this paper is to explore the reviews for various optimization methods used for 

process parameter optimization of FDM process. 

Keywords: Fused Deposition Modeling (FDM), Optimization, Taguchi Approach and Analysis of Variance (AN0VA). 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Reduction of product development cycle time is a major concern in industries to remain competitive in the marketplace and 

hence, focus has shifted from traditional product development methodology to rapid fabrication techniques like rapid prototyping 

(RP).The RP process is capable of building parts of any complicated geometry in least possible time without incurring extra cost 

due of absence of tooling. The Fused deposition modeling is one of the RP technology by which physical objects are created 

directly from CAD model using layer by layer deposition of extrusion material. But, the quality of FDM produced part is highly 

depends upon various process parameters used in this process. So, it is necessary to optimize FDM parameters. Optimization of 

process parameters helps to finding out correct adjustment of parameters which improve the quality of the prototypes. The 

Taguchi method is most widely used for design of experiments because it can be provide simplification of experimental plans 

and reduced the number of experimental runs. 

II. PROBLEM FORMULATION 

The quality and cost of the product is most important things to satisfy the customer. But as discussed earlier the quality of FDM 

produced parts are highly depends upon various process parameters of the process. So, it is necessary to carried out the 

optimization of FDM parameters. It will improve the quality of functional parts. There are so many methods used for 

optimization, design of experiments and prediction purpose. Without brief review it is difficult to say which one is better. This 

paper helps to find out which method is better for its particular application and we will use best method to achieve our goal. 

III. LITERATURE REVIEW ON FUSED DEPOSITION MODELING PROCESS 

  “An optimization approach for components built by fused deposition modeling with parametric internal structures”, L. 

Villalpando et al. 6th CIRP Conference, Procedia CIRP 17 (2014) 800-805 

In this paper, several studies have focused on FDM build part depositing parameters. 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.  
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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. 

Here, 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 

  “Parameter Optimization of ABS-M30i Parts Produced by Fused Deposition Modeling for Minimum Surface 

Roughness”,S. Dinesh Kumar et al. International Journal of Current Engineering and Technology, April (2014) 

In this paper, explains the results obtained in the experimental work on the cause of the main FDM process variable parameters 

namely, layer thickness (A), air gap (B), raster width (C), contour width (D), and raster orientation (E). The novel ABS- M30i 

biomedical material was used in this research work to build parts. Experiments were conducted using Taguchi‘s design of 

experiments with two levels for each factor.  

In this research, five FDM parameters: (A) layer thickness, (B) air gap, (C) raster width , (D) contour width , (E) raster 

orientation were examined at two variable settings for building test parts. Full factor design was used in this research to conduct 

an experimentation plan to determine the optimum parameters settings that affect the output characteristic response i.e., surface 

roughness (Ra). In this paper, the result of the different parameter are compare to surface roughness: 

 Negative air gap at (-0.01 mm) and layer thickness at (0.254 mm) or raster width at (0.508 mm) can be used to reduce 

surface roughness. 

 Use small layer thickness to increase Surface Quality. 

 Using the optimal part orientation is vital to reduce support material, which will lead to reduce building time and 

improve the surface finish. 

  “Investigation of the effect of built orientation on mechanical properties and total cost of FDM parts”, Sandeep Raut et 

al. 3rd International Conference on Material Processing and Characterization, Material science 6 (2014) 1625-1630. 

The objective of the present research paper study was to investigate the effect of the built-up orientation on the mechanical 

properties and total cost of the FDM parts. Experiments were carried out on STRATASYS FDM type rapid prototyping machine 

coupled with CATALYST software and ABS as main material. Tensile and Flexural specimens were prepared as per the ASTM 

standard with different built-up orientation and in three geometrical axes.  

In the present work, the effect of built orientation on the mechanical properties and total cost of the FDM parts was 

investigated. The responses considered in this study are mechanical property of FDM produced parts such as tensile and bending 

strength. Also the effect of main material required, support material required, number of layers and built time is considered in the 

evaluation of the total cost of FDM parts. Thus the minimization of main material and support material is also implicitly included 

in this work. The slicing is also used in the determination of optimum built orientation. The values of build time and number of 

layers required are determined for varying built orientation. Based on the results it can be concluded that about y-axis at 0 angle 

built up orientation FDM parts has good tensile strength and minimum cost. And about x-axis 0 angle built up orientation FDM 

parts has good flexural strength and medium cost. This is a useful conclusion which will help Rapid Prototyping users in 

selecting the best build orientation of the part and create optimal process planning. 

  “Parametric appraisal of mechanical property of fused deposition modelling processed parts” Anoop Kumar Sood et al. 

Maetrial and Design 31 (2010) 287-295. 

Anoop Kumar et al. have studied the influence of important process parameter viz. layer thickness, part orientation, raster angle, 

air gap and raster width along with their interaction on dimensional accuracy of fused deposition modeling (FDM) process ABS 

parts. They have observed that the shrinkage is dominant along with the length and width direction of built parts. But the positive 

deviation from the required value is observed in the thickness direction. Optimum parameter settings to minimize percentage 

change in length, width and thickness of standard test specimen have been found out using Taguchi‘s parameter design. They 

were used artificial neural network (ANN) for prediction purpose. Finally they conclude that for minimizing percentage change 

in length higher layer thickness (0.254 mm), 0 orientation, maximum raster angle (60), medium raster width and 0.004 air gap 

will give desire results. On the other hand lower value of layer thickness (0.127mm), orientation (0), raster angle (0) and higher 

value of raster width and minimum value of air gap (0.004) will minimize percentage change in thickness of test specimen. They 

adopted grey Taguchi method to fabricate the part in such a manner that all the 3 dimensional shows minimum deviation from 

actual value. Finally maximization of grey relational grade shows that layer thickness of 0.178 mm, part orientation of 0 degree, 

raster angle of 0 degree, road width of 0.4564 mm and air gap of 0.008 mm will produced overall improvement in part 

dimensions. 
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  “Critical parameters influencing the quality of prototypes in fused deposition modelling”  R. Anitha et al. Journal of 

Materials Processing Technology 118 (2001) 385-388. 

R.Anitha et al, have conducted experiment and found that in their result, revealed several interesting features of the FDM process 

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 , contributes to 15.57 and 15.83% at 

99% level of significance, respectively. The significance of layer thickness is further strengthened by the correlation analysis. 

This 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 0.3556mm, the road width at level 0.537mm and the speed of deposition at level 200mm. 

  “Optimization of rapid prototyping parameters for production of flexible ABS object”, B. H. Lee et al. Journal of 

Materials Processing Technology 169 (2005) 54-61. 

B.H. Lee et al. They have done optimization of influence of parameter for production of flexible ABS objects in FDM machine, 

here they have produced ABS compliant prototype .an orthogonal array, S/N ratio, and ANOVA are employed to investigate the 

process parameter in order to achieve optimum elastic performance of compliant ABS prototype to get maximum throw distance 

from prototype. Here four parameters such as air gap, raster angle, raster width and layer thickness each of at three level is 

selected for the study L9 orthogonal array was selected for design of experiments after the experimental work they have given 

out optimum combination of parameter for 10˚,15˚,20˚of displacement. 

IV. CONCLUSION 

From the above reviews conclusion can be drawn that the optimization of FDM parameters is necessary to achieve higher quality 

parts. Taguchi method is best approach for experimental design. Its tool such as orthogonal array, S/N ratio and ANOVA 

analysis is helpful to determine most significant factor which affect performance characteristics. 
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