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Abstract— Additive manufacturing is the process of making 

objects from 3D CAD model data by joining materials layer 

by layer. Fused Deposition Modeling (FDM) also known as 

3D printing is an additive manufacturing technology used for 

prototyping, modeling and manufacturing applications. 

Various process parameters such as layer thickness, extrusion 

speed, extrusion temperature, part orientation angle, etc., 

effect the dimensional accuracy of the FDM built parts. In the 

present work the effect of layer thickness, extrusion speed 

and extrusion temperature were studied. The factors layer 

thickness, extrusion speed and extrusion temperature were 

selected at 2 levels each and thus a full factorial design with 

8 experiments and without replications was used. Percentage 

error in their responses i.e., height, internal hole diameter and 

outer diameter of the part were determined and ranking was 

given according to least error in dimension. It was found that 

different best values or ranking was found according to 

different responses. Therefore two Multiple Criteria Decision 

Making methods i.e., Weighted Average Method and 

Analytic Hierarchy Process were used to find the best values 

of parameters. From these two methods it was found that 

experiment 2 with lower layer thickness i.e., 0.1mm, lower 

extrusion speed i.e., 40mm/s and higher extrusion 

temperature i.e., 230℃ are preferable. The least preferred is 

experiment 7 with high layer thickness 0.2, high extrusion 

speed 60mm/s and lower extrusion temperature 220℃ with 

regard to effect on dimensional accuracy. 
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I. INTRODUCTION 

Today there is a huge advancement in manufacturing field. 

There are a number of ways of manufacturing parts which 

have improved the quality and standard of the parts, improved 

the working standard and also provided wide variety of parts. 

Manufacturing is done either by removal of material or 

subtractive process such as machining process or by adding 

material i.e., additive manufacturing (AM). 

One of the additive manufacturing process is Fused 

Deposition Modeling (FDM) also known as 3D printing 

process is a well-known and used method for manufacturing 

parts. Fused Deposition Modeling or Fused Filament 

Fabrication (FFF) is a manufacturing method in which parts 

are created by depositing the melted filament material in 

plastic state on the printer platform layer by layer to form the 

required part. The aim of this work was to find the effect of 

process parameters on dimensional accuracy of fused 

deposition built parts. 

II. LITERATURE 

In a study of process parameters influence in additive 

manufacturing on shape and dimensional characteristics of 

prototypes, T.Ingrassia and others [1] used prototypes made 

using layer thickness 0.2mm and 0.05mm. Circularity and 

cylindricity controls have been prformed. 

Tejendrasinh [2] in his research review article has 

stated that, for change in length and width, effect of layer 

thickness and part build orientation are dominant and raster 

angle has negligible effect. 

DejanMovrin and others [3] did experimental 

analysis of the influence of layer thickness, deposition angle 

and infill on the maximum flexural force in FDM specimens 

and found that significant influence of extrusion speed, 

significant interaction between deposition angle and infill, as 

well as non-linearity of effects. 

Ognjan Luzanin and others [4] investigated on 

extrusion speed and extrusion temperature’s impact on 

surface quality of FDM built parts which have been 

investigated in this paper. Results showed that higher 

extrusion temperature has mildly effect the reduction of 

surface roughness value (Ra) while increase of extrusion 

speed has a pronounced effect on the increase of surface 

roughness value (Ra). 

T.Nancharaiah and others [5] in their research the 

FDM process parameters i.e., layer thickness, road width, air 

gap and raster angle for their influence on physical properties 

like surface finish and dimensional accuracy were considered 

and found that smaller layer thickness increases both surface 

quality and dimensional accuracy.  

III. EXPERIMENTAL DETAILS 

A. Equipment 

In the present work Makerbot Replicator 2x was used as the 

Fused Filament Fabrication printer as shown in fig.1 and 

specifications are noted in table 1. Digital vernier calipers 

was used to measure the required dimensions. 

 
Fig. 1: Experimental Setup of FDM Printer 
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Filament diameter 1.75mm 

Nozzle diameter 0.4mm 

Build volume 24.6cm×16.3cm×15cm (L×W×H) 

Layer height 

settings 

High:    100 microns 

Medium:    200 microns 

Low:    300 microns 

Table 1: Specifications of FDM Printer 

B. Material used 

In the present work Acrylonitrile Butadiene Styrene (ABS) 

plastic filament which was in the form of spool or reel was 

used. It was fed to the extruder nozzle where it was melted 

and deposits on the bed. As it is amorphous it has no true 

melting point but it generally softens at 90°C, melts at 105°C, 

can be extruded at 180°C but it needs to be extruded  between 

200°C - 240°C to bond properly to the previous layer. The 

bed temperature to be maintained was between 80°C to 

115°C. 

C. Experimental Procedure 

Involute spur gear was chosen as the part to be printed. The 

specifications of gear are mentioned in table 2. CAD model 

was made in Pro-E i.e., PTC Creo parametric2.0 as shown in 

fig.2. CAD model was converted to STL file and checked for 

errors. The STL file was opened in Makerware slicer software 

in which it was sliced and number of layers was displayed as 

shown in fig.3. It also displayed the time required to print and 

amount of material required.  

The print parameters were set according to the 

design of experiments. Later print was given. Firstly the 

printer bed heated up to temperature set i.e.,110°C and then 

raft was built for easy removal of the part, later the part was 

built on it as shown in fig.4.  The part was left for a few 

minutes to cool as shown in fig.5 and then removed. Later the 

raft was removed. And parts obtained are shown in fig.6. 

D. Process Parameters 

There are many parameters involved in FDM printing. In the 

present work few of these parameters were kept constant and 

few parameters which affect the dimensional accuracy from 

literature were varied. The constant and variable parameters 

and their setting values are mentioned in the table 3 and table 

4 respectively. 

Pressure angle 20° full depth 

Module 4mm 

Diameter of pitch circle 36mm 

Diameter of addendum circle 40mm 

Diameter of dedendum circle 31mm 

Diameter of internal hole 20mm 

Number of teeth 18 

Thickness or face width 10mm 

Table 2: Part Specifications 

 
Fig. 2: CAD Model of Gear 

  
Fig. 3: STL File Opened In Makerware 

 
Fig. 4: Front View While Printing 

Constant parameters Value 

Infill density 10% 

Infill pattern Linear 

Number of shells 2 

Roof thickness 1mm 

Floor thickness 1mm 

Bed Temperature 110°C 

Orientation angle 0° 

Infill print speed 90mm/s 

Table 3: Constant Parameters 

Parameters units Level1 Level2 

Layer Thickness mm 0.1 0.2 

Outlines Extrusion Speed mm/s 40 60 

Extrusion Temperature °C 220 230 

Table 4: Variable Parameters 

E. Design of Experiments 

Design of experiments is the method of laying out input 

conditions of an experiment involving multiple factors to 

reflect the variation in the result. A full factorial design will 

identify all possible combinations for a given set of input 

parameters. 

In the present work full factorial design of 

experiments with layer thickness, outline extrusion speed and 

extrusion temperature as three factors in two different levels 

each were used to find the combinations. Thus full factorial 

with 8 experiments was designed and used. 

The combinations of experimental parameters were 

as follows in table5. 

Exp. 

No. 

Layer 

thickness 

LT (mm) 

Extrusion 

speed ES 

(mm/s) 

Extrusion 

temperature 

ET (°C) 

1 0.1 40 220 

2 0.1 40 230 

3 0.1 60 220 

4 0.1 60 230 

5 0.2 40 220 

6 0.2 40 230 

7 0.2 60 220 

8 0.2 60 230 

Table 5: Experimental Design Table 
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Fig. 5: Part after Completion of Printing 

 
Fig. 6: FDM Printed Parts Obtained 

Exp. 

No. 

LT 

mm 

ES 

mm/s 

ET 

°C 

H 

Avg. mm 
Error% Rank 

ID 

Avg. (mm) 

Error 

% 
Rank 

OD 

Avg.(mm) 
Error % Rank 

1 0.1 40 220 9.976667 0.23333 1 19.3175 3.4125 2 30.8933 0.344086 6 

2 0.1 40 230 9.903333 0.96667 4 19.2575 3.7125 5 30.81667 0.591398 8 

7 0.1 60 220 9.865 1.35 7 19.775 4.1125 7 30.94667 0.172043 3 

4 0.1 60 230 9.881667 1.18333 5 19.3325 3.3375 1 30.91 0.290323 5 

5 0.2 40 220 9.83 1.7 8 19.2675 3.6625 4 30.88 0.387097 7 

6 0.2 40 230 9.13333 0.86667 3 19.275 3.625 3 30.91667 0.268817 4 

7 0.2 60 220 9.925 0.75 2 19.1725 4.1375 8 30.96667 0.107527 2 

8 0.2 60 230 9.878333 1.21667 6 19.19 4.05 6 31.03 -0.09677 1 

Table 6. Ranking For Least Percentage Error

IV. RESULTS AND DISCUSSIONS 

The measured values were height of part, internal hole 

diameter and external diameter. They were measured using 

digital vernier calipers at different locations and average 

values were found. The responses were the errors of height, 

internal hole diameter and external diameter. 

Percentage error was found for these using measured 

values and actual CAD model dimensions with the formula 

given below 

Error = actual size − obtained size   (1) 

Error% =
actual size−obtained size

actual size
× 100  (2) 

The calculated percentage error values were noted in 

the table 6. They were ranked according to least error 

percentage. It was found that there were different best values 

of parameters resulting in least error for different responses. 

Hence to find the overall best parameter value Multiple 

Criteria Decision Making methods were used. 

The  methods used in this project for finding the 

optimal parameters values were Simple Additive  Weighing 

(SAW) or Weighted Sum Method (WSM)  and Analytic  

Hierarchy Process (AHP). 

A. Weighted Sum Method (WSM) 

The Weighted Sum Method (WSM) is the best known and 

simplest Multiple Criteria Decision Making (MCDM) 

method for evaluating a number of alternatives in terms of a 

number of decision criteria. 

1) Step 1 

In this method points were given to variables according to 

their significance to effect on FDM parts accuracy found from 

literature survey. Extrusion speed has been found to have 

most effect compared to layer thickness and extrusion 

temperature. Thus 20, 50 and 10 points were given to layer 

thickness, extrusion speed and extrusion temperature 

respectively. 

2) Step 2 

Weights [wj] were calculated for each criterion by dividing 

points by total points. 

a) For each parameter  

Weights = 
points

total points
                 (3) 

As given in table7. 

3) Step 3 

Attributes were normalized by dividing the column least by 

the element in case of minimization of that criteria and 

dividing the element by column maximum in case of 

maximization of that criteria as shown in table 7. 

4) Step 4 

Weighted sum was calculated for each alternative by adding 

the product of normalized values and respected criteria 

weight for entire row as given below and noted in table 7. 

Weighted sum(Wij)= (Aij×0.25)+(Bij×0.625)+(Cij×0.125) 

(4) 

5) Step 5 

The weighted sum of each alternative was observed and was 

ranked in decreasing order to get the best as shown in table 7. 

It was found that experiment 2 with layer thickness 

0.1mm, extrusion speed 40mm/s and extrusion temperature 

230°C was ranked first, hence these were the best according 

to Simple Additive Weighing (SAW) or Weighted Sum 

Method (WSM). 

Hence the order for best parameter values is E2 – E1 

– E6 – E5 – E4 –E3 – E8 – E7. 

 
Table 7: Normalized Values of Attributes, Weighted Sum 

and Rank 

B. Analytic Hierarchy Process (AHP) 

It was done in 4 steps 

1) Step 1 

Computing normalized values of attributes. 
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The normalized 8*3 matrix [S] was written in the 

table 8 using table5 as in above method step3. 

 
Table 8: Normalized Values 

2) Step 2 

Computing relative importance matrix or comparison matrix. 

The Relative importance matrix or Comparison matrix using 

Saaty’s scale was written in [A1] as follows. 

 
A1 matrix was represented in tabular form and 

Geometric Mean (GM) of row elements was found in each 

row and sum of GMs was calculated. Then GM was divided 

by sum of GMs. It was noted in table 9. 

Thus the weight vector obtained was 

[A2]    =  





















07192743.0

649118005.0

278954565.0  

[A3] = [A1] × [A2] = 





















220449.0

989474.1

854964.0

               (5) 

[A4] = [A3]i/[A2]i = 





















06488081.3

06488804.3

06488814.3         (6) 

Σ [A4] = 9.194657                                        (7) 

Average max = 
Σ[A4] 

3
  = 3.064885664         (8) 

 
Table 9: Comparison matrix and GM matrix 

3) Step 3 

Checking degree of consistency 

CI =
max − n

n − 1
 =  

3.064885664 − 3

3 − 1
= 0.032444  (9) 

n = 3 as three parameters are compared. At n =3, RI = 0.58 

CR = 
CI

RI
  = 

0.032444

0.58
  = 0.055938 < 0.1             (10) 

Since CR < 0.1, Relative Importance Matrix was 

consistent and accepted. 

4) Step 4 Calculating weighted matrix for ranking 

Ranking matrix was calculated as below and noted in table10. 

Ranking matrix [R] = normalized matrix [S] × weights 

vector [A2]    (11) 

 

 
Table 10: Ranking matrix 

Thus from weighted rank matrix [R] ranking was 

given in decreasing order of value in [R] matrix. 

It is found that experiment 2 with layer thickness 

0.1mm, extrusion speed 40mm/s and extrusion temperature 

230°C was ranked first, hence these were the best according 

to Analytic  Hierarchy Process (AHP) and weighted sum 

method (WSM) also. 

The least preferred is experiment 7 with high layer 

thickness 0.2, high extrusion speed 60mm/s and lower 

extrusion temperature 220°C. 
The order of experiments for best dimensional 

accuracy from WSM and AHP is E2 – E1 – E6 – E5 – E4 – 

E3 – E8 – E7. 

V. CONCLUSIONS 

Fused Deposition modeling (FDM) or FFF experiment for 

ABS was successfully carried out. 

The following conclusions were made from the 

present investigation. 

According to height or thickness of part, experiment 

1 with layer thickness 0.1mm, extrusion speed 40mm/s and 

extrusion temperature 220 °C was found to have the least 

error% and ranked the best. Whereas  according to internal 

hole diameter , experiment 4 with layer thickness 0.1mm , 

extrusion speed 60mm/s and extrusion temperature 230°C 

was found to have the least error% and according to outer 

diameter, experiment 8 with layer thickness 0.2mm, extrusion 

speed 60mm/s and extrusion temperature 230°C was found to 

have the least error% and ranked the best. 

Therefore the best values of parameters were found 

using Weighted Sum Method and Analytic Hierarchy process 

(AHP) and the results showed the same ranking from both the 

methods. From these two methods the best values of 

parameters which give the better dimensional accuracy were 

found to be in experiment 2 with layer thickness 0.1mm, 

extrusion speed 40mm/s and extrusion temperature 230°C. 

The least preferred was experiment7 with high layer 

thickness 0.2, high extrusion speed 60mm/s and lower 

extrusion temperature 220°C. 

The ranking order according to WSM and AHP for 

best settings is E2 –E1 – E6 – E5 – E4 – E3 – E8 – E7.  
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Thus it was found that lower layer thickness and 

extrusion speed are preferable whereas higher extrusion 

temperature is preferable. The results were similar to 

conclusions from literature. 

Some of the other conclusions made from 

experiment are 

 The parts made with setting layer thickness as 0.1mm 

have better surface finish with invisible lines due to 

different layers and look like a single piece whereas parts 

with layer thickness as 0.2mm have visible lines on it and 

also have visible layers in side view and top view. 

 It can be observed that few layers of the base of the parts 

are slightly distorted compared to the remaining.  
 It is slightly problematic to print a complicated shape of 

very small size as there may not be perfect shape and 

detail. 
 The shape of the circular hole is not perfect circle it 

seems like n-sided polygon where n is very large making 

a circle as it is visible in Auto CAD. 

 Due to its reduced size the top surface of gear at 

addendum circle is not perfectly flat. 
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