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Abstract— Rapid prototyping (RP) is one of the most popular 

additive manufacturing methods. It is invariably used in 

connotation with 3-D printing which permits fast fabrication 

(printing) of complex parts by layerwise addition of material. 

Some major advantages that RP technology offers include 

reduction in printing time and cost, less human intervention 

and consequently shorter product development cycles. 

Among the different commercially viable RP techniques, 

Fused Deposition Modeling (FDM) is one of the most 

commonly used RP techniques. The FDM method forms 

three-dimensional objects directly from computer generated 

solid or surface models with the help of filamentous materials 

which are conveyed precisely in a heated nozzle. The 

potential for parts of parts that can be created using FDM is 

enormously high. Major reason for this is the large number of 

customized input variables that a user can define before the 

start of printing process. Layer thickness and raster angle can 

be considered as one of the important process parameters 

during formation of components by FDM. PLA and PLA 

composite (PLA+CARBON FIBER) have been considered. 

For these materials, a comprehensive experimentation has 

been done to analyze the effect of two process parameters, 

namely layer  thickness  and raster angle on three response 

variables, test specimens for, tensile strength Further, the 

relative effects of layer thickness and raster angle have been 

determined using ANOVA on the aforesaid mechanical 

properties and conclusions have been made. The findings of 

this work can prove beneficial to practitioners and researchers 

working in the RP based technology and various related areas 

which include space satellites, marine engineering 

components, household appliances etc. 

Keywords: Additive Manufacturing Fused Deposition 
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I. INTRODUCTION 

Rapid prototyping is a group of techniques used to quickly 

fabricate a scale model of a physical part using three-

dimensional computer aided design (CAD) Construction of 

the parts usually that encompasses a variety of different 

techniques that primarily aim to develop a 3-dimensional 

solid object layer by layer in 3D printing process. [1]. RP may 

also be referred as a group of commercially available 

processes used to create solid 3D parts from a given CAD 

file[2]. This technique differs from conventional material 

removal and forming techniques in the sense that parts are 

shaped gradually and sequentially in a layer by layer 

manner[3]. Early RP methods employed polymers for 

fabricating products which was later replaced by ceramics, 

metals and composites. It has been seen that composites 

facilitate the RP processes and hence been widely used in 

recent years[4]. Even at that early date the technology was 

seen as having a place in manufacturing practice. A low 

resolution, low strength output had value in design 

verification, mould making, production jigs and other 

areas.[5] Outputs have steadily advanced toward higher 

specification uses and advancements allow for faster and 

lower cost prototypes and model fabrication by eliminating 

manpower and expensive tooling which allow companies and 

inventors to bring there products and designs to market faster 

than the competition.[6] 

A. Fused deposition modeling 

In this section, we for a short time outline the basic principle 

of operation and literature review on the RP technique 

employed in this work named as fused deposition modeling 

(FDM)[7]. Similar to various other RP techniques, FDM is 

also used to fabricate 3-D objects from the surface models 

generated from computer or from other sources such as 

computed tomography scans, 3D object digitizing systems, 

magnetic resonance imaging scans[8] 

 
Fig. 1.1: A schematic diagram of the FDM extrusion and 

deposition[9] 

B. Principle 

FDM, similar to other additive manufacturing processes, 

forms a part layer by layer. As can be seen in Fig-1.1, a reel 

of filamentous material to be deposited such as PLA, PLA 

Matrix is configured and made to pass accurately a heated 

nozzle. It is important to note that the deposition path traced 

by semi-molten material .is in confirmation to the slicing 

contour furnished by computer file[10]. The cooling and 

solidification of the time and the bonding characteristics of 

the thermal energy of the molten material. The finished 

product is thus created layer by layer in the required contour. 

[11] . FDM Materials- ABS, PLA, Nylon, Carbon fiber 

II. LITERATURE REVIEW 

A. Development of Rapid Prototyping 

There is a great growth in Rapid Prototyping technologies 

since early1980's but it has significant growth in this 

field.[12] 
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Kaufui V.Wong and Aldo Hernandez[14] described rapid 

prototyping as the first process of additive manufacturing, but 

also facilitates fabrication of parts with reduced human 

interaction.   

In another work, A.K.Matta et al. [15] highlighted 

integration of CAD / CAM systems with RP manufacturing 

technologies CAD-based RP systems were developed and 

used in remote parts for growing the manufacturing facilities 

of small, medium and large sized enterprises. 

B. Review on Fused Deposition Modeling (FDM) 

This section reviews the research and findings in the Fused 

Deposition Modeling (FDM) method as it is in this 

dissertation work for further analysis and study. In particular 

mechanical properties of FDM are focused A study made by  

Es Said et al. [16] shows that raster orientation causes 

alignment of polymer molecules along the direction of 

deposition during fabrication and tensile, flexural and impact 

strength depends on orientation. Since semi-molten filament 

is extruded from nozzle tip and solidified in a chamber 

maintained at certain temperature, change of phase is likely 

to occur. Strength of FDM processed component primarily 

depend on five important control factors such as layer 

thickness (A), part build orientation (B), raster angle (C), 

raster width (D) and raster to raster gap (air gap) (E). They 

are defined as follows [18]: 

Anoop Kumar et al. [15] The quality of building 

parts on many process variables such as layer thickness, raster 

angle, orientation, raster width and air gap PLA pla material 

was selected for this parametric study of tensile, flexural and 

impact strength of test specimen on the process variables.  

In another study, Ning, Fuda et al. [14] Investments of 

process parameters used in FDM on the tensile properties of 

carbon fiber-reinforced plastic composite parts. The typical 

process parameters used in this study were layer thickness 

(0.15, 0.2,) mm, infill speed(15, 20,) mm / s, nozzle 

temperature (230 °, 240 °) C and raster angle (0 °, 45 °, 90 °). 

Effect of raster angle in tensile strength exhibited maximum 

at 0 °, 90 ° Results showed that raster angle has significant 

effect on tensile properties.  

J.M. Chacona et al [24] observed the effect of layer 

thickness, feed rate and build orientation on the mechanical 

properties of manufactured PLA part. In this study, the 

parameters selected as layer thickness as 0.06- 0.24 mm, 

different feed rates as 20,-80 mm/ s and build orientation as 

Flat (F), Upright (U), On-edge (O). The standard ASTM 

D638-10 was used for tensile testing It was observed that high 

tensile and  

Wonjin Jo et al. [13] The typical process variables 

selected in the study were layer thickness as 0.1, 0.2, 0.3 mm, 

raster angle as 0˚, 45˚, 90˚, print speed as 80, 150 mm / s and 

print bed temperature as 0 °, 60 ° 

C. Literary gaps 

The literature on FDM revealed that the fabricated parts of 

the FDPM technology in the past two decades, specially in 

terms of process improvisation and achieving Most 

researchers have focused on analyzing process parameters 

like layer thickness, raster angle, building orientation etc. by 

considering a particular FDM materials namely ABS, PLA or 

carbon reinforced fibers The mechanical properties of 

polymer materials like tensile strength, impact strength, 

hardness, water absorption, flexural strength rate etc. It is 

aimed in the work of the work to fill the above mentioned 

gaps by selecting two materials and analyzing the effect of 

different mechanical properties on a part build by FDM 

technology. 

III. METHODOLOGY AND FRAMEWORK OF STUDY 

This chapter defines the systematic approach and various 

steps that have been adopted to accomplish this study. It also 

defines the details of each of these steps-: 

1) Literature review and identification of research gaps 

2) Formulation of research objectives 

3) Selection of material and process parameters 

4) Design of experimental framework 

5) Fabrication of test specimens 

6) Analysis of results and findings 

A. Step 1: Literature review & identification of research 

gaps 

As mentioned earlier, Rapid prototyping (RP) is a fast 

growing technology that can substantially help engineers 

shorten the time and decrease the cost of developing a new 

product from the initial idea to final product generation. 

Mechanical properties of 3D-printed samples can be 

influenced by many factors, such as layer thickness, raster 

angle, build orientations, fill pattern, air gap and model build 

temperature.  

B. Step 2: Formulation of research objective 

On the basis of the gaps identified in following research 

objectives have been 

1) Formulated for this Work: 

To provide users with a preliminary guide to help determine 

optimal selection of process variables for PLA+C.F.  and 

PLA in a Fused Deposition Modelling (FDM) method. 

C. Step 3: Selection of material and process parameters 

Two popular commercially available FDM materials namely 

PLA and PLA+Carbon fiber have been selected for the 

purpose of this study. [16] which can be suitably altered for 

achieving desired properties in the final part. A brief 

explanation of these variables is mentioned below (Fig. 1.2): 

Layer thickness, Raster angle: ,Internal fill pattern: ,Interior 

fill density, Contour: ,Contour Raster gap:     Temperature:  

 
Fig. 1.2: FDM process parameters [10] 
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Factors Level 

Layer thicknes 

0.1mm 

0.2mm 

0.3mm 

Raster angle 

0º 

30º 

45º 

Table 1.1: Control variables in FDM process 

As mentioned in Step 2, the scope of this study is to 

analyze the effect of two important process variables namely 

layer thickness and raster angle. These have been designated 

as control variables with range of variation as mentioned in 

Table 1.1. The other variables are fixed for the purpose of 

study with their typical values mentioned in Table 1.2. [77] 

S.No. Factors Value 

1. pattern fast honeycomb 

2. Interior Fill 75% 

3. Temperature 
205 ºC of pla/295 ºC of 

pla+carbon fiber 

4. Printing speed 60 mm/min 

5. Contour 2 

6. 
Contour raster 

gap 
0.16 mm 

Table 1.2: Values of fixed variables selected in FDM 

process 

Raster angle Printing pattern 

 

0º 

 

 

 

30º 
 

    
Fig. 1.3: Configuration of three different raster angle 0°, 30° 

and 45°. 

D. Step 4: Design of experimental framework 

With reference to the literature survey and objectives stated 

in Step 2, following properties of built part have been selected 

for analyzing the effect of control and fixed variables seen in 

FDM process: Tensile strength standard test specimen namely 

ASTM D638 -10 type IV [25] for measuring tensile strength,  

E. Step 5: Fabrication of test specimens 

In order to accomplish the aforesaid test specimens have to 

be fabricated for three levels of two control variables (layer 

thickness and raster angle) with two different materials.  

F. Step 6: Analysis of results and findings 

After fabrication and testing of the specimens, the effect of 

control variable as namely layer thickness and raster angle 

will be analyzed for the five different parameters of 

specimens 

IV. DESIGN AND EXPERIMENTAL FRAMEWORK 

This section is affiliated with the shape of specimen, 

measuring instruments, testing machine specifications, 

testing methods. 

A. Tensile test Shape of specimen 

The shape of the standard specimen ASTM D638 - 10 type 

IV for dimensional measurement is givenin Fig.4.1. 

 
Fig. 1.4: ASTM D 638 - 10 type IV specimen 

First of all, draw the design of the specimen in solid 

work software considering the detailed dimensions of the 

specimen specified in table 1.3 is shown in Fig.1.4. After the 

design of component converted it into .STL file which is 

compulsory for software requirement of printing machine. 

ASTM D638-10 Type IV Dimensions/mm 

W-Width of narrow section 6 

L-Length of narrow section 33 

WO – Width overall 19 

LO – Length overall 115 

G- Gauge length 25 

D – Distance between grips 65 

R- Radius of fillet 14 

RO – Outer radius 25 

T – Thickness 4 

Table 1.3: Dimension of standard specimen ASTM D638-10 

Type IV 

B. Tensile Testing method 

Tensile tests were performed on a universal testing machine 

INSTRON (equipped with a 10 KN load cell) for eighteen 

ASTM Type IV specimens. Minimum cross sectional area for 

the each specimen is 6 x 4 = 24 mm². All the tests were 

conducted at the same temperature in 24ºC. For determining 

the tensile properties the test specimen is clamped by the jaws 

of the tensile test machine as shown in Fig. 1.5 and extended 

with force, at testing speed 2 mm/min as define by ASTM 

D638-10 standard 

  
Fig. 1.5: (a) Tensile test specimen clamped by the jaws of 

machine (b) Specimen after breaking 

 

 

4

5
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V. RESULTS & DISCUSSION 

A. Tensile Properties 

As per the methodology presented in the tensile tests were 

performed and results obtained are displayed in this section. 

Test specimens were fabricated with three different layer 

thickness (0.1mm, 0.2mm, 0.3mm ) in three raster angles (0º, 

30º, 45º). Total 18 specimens were fabricated and tested. A 

Universal Testing Machine (UTM), make INSTRON was 

used to perform these tests whereas the tensile strength for 

each test sample were obtained using the BLUEHILL 

software. The detailed test results are presented in the 

following sections. 

B. Tensile Properties of PLA 

In this section, nine specimens fabricated in PLA material for 

tensile test are presented load condition at varies extension 

for different values of tensile stress as per the test. It can be 

found that the experiment results of tensile strength are 

different at different variable products. The Load and 

Extension diagram for each specimen are in the following 

Figures-measurement results 

Raster 

angle 

Layer 

thickness(mm) 

Max. load 

[N] 

Tensile 

stress 

0º 0.1 916.813 34.39 

0º 0.2 1072.88 40.93 

0º 0.3 857.406 33.02 

30º 0.1 899.00 35.23 

30º 0.2 1059.56 39.77 

30º 0.3 827.467 30.53 

45º 0.1 752.84 29.95 

45º 0.2 883.50 33.26 

45º 0.3 857.436 33.04 

Table 1.4: summarizes the test result of tensile strength for 

the specimens 

It can be seen that the specimen with layer thickness 

(0.2mm) and the lower raster angle (0º) show the highest 

tensile strength. It is also evident that by increasing the layer 

thickness tensile strength first increase after than decrease 

tensile strength with being maximum at 0.2 mm thickness and 

40.93 MPa of tensile stress. In case of lower and higher layer 

thickness when increasing raster angle, tensile strength. 

C. Statistical Analysis of tensile properties for PLA 

Two – Way ANOVA method shown to analyze the 

experiment results for tensile strength of PLA material. It can 

be seen in the ANOVA table 5.2 below from Minitab that the 

p- value of factors are 0.106 (Layer thickness) and 0.260 

(Raster angle). One values are lower and second greater than 

of 0.10. We only conclude that a significant difference 

exists.  We reject the null hypothesis that there's difference 

between the means and conclude that a significant difference. 

Table 1.5 Two - Way ANOVA method of tensile properties 

for PLA. 

Factor coding (-1, 0, +1) 

1) Factor Information 

Factor Type Levels Values 

ANGLE Fixed 3 0, 30, 45 

THICKNESS Fixed 3 0.1, 0.2, 0.3 

2) Analysis of Variance 

Source 
D

F 

Adj 

SS 

Adj 

MS 

F-

Value 

P-

Value 

ANGLE 2 26.69 13.343 1.92 0.260 

THICKNES

S 
2 57.5 28.7 4.14 0.09 

Error 4 27.7 6.94   

Total 8 111    

 
Fig. 1.6: Mean effect plot of tensile strength for PLA 

Mean effect plot for tensile strength from Fig. 1.6 is 

shows that decreasing tensile strength with increasing raster 

angle. In case of layer thickness tensile strength of PLA 

decrease first than increase and after second decrease 

subsequently with layer thickness. Better results found with 

lower raster angle with mid layer thickness. 

D. Tensile properties of PLA+C.F. 

In this section, nine specimens fabricated in PLA+C.F.  

Material for tensile test are presented and discussed. It can be 

found that the experiment results of tensile strength are 

different at different variable products. 

Raster 

angle 

Layer 

thickness(mm) 

Max. load 

[N] 

Tensile 

stress 

0º 0.1 699 28.21 

0º 0.2 782.031 27.30 

0º 0.3 772.094 28.60 

30º 0.1 759.938 27.63 

30º 0.2 597.077 23.69 

30º 0.3 733.531 26.15 

45º 0.1 785.879 27.87 

45º 0.2 802.719 33.82 

45º 0.3 756.125 30.38 

Table 1.6: PLA+C.F.  Tensile properties measurement 

results 

`Table 1.6 summarizes the test result of tensile 

strength for the specimens. It can be seen that the specimen 

with lower layer thickness (0.2mm) and the lower raster angle 

(45º) show the highest tensile strength. It is also evident that 

by increasing the layer thickness tensile strength first increase 

than decrease  tensile strength with being maximum at 0.2 

mm thickness and 33.82 MPa of tensile stress. In case of 

lower and higher layer thickness when increasing raster 

angle, tensile strength first increases than decreases. 

E. Statistical Analysis of tensile properties for PLA+C.F. 

Two – Way ANOVA method shown to analyze the 

experiment results for tensile strength of PLA material. It can 



An Experimental analysis of Mechanical Tensile Properties on Polylactic Acid and Polylactic Acid with Carbon Fiber in a FDM Fabricated Part by 3D 

Printer 

 (IJSRD/Vol. 7/Issue 06/2019/106) 

 

 All rights reserved by www.ijsrd.com 477 

be seen in the ANOVA table 5.4 below from Minitab that the 

p- value of factors are 0.972 (Layer thickness) and 0.180 

(Raster angle). Both values are larger than 0.10.  

We cannot conclude that a significant difference exists.  We 

accept the null hypothesis that there’s difference between the 

means and conclude that a   non- significant difference. 

1) Analysis of Variance 

Source DF Adj SS Adj MS F-Value P-Value 

angle 2 35.6235 17.8117 2.71 0.180 

thicknes 2 0.3699 0.1849 0.03 0.972 

Error 4 26.287 6.5719   

Total 8 62.280    

Table 1.7: Two - Way ANOVA method of tensile properties 

for PLA+C.F. 

 
Fig. 1.7: Mean effect plot of tensile strength for PLA+C.F. 

Mean effect plot for tensile strength from Fig 1.7 is 

shows that increasing tensile strength with increasing raster 

angle and layer thickness. In case of layer thickness tensile 

strength of PLA+C.F. increase subsequently with layer 

thickness. Better results found with higher raster angle with 

higher layer thickness. 

F. Summary of Results 

This section presents the summary of results obtained from 

various experiments conducted on the FDM fabricated part. 

The details are as mentioned below: 

G. Tensile Strength 

It can be noted that tensile strength of PLA first increases and 

then decreases with an increase in layer thickness. The weak 

interlayer bonding is responsible for decrease in strength 

because distortion occurs with lower layer thickness. As the 

layer thickness increases, less number of layers are required 

and so distortion effect is minimized but strength increases 

due to strong bonding formation between the layers. However 

in case of PLA, unlike PLA+C.F.  tensile strength increase 

with an increase in layer thickness. In lower layer thickness 

distortion phenomenon dominates resulting in decrease in 

strength. Strength decreases with the increase of raster angle 

because higher raster angles are subjected to high distortion. 

Both process variables namely raster angle and layer 

thickness significantly effect on tensile strength of PLA and 

PLA + C.F. 

S.no. Parameter 
Process 

Variable 

Significant , 

PLA PLA+C.F. 

  
Layer 

thickness 
Yes No 

Tensile 

stress 
Raster angle No Yes 

Table 1.8: Comparison between PLA+C.F. and PLA based 

on significant effect of process variable on various 

parameters 

VI. CONCLUSION AND FUTURE WORK 

A. Conclusion 

In this work we have fabricated test specimens from PLA and 

PLA+C.F. material using FDM technique. Subsequently, we 

studied effect of process parameters namely layer thickness 

and raster angle on four response variables i.e., tensile 

strength, on the test specimens. A popular statistical tool 

ANOVA was then employed to determine the relative effect 

of these process parameters in terms of response variables. 

both PLA and PLA+C.F. parts are not affected significantly 

by the printing variable. 

It was found that tensile strength of PLA is greater 

than PLA+C.F.  in various combinations of process variables. 

The tensile strength of PLA shows that the effects of process 

variables are dependent on each other. The main reason 

attributed for weak strength is the distortion within the layer 

or between the layers. Impact strength of PLA+C.F. was also 

found lower that of PLA. It is expected that the mechanical 

properties of the bonding zone are not the same as those of 

PLA+C.F. and PLA, which has already been verified in early 

work in FDM literature. As regards, hardness of fabricated 

part PLA showed better results than PLA+C.F. and layer 

thickness and raster angle significant affects the hardness in 

PLA and   PLA +c.f. .Better hardness was seen at lower layer 

thickness and lower raster angle in both cases. 

B. Future work 

Further research work can be attempted by building the test 

specimens using other process variables like printing pattern, 

printing speed, printing temperature, fill density etc. In 

addition, different machine settings in rapid prototyping 

systems and different printing material like carbon fiber, glass 

fiber, polyethylene fibres, boron fibres etc. can also add 

interesting dimensions in this type of research. It is also 

important to mention that these parameter settings can be 

tested for using different rapid prototyping technologies 

Furthermore, a comparative study should not be limited to 

only two types of material and same can be expanded to 

include other commercially available composite materials.  
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