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3D printing is a new technology for additive manufacturing to balance the demands of the customers and the industrial
requirements. The 3D printing technology is facilitated by the used of fused deposition modeling technique in this paper.
Ceramic based PLA composite specimens are developed and the process parameters are analysed. The security of the data
transferred in the 3D printing paradigm through cloud computing techniques is also discussed in this work. The ceramic based
PLA composite parts provide increased mechanical properties such as tensile strength and flexural strength. In this work L27
orthogonal array is used to conduct the experiments and the parameters are optimized. The regression coefficients, analysis
of variance and the residual plots for the tensile strength and flexural strength are investigated and analysed. It is observed
that the layer thickness is the most influencing parameter in the fused deposition modeling process. 
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Introduction

3D printing is a developing technology in additive

manufacturing. Fused deposition modeling is a form of

additive manufacturing and the finished product is

produced by producing multiple “slices”. A 3D mode

is initially developed and based on the this the physical

object is produced using fused deposition modeling

technique. The principle of Fused deposition modeling

is laying down materials in layers one over another. A

plastic filament or metal wire is unwound from a coil

and supplies material to produce the final part. A 3D

model can be developed using several software’s such as;

solidworks, catia, sketch-up, Autocad etc and the designed

model is saved in a .STL extension. The parameters

considered during the process are infill percentage,

number of shells, layer height, infill style, skin thickness

etc. The building parameters for fused deposition

modeling includes; building speed (extruding speed),

movement speed (travelling speed), support material

etc. Acrylonitrile butadiene styrene (ABS), ploy lactic

acid (PLA) are the general materials used in fused

deposition modelling. ABS has superior strength, electrical

properties and gloss toughness. These materials are

highly stable and resistant to wear, shrinkages and

moisture absorption. PLA is a biodegradable thermoplastic

and it is tough and brittle. The warping is the main

defect in FDM, where a layer of the deposition do not

sticks to the previous layer and it becomes curled. The

main causes of this defect are slow print speed, low

heating effect, and improper leveling platform. These

defects can be removed by preparing the bed properly,

using correct heating temperature and using correct

sticking agent. FDM finds numerous applications in

Aerospace industry, prosthetics, dentistry, automobile

industry and so on. 3D printing finds several applications

in several fields of engineering industries. In automotive

industry 3D printing is useful in fabrication of a car

dashboard; in jewelry industry 3D printing is popular

in manufacture of mould for jewel design; 3D printing

finds application in education sector, medical sectors in

developing prosthetics, and so on. The potential benefits

of 3D printing includes; reducing costs, time consumption,

high security, production on demand and so on. The error

associated with the manufacturing is also very less and

precision in manufacturing is obtained. Competitive

advantage is also obtained and high flexibility and

repeatability of the closed tolerance dimesion are obtained.

Literature Review

A study on 3D printing in cloud manufacturing is

investigated and compared with typical two models of

3D printing technologies available [1]. The various

aspects of 3D printing and cyber security associate

with the 3D printing technology are investigated. The

challenges faced by the additive manufacturing in

terms of data acquisition, computational cost and

standardization are discussed [2]. The industry 4.0

and the rapid advancements in the materials technology
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and its processing methodologies enabling smart

manufacturing are discussed. The newer technologies

such as machine learning, internet of things, cyber physical

systems are discussed in detail [3]. The development of

fused deposition modeling using Taguchi technique is

investigated. It is observed that accuracy of the

dimensioning of the part will highly depend on small

layer thickness, low extrusion temperature, low infill

percentage and hexagonal infill pattern [4]. Several

additives are used in fused deposition modeling to

develop the printed components for testing the tensile

and flexural properties. It is concluded that the ceramic

based PLA composite provides better mechanical

properties when compared to wood, copper and aluminium

based PLA composite [5]. Design of experiment is

used to optimize the process parameters for fused

deposition modeling. 27 experiments are conducted

using air gap, layer thickness and raster angle as the

process parameters and processing time required to

develop the model is investigated as the response [6].

The fused deposition modeling technique is adapted

to fabricate ceramic and multi functional components

to study the mechanical characterization of the products. It

is concluded that the surface quality and dimensional

stability are improved by the fused deposition technique

[7]. A geometrical model of the filament giving a

strong relationship between the layer thickness and

the deposition angle is formulated and validated. Also

the macro geometrical and micro geometrical aspects

of the model are investigated for its dimensional

accuracy and quality [8].

The fused deposition modeling and the additive

manufacturing process in the current industry is analysed.

The importance and the utilization of the 3D in several

industries are reviewed [9]. Fused deposition modeling

is used to fabricate polycarbonate specimen and it is

found that the orientation is the most important factor

in FDM process thereby providing improved surface

quality. Finite element analysis is carried out to analyse

the developed specimen and mechanical properties are

evaluated and analysed [10]. Ceramic based composite

laminate is fabricated and analysed for its mechanical

properties and characterization. The improvement in

the mechanical properties is noted with the increase in

silica composition [11]. A review on mechanical and

thermal properties of PLA with different fillers used as

filament in 3D printing is demonstrated. It is observed

that the ceramic based filler material will provide additional

strength when compared to the other materials [12].

Materials and Methods

The identification of the process parameters in the

optimization of the fused deposition modeling is the

primary step in the analysis. Three process parameter,

layer thickness, printing orientation and raster angle are

selected with three levels. The three levels of the layer

thickness are 0.2 mm, 0.3 and 0.4 mm; printing

orientation are flat, on edge and upright orientations,

raster angle are 0, 30 and 45 degrees. The responses

selected in this work against these process parameters

are Tensile strength and Flexural strength. The most

important mechanical property in analyzing the strength

of a composite material is Tensile strength and Flexural

strength. Tensile strength is the ability of a material to

resist failure due to tension when loading are applied to

the material. Flexural strength indicates the maximum

load required breaking the material and it is highly

useful in determining the flex or bending properties of

a material. The objective of this work is maximization

of the tensile strength and flexural strength. Design of

experiments is used to optimize the process parameters

using Taguch technique. L27 orthogonal array is used

to conduct the experiments and the experimental data

are shown in Table 1. WOL 3D printer is used for the

fused deposition modeling of the PLA composite. The

printing sped of the printer is 180mm/sec; power

consumption is 240 V; nozzle diameter 0.4 mm and

filament diameter is 1.75 mm. The build volume of the

printer is 220220250 mm and auto calibration is

included in the 3D printer. The nozzle used in the 3D

Table 1. Experimental data

Run
Layer 

Thickness
Printing 

Orientation
Raster 
Angle

Tensile 
strength

Flexural 
Strength

1 0.2 Flat 0 43.2 58.9

2 0.2 Flat 0 42.8 62.3

3 0.2 Flat 0 42.43 61.8

4 0.2 On edge 30 46.9 89.2

5 0.2 On edge 30 46.3 86.3

6 0.2 On edge 30 45.9 87.2

7 0.2 Upright 45 45 97.2

8 0.2 Upright 45 44.2 100.5

9 0.2 Upright 45 43.9 101.2

10 0.3 Flat 30 42.81 71.2

11 0.3 Flat 30 41.8 74.2

12 0.3 Flat 30 42.7 72.8

13 0.3 On edge 45 45.29 87.8

14 0.3 On edge 45 45.8 86.2

15 0.3 On edge 45 46.2 84.5

16 0.3 Upright 0 45.13 100.7

17 0.3 Upright 0 45.2 99.8

18 0.3 Upright 0 45.9 98.6

19 0.4 Flat 45 43.2 74.1

20 0.4 Flat 45 42.51 73.2

21 0.4 Flat 45 42.9 72.4

22 0.4 On edge 0 47.2 84.8

23 0.4 On edge 0 46.8 86.4

24 0.4 On edge 0 47.3 87.5

25 0.4 Upright 30 45.9 99.3

26 0.4 Upright 30 45.3 100.7

27 0.4 Upright 30 46.2 101.1
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printer in the fused deposition modeling is shown in

Fig. 1.

Security in 3D printing
Cloud operator, 3D printing service provider, 3D

printing service demander, and logistic service provider

are the four important roles in 3D printing cloud

model. The essential information’s related to the 3D

printing, Fused deposition modeling technique are stored

in the cloud operator and it is securely transferred and

communicated among the four roles in the cloud based

interactions. The demand and supply is controlled and

maintained by the cloud operator whereas the 3D printing

service providers keep the 3D printing machines and

publish the relevant information online on the cloud

platform. The consumers or the 3D printing service

demanders can check the scope of the 3D model published

online and also can access the service information with

the help of cloud platform. Thus a secured online

transaction is facilitated once the online 3D model is

ordered and signed from the 3D service providers. 

The third party logistic provider will securely deliver

the product to the customer thereby increasing the

security of the 3D model published online with the use

of cloud platform. The cryptographic algorithm are

used for securely transferring the data from the CAD

model to the 3D printer and there by increasing the

security process. A cloud acces adapter based on

Rasbery Pi is developed for FDM 3D printers and it

communicated through USB and uses wireless mode of

communication with the cloud platform. This enhances

the security in communication between the networks

and the FDM 3D printer. 

Results and Discussion

The estimated regression coefficient for tensile

strength is shown in Table 2. It is observed that the P

value is less than 0.005 for all linear, square and

interaction terms and it is reliable and satisfactory. The

R-squared value for the tensile strength is found to be

95.08% and the model is satisfactory. Similarly, the

estimated regression coefficient for flexural strength is

shown in Table 3. It is observed that the P value is less

than 0.005 for all linear, square and interaction terms

and it is reliable and satisfactory. Layer thickness is the

most influencing parameter when compared to raster

angle and printing orientation. It is obvious that as the

layer thickness is improved, the tensile and flexural

properties will also improve. Also it is concluded from

the ANOVA table that the layer thickness contributes

to a higher percentage when compared to other process

parameter. The R-squared value for the tensile strength

is found to be 99.15% and the model is satisfactory.

The analysis of variance for tensile strength is shown

in Table 4. It is observed that the percentage of

contribution of layer thickness is 37.03% and it is the

highest contributing factor in the optimization process

for tensile strength. The residual plots for the tensile

strength are shown in Fig. 2 and it is noticed that all the

experimented values are very close to the median line

Fig. 1. Nozzle used in 3D printer – Fused Deposition modeling.

Table 2. Estimated Regression Coefficient for Tensile Strength

S.No. Term Coef SECoef T P

1 Constant 46.6256 0.3334 139.914 0.000

2 Layer Thickness 0.3401 0.1093 3.112 0.006

3 Printing orientation 1.3672 0.1499 9.118 0.000

4 Raster angle -0.4632 0.1612 -2.873 0.010

5 Layer Thickness * Layer Thickness 0.3489 0.1836 1.900 0.074

6 Printing orientation * Printing orientation -2.6469 0.2429 -10.896 0.000

7 Raster angle * Raster angle -0.4260 0.2783 -1.531 0.143

8 Layer Thickness * Printing orientation -0.1531 0.2429 -0.630 0.537

9 Layer Thickness * Raster angle 0.2787 0.2386 1.169 0.258
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and it is acceptable level. Similarly, the analysis of

variance for flexural strength is shown in Table 5. It is

observed that the percentage of contribution of layer

thickness is the highest contributing factor in the

optimization process for flexural strength. The residual

plots for the flexural strength are shown in Fig. 3 and it

is noticed that all the experimented values are very

close to the median line and it is acceptable level. The

R-square value for Tensile strength is found to be

99.16% for flexural strength and 95.09% for the tensile

strength. 

Table 3. Estimated Regression Coefficient for Flexural Strength

S.No. Term Coef SECoef T P

1 Constant 91.8757 1.0962 83.810 0.000

2 Layer Thickness 1.8597 0.3593 5.176 0.000

3 Printing orientation 15.7722 0.4930 31.995 0.000

4 Raster angle -0.2236 0.5301 -0.422 0.678

5 Layer Thickness * Layer Thickness -1.5278 0.6037 -2.531 0.021

6 Printing orientation * Printing orientation -2.6861 0.7987 -3.363 0.003

7 Raster angle * Raster angle -5.4854 0.9150 -5.995 0.000

8 Layer Thickness * Printing orientation -4.4806 0.7987 -5.610 0.000

9 Layer Thickness * Raster angle 0.7125 0.7843 0.908 0.376

Table 4. Analysis of Variance for Tensile strength

Source DoF
Sequential  Sum 

of squares
Adjusted sum 

of squares
Adjusted Mean 

of squares
F Value P value

Regression 8 70.4825 70.4825 8.8103 43.54 0.000

Linear 3 32.6842 21.3822 7.1274 35.23 0.000

Constant 1 2.4790 1.9600 1.9600 9.69 0.006

Layer Thickness 1 27.8258 16.8237 16.8237 83.15 0.000

Printing orientation 1 2.3794 1.6700 1.6700 8.25 0.010

Square 3 37.5156 25.2636 8.4212 41.62 0.000

Layer Thickness * Layer Thickness 1 0.7303 0.7303 0.7303 3.61 0.003

Printing orientation * Printing orientation 1 36.3424 24.0217 24.0217 118.72 0.000

Raster angle * Raster angle 1 0.4429 0.4742 0.4742 2.34 0.143

Interactions 2 0.2827 0.2827 0.1414 0.70 0.510

Layer Thickness * Printing orientation 1 0.0064 0.0803 0.0803 0.40 0.537

Layer Thickness * Raster angle 1 0.2763 0.2763 0.2763 1.37 0.258

Residual error 18 3.6421 3.6421 0.2023

Total 26 74.1246

Table 5. Analysis of Variance for Flexural Strength

Source DoF
Sequential Sum 

of squares
Adjusted sum 

of squares
Adjusted Mean 

of squares
F Value P value

Regression 8 4621.37 4621.37 577.67 264.13 0.000

Linear 3 4459.32 2749.08 916.36 419.00 0.000

Constant 1 67.67 58.59 58.59 26.79 0.000

Layer Thickness 1 4299.74 2238.87 2238.87 1023.70 0.000

Printing orientation 1 91.92 0.39 0.39 0.18 0.678

Square 3 63.98 99.32 33.11 15.14 0.000

Layer Thickness * Layer Thickness 1 14.00 14.00 14.00 6.40 0.021

Printing orientation * Printing orientation 1 29.33 24.74 24.74 11.31 0.003

Raster angle * Raster angle 1 20.64 78.60 78.60 35.94 0.000

Interactions 2 98.07 98.07 49.04 22.92 0.000

Layer Thickness * Printing orientation 1 96.27 68.83 68.83 31.47 0.000

Layer Thickness * Raster angle 1 1.80 1.81 1.81 0.83 0.376

Residual error 18 39.37 39.37 2.19

Total 26 4660.74
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Conclusions

This work provides a study of development of the

FDM 3D printer and optimizes the process parameters

of the FDM process. The regression coefficients,

analysis of variance are analysed and it is found that

the layer thickness is the significant parameter in the

optimization process for maximization of the tensile

Fig. 3. Residual plots for Flexural strength.

Fig. 2. Residual plots for Tensile Strength.
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strength and flexural strength. The cloud platform is

used and a cloud based adapter is develop for the FDM

3D printer to facilitate a secure data transmission for

the process. 
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