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Last decades, Additive Manufacturing (AM) technologies have become a hot topic in both
the research and industrial worlds. AM technologies enable the construction of objects
through the successive addition of parallel material layers.

Among Additive Manufacturing (AM) technologies, the technolodylaiérial Extrusion
(Fused Deposition Modelipgwith the contribution of the Open Source initiative
Replication Rapid Prototyper Project (RepRap), has now become the most popular
technology among Additive Manufacturing technologies. In this technology,
thermoplastic filament material is melted andpitesited layer by layer on a platform until

the final product is produced. The RepRap initiative, with its fundamental idea of building
and using machines for setplication, has led to the existence of lowast printing
machines, materials, and softwaawailable for free commercial use today.

Through this process, complex design products can be manufactured quickly and at low
cost, but with low quality and repeatability due to the subpar quality of equipment and
software. However, the challenge of achiey the construction of highuality products
suitable for industrial applications is at the forefront of researchparticular, the
software component involves the existence of many processing parameters capable of
influencing the quality characterisg of the final products.

One of the quality characteristics of the produced products of interest is their mechanical
behavior, where numerous research studies have been conducted for common
thermoplastic materials. Now in the forefront are thermoplast@nposite materials
reinforced with fibers as processed materials in order to enhance their mechanical
performance.

The purpose of this thesis is to experiment with a new commercial 3D printing machine
(Flash Forge- Creator 3) recently acquired by the bbsatory of Manufacturing
Technology and to evaluate tipartstensile mechanical properties well The material
under examination is the 15% carbon filbemforced polyamide (PACF) by BASF. The
software used is CURA, and the processing parametergigates include infill pattern,

infill density, and infill line multiplier. The mechanical evaluation is conducted according
to ASTM D638:2014 standardfie Taguchi method, was utilized for experiment design.
Finally the results of the measurements aralgned using Taguchi and ANOVA.
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L 25 B - - - 6
L2z 27 13 - 13 -
L3z 32 31 31 - - -
L'z 32 10 1 - 9 -
L3s 36 23 11 12 -
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6 Lines(0,0) 25% 1

7 Triangles 5% 3

8 Triangles 15% 1

9 Triangles 25% 2
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A 1 & Ultimate Tensile Stragth

MPa
Grid (0,90) 5% 1 6,04 | 553 | 3,76 | 2,17 | 2,23
Grid (0,90) 15% 2 6,30 | 7,99 | 10,85| 9,10 | 9,63
Grid (0,90) 25% 3 18,61 | 15,741 12,92| 16,96 | 18,43
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Lines (0,0) 15% 3 37,48 | 24,06| 26,87 19,65] 33,88
Lines (0,0) 25% 1 7,88 | 15,741 17,21| 11,95| 12,49
Triangles 5% 3 827 | 6,29 | 8,86 | 10,34| 10,18
Triangles 15% 1 356 | 576 | 9,47 | 3,74 | 5,58
Triangles 25% 2 469 | 10,76 10,48 11,91 11,50
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[ 7 A h G Yound Modulus
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Grid (0,90) 5% 1 0,86 | 0,56 | 0,44 | 0,57 | 0,36

Grid (0,90) 15% 2 0,46 | 0,85 | 0,83 | 0,85 | 0,61

Grid (0,90) 25% 3 134 | 1,21 | 1,24 | 1,28 | 1,21

Lines (0,0) 5% 2 0,63 065 | 0,59 | 0,63 | 0,64

Lines (0,0) 15% 3 1,72 | 161 | 1,79 | 1,87 | 2,00

Lines (0,0) 25% 1 1,16 | 1,19 | 1,65 | 1,67 | 1,52

Triangles 5% 3 1,09 | 1,43 | 1,09 | 0,86 | 1,03

Triangles 15% 1 1,57 | 0,67 | 1,08 | 0,85 | 1,06

Triangles 25% 2 0,84 | 0,83 | 0,87 | 0,99 | 1,09
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plo<.>h . tGBAnTEbMITh pt>t

[ 7 A h XO:NToughness

Grid (0,90) 1 47 37,6 79,4 65,2 85

Grid (0,90) 15% 2 80,5 | 69,5 | 87,1 | 89,2 | 107,8

Grid (0,90) 25% 8 155,1 | 1339 | 92,6 | 136,4 | 156,5
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Taguchi Analysis: Max Tensile Strength 1; Max Tensile Strength 2; Max Tensile Strength 3; Max Tensile Strength 4; Max Tensile Strength 5 versus Infill pattern; Infill densit...

0 5 T a o =] 3 a @ =) 0 n 23 s cu s 16 ar a8 e o o
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Taguchi Analysis: Max Tensile Stre Taguchi Analysis: Max Tensile Strength 1; Max Tensile Strength 2; Max Tensile Strength 3; Max Tensile Strength 4; Max Tensile Strength 5 versu...
Taguchi Analysis: Max Tensile Stre..
General Linear Model: SNRAT vers.. Analysis of Variance for SN ratios =
Source DF_5eqSS AdjSS AdjMs Fop
Infill pattem 7 ea3z4 62324 410622 6393 0012
Infl density 240821 40821 204104 162 0023
Infilline multipher 2 117,076 117076 585378 11836 0008
Residual Error 2 0981 0ga1 04904
Total 8 241202

Linear Model Analysis: Means versus Infill pattern; Infill density; Infill line multiplier

Estimated Model Coefficients for Means

. ar c21 a3 c4 cs [ c ca [ - cn [B
Infill pattern  Infill density Infill line multiplier Max Tensile Strength 1 Max Tensile Strength 2 Max Tensile Strength 3 Max Tensile Strength 4 Max Tensile Strength 5 SNRA1

1 Grid(0,90) 5% 1 604 553 376 217 223 96292

2 Grid0.90) 15% 2 630 7.99 1085 9,10 963 184043

3 Grid0.90) 25% 3 1861 15,74 1292 16.96 1843 241246

4 Lines(0.0) 5% 2 1277 13,17 1010 9,60 937 205599

5 Lines(0.0) 15% 3 37.48 2406 26,87 19.65 3388 283647

6 Lines(0.0) 25% 1 7.88 15,74 17.21 11.95 1249 213157

7 Triangles 5% 3 827 629 886 10.34 1018 184409

8 Triangles 15% 1 3.56 576 947 374 558 134926

9 Triangles 25% 2 469 10,76 1048 1.91 1150 18,0739
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Main Effects Plot for SN ratios
Data Means
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Taguchi Analysis: Max Tensile Strength 1; Max Tensile Strength 2; Max Tensile Strength 3; Max Tensile Strength 4; Max Tensile Strength 5 versu...

Taguchi Analysis: Max Tensile Stre.

Taguchi Analysis: Max Tensile Stre...

General Linear Model: SNRAT vers.. 3 1667 2,17 2364 i =
Deita 674 49 283 | General Linear Model x
Rank 2 3 1
T i lne maltpl| Responses
Gt Max Tensie Strer| [
€S Maox Tansle Strer|
Co e Tensie strer
Respanse Table for Means €7 Max Tensile Strer
8 M Tonalo Strr| o
nfill nfill “ st "Infill pattern’ 'Infill der  'Infill itiplier’
Level pattem  densit il patier! Il cinsty Il Iine gl
5748
2 17481
3 8094 17.902
Deita 9387 6350 10360 Covariotes
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Main Effe Main Effects Plct for SN ratios
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Infill pattern b Infill density nfil line multiplier
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. b
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Infill pattern  Infill density Infill line multiplier Max Tensile Strength 1 Max Tensile Strength 2 Max Tensile Strength 3 Max Tensile Strength 4 Max Tensile Strength 5 SNRA1
4 Lines(0,0) 5% 2 1277 1317 10,10 9,60 937 205599
Blcines0.0) 15% 3 3748 24,06 26,87 19,65 3388 283647
6 Lines(0,0) 5% 1 7.88 15,74 17.21 11,95 1243 213151
7 Triangles 5% 3 827 629 886 10,34 10,18 18,4409
8 Triangles 15% 1 3,56 576 947 374 558 13,4926 =
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Taguchi Analysis: Max Tensile Stre. General Linear Model: SNRA1 versus Infill pattern; Infill density; Infill line multiplier
Toguchi Analysis: Max Tensile Stre..
General Linear Modet: SNRA1 vers.. Factor Information
Factor Type Levels Values
in Fixed 3 angle
Infill density ~ Fixed
Ind lier  Fixed
Analysis of Variance
Source DF Seq 55_Contribution AdjSS_AdjMS_F-alue _P-Value
o012
0023
0,008
Model Summary
S Rsq R sqndn PRESS Rsmpred) Alcc  BIC
0700295 99,59% 2317
B c2-1 c c4 cs c6 (<] c8 © ., co cn a=
Infill pattern  Infill density 1nfill line multiplier Max Tensile Strength 1 Max Tensile Strength 2 Max Tensile Strength 3 Max Tensile Strength 4 Max Tensile Strength 5 SNRA1
4 Lines(0.0) 5% 2 1277 1317 10,10 9,60 937 205599
5 Lines(0.0) 15% 3 37.48 2406 2687 19,65 3388 283647
6 Lines(0.0) 25% 1 7.88 15.74 17.21 .95 1249 213151
7 Triangles 5% 827 6.29 836 10,34 1018 184409
8 Triangles 15% 1 3.56 576 947 374 558 134926
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| A h FL:FFactor information

Factor Information

Factor Type Levels Values

Infill pattern Fixed 3 Grid(0,20); Lines(0,0); Triangles
Infill density Fixed 3 5%; 15%; 25%

Infill line multiplier Fixed 31,23
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Analysis of Variance

Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value
Infill pattern 2 82,324 34,13% 82,324 41,1622 8393 0,012
Infill density 2 40,821 16,92% 40,821 20,4104 4162 0,023
Infill line multiplier 2 117,076 48,54% 117,076 58,5378 119,36 0,008
Error 2 0,981 041% 0981 0,4904
Total 8 241,202 100,00%
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