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ABSTRACT

the final quality of parts and reduce the likelihood of production defects.
Therefore, using the signal-to-noise analysis of Taguchi method can be
employed for controlling and optimizing the process conditions of 3D printing of
polyamide/carbon fiber polymer composites to improve impact strength.
Methods: In this study, polymeric composite samples of polyamide/carbon fiber
were fabricated using the fused filament fabrication (FFF) 3D printing process.
Three processing parameters-printing temperature, printing speed, and layer height
were considered as the main variables, and their effects on the impact strength of the
samples were investigated and optimized using the Taguchi method's signal-to-noise
ratio analysis.
Findings: The results indicated that higher printing temperatures improved the
adhesion between layers and increased the impact strength. By increasing the printing
temperature from 220 °C to 240 °C, the impact strength increased from 52.91 kJ/m?
to 107.19 kJ/m?, representing a 103% improvement in impact strength. By increasing
the printing speed from 20 mm/s to 30 mm/s, the impact strength increased from
polymeric composite, 68.15 kJ/m? to 88.56 kJ/m?, representing a 30% improvement. Finally, increasing
the layer height up to a certain value led to a decrease in impact strength, followed
by a subsequent increase. A layer height of 0.1 mm resulted in the highest impact
optimization, strength of 94.92 kJ/m?. By analyzing the results and using the Taguchi method,
Taguchi the optimal conditions for achieving maximum impact strength were identified as
a printing temperature of 240 °C, a printing speed of 30 mm/s, and a layer height of
0.1 mm. Under these optimal conditions, the impact strength of the polyamide/carbon
fiber polymer composite samples was 108.15 kJ/m?. This study provides effective
optimization strategies to enhance 3D printing processes and develop advanced
composite materials for industrial applications.

l l ypothesis: Precise control of 3D printing process parameters helps improve

3D printing,

carbon fiber,
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Fig. 1. Layer arrangement of polyamide/carbon fiber polymer-
ic composite samples: (a) in Slicer Software and (b) during

printing.
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Table 1. 3D printing process parameters considered for manufac-

turing of polyamide/carbon fiber polymeric composite samples.

Parameter Level
Material Polyamide/carbon fiber
polymeric composite
Printer CREALITY CR-10 Smart

Nozzle diameter (um) 400
Cooling fan speed (%) 100
Infill density (%) 20

Infill pattern Grid
Hot bed temperature (°C) 60
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Table 2. Processing parameters and their levels for manufacturing

of polyamide/carbon fiber polymeric composite samples.

Level
Parameter 1 5 3
Printing temperature (°C) 220 | 230 | 240
Printing speed (mm/s) 20 40 50
Layer height (mm) 0.1 0.2 0.3
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Table 3. L9 orthogonal array of Taguchi for manufacturing of

polyamide/carbon fiber polymeric composite samples.

Conditions
Run Printing Printing speed | Layer height
temperature (°C) (mm/s) (mm)
1 220 20 0.1
2 220 30 0.2
3 220 40 0.3
4 230 20 0.2
5 230 30 0.3
6 230 40 0.1
7 240 20 0.3
8 240 30 0.2
9 240 40 0.1
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Table 4. Impact strength and signal-to-noise results for the 3D

printed polyamide/carbon fiber polymeric composite samples.

Sample | Impact strength (kJ/m?) | Signal to noise (dB)
1 71.59£2.75 37.10
2 58.52 £ 1.64 35.35
3 28.63 £2.01 29.14
4 25.58 £ 1.16 28.16
5 99.02 +2.41 39.91
6 105.02 £2.91 40.43
7 107.27 £2.70 40.61
8 108.15+3.12 40.68
9 106.15+2.18 40.52
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Fig. 2. Representative 3D printed polyamide/carbon fiber

polymeric composite samples.
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Table 5. Signal-to-noise ratio results for different parameters
and levels.
Signal to noise ratio results for parameters
Level Printing Printing )
temperature speed Layer height
1 33.86 35.29 39.40
2 36.17 38.65 34.67
3 40.60 36.69 36.55
Delta 6.74 3.36 4.73
Rank 1 3 2
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Fig. 3. Signal-to-noise ratio results.
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Fig. 5. Variations in impact strength of the 3D printed poly-
amide/carbon fiber polymeric composite samples versus

printing temperature of the 3D printing process.
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Fig. 6. Variations in impact strength of the 3D printed poly-
amide/carbon fiber polymeric composite samples versus

printing speed of the 3D printing process.
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