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MOTIVATION DESIGN OF EXPERIMENTS MECHANICAL AND THERMAL BEHAVIOR PREDICTION OF OPTIMUM PRINTING PARAMTERS
Polylactic Acid (PLA) is one of the widely used materials in FDM printing parameters to be varied: « To determine the mechanical behavior of the composite, tensile and three-point bend tests were | ¢ Using the highest values from the response tables of each property,
additive manufacturing because of its biodegradability, Level—> 1 2 3 performed. The samples were FDM printed according to ASTM D638 and IS0 178 standards to test Taguchi method predicts the optimum printing parameters.
biocompatibility, and compostability. Despite the positive Parameter | tensile and flexural strength respectively. Both the tests were performed on Instron Universal Formula: X = Y+(A-Y)+(B-Y)+(C-Y)+(D-Y)
features, the drawback of PLA is that its mechanical properties Nozzle Temperature(NT) - 220 235 250 testing machine at a rate of 3mm/min and the results were recorded. X= predicted optimum value
are intrinsically lower. To overcome this, various additive (°C) * To determine the thermal behavior of the composite, thermal conductivity test was performed. Y= total average of property measured
materials, like fibers, metals, ceramics are added. Layer Height(LH) - (mm) 0.1 02 03 The samples were FDM printed and tested for thermal conductivity on Hot disk Transient plane A, B, C, D = average values of the property measured with process
Nanodiamond was the additive used for this research work Infill Pattern (IP) Gyroid source (TPS) tester with an input of 30mW for 40s. parameters at their respective optimal levels.
:/ohrll:: hoafs ut:guelzmsi:jsesi:fd?lﬂ: dr{?f”:;:;::g:“:s:::l:i FDM Printing |  Tensile strength Flexural Strength Thermal Property Predicted Value | * When bOt.h the experimental
. P Ap - N 3 o v Parameters (MPa) (MPa) Conductivity Mean S/N and predicted values were
conductivity, chemical stability, biocompatibility, and resistance Printing Speed(PS) -(mm/s) 150 (W/mK) Ratio compared, the error was
to harsh environments. Ny - - " within 5%.
Taguchi L9 Orthogonal Array Highest | Lowest Highest Lowest | Highest Lowest Tensile 42.4682 | 32.5857 This could be due to the
L N R R Value Value Value Value Value Value Strength (MPa)
Research Objectives: It is a standard array which allows the main lower range of chosen
* Study and determine the Nanodiamond filler and its interactions to be performed with a minimum number 42.4412 | 35.4223 64.64 47.22 037892 | 0.331% Flexural 66.96 | 36.6703 printing parameters.
composition respectively. of experiments. Strength (MPa)
* Design the experiments by varying Fused deposition * Each array - pattern for performing experiments NT 250 35 250 220 235 220 Therm.al. 0.37892 | -8.42905
modeling (FDM) printing parameters based on Taguchi L9 |+ Index of each array - the number of experiments LH 0.1 0.1 0.1 0.1 0.2 0.1 Conductivity
orthogonal array and 3D print the samples required for No. of NT(°C) | LH (mm) P PS (mm/s) P Gyroid Octet Gyroid Cubic Gyroid Cubic (W/mk)
testing. ) ) Experiments S 115 150 115 20 20 20 BIOCOMPATIBILITY
¢ Understand the mechanical and thermal behavior of

* Cell Proliferation Assay measures the proliferation as a measure of

PLA/Nanodiamond composite. 1 220 0.1 Cubic 80 » Based on the experimentation, the highest values for mechanical behavior cell health.
* Optimize the FDM printing parameters using Taguchi 2 220 0.2 Octet 115 were observed at above mentioned parameters, and this is be because the * The PLA and PLA/Nanodiamond samples were seeded with cells in a
method . 3 220 03 Gyroid 150 NT influences fluidity and solidification of the filament. When cooling process 12 well plate and incubated under standard culture conditions.
B 235 01 Octet 150 occurs slowly, this will induce crystallinity thereby improving mechanical * Absorbance at 490 nm was used for the identification of viable cells
THERMOGRAVIMETRIC ANALYSIS (TGA) s 23 02 ovroid " behavior whereas smaller LH increases the homogeneity and structural onday 1 anfi day 7. .
TGA was performed to determine the composition of : V! - integrity. The gyroid IP aided in force distribution and and the chosen PS . PLA/.Nar?odm_mond ha‘_i h!gher absorbance when compared to PLA,
Nanodiamond. The samples were heated from room 6 235 03 Cubic 15 helped ininter layer bonding. confirming biocompatibility.
temperature to 500°C at a rate of 10°C/min under nitrogen 7 250 0.1 Gyroid 115 *  For the thermal behavior, NT induces crystallinity thereby increasing thermal DAY 1 DAY 7
atmosphere. This resulted in single-stage degradation 8 250 02 Cubic 150 conductivity whereas the LH and IP aid in better heat transfer and the PS
mechanism. The degradation of PLA took place beyond 300°C, 9 250 0.3 Octet 80 helps in better layer deposition.

stable residue was observed up to 500°C. This confirmed the

presence of nanodiamond. TAGUCHI METHOD TAGUCHI METHOD (continued) ’
. Th{s method uﬁes a §tat|§t|cal .measure of performance called signal-to- Response Table - §/N ratio of Tensile Strength - s 3 o m P——
. noise (S/N) ratio which is ratio of the mean (Signal) to the standard T
deviation (Noise) Level NT L P Ps CONCLUSION
w * S/N ratio measures how response varies relative to the target value and 1 31.80 | 31.91 | 31.94 | 31.70 . The infl £ four FDM printi h hanical
5 \ these ratios were calculated using Minitab 18 software 2 3146 | 31.94 | 3124 | 31.92 Z 'r? uenlcz ?1 our FPLA ;:\‘nntlr:jg parazﬁeters on the mecdfznc;ca
5 \ Larger-the-better - S/N Ratio ;.. lil n = repetition 3 31.90 | 3130 | 31.97 | 3153 =V and thermal bel avior of / lanodiamon composite was stg ied.
% S\n %32 y,=i" result of experiment Delta| 0.45 0.65 | 0.73 0.40 Lo * Infill pattern haq the highest impact on the overall mechanical and
H « The highest S/N ratios were calculated at the same set of printing || Rank 3 2 1 4 s " . :;er.malpro;?er.tles. dicted using T hi hod
" parameters for each property. Tensile Strength ptimum prlnFlng parameters. were predicte using Taguchi method.
\ . . Also, the predicted and experimental values were within 5% error.
N * The S/N ratio calculated for tensile strength was 32.5557, for flexural L Man B SR o b d th he PLA/ di d is bi bl ith
~— strength was 36.2100, and for thermal conductivity was -8.42905. fr— ’ . 't was observed that the nanodiamond is biocompatible wit
10 . . improved properties as compared to PLA.
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