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Abstract: As the range of 3D printed applications expands, there is an increasing demand for the production of outputs wit
h excellent durability and reliability. In this study, the highest tensile strength printing condition was identified by printing
a tensile test specimen using PLA (Poly Lactic Acid) resin, considering various printing conditions. To determine the
optimal combination of printing conditions, various machine learning algorithms were compared, and Stochastic Gradient
Descent(SGD) demonstrated the best performance in predicting tensile strength. Using SGD, 3,000 sets of printing
conditions were generated by combining various parameters, and the best printing condition set was selected. A tensile test
specimen was then produced according to the selected printing conditions, and the subsequent tensile test yielded a
measured tensile strength value of 41.86 N/mm?. The predicted tensile strength value by the SGD algorithm was 43.34
N/mn?, resulting in a prediction accuracy of 96.23%.
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Fig. 1 Tension fest specimen(ASTM D638 TYPEI)

Table 1 Physical and chemical properties of PLA

Property Unit | Value Remarks
Print temp. 205-220 -
Bed tenp. °C | 2570 -
Heat distortion temp. 52 at 0.45 MPa
Melt flow index | g/min | 2/10 |at 190°C/2.16 kg

Elongation at break % 29 -

Tensile strength 60 -
Flexural strength MPa 87 -
Flexural modulus 3,642 -
IZOD impact strength | Kifnt® | 7 -
Density gen? | 124 -
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Table 2 Specificafion of 3DWOX 2X

Specification Unit Value
Print technology - FFF

Print head - Dual nozzle
Nozzle diameter 04

Max size (W x D x H)| mm | 490 x 466 x 573

Layer thickness 0.05 - 04




Fig. 2 Sindoh 3DWOX-2X 3D printer
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Table 3 Printing condition range

Printing conditions) ~ Factor Unit Value
) Bed temp. °C 60
Fixed factor .
Infill pattern - line
Layer angle ° 35 ~ 100
Layer density| % 0~ 90

Control factor

Print speed |mm/sec| 10 ~ 50

Layer height | mm

0.1 ~03

Nozzle temp. | °C

190 ~ 220

Table 4 Printing condifions for 100 specimens

No. | LD | LA | NT | IH PS
(%) ©) | €O | (mm) (mmsec)
1 72 28 217 | 022 | 28
2 61 58 192 | 029 | 45
3 83 63 203 | 024 | 27
4 88 13 199 | 015 | 35
5 74 85 207 | 026 17
96 35 66 206 | 017 | 37
97 65 88 201 | 028 | 30
98 97 85 200 | 030 15
99 96 9 216 | 024 | 31
100 79 72 197 | 013 | 31

Fig. 3 Tensile

method

specimen manufactured by FDM
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Table 5 Tensile test value for 100 specimens

No. Tensile strength (N/mm’)
1 30.14
2 30.36
3 33.02
4 36.11
5 34.13
96 24.86
97 30.25
98 3827
99 38.39

100 36.73
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Table 6 Machine learning evaluation indicator results
Model MSE |RMSE | MAE | R’

SGD 6.990 | 2.644 | 1.998 | 0.795

Linear regression | 7.097 | 2.664 | 1.985 | 0.792

Random forest 7.676 | 2.771 | 2.153 | 0.775

Grandient boosting | 8.465 | 2.909 | 2416 | 0.752

kNN 8.729 | 2.955 | 2.205 | 0.744
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Table 7 SGD Prediction and Tensile Experiment Results

No|ID | LA | NT| LH | PS | TG5E) saD,
%) | (©) | (°C) |(mm)|(mn/sec) (N/mn?) (N/mm) Table 9 3000 printing conditfions and predicted
1 81 26 204 014 16 3372 3610 tensile strength by machine Ieorning
2 | 4 70 205012 19 | 2687 | 2632 D | 1A | NT | a | ps | Tensile
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9| 6 | 6 [195]018] 25 | 3127 | 3036
10] 76 | 66 |219]027] 12 | 3081 | 3461 235| 99 | 85 | 201 | 03 34 3825
236 100 | 8 | 217 | 011 | 10 41.71
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Fig. 5 Comparison graph of the predicted value of
SGD and the tensile test result value

Table 8 Predictive Rate of SGD

No. Tensile tzest SGD2 Prediction rate
(N/mm) (N/mm) (%)
1 33.72 36.10 92.95
2 26.87 26.32 97.96
3 28.89 29.65 97.38
4 28.51 30.13 94.32
5 31.43 33.08 94.76
6 30.22 33.84 88.01
7 29.25 25.88 88.46
8 38.26 36.60 95.68
9 31.27 30.36 97.08
10 30.81 34.61 87.69
Average 9343
3.2 2t
3.1 Hole] ME MM U ofF
99 0% B FHzAE SEe) 09
Table 39] FEXUE 7o R AFSH 3,000712]

2999 52 81 205 | 0.27 29 28.12
3000 90 77 | 216 | 0.14 24 38.76

32 FHY =H £&
Haley BEo] o3k 3,000719] tlolHAE
% T P = 218 EESIITE 3,000
Mol 215 F 236HA7F Q17 ) 41.71 Nmny®
o2 7P = ERIFEAE 0 mE EEERae
U 100%, 25 ZHe 80, nZ 2% 217°C, #lo]o]

120] 0.11 mm, % £55 10 mmisecd] 21S <l
o}ain}. Haled Tdle] oajA 7W ¥ % J%WJ
= el E8xds 58 = ke
Table 10 YJERARITE

g’

Table 10 Optimal conditions for prediction of tensile
strength by machine learning

D | LA | NT | | ps | Temsile

@ | O | €O | @) |mmseo) D

236 100 8 217 | 0.11 10 41.71
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Table 11 Prediction rate of SGD for optimal conditions

No. Tensile test SGD Prediction rate
: (N/mn?) (N/mn?) (%)
236 43.34 41.71 96.23

Fig. 6 Spedmen broken dfter the tensile strength test of
the spedmen output by applying the prinfing
condition with the highest tensile sirength value
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