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ABSTRACT

This research investigates the moisture conditions in nylon filaments and the influence
of printing parameters on the mechanical properties of 3D-printed parts. The findings provide
guidance for users in selecting and preparing nylon filaments before 3D printing. The study
revealed that printing with low-moisture nylon filaments resulted in higher tensile strength.
Specifically, nylon filament with 0% moisture content exhibited the highest tensile strength
at 54.05 MPa, while filaments with moisture levels of 1.63% and 3.17% showed progressively
lower tensile strengths. Adjusting the melting temperature and printing speed can enhance
tensile strength. For nylon with 0% moisture, setting the melting point to 260°C and the
printing speed to 30 mm/s resulted the best tensile strength. Similarly, nylon with 1.63%
moisture required the same settings, while nylon with 3.17% moisture performed better at
a melting temperature of 300°C and a speed of 45 mm/s. Additionally, moisture content
significantly affected impact resistance, with higher moisture levels leading to reduced
impact strength. Nylon with 0% moisture demonstrated the highest impact resistance at
17.18 kJ, which decreased with increasing moisture content. Adjusting the melting temperature
and printing speed can slightly improve impact resistance, particularly for high-moisture
filaments. Reducing the melting point to 260°C and increasing the printing speed to 60 mm/s

was recommended for such cases. The findings of this study offer practical guidelines for
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optimizing 3D printing parameters when using nylon filaments with varying moisture levels,

ensuring desirable mechanical properties in 3D-printed parts.

Keywords: Mechanical Properties; Nylon Filaments; Printing Parameters; FDM Printing 3D Parts
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Figure 1 The 3D printed parts made from nylon filament. 3D printed part made with high (Left)

and low (Right) moisture content filament.
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Physical Properties

Property Testing Method Typical Value

Density 1501183, GB/T1033 1.06 g/Ur\3 at 23°C

Melt Index 280°C, 2.16 kg 25 ¢/10 min

Figure 2 Nylon filament (PA 12). [9]

128



Research Article

Journal of Advanced Development in Engineering and Science

Vol.15 ® No.43 « May - August 2025

Figure 3 FLASHFORGE 3D Printing machine.
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Main factors Responses
Moisture
-0%
-1.63%
-317% FDM Mechanical properties
Printing Speed - Process - - Tensile Strength
-30 mmisec With Nylon 12 - Impact Strength
- 45 mm/sec
60 mmisec

Melting Temperature t

e Printing Parameter (Fix)
-280 C
-300 ‘¢ - Nozzle diameter 0.4 mm

- Layer height 0.2 mm

- Infill Density 100 %

- Build Plate Temperature 60°C
- Infill Pattern Line

Figure 4 Factors and parameters used in the research.
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Level
Factors Low Medium High Unit
Melting Temperature 260 280 300 Degree Celsius
Printing Speed 30 45 60 mm. / sec
Moisture content 0% 1.63% 3.17% Percentage

Figure 5 Factors in research operations.
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Moisture = — X 100% (1)
e
Mmg = mass of moistened filament
m = mass of dried filament
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Figure 6 Percentage of moisture content of nylon filament before printing.
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Figure 7 Shape and size of specimens for tensile and impact testing.
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Figure 8 Fill pattern direction for printing the specimens.

32 matugUununasoudileludoui 3 Famwasautu (0%, 1.63% way 3.17%)
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she3esiiusi 3 A FLASHFORGE $u GUIDER lis Ingl#fismivunn 0.4 fadiums anugsluusias
Fuveamsiiant 0.2 fadians nsifumideneluvestununagounuy 100% gauIg UL 60 B3
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Table 1 Printing configuration

Nozzle Diameter [mm] 0.4
Layer Height [mm] 0.2
Shell Count 3

Infill Density [%] 100
Printing Temperature [°C] 260/280/300
Build Plate Temperature [°C] 60
Print Speed [mm/s] 30/45/60
Infill Pattarn Line
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Figure 9 Nylon filament packaging box during printing the specimens.

LI — - 8 x
Fle cait_prine_View Tools Help

tion %3112, Y:14.34,Z: 201

Figure 10 Configuration of 3D printing machine by using program Flashprint5.

Figure 11 The 3D printing parts for tensile and impact testing.
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3.3 MINAEeUaNUAN1Inga (Mechanical Properties Testing) M14ATUAINATUNIULTS
nszunnnzyilaeEeBenmuansgIu 1O 179 Tneia3owmnaaey (Pneumatic Impact Tester) 8%o
Instron §u 9050 finsatusumnaeulneliisnsmeaeuuLUU Charpy Test fiiwniniaft 2 Alandy
Tnesamafil 150 ssmduandluguil 12 wagmsmaaouautiniananisnuaNaINIT0 LIRS
(Tensile Strength) ﬁﬂLﬁumimummgm SO 527-2/1A/50 §8LA30MARBULSIRY Universal
Testing Machine (UTM) Tagfindstusnunagauuasl4dugununaaeaunsiauuy Wedse Grip
wiuduszez 115 fadwns fruarnndvasic 50 Sedwnsdewti Buieudunumauasiii
AussdsgegalUldlusunamsedfduandusui 13

Figure 12 Impact testing.
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Figure 13 Ultimate tensile strength testing.
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Table 2 The results of tensile strength testing.

[~ oo & w|p |

StdOrder

RunOrder

Tensile strength testing results :

15O 527-2/1A/50

§ % Extruder Travel Moisture | Tensile g g ; % Extruder Travel Moisture Tensile

S = 8

Z B Temp Speed strength 2 é & @ Temp. Speed strength
1 1 260 30 0 53.82 28 | 28 1 1 260 30 0 54.05
1 1 260 30 163 446 29 | 29 1 1 260 30 1.63 45.07
1 1 260 30 3.17 47.28 30 30 1 1 260 30 3.17 47.55
1|1 260 45 0 | 517 [lat|3s | 1 [ 260 45 0 50.05
1 1 260 45 163 39.75 32| 32 1 1 260 45 1.63 40.97
1 1 260 45 3.17 46 33 | 33 1 1 260 45 3.17 46.3
1 1 260 80 0 45.4 34 34 1 1 260 80 0 45.22
1 1 260 60 1.63 42.97 35 35 1 1 260 60 1.63 43.35
1 1 260 60 3.17 43.38 36 | 36 1 1 260 60 3.17 42.43
1 1 280 30 0 52.5 37 37 1 1 280 30 V] 52.02
1 1 280 30 1.83 43.4 38 38 1 1 280 30 1.83 43.25
1 1 280 30 347 42.95 39 | 39 1 1 280 30 3.17 42.48
1 1 280 45 0 46 40 | 40 1 1 280 45 0 45.95
1 1 280 45 1.63 441 41 41 1 1 280 45 1.63 44.15
1 1 280 45 3.17 41.55 42 42 1 1 280 45 3.17 42.1
1 1 280 60 0 50 43 | 43 1 1 280 60 0 49.57
1 1 280 60 163 442 44 44 1 1 280 60 163 4387
1 1 280 60 317 44.43 45 45 1 1 280 80 3.17 47.85
1 1 300 30 0 50.35 46 | 46 1 1 300 30 0 49.35
1 1 300 30 163 43.5 47 | 47 1 1 300 30 1.63 42.15
1 1 300 30 3.17 41.45 48 48 1 1 300 30 3.17 42.38
1 1 300 45 1] 446 49 | 49 1 1 300 45 0 44.95
1 1 300 45 163 4347 50 | 50 1 1 300 45 1.63 43.2
1 1 300 45 3.17 479 51 51 1 1 300 45 3.17 46.58
1 ; 300 60 0 47.4 52 52 1 1 300 60 0 48.72
1 1 300 60 1.63 436 53 | 53 1 1 300 60 1.63 44.1
1 1 300 60 317 41.8 54 | 54 1 1 300 60 317 42.55

9597 2 theanudumuussiagegeanainsnsmnislauasduioddyuunsd
seaulisdfayl Alpha = 0.05 iiellumslinsgiteyadnnsestadeliivdeianzadovdniiing
somNuFnuYULTIRsgeaRTestuTURaeUegsideddy Fansliesieianundsusiuainns v
wisTauandiifudsadefidmansenuseannudumunssisgsan fauandlusud 14
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Pareto Chart of the Standardized Effects

(Response is the result of tensile strength testing, O = 0.05)

Term

Factor Name
A Melting Temp.
B Printing Speed

C Moisture Content
AB

BC

AC

0 2 4 6 8 10
Standardized Effect

Figure 14 Pareto Chart of factors affecting tensile strength.

nnswluguil 14 uanswanszuvdnuazransenuTInvesiladefidmasioranusiumy
wseRvasanetlvedAny Lﬁulﬁ‘i'fmnmm%utﬂumaﬂiwwé’ﬂﬁﬁmaGiammméhumw,mﬁaqaqm
usennulumsiust luvasiinansevusuvesusiarladoiidwasiomemuiumuusidgeagn
Fonansznumszviedafousenouseganasuivar-aingy anui-audy dwadedan
Funmuusaisgen Wesmnuansenuvesiladesiinanuanimansenuiiunindudung (Alpha =
0.05) uen N muImTTBHANTENUNANLATHANTENUTIasTlaFadanaaiian P-value oy
"1 0.05 Fauanslunsnedl 3
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Table 3 The results of hypothesis testing on factors affecting tensile strength.

Source DF AdjSS AdjMS F-Value P-Value
Model 18 53047  29.471 11.00 0.000
Linear 6 37339 62231 23.23 0.000

Melting Temperature 2 13.32 6.661 2.49 0.098
Printing Speed 2 2925 14623 5.46 0.009
Moisture Content 2 330.82 165.408 61.74 0.000

2-Way Interactions 12 157.09  13.090 4.89 0.000

MT * PS 4  69.26 17315 6.46 0.001
MT * MC 4 2295 5.738 2.14 0.096
PS * MC 4 6487 16218 6.05 0.001
Error 35 9376 2.679
Lack-of-Fit 8 8042 10.053 20.35 0.000
Pure Error 271 1334 0.494
Total 53 624.23

mMeBeTidadeiifudninandn (Main Effect) idenansenusoma Ui umIuLsRefe
AAvEDIYA ANLEY ANLTL BedunTtuideldegavaeumanil 260 ssrieaidea axlvien
AMFULLSSRsgeTiga fauandlunsivluansdvisnavdniidmansenusemanuumuusedsly
U 15 uazideldagavasumar 280 uazA1gavasNIvAl 300 ssmwaldea agiilie1AI
Frumuusaisanasnlndlisaiudsldunnseiuann Tnemanuduniuussied 280 ssrsaideos
ﬁ]ﬂﬁﬁhmméf’mmuLLiqﬁqmm’jwhf\;waaumaaﬁ 300 pergalTed waznuIdionnudadi 30
fadlunsredunfiavdmwaliAanudumunssisiiuunliuiuiu wavileldnnug 45 Tadwnsde
A9l Wud’lﬁﬁhmméf’mmuLmﬁqﬁ'amaqﬁﬁﬁqm wazilodulelugouipudiud 0 Wesidud il
ﬁimmm’huwmmqﬁqﬁg_jqqm Tuvafirudui 1.63 Wesidud TuuiliuAianudiuniuussi
anas warfinuau 3.17 Weddud meudumunsiaiuunldndisgy ﬁummﬂugﬂﬁ 15
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Main Effects Plot for Result of Tensile Strength Testing Fitted Means

Melting Temp. Printing Speed Moisture Content
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'..
43
260 280 300 30 45 60 0.00 163 317

Figure 15 Main influences affecting tensile strength values.
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Interaction Plot for Result of Tensile Strength Testing Fitted Means

Melting Temperature * Printing Speed PS
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Figure 16 The main influence of 3 factors affecting tensile strength value.
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Stress (MPa)

Stress-strain graph of tensile testing at 0% moisture content.

Stress (MPa)

0 o3 1 L3 2 23 3 33 4 &5 3 A% 6 &5 T LS & &5 9% 935 M WS LI 1LY 12 123 13 NS 14 M 15
Strain (mm/mm)

- 260°C, 60 s - 306°C, 40 mm/s - 300°C, 30 /s . 280°C., 30 mm/s

280°C, 45 mmvs 300°C, 45 mm/s 280°C, 60 mm/s 260°C, 30 mm/s - 260°C, 30 mm/'s

Figure 17 Stress-strain graph of tensile testing at 0% moisture content.

Stress-strain graph of tensile testing at 1.63% moisture content.
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280°C, 45 mm/s 300°C, 45 mm/s 280°C , 60 mm/s 260°C, 30 mm/s - 260°C , 30 mm/s

Figure 18 Stress-strain graph of tensile testing at 1.63% moisture content.
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Stress-strain graph of tensile testing at 3.17% moisture content,
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280°C , 45 mm/s 300°C , 45 mm/s 280°C , 60 mm/s 260°C, 30 mm/s - 260°C , 30 mm/s

Figure 19 Stress-strain graph of tensile testing at 3.17% moisture content.
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Table 4 The results of impact testing.

Impact testing results : ISO179
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Pareto Chart of the Standardized Effects

(Response is the result of impact testing, € = 0.05)

Factor

Name

Melting Temp.
Printing Speed
Moisture Content

Figure 20 Pareto Chart of factors affecting impact testing.
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Table 5 The results of hypothesis testing on factors affecting impact testing.

Source DF  AdjSS AdjMS F-Value P-Value
Model 18 222.398 12.3554 15.33 0.000
Linear 6 190.192 31.6987 39.34 0.000

Melting Temperature 2 7.781  3.8906 4.83 0.014
Printing Speed 2 4.436  2.2181 2.75 0.078
Moisture Content 2 177975 889873 110.44 0.000

2-Way Interactions 12 32206  2.6838 3.33 0.003

MT * PS 4 5925 1.4813 1.84 0.144
MT * MC 4 14764  3.6910 4.58 0.004
PS * MC 4 11517  2.8791 3.57 0.015
Error 35 28.202 0.8058
Lack-of-Fit 8 14169 17711 3.41 0.008
Pure Error 27 14033 05197
Total 53 250.599
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Main Effects Plot for Result of Impact Testing Fitted Means
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Figure 21 Main influences affecting impact testing values.
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Interaction Plot for Result of Impact Testing Fitted Means
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Figure 22 The main influence of 3 factors affecting impact testing value.
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Table 6 Recommendations for setting of the 3D printing machine with moist nylon filament.

Moisture Content Melting Printing Speed Tensile Impact
(%) Temperature (mm/sec) resistance resistance
O (MPa) (KJ)
0% 260 30 54.05 -
1.63% 260 30 45.07 -
3.17% 300 a5 47.90 -
0% 260 a5 - 17.18
1.63% 300 30 - 13.44
3.17% 260 60 - 12.04
fnAnssuUsENIA
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