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A Study on the Mechanical Properties Experiment for Architectural Application of
Polyamide-12 MJF 3D Printing Material
- Focusing on the Change in Tensile Properties According to the 3D Printing Orientation -
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Abstract : The number of use cases in machinery, aviation, and other industries that manufacture precise parts is increasing,
and the construction industry is also increasingly using 3D printing technology. Although various materials for 3D printing are
currently being developed and utilized, 3D printing manufacturing has a problem that the mechanical properties of the product
may change when compared with conventional manufacturing methods such as injection and molding. This paper verifies
the effect of the printing orientation on the mechanical properties of the product in the manufacture of PA12 material and
providing basic data on the practical use of the materials as building subsidiary materials and structural materials. The results
of the experiment showed that the product printed in the orientation of 0° showed the lowest overall strength and elongation
rate, and the product printed in the orientation of 45° showed the highest figure. Overall, tensile strength and vield strength
increased between 0° and 45°, and tended to decrease somewhat at 45° to 90°.
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Fig. 1. Agent penetration direction and layer separation

(Fig. D2 ©F 80um #7190 HY FF glojofollA<] of
OIHES 2] BXE QJujshzt], Al St Al Al

0] Fche oUAIZE 22 Ul U FE o]
of WollA] =olof met ThEA Hlo] 25 2o geks 1]
2 7ol Atk T8 ME ExEE JFEol ojn] £Z20]
e 22 Y Qo] 25E m, A= 9] 2 Ajoj=
Qs a~ZARI0] Bl A 4 Itk Biotdd, Fig. 2= &
2 gl it gl B #0]0] 49 ool E 23 et
ol getAl= g uisitt 0°AlES YEE HiEH9| 4=
WSO MEO] EHE1, 0" AIZE HIEHS 427] i
SrOR R|EO] EHEA HCl oA FMEQ £Y 2ol
A Y FULRITHE T F ol g WA
9 X0|E WHAID 4= oz £ ekl mE M52
7IAR S840 "ot Exfe o~ Age BelHoR FEY

0° (X-axis) 30° 45° 60° 90° (Z-axys)

Fig. 2. Agent application amount per cross-sectional area
according to printing orientation

mEtA & Qe A AVIE 2 gl IE g §
d HSIE BAToEN EY YEO] A9 7IAE SHo]
HRlE geko] ERlseAE dee Sall Aokt et
2 o150 dele Soll A5 2k PA12 4ol thet O]



MJF 30 Z2IE) 3|t Z21010|C-12 ATHS| AHH B SI8tIPHE S Aol et 917 - 52 o] 112 O1F 4 WalE FHo2 -

£ FYAIH, o] AME A5 FAR B RA=A &
g S ke He e EYEES
E

E4o] nxle ggke 18 54 S40F BAGIR 28
9| o]24] ujZollA] MIF ¥A]9] &k g

Aol Zolde BAIGIAaL A8l A7t 11ES £l PAL2
Al £ A, S wiEk AIE 2, A1) HZ0] 7|AF
Edol nRl= gkl tstol 1asH) sEolME 229
VE WES HIEOR ME &9 Waks tistA &)
o] AFsIAal Q1F BT AIE AkE O 2, g8 2L,
Arles EHOE BT 480kE 389 AY i}
e Sdf lefst £8 gk thE Q1 549] HolE
g]5tal O1& E510] PA12 AR1Q] 714 Hof &8 7RsHo|

oo =af2Act,

]

2. 0|2 ujZ Y MY 17 K

2.1 05 AF M0 £3 14

VEALE TFe 3D Z28g V|s £ SIS &8 e =
2 ALl AAIth7E Q5 Erhs BHg 7oz 4
2] SEEAXT S Hof shto] AMET £9 7hsoto] 4
A ST EOjRICHE BREO] ERfSiTt ojst BHEe Het
St =8 H]o] MIF 20Tk Fig. 3).

"
= m B W

Fig. 3. Schematic diagram of the MJF Process
(Heather O' Connor et al., 2018)
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Fig. 4. Jet Fusion 4200 3D printer (HP MJF website, 2017)
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Table 1. Technical specification of HP Jet Fusion 4200

Technology HP Multi Jet Fusion technology
Effective building volume 380 x 284 x 380 mm
Printer s B
Building speed 4115 cm’/hr
performance

Layer thickness 0.08 mm

Print resolution (x, y) 1200 dpi
(HP Co., 2017)
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Table 2. Mechanical properties of PA12

Category Measurement Value Method
Powder melting point (DSC) 187C ASTM D3418
General Particle size 60um ASTM D3451
Properties Bulk density of powder 0.425g/cm® | ASTM D1895
Density of parts 1.01 g/cm? ASTM D792
Tensile strength, max load, XY 48 MPa ASTM D638
Tensile strength, max load, Z 48 MPa ASTM D638
Tensile moduls, XY 1700 MPa ASTM D638
Tensile moduls, Z 1800 MPa ASTM D638
Elongation at break, XY 20% ASTM D638
Mechanical Elongation at break, Z 15% ASTM D638
properties F'f@fugi/'(jﬁrggg&h 65 MPa ASTM D790
Flexural strength (@ 5%)10, Z 70 MPa ASTM D790
Flexural modulus10, XY 1730 MPa ASTM D790
Flexural modulus10, Z 1730 MPa ASTM D790
Izod impact notched 3.5 /m? ASTM D256
(@3.2 mm, 23°0), XYZ Test Method A
(HP Co., 2017)
Table 3. Dimension of ASTM D638 Type V
(Unit: mm)
w L Wo LO G D R
3.18 953 9.53 63.5 7.62 254 12.7
(ASTM, 2017)
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Fig. 5. Drawing of ASTM D638 type V (ASTM, 2017)
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Fig. 6. Printing orientation of specimens
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Table 4. Tensile Strength and trimmed average tensile strength of

TiAtoR tRIGIAILIONE #£9] DIU-100-20KNX(ETha) allspedimens
: 20KN) A1B71S AL310] Q1A Al AT, Specmen | Tttt | TiTmed Average
o _ _ _ Category Tensile Strength
NE e AFer, AI-SE el 98552 Folst Number (Mpa) (Mpa)
k. 0°(X) #1 50.29
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30° #4 57.15
30° #5 60.27
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45° #2 61.83
45° #3 59.72 58.97
45° #4 51.29
45° #5 55.37
60° #1 58.91
60° #2 56.00
60° #3 56.62 55.57
60° #4 50.42
60° #5 54,09
90°(2) #1 55.94
90°(2) #2 60.10
S - 90°(2) #3 54.63 55.09
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Fig. 8. Timmed average tensile strength of specimens
according to orientation
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Table 5. Yield strength and trimmed average yield strength of all

specimens
oy | omen | edian | T SO
(Mpa)
0°(X) #1 355.55
0°(X) #2 335.18
0°(X) #3 339.12 351.80
0°(X) #4 360.74
0°(X) #5 387.87
30° #1 411.44
30° #2 388.78
30° #3 41430 41176
30° #4 409.55
30° #5 435,07
45° #1 44113
45° #2 43587
45° #3 42918 42218
45° #4 368.88
45° #5 40148
60° #1 42388
60° #2 392.04
60° #3 405.80 398.10
60° #4 363.30
60° #5 396.47
90°(2) #1 397.17
90°(2) #2 435.60
90°(2) #3 391.35 396.62
90°(2) #4 38861
90°(2) #5 40133
0°(Y) #1 37130
0°(Y) #2 367.01
0°(Y) #3 366.57 368.84
0°(Y) #4 392.88
0°(Y) #5 368.20
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Fig. 9. Timmed average yield strength of specimens according to
orientation
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Fig. 10. Timmed average elongation percentage of specimens
according to orientation
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Table 6. Elongation percentage and trimmed average elongation
percentage of all specimens

) Flongation Trimmed Ayerage
e Specimen e Elongation
Number (Mpa) Percentage

(Mpa)
0°(X) #1 30.33
0°(X) #2 17.54

0°(X) #3 2048 18.60
0°(X) #4 17.38
0°(X) #5 17.79
30° #1 14.86
30° #2 15.06

30° #3 15.35 15.08
30° #4 11.50
30° #5 17.33
45° #1 17.38
45° #2 20.77

45° #3 10.39 14.29
45° #4 9.15
45° #5 15.10
60° #1 18.74
60° #2 13.24

60° #3 12.25 14.06
60° #4 16.55
60° #5 12.41
90°(2) #1 26.10
90°(2) #2 23.09

90°(2) #3 29.86 25.52
90°(2) #4 25.20
90°(2) #5 28.26
0°(Y) #1 28.26
0°(Y) #2 27.09

0°(Y) #3 2544 25.76
0°(Y) #4 2474
0°(Y) #5 2143
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