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Abstract: The 3D printing market is growing fast, and related manufacturing techniques are being developed rapidly.
Fused deposition modeling (FDM) type 3D printing is simple and inexpensive, and hence is popular. Moreover, it can
be used for printing various thermoplastic materials. However, its deposition strength is low because stacking melted fil-
aments is a non-continuous process. In this study, deposition strengths along directions parallel and orthogonal to the
deposition direction at three temperatures and on three materials, poly lactic acid (PLA), acrylonitrile butadiene styrene
(ABS), and polyamide6 (PA6) were compared and analyzed. Parallel to the deposition direction, deposition strength did
not depend on temperature, whereas along the orthogonal direction, deposition strength increased with the process tem-
perature. For PLA, ABS, and PAG6, the average deposition strengths along the orthogonal direction were 55.72%, 41.46%,
and 45.99%, respectively, of the average deposition strength along the deposition direction.

Keywords: fused deposition modeling (FDM), 3D printing, deposition strength, deposition direction, orthogonal to depo-
sition direction.
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Table 1. Filament Used in FDM Type 3D Printing
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Figure 1. Tensile test specimen for deposition direction and orthog-
onal to deposition direction in FDM type 3D printing.
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Filament supplier
Grade

Natural works (USA)
Ingeo™ biopolymer 4032D

Test method ASTM D882
Tensile strength (MPa) 103.4
Elongation at break (%) 180

CHIMEI (China) PURUI (China)
General ABS POLYLAC® PA-757 -

ASTM D638 ASTM D638
46.1 73.5
25 200
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Figure 2. Tensile specimen (ASTM D638, Type No.1).

Table 2. Operation Condition of FDM Type 3D Printer

Item Value
Layer height (mm) 0.2
Nozzle diameter (mm) 0.4
Nozzle speed (mm/s) 80
Bed temperature (°C) 90

Table 3. Deposition Temperature of FDM Type 3D Printer

(unit: °C)
PLA ABS PA6
200 210 245
220 230 255
240 250 265
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Figure 3. Tensile behaviors of the specimens by deposition direction.
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Table 4. Tensile Strength (Maximum Stress) and Elongation at
Break (or Elongation at Maximum Stress) of the Specimens by
Deposition Direction

(Average/Standard Deviation)

Nozzle  Tensile strength Elongation  Elongation
temperature  or maximum at break  at maximum
°C) stress (MPa) (%) stress (%)
200 63.6/1.3 2.47/0.12 -
PLA 220 63.7/2.6 2.64/0.28 -
240 63.6/2.4 2.62/0.19 -
210 43.2/0.9 - 3.18/0.27
ABS 230 43.8/0.3 2.67/0.20 -
250 42.3/1.3 2.43/0.15 -
245 31.3/0.9 - 12.38/3.08
PA6 255 31.4/1.0 9.20/14.84 -
265 36.9/ 0.8 - 20.81/5.34
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Figure 4. Tensile behaviors of the specimens by orthogonal to depo-
sition direction.
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Table 5. Tensile Strength (Maximum Stress) and Elongation
at Break of the Specimens by Orthogonal to Deposition
Direction

(Average/Standard Deviation)

Nozzle Tensile Elongation
temperature strength at break
(°C) (MPa) %)
200 322/1.2 1.469/0.176
PLA 220 37.5/1.3 1.754/0.228
240 40.5/2.0 1.802/0.535
210 10.7/0.3 0.526/0.076
ABS 230 19.7/0.5 1.384/0.360
250 23.2/1.7 1.521/0.208
245 6.2/0.5 1.634/0.054
PA6 255 19.1/0.7 4.613/0.551
265 20.5/1.2 5.699/0.330

4(ay= 200, 220, 240 °ClA] 253k PLAS] A¥RIH 7FE =
2 2521 240°CollA] AHZF3H AlHolA 7S & JAZA=E
YeR 2L Qlt). ASewe) 7w vl d o g Yelt)
et A HEE JA] HZL w6} HlFsle] 257} HS4E
=7 Uit Figure 4(by= ABS A13e] Z3eltt. PLA A
g o] AZ2Ert 2255 A=} gk Al AilE
o] =A YERHTE 210 °CollX] A5e Al 22 AAES
Holw] vk Z&ojlA| afd=|¢lt}. Figure 4(cy= PA6SY] U1
AlE Axjolt}. PLA, ABS A3 vRIAZ HS2w7} =
S5E Q) Tt A] Aalgo] A YElSIT) Table 5
= A% A7 ke JIAE A3t vERY St

b 1
WA oS 7S A 28)= Figure 59 Hlwatith PLAY
7S A5 W] Ha A EE 63.63 MPaolal A3 4
z} vygke] QIA7IE= 36.73 MPac|th. A3 2|7t Wigko] &
Z Wkl vla) oF 57.72%2] AFUEE BT ABSS] H
R ke s R

17} wae] Wt QI 27t 4307,
ey

k1
rr
)
ol
rlo
o
-
W
)

A SEHAUY &, AT =Tt =
=2 HZJ == 71890 PLA, ABS, 28] 3 PA62]
bulk 28 QAR EE 747t 1034, 46.1 MPa, 28] 3L

o
73.5 MPac| 22 z} AAje] K& wigke] QA== bulk &
6

Zan, 41404 A63, 2016\

63.6 63.7 63.6 . . .
L . : Deposition Direction

|:| : Orthogonal to Deposition Direction
405
375
322

200°C 220°C 240°C 200°C 220°C 240°C

Stress (MPa)
= o w IS o o
s S S & S5 & S
=) = =3 o o = =3
E—

(a) PLA
500
432 43.8 23 . : Deposition Direction
~
: Orthogonal to D ition Direction
00 D Orthogonal to Depositio ectior
£ 300
% 232
2 19.7
£ 200
w02
10.7
10.0 H
0.0
210°C 230°C 250°C 210°C 230°C 250°C
(b) ABS

400 36.9

. : Deposition Direction
|:| : Orthogonal to Deposition Direction

Stress (MPa)
w w
S S
> >

-
=3

]

245°C 255°C 265°C 245°C 255°C 265°C

(c) PA6

Figure 5. Comparison of tensile strength for deposition direction.
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