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ABSTRACT

In this study, we experimentally evaluated the mechanical properties and geometric form accuracy in FDM
3D printing processes based on the printing direction, building direction, and layer thickness. The specimen
test results showed that the tensile strength increased by over 33% in the printing direction compared to the
direction perpendicular to printing and the tensile strength becomes larger as the layer thickness decreased.
Furthermore, the tensile and impact strengths in the building direction were significantly reduced due to the
difference in the interlayer joining and bonding strengths of the fused material. Additionally, shrinkage of the
material due to phase change induced curl distortion especially in thin and long 3D-printed products, which
increased as the layer thickness increased.
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Fig. 2 Tensile-strength test specimen (by ASTM D
638-14, Test speed: SOmm/min)
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Fig. 3 Impact-strength(Izod) test specimen (by ASTM
D 256-10(2018))
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(d) 45° and -45° alternate printing direction

Fig. 4 Printing directions for 2D layer formation
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Fig. 5 Building direction of (a) thickness (b) width
(c) length for tensile-strength test specimen
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Fig. 6 Photograph of test specimens in platform

S8 WMol 7HAA =¥t AHe AAEA
ot =% Fig 59 Zol A5 WIS (a) A TF
(b) WHl W3, 283 (o) 2ol WEFoE she] AR
o] 7t AlHe] Z=E WasAT siHEes A
= 72 FDM ZAAA 71 gutr oz A5}
= 0.254mm(0.01 inch)¥ %+ olyzg} 0.178mm, ~18]3L

0.33mm ©|37| 37HAZ Bl lRA AFES A%
S A% Folol W FEe] WSS A ngi
Fig 67} %o] BE AWE 247 Y% 20E 3
MY AASAD, oS BEge Fal AQ A
£ wla, s|AsAT

zt 34 —r«] a7l SEWHY ] 01“1?{]' TS
X &2, a3l o] &2 <l AlEe] F(50mm)o] 2

o] Wk wE}t AEA WISt=A AHEpT 7
5 A& AE Az vk E 45 Beks £
Wk, T e, agla do] wEkeE Wil
, A% FAE 0.178mm, 0.254mm, 0.33mmZ H
SIAAZTEA AlE-E A Z AT

Fig. 7(a)°} 2o] Aol W3 &Z HAH, BH)
10mm 7HA(F ol X3 AHAE 2.5mm U
B2 ooz 4 1748 F 347 EAE

al

il

At Fig. 1(b)e =
o oEE gl WEE HelFa 9, Fig 10

o, an 7(d>L A 2EWE AehE A7
o= —‘5]—0:]‘1‘—1— ME]'.

(a) Shape of specimen

Supports

(b) Variation of supports according to layers

(c) photograph with supports in platform

: : " .distortion

SR Supporf 31

Part

| Platform

(d) Expecting curl distortion
Fig. 7 Specimen for measuring geometric form
accuracy

— B5 —



FDM 2] 3D Z"ollA A& 2ol we ZAZ =X FAAL =] AF nu - F=7A7SE3 A A204, A8E

(28.7Mpa)= Fig. 4@)A Y €Y WFoz 9|
=(382Mpa)oll HIEl oF 24.9% ZradtHom, o

71&e] A7AAe} Aol APt FDM W

718 Y A2l 45°9 45°2 3 S Mot
HA EEety AR Aol IF7E(30.5Mpa)
= 9% Uy $YT o eg Fste] At
g AHe 7} E(38 2Mpa)ell HI3j °F 20.2%4 W2
on, 29 HE WS (°9 90";

X
ol
of
o
ttlo
£
[
9|£
2
X
3
9#
8

o
o
o
>
5
Lo

325

30.0 - 30.6
275 28.7

Tensile strength [Mpa]

25.0 —

Fig. 8 Variation of tensile strength according to
printing direction
35.0

325 _
321

30.0

S

27.5

25.0

225

Tensile strength [Mpa]
w

20.0

LY 7 T J

Fig. 9 Variation of tensile strength according to
building direction

e Aol W2 AA AFsde 4 A=
7} 25.4MPa2 71 SEgrh.
3D ZHY FAL 27k @M A
stE WA A BAE A9,
of A&Hoz Hto] HWA i}
gk dgd 7 ojshd sLA
o At =7 #A BAF 2o A AEEG H
AM B BgEg AP gFgore A=V H
SARE, FDM, SLS 4 oAM= 23 wdke 4
7b &g 53] FDM A9 A8 S At
Al #AelAY AA S AHEStA ¥al 2
22 Age] o] ojsiM ofFH HAH=
Txol7] wEel o A HlEA 23S gk
wtel AzEe] Z1AA BAA ] el AA &

m[o Prl

= (contour)ol OJZOL% 7}st

= uylgko 7 &g}

NPT ARe] st Aol SRR, a7
M= G WEE SdRe AFHE 22 FA
e 718 =

Aoz e AHES AA3AU Fig

kY A4 2 5(32.1MPa)
2 2(30.5MPa)
Aeped ol

,ﬂ
ot
o
il
= g
i

fru ol ol

Hol—
o
L]'E]"/"‘:]' Fig. 1001]/\19} 2ol A ]
A$IA =X %W Wako] o gk
=7} 42.0ymol E3
=XE e g3t
SHE A, AlHS o2 A
T2 ggo s AAFE S AT A
WFo R T3 299 oA
=5 Z/MAAA 121.77/mE 6%
[e]

70

)
flo
N
o

i&ﬂoﬂ:[ojgﬁ
9|£

N
= HU

el
ttlo
o
o

-

% >
'rr‘—‘-'E
:J‘H‘E\o
3
8
il
o|\
—T‘~_.~

>
)
b 4

O o Ho o O me o W |
-Lgr‘ow'ﬂmﬁ 0\( _l>_4,m

%

o ofN i

= FDM WA dAe dustz <l

of nlg ©w =3+ H A=r)

W] AEs @ Wk vig) <l
A

19% Tastal, FAREE oF 64%L}

)
o b 2 1o 3@

rirrir 2y £

N
P

sl
o
il
i
o
3L
v

— 56 —



271« =71 AIZFEE S A A204, AgE

150.0

€

= 1200

= = 121.7

= 111.7

> 900

D e

o 600

O

S —
£ 300 42.0

e B Jﬁ%

Fig. 10 Variation of impact strength according to
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