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Abstract This paper studied the post-processing process of the fused deposition modeling (FDM)
process, one of the most widely used 3D printing technologies recently, in prototyping, which is a
leading step in the development of various IoT products. The proposed post-treatment process is warm
isostatic pressing (WIP), which can improve the mechanical properties and waterproof function of parts
made by the FDM process. There are various process parameters in the WIP process, but in this study,
the experiment was planned with the holding time of temperature and cooling ways as important
variables. The specimens were manufactured in a direction that showed the most dramatic WIP effect,
and in order to determine the effect of the WIP process, specimens without WIP treatment were
manufactured and tested in the same manner. The experimental results confirmed that the WIP process
improved mechanical properties and waterproofing effects. In addition, the temperature holding time
did not affect the mechanical properties, and the mechanical change due to the difference in cooling

method showed a 5% difference.

Key Words : [oT device, Waterproof case, Process optimization, Warm isostatic press, Fused deposition

modeling process

0] =22 20218Hd: SHOiSH wiiShETH| X0 Qste HAREAST (RUHHS/ 2021A029)
" o

a
29 Y 20234 108 42 HARIEY 20234 10E 8Y



26 AMEQEUE=EE=EX H9H X555, 2023

1. ME

T 47 ToT A9 ML oefet QEAA 7|9t
9] MCU(Microcontroller unit)S 28351 &1l QJth
o= A& Aol BE Jdo] "ash Azt € HES F
A 4= Urhs HolAM o B IS W gl (1,2
gk AR 7195 Adsk] flsiAle 3D ZRiY Vs
o] Wo] &&= Ut} [3-5]. ol= i FAA th
7 BAol dagt A7t g, 539 ML ¢ 7%
o= & HlEo] 4857 wizolth

AAIE 7179 A& QoA EiE=
EHAEE 7o R k= 3D ZHY Vs oﬂ
I 9tk EetAEE V|Nke g ol= 3D ZHY Ve
THA] Al 71A] FEIE Yol & 4= Qlt} S a4de
2E mo] ol W, 1449 AME HiRle] A
2 HHE olgsto] Aot W4, nixIo R iAo
2E IFIAIA Eol= #Alo] Aol A WA v
Aoge &8 AF 34 (Fused deposition modeling,
FDM), A& #o]x AZ(Selective laser sintering,
SLS)e] AL, HRRIE AAE E-&sh= WA= AgA
AR (Binder jetting, BJ) 4] 910w, upx|d} 1)
A0 2= F743t2g W4(Stereolithography, SLA) 7F

At [6,71.
Zal
% (
Layer
thickness @

24k F
=5°| 2

i

1

il HHIHHHmruwmu@nm

of
Thckes: 3 0, Guge g S0 £/

(b)

(c)
[Fig. 1] Build orientation (a) and the direction of the
nozzle moving on a specimen plane (b),
fabricated specimen

[Fig. 2] Images of (a) the WIP equipment and (b)
schematic of the WIP process

27} gpalol= Aehdo] A, d%04 88 3
HkAl(0]5}, FDM HHA)S @ ZAA 7Hto g 31 #|7}9]
12t AFE Ao A AFR 7RSS RE AAE E-83F

2 Qlehe AolA 7H 99 28ET 9l WAl ¥
/\ O]]:]_
SHAIRL, o] WAL ol gte] 49 IoT 71719 7172

Aol Qlo] 7bg 2 BAHL vk A 7171 g A
oFgk W 7]%50] ¥Esleks Holth. 340 B4 4
3 4 Apole] Ut 7\l T EAfekR, 12 Slgt
W 7159 ASke H]% A4 717 0T Hujolad)
Aol glo] s@sior & #AHoleka & 4 itk 8.9]

2 AT 27 10T 7179 W4 7152 Fofst
7] St 3RS A, HASE Yere A
ok AAE 339 RS A8 Folo] AFHArk

2. AH HIEF R A

2.1 A XM=t

2 Ao AR AJHE v Staratasys AR
ABSplus &4E ol-gsto] A&bsteltt [101. d5 Az
T A= Fig. 1 o Hol&= A} o] &S =gkl ot
£ =44 Aol7F I sk, & AFollAE WIP 373
Heo wet 244 Wbt & A 0= A== Upright
(zX) WgFor At [8l. Al FA2 ASTM
D638 Aol weba] AZstdet [111. Al Az Ale]|
o Y 4E 9k Fig. 20014 Hol: ¥ )

22 2
o

T

= ru
SY 71y 38

QF 7194 (Warm isostatic press, ©]5} WIP)
T i &0} S Alojsto] Wi &

oo 1Y

rlo

=ik
=

H,



>

ogr

i loT B2

Target pressure

Target temp.

ime

.0

[Fig. 3] Profiles of temperature and pressure
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[Fig. 4] Tightness test
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[Fig. 5] Results of tensile tests
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[Fig. 6] Cooling rate with cases
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[Fig. 7] Results of tightness test without
(a) and with (b) WIP process
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