sH2HYUTets x| A 322 A 10 3 pp. 917-923

October 2015 / 917

J. Korean Soc. Precis. Eng., Vol. 32, No. 10, pp. 917-923
ISSN 1225-9071(Print), ISSN 2287-8769(Online)

LCD & UV-LED & AFS%t

1935, MHE

http://dx.doi.org/10.7736/KSPE.2015.32.10.917

9| 3D Printer 7§ &

Development of High-Performance, Low-Cost 3D Printer Using LCD and UV-LED

Z¥3 ', BHEA? 1YY’ 0|43

Kwang Ho Jo', Hyeon Suk Jang?, Young Myoung Ha®, and Seok Hee Lee"*

1 S

=

o 7|7 &85 (School of Mechanical Engineering, Pusan National University)

2 BMO||l0|E (CATech Co., Ltd.)
< Corresponding author: sehlee@pusan.ac.kr, Tel: +82-51-510-2327

Manuscript received: 2015.3.30. / Revised: 2015.7.23. / Accepted: 2015.8.6.

3D Printing has a great advantage for its capabilities in manufacturing complicated structures in a
reasonable manufacturing time, and thus is widely used in various fields. Due to the high cost of
the equipment and material, a fairly acceptable equipment, the Projection Stereolithography
Apparatus (PSLA), has been developed, using the projection pattern approach for the purpose of
quick manufacturing. We evaluated its surface quality, as compared with that of other systems.
The result is the development of a high-performance, low-cost 3D Printer and its operating
software, using LCD and UV LED. Working materials for an optimal manufacturing are suggested
in the research, along with some suggestions of basic approaches for enhancing the accuracy

and quality of the manufactured structures.
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Fig. 1 Schematic design of projection SLA based on
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Fig. 2 (a) Schematic of hardware system (b) 3D Printer
using LCD and UV LED
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Fig. 3 Development of pre-process program
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Fig. 4 Development of manufacture program
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Fig. 5 Problem of cross-section image

AAAE W, Fig. 59 o] o] o]Foix]
wold AR @ibe] WAHT, ot STL 3
AR 9 94 tﬂOlEi% A5w o) FoiA

dole o] A3 %%O] téﬂﬂ Vel d@4
olth. Alet A& LCDY Dot pitch® ot 4 =17
UElkon, ojgd o o|nA S Algsle] Fx
B8 AP e w FREY] FUne ®wo] £X4
eroket.

ol sAdsty] S8l 1A dielEel Helds
U] BES LCD Dot pitch 7] Kt} ZH
A7) fle dagEs ALl 1§ o
uA o] A #2 Fig. 63 o] LCD2 Dot pitch
wo} 2 AREH] FxE HAEUre wd A
717v gE ek ek o] & BMP Y-S o



=P USS X M 32F A 10= pp. 917-923

October 2015 / 920

() (b)
Fig. 6 (a) Cross-Section image before applying algorithm

(b) Cross-Section image after applying algorithm

A% GIF 92 §83te] 7}
gt

ot

Hole) 4

o=

e

2.3.2 7t A2l A&

A meaddA 448 AT BeeE 5
TEE ke FFE HATE FAR F
7V SR Bwe 9F ] Al ¥t} 3D Printer=
WE A7 U Adsk
o] Fa3% vF E ¢

W 7HE AES T gol ANE 5 9

e rlo

F71= A1) 2ol kEd A

1
fo= {fmmjx N x256 (1

AN faio= A= EFHoln, N2 51|
ojty, B Ao M= 1Xxo] TA A7FS UERY

71 A&l fy 3 16384ms= AAHTF L 2 (2)0l
&) 7, #e &AL

T = fur x 61 2)

tgo® RE tig 28 Fr1s A0)H

ol A& F Utk
f;lk 10
= 3
Joco 2x N x(1+0C0) 3

3714 0Co= 7+ HetvE F o]%
o} A3l Z-axis7} olE& Ao thdt
7H/\e —70}]—,—7-” 5‘.—,]1:":] /Kl(4)g]_ 7Lo] E’—Eﬂg]
of thek Ajzte] AL T

o

oo it b
2 T
1% 1o

Table 1 Mixed ratio of material

Material Mixed ratio Photo initiator
Oligomer 6
Monomer 3 5 wt%
Additives 1
T, =——xn
fOCO
Tjn = Joco X1 (€]
T;nolur = T;zp + Tdmm
4714 ne RE} goldl Bad Yo
el ot
HAFAow 7ty vy 5 Aztel gk A
Ae H2)F olgstel At mE FHY of
% 47}4 ALe AwE elgstel AL g

=) -101'
-4
BN
it
o

N

ofl
ol

Ir
ol ;
>,
~
o
2
)|\
]
+
E

3.1 M A=

2 Ao Ag-g UV-LED: 395nme| 3
& M Qouz oo ukg o}—e A4 Ang
Agstolol @k E@ WEoR FaREo S84
2 A4 FANE 59 7] 74114 %@% 74
AL T3

AT A= Table 13 o] FAE] &1
W (Urethane Acrylate)ol] d4d-& WF7] 98k 3|44
2 H:=W(Trimethylolpropane triacrylate)S 3}3t
F AME Qoke FrBo ST A
FAS) A% $A FAA, AT Y 4G A
7= 7125 Hastetr] A3 £%A 29a 3
A3k q4S W A% AbEAE HArbsksid

gge REEEC] S Irgacure
$19(Ciba) S #F A Az Aesiel zardoh
ol@ A AztE A= UV-LEDO| o3& F 7|AA
7} Qvkg-sle] A E ZZ Hk-g-(Radical reaction)S
Eoto]l Eeamel Riem o] tuA whgE Sa
st A Ao

°o]%  395nm2]

_>.:

}
ol
o 9

20mm*20mmS.
A we A

N rlo

mlo
oy
@)
v}
29
lo
S
=
)
ol
o



ok

I USS3(X M 32 ¢ A 10 = pp. 917-923

October 2015 / 921

180 /./.
.
E T
= 120 4
5
3
u
: ' j ' T
Time (sec)

Fig. 7 Curing depth according to curing time
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Fig. 8 Experiment specimen for mechanical properties

Table 2 Mechanical properties of material

Test item Unit Result
Tensile strength N/mm? 45
Flexural strength N/mm’ 63
Impact strength J/m 80

Table 3 Manufacturing condition

Layer Curing Total Build
thickness time layer time
100um 8sec 730 4hr 10min

Fig. 9 Fabrication of rook
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Table 4 Manufacturing condition

Layer Curing Total Build
thickness time layer time
100um 6sec 1250 Shr 50min

Fig. 10 Fabrication of eiffel tower

Table 5 Manufacturing condition

Layer Curing Total Build
thickness time layer time
100pum 11sec 550 4hr 30min

|

Fig. 11 Fabrication of engine block
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