DOI:10.3795/KSME-A.2008.32.7.602

2] 3 A A) 2+ (Solid Freeform Fabrication)A] 2~ €]

—-—x-l uﬂ 5] bl ;g}

ol

8

2f

-II'I
0

Q)
=

74,2008 d 59 15 AAIER)

Process Optimization of Industrial Solid Freeform Fabrication System

Sung Jo Kwak and Doo Yong Lee

602 | At = A, A32¢d A|7E, pp. 602~609, 2008
OIs==
A g ¢
ERSES
(20073 11 ¥ 22 47,2008 5€
Key Words :

A golA A

Solid Freeform Fabrication System(Sd 2] & 4 #l| 2} A] 2~ B1), Selective Laser Sintering(% €
Z), Process Control(3-% A7)

Abstract

This paper presents experimental optimization of process parameters for a newly developed SFF(Solid
Freeform Fabrication) system. Two critical process parameters, layering thickness and curing period, which
have a large effect on the quality of the product, are optimized through experiments. Specimens are produced
using layering thicknesses of 60, 80, 100, 120, 140, and 160 m and curing periods of 0, 10, 20, and 30
minutes under the same processing conditions, i.e., build-room temperature, feed-room temperature, roller

speed,

laser power, scan speed, and scan spacing. The specimens are tested to compare and analyze

performance indices such as thickness accuracy, flatness, stress-strain characteristics, and porosity. The
experimental result indicates that layering thickness of 80~100 ¢m and curing period of 20~30 minutes are

recommended for the developed industrial SFF system.

=

—

1. M

] ] & 4} A 2H(SFF, Solid Freeform Fabrication)A] 2=
A d@FY AE R BAFelA AFe 3
/N=(CAD) BE=ZHH, et~ FHsA
A T8 ARE ol&ste] wME AZF ol AlF
X—VS e T e AR IEY 28 Al2H

I i EA Q) FAHol = SLA(Stereolithography),
LOM(Lamlnat ed Object Manufacturing), SLS(Selective
Laser Sintering) 5°] l&dH, 53] SLS W2 A
Ste 7l 2o A o) 011;]_(1)S|_S HHS o] 83
O G A 2 A 2~ 8-S E W (polymer) TS dA
g FAR AFsta dol AR LA AEe
He & TS gk g A A SSlHA

(¢

=
o
R
[e)
<L
R

)

10 to -1> 2 ok

U

Kol
=

T AdAA, 39, dEerled ATt
E-mail : lee. dooyong@kalst ac.kr
TEL : (042)869-3229 FAX : (042)869-3210

* dwAeEd AT

AFEe WE7] el AFe] F42
S H, %E 2+efl, Zu](Chamber)u] %
o] FA UL F 3
4 A =2 olF
= 5 (Build-room)9] 3x¥
%=, I = (Feed-room)<]
go] A 3], #olA 2= £k, 1eal
T Y AF e Wese HA @
2] 3L

A
At A7} o] Fof 9)\‘3}(2 %
o] =

g QeGP 2
2, A R A, ex xﬂoa

T el FAel SO ol

=y
o

ul
=

i

as T
= =,



Akel-g 9] o] & 44l ZH(Solid Freeform Fabrication)A] 2~ &1 o] &AM <= 2 2 5} 603

o7} oFH T I A AHEe oA A% HA
o Ass T, AF FAS FAI S
_]

AME AEe B3 Aue 54 ot Fa FF
WPl H A} o] o)Ak g} ®

E mwelMs WA AgE oG dAAA ~E
o] a¥AQl SLS FAE 918 AlxHe] AT} Al
o] 1x= Adala, A A = AEo EAd|
2 Qe mAE Fao 34 WrSe Ru 4%
FASE ol 71zre) HA e Ty A B
W Axfo] disl =3

oAFTES & Anle] Ao} AlxEle A A Ao,
T AF Ao, 2= Alol, delA Aoje] vl al
Alo)7] 2 vrpeliTt Zbzhe] Aol Fig. 2 o} o]
AA A el weh Aol BYL wEel & 4
Q= PC 71 Alo)71E 3 o] ojxitt,

21 A2 F9

o] 2] YelAR 2FH= AN A
Zxoll 9% AtskE WAsh] flste]l A UiR-=
A 95%, AhA 5%9] 3P o & whgof Fojof g
o Aol vgs A s AW el At
A AME T, SAHE AL sEEREH da
HES 4% § A4 F9) oFE adse 7
Aol AgEA Ata AAME wEel wld st
=95 4-20 nAS] A5 AEE AG AzE W
&3 5 PC 7IHk Aloj7] 2 et

Z
ol
—~
w
—
@D
=]
=3
>
«
~
t

Blol 1:20 9] &7l F#s)
7} 4 el = 5(Ball Screw)ell ©la) 524 o]
At waba, 2% ZE 3 A 04 m 9

s}
)
oy
)
N
)

{r
_OL
&
g
=)

2
ol
B=)
o

> (M Mz g wo ot
f
ot o
i

Dual Laser part

e

A N
' . Radiant heater part R
/

>

1[——|[| ‘ Feed Room Build room ‘ Feed Room

LM Guide Roller-.

] - -

T T

: -~ 3
I Conductive heater part |
N, GAS | e l

A ik dh

Fig. 1 Diagram of SFF system

Fig. 2 Schematic to control the developed industrial
SFF system

Fig. 3 Stepping motor and roller mechanism of SFF
system
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Fig. 4 Heater Control via (a) SCR (Silicon-Controlled-
Rectifier, (b) SSR (Soild-States-Relay)

o W5 228 5437 98 ddE AHeE
o} dAgE x| we uia Age] HEE=
b o] 2lse= &% AAAE AAH PC 7|k Ao
712 Bzl

e MEg3t =g g F-2E Al 7
I AHRadiant) S|HE ZH7t HHAow Y W

o] &2 Aot} Fig. 4(a)¢t ol PC 78k Ao 7]
9} 3|E]lE Alolell SCR(Silicon-Controlled-Rectifier) =
ol 3|9 FHS xddtt F AoV|2RYH &
A 78 gt wiel DA WS Fale] AAd A
s =Y ¥ ARE WEete] SCR = =,
4~20 nA°] 7 4=l wet s|E =¥ A|E &

Ay, HE=EE oddyl wludHe e dAE
(Conductive) 3|E]ES #HolA 2728 £ 3Asid

°
AFEel MES WA fg o= Fig. 4(b)et 2
o]  SSR(Solid-States-Relay)S  ©]-&3lo]  3JHES
On/Off #lojgtt}, SSR 2 gk Al upe} 3|2E
NAT = A= FAZA PC 7IHE Ao]7]9]
DO(Digital Output) 21 &5 o]-&3&}o] Ao]3ic}.

(Pre-process)< & =%
95% 13-

9‘L
A
do ot
:oé
H
[
!
tlo
ol
M
ol
o
T o
>,
X
Qo H g
Mo
)

o]‘:s.

T ©
(_ Pre-process W f Main-process \
» Lamination of
| L <
> * ¥
s
_ Post-process J e _/

Fig. 5 Process flow of the SFF system
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Table 2 Control-parameters of SFF system

Roller horizontal speed 100 mm/s
Roller rotational speed 100 rpm
Build-room temperature 178 C
Feed-room temperature 135 C

Table 2 Laser-parameters of SFF system
Laser power Scan space Scan speed
18 watt 0.3 mm 6 m/s

(a) (b)
Fig. 6 Specimens (a) producing, (b) produced
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Table 3 Width and thickness of specimens

Layering Specimen Specimen
thickness width (mm) thickness (mm)

Model 17.0 4.0

60 um 17.0 410

80 um 16.9 4.03

100 um 17.0 4.0

120 um 16.7 410

140 um 16.7 4.11

160 um 16.7 4.41
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Fig. 7 Flatness of 80 /m specimen (a) Upper side, (b)
Lower side
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Table 4 Maximum load of specimens

Layering thickness Maximum load (KN)
60 um 0.53
80 um 0.46
100 um 0.49
120 um 0.36
140 um 0.30
160 um 0.24

Table 6 Elastic modulus of specimens

Layering
thickness 100 gm | 120 gm | 140 gm | 160 um
Elastic modulus
(MPa) 216 145 100 83
Table 6 Porosity of specimens
Layering
thickness 100 gm | 120 gm | 140 m | 160 um
Porosity (%) 86 90 93 94
9
8 ; —{— 60 micron
] —O— 80 micron
74 —4— 100 micron
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—<— 160 micron
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Fig. 8 Stress-strain curves of specimens produced with
different layering thickness
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Table 7 Width and thickness of specimens

Layering Specimen Specimen
thickness width (mm) thickness (mm)
Model 17.0 4.0
0 min. 17.1 4.1
10 min. 17.2 4.2
20 min. 17.2 4.2
30 min. 17.2 4.2
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Fig. 10 Stress-strain curves of specimens produced with
different curing period

Table 9 Elastic modulus of specimens

Curing period Elastic modulus
0 min. 275 MPa
10 min. 334 MPa
20 min. 441 MPa
30 min. 599 MPa

Table 9 Porosity of specimens

Curing period | 0 min. | 10 min. | 20 min. | 30 min.
Porosity 82% | 718% | 71% | 60%
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Fig. 11 Coherence of polymer particles of (a) 0 min, (b)
20 min of curing period
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