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Development of Digital 3D Real Object Duplication System and Process

Technology
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ABSTRACT

Digital 3D Real Object Duplication System (RODS) consists of 3D Scanner and Solid Freeform Fabrication System
(SFFS). It is a device to make three-dimensional objects direcily from the drawing or the scanning data. In this research,

we developed an office type SFFS based on Three Dimensional Printing Process and an industrial SFFS using Dual
Laser. An office type SFFS applied sliding mode control with sliding perturbation observer (SMCSPQ) algorithm for

control of this

system. And we measured process variables about droplet diameter measurement and powder bed

formation etc. through experiments. In case of industrial type SFFS, in order to develop more elaborate and speedy
system for large objects than existing SLS process, this study applies a new Selective Dual-Laser Sintering (SDLS)
process and 3-axis Dynamic Focusing Scanner for scanning large area instead of the existing f lens. In this process, the

temperature has a great influence on sintering of the polymer. Also the laser parameters are considered like that laser

beam power, scan speed, and scan spacing. Now, this study is in progress to evaluate the effect of experimental
parameters on the sintering process.
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8HAl 27Yd(Scanning), VIEYIE B3 ZH4(Transfer), Table 1 Specifications of ARX system
E | (Duplication) & 4~ & EF7I%2 d9 4 Items Specifications
Az A" tigt g A7t Ay FoA Y Scanning area (mm?) 150x110
! =3 RP 7]&9] Ao we} Rp FAo] A Scanning distance (mm) 340
& A& 7]%, CAD Hiolg| QA7l&, 3471 2 Measurement time (sec) 5
A2 JlgE oY savlEEA dAFHL 9 Resolution (pixels) 1280x960~16001200
ot QdogdAlg A" Az FH wel Degree of freedom 4
SLA(Stereo Lithography Apparatus), SLS (Selective Weight (kg) 20
Laser Sintering), FDM(Fused Deposition Modeling), Size (mm®) 564 x 1083 x 450

LOM(Laminated Object Manufacturing), LENS(Laser
Engineering Net Shaping), 3DP(Three Dimensional
Printing) 22 WAM AAFL AAAFT Z 7]
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Fig. 1 ARX System
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Table 2 Specifications of optical 3D scanner

Items Specifications
Measurement area (mm?) 300 x 225
Scanning distance (mm) 690
Measurement type Structured lighted method
Texture mapping 24bit Gray
Resolution (pixels) 1392 x 1040
A light source Halogen lamp

Size (mm®)

450 x 347.5 x 80

Table 3 Specification of robot

Items Specifications
Repeatbility (mm) +o0.1
Degree of freedom 6
Load mess (kgy) 125
Power (KVA) 1.6
Arm length (mm) 1339
Weight (kg) 125
. . Auto measurement
[;;atlng of a Measured object > using ARX System
Simulator Acquisition of aligned data
]
. . Inspection & RP
Scanning path generation applying >
L

Fig. 2 Block diagram of au

to measurement process

Fig. 3 Marker setting and the obtained marker frame

Fig. 4 The merged data after auto scanning
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Fig. 5 Robot control and auto scanning
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Fig. 6 Block diagram of auto scanning system

Fig. 8 Result of auto scanning data
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Table 4 Sepecification of print head system NEd 2928 SFF A2HE o]g3dta AAE
Items Specificatons AR ADE YAt 1 2 AAE AZoAE

Nozzle diameter (um) 40 dolo FAE 300um =2&tu, TYPY EHFe
The number of nozzles 300/cartridge, total 900 600x600dpi, B 2] ZH(Fire pulse length)& 2us & A
The number of cartriges 3EA (Max 12EA) Astd =529 A7%o] & s5um ¢ 2A 4
Printing width 0.5inch/cart., total 1.5inch < stk AT dojo] FAl w3
Resolution (um) 42.3 (600x600 dpi) AR vhit ] FAb Fo] |7 o} FHd
Communication port Ethernet, RS-232C, DIO % 487t Aol Ye AL AT 5 AA. 2

2z 2 lolo] Abolol MR F ol EAeA
z 2ol @4l WG dolof TS 2
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pea) o G R
Intermediate stage Last layer printed  Finished part

HE W3] Yol Az BAE 300dpi & B
F1 ZYg Fi5 3 300dpi ; A sra)
agln AL FdaooumE &R eH, 2 ¢

AL 2z A8 984 skel 49ds i]

2 Q1o 600dpi oA 300dpi 2 W2
fojZl o2 FALERe] o] Aol QF?SH?i
ole dHoloJEte F AL e HEY
oL}, ZHY 5ol RolAWEA =gFRE 719
Fig. 11 The fabrication process of the 4™ specimen t# o] Yol of¢ oF3tA AFHU Fig. 113 &
< 4 A AAF ARNME 2928 3D 24

187



-2 A

G2 AY TR A 23F A4z

Nzgoja 2P E Aot FFe mdS Al
Bron, Adzde t&n &t #Holo FAE
100um, EAFF Ao} 24 H2AIE Sus, EF
go] AL 100um, Holo] B+E 340 §, AFA
7] 70x55x34mm, TAY E35E& 600x600 dpi =
s R 42 AAE AFoAME daHE 1A
gty Az FAE 630ppi, ZHY %S 300
o4 600dpi & 2T FUT FF o] uielg
BAL 8ol Z5l2 3 A9 Aol FREo] o)A
Agrc Po] gasiA AF HJok 223 Fig
12 9 go] FAg =g AAFY &4 glo] AE
A g & 4 UAA

Fig. 12 The 4" specimen

4, MU AAHYHE AAH Y

4.1 MU UAEH M E AAH

g4 dog gz MEdolEHE Fig 13 3
Zo] ey FF L olES HHstE JTFHE,
eH e «gg Yt PR, 93 FY FAEH
718 YAS71YF AL TFH, FddoANE F
#H3s}7]1 9 #HolA R, SFF A|2A®e ZE AXE
Aelstzl 9@ AolR Foz A SIS 9o F
AojA Zeoprlz HLHE ARSI oA &
2% ¥ A¢ 93999 odde s 150°C ol
Mg 259 BACAHEY 2E257F 87HY?

Forie FHEWPozE: E 93HL B
3 seE 224 HFske By wAUES F
435t SLS ¥ L Y3 sHF = Fig 149 2
< EAMEE o]fstd HWEgy I vef
£ d4gste 38 Al2"E AAINAY. a8n g
5o g Aog A8 PID Aoty E A&
8ty 1°C olul9] 2EA o7} JHEslEs 3 HEE
A skt ol AR B¢ Fig 159 Zo] 74
# o] A(dual laser) 2ZAWAE FHSI7] s HA
o] #olA A= FRE AASRD, FRHNAE
o] &3] 500x800x500(mm’, WxDxH) Z7]e] AlA]

ES ARE F ARE Ho)HEE 3 F dolyy
23 d2E o] g8ty AFslchFigl6& B
Tol AgE #HolARY MEF=R Holy AA,
2704, B dado, WAL Foz2 FAEY
tolA s=oA ZAEE #HolA Wl A7 (Ueh)e
1.8mmx02mm ©| B2, A2 L 93 #o]A W) Axm

Dual Laser part

et N e |

A r\
Radiant heater part

(Y S ]
Feed Room Build room l Feed Room
LM Guide Roller, _

.. - ==
T T
“Piston heater

| He= :

l[ Cylindrical heater
i "H,L'»}Step Motor i Lﬂ: ﬂ[g_h
1
|

Fig. 13 Schematic diagram of industrial SFF system
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Fig. 17 Block diagram of SLS process

Fig. 18 Fabricated specimens for variable test

Table 5 Specification character of polyamid powder

Density Particle size Melting
(g/cm?) average(um) point (°C)
Polyamide
0.59 58 184
powder

Table 6 Test condition of sintering variable

Variables Test condition Results
Temperature (°C) 150~165 155~160
Scan speed (m/s) 1~10 3.5~10

Layer thickness (mm) 100~150 100
Scan space (mm) 0.1~0.5 0.3~0.5
Laser power (Watts) 10~20 12~18

Table 7 Sintering condition of specimens

Variables The 1% specimen | The 2™ specimen
Temperature(°C) 165 165
Scan speed(m/s) 5 6
Layer thickness(mm) 100 100
Scan space(mm) 0.3 0.3
Laser power(Watts) 154 17.2

189

Fig. 20 The 2™ fabricated sample from scanning data
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