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A Benchmark Study on the Stereo-lithography-type Rapid Prototyping
Apparatus using Transparent Materials

Gi Dae Kim* and Joo Hyung Sung’

ABSTRACT

Among various rapid prototyping processes, stereo-lithography process which can manufacture transparent
prototype is known to be the greatest in the form & dimensional accuracy and surface roughness. In this paper, bench
mark tests of 4 stereo-lithography-type rapid prototyping apparatus were carried out using transparent materials. The test
includes measurement of mechanical properties, form accuracy, building speed and manufacturing cost. It was observed
that ViperPRO of 3D systems is advantageous in the mechanical properties and building speed, RM6000II of CMET in
sub-milli scale form accuracy and manufacturing cost, and relatively economical Eden500V of Objet is great in tensile

strength at room temperature.
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th FH3 AAFL o] &3E AFY R TFRE
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(poly-jet)8t FAlo BEAZIAAM HEEo Z
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2 AFddAEe 74 FH B2 P FEE AAE
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At

zZt g d AF J1AH EAAE vlud)

Table 1 RP machines and materials participated in BMT

Apparatus model Maker Material
. 3D systems
ViperPRO (USA) Accura60
Rapid Meister 600011 CMET TSR-829
(Japan)
Edens00V Objet Geometries . iicyre729
(Israel)
3D systems
SLA5000 (USA) Somosi1120

Table 2 Characteristics of sterco-lithography RP

machines
Building size Scan speed Layer
Apparatus Cexyxa{mm®]) [m/s} thickness*
- .3, 0.1
ViperPRO | 650x750x550 o x> oo
RM60001I | 610x610x500  Max.22 (;’ 615
_ 0.01
Eden500V | 500x400x 200 (Hea(()i tlzaeed) 0 036
0.158
SLAS5000 | 508x508x584 5 0.1

* Bold means general conditions

Fig. 1(b) Specimens for puncture impact test



A7 -

A58 AU TREA A 4P A6

Table 3 Dimensions of test specimens and simulation

parts
Volume
Tests x[mm) y{mm) z{mm] [em’]
Tensile 19 187
Mechanical rgig:::c 165 3 ’
properties
Impact 100 100 5 50
Building time &| Part(I) | 4402 3673 2422 |9,731.8
manufacturing
cost Part(1l) | 476.7 2231 79.8 | 803.8

Table 4 Heat deflection(distortion) temperature®'°
ASTM D648  ASTM D648  Specific gravity
@66 psi[°C] @264 psi [°C) fg/om’]
Accura60 - " 1.13(Liquid)
(ViperPRO)| O3 48~50 1.21(Solid)
TSR-829
(RME00OI) ; 494 1.08
FullCure720
(Eden500V) 48.4 44.4 1.092
Somos11120
(SLAS000) 45.9~54.5 49.0~49.7 1.12

A8t WA, Fig. 1(a)°] UElG 49 AF A=
238 NHe AFsn AL(room temperature) ol
A Q% BEE FAACY. ¥F LY gE
A 7z WHEE Lolry] Yo YoM HF
WS x oy z Al WFPoE sl AJWE g AF
3t3 INSTRON 5569 H|E o831 A ZEE &
A, B3ttt Table 3 & AP AlLE AlHY
AEEA 2d9 AFE vdeHUL .

Fzy Aoz ARG AAEL FL=T A
oz gojuyzgt 23 do mje Hd @
HE NMRT Y7 "Ee AlEFG AY #HY 2
EE HAANMEAN A AFx WHE #Ed
Act Table 4 oA vtehd wieh o] FAHSA £
9] & Wy 2% (heat deflection temperature)’} U
BE 50°C AX07] Wi £ IdFoNME HEA
ANE 873 258 60 °C 7HAZ AFATY. A
ZEE 2A%7] A EE AIPL 3 3 vE A4
3 2= Hags v

F2y B9 AAF AR Je E
o] & 9dd 49 g3l FHolth YntFHow
B2y ooz AFRE gk FAE R AFS
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o Aoz s A HAEHE AHol UV
g &Eol Fig. 1(b) & Zol BAZAE wA A Al
HE AME5ld BEA P(puncture tes)E A A8
WEAa4e ZRs9cd. AHe AR F
INSTRON DYNATUP 9250HV FH]E o] &35 A
HE AT F, 657kg o AFE 7HAE 12.7mm
W Aol FElFdHE AT Fol@8.7cm) ol
A GEA A AlHo) wE FL &8 g7 A
Hol AE AYE Y(peak load)s} TW7AR] A|H
o] Z4% o] X (energy to maximum load)E &
o A2 vusgd. 4 A8 JA HF @33
S A /MM HEF I B YWEFFAHY 9
E A Egtch @A) Aol 987 HHT
of Alg Ao AL FH37] Hid BE

v

,.
T o

27 AYE 53 BB AAFYD, FEEE vl
=

Fzy oz RP FEE AT e QY
FA9  AHzlg Ad# & 32FFH(solidification

shrinkage)®} 2= W3z AF G4 (thermal
shrinkage) W&ol =& ¥ (curl distortion)o] T4
o 1 Ry 37 Aad FHRFA FA LA
5 AF 240 A FF¥E Lok B AFddA
£ Fig. 2 3 Zo] dols FAE7 & o9
7tA A9 vhpar) B4 AW AT F CMM

€ ojg3td AW 4E F4E Ao Wyge= d
A pHoe FHs] FE WP L AL A
E vasgin. 539 EIEH TE AT Ad

o] JAx eatd #FeE AVI2M JFE ﬂ%“’ﬂ
A% AlH9 HE QAE HuFYLEZH A
P4 ALEE {330

Fig. 3 AF £x (AH)9) AF v §& vz
7] & Aol Bdolth Part () & AAA
9 671% A3 BF ol part () = AlA

Fig. 2 Bar-shaped specimens for measuring curl
distortion
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Fig. 3(a) Simulation Part I {(engine block) for comparing
manufacturing time and cost

Fig. 3(b) Simulation Part 11 (clock) for comparing
manufacturing time and cost

Wel 7]o] a2g R RFELEA ZYE
X4 £ Table 3 of VeI AT part () & YA
o= FAZ gk AF7F Aol part (I) o BIESA
7} o 83% of £ttt F 71X 2l oist
o AlEHHE B3 o MR #=y Ay E
2 AF £x9 AFY 2 HolH v g 5F& XF
g Al H&E Husgit
3.8/ AY Zo R BY

31 7|AY 4%
311 ME wgo wE olE Hxeo| Hat

Z AHdE 2Y-HYE JML 93 ojzR
B Hd AF Az HAZE 53 AAE Fig
4 o YehARIT) Fig. 1(a) o YElIYG AAH &
W 2 YHgoR o ARG £H WPOE F
HA AFF Aol Edensoov FuZ AFH
FullCure720 M99} AF ZH=7t ¢ 62.5 MPa & 7}
Z & Ao yEigoh a3y o e AlHY
e HEgE 24 UL BE, 53 o] ¥
o2 AYA HEFsAUS 2% Fig 4 o Yebd u}
of o] A ZAxrt Hwt o]dE HAHE AL
2 Yehgol whd o g gnje 39 olge e
A7y Jegd. F, AEE 34 AFdse
A4ET HE WUEgL y B x WFOE A E
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Fig. 4 Comparisons of tensile strength

BY A% A= 27 ¥ FUksle RAoER UE
wow, o] #HolA FAl(scanning) WHETIE 3
5 WY AR A=r ¥ wde A& ngd.
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AE 7HAR J=A &QUs7] At 228 =3
¥ & & Bv(chamber) WA AF AHE
gargon, Ag 43 AW 2z w3
€ A"e 9 ZF=E &A% Fig 5 oA
Holx niel #o] AHe =7} F71Ee et
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Fig. 5 Tensile strengths according to ambient temperature
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Age A4l F7tstHA AF ZA=7F A #ax
Fac. A=A A A= HE FAARD
Eden500V d) AHML %7} 73] wel A%
BE7 7MY wE $E2 AIE RAoE YUY
th ¥¥9 Accurab0 & AMEEZE 3l ViperPRO FH]
2 AR E FFole A5y E¥YLE HDT)
7} ¥ 60°C BANME ¢ 14MPa 9] AF =
E JIAE RAoE YEwrh

313 EHHy

Z}zte] RP 3% WAooz FARY A EY
o] RP AW S HF W d=2 5 A8 AFsn ¢
558 o]4% #F FF AN¥L 5 3 AAHNL
o, Fig. 6 ol 2 Aol FF%e H3E Yl
t}. Alg A3 ViperPRO FHE2 A AT Ao &
o] e Mol /Y 5 Aoz YeEbh
A o W WEFAAY ®Hzte A Z=9
wislol wpAslAE ViperPRO & RM6000I ]9
73S ¢4 WygEgde FIAHF) $Fo2 WE
Aol B & F/H3e ALE vEwth

Horizontal ~ Vertical

ViperPRO RM600011 Eden500V

@ Horizontal [Peak load (kN)] W Vertical [Peak load (kN)]
O Horizontal [Energy to max. load (J)] © Vertical [E. to max. load (J)]

Fig. 6 Results of puncture impact tests
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(150~450mm)St FA(2.5~30mm)7} +& g A
"ol g Ho FE AYFE AW Z2AE 4w
Buidled, AAH oz A|He Holst dod

4009 —a— ViperPRO

T 200{Z2 SLAS000 o s e
3 '\-\-\
5 ° W"‘m—“«-’—-w—‘_’—-u—-:ﬁ
e
=200
3 v\‘v\.-;...,,v--v-
£ 600
=
(%]
-1000 —v— RMB000II
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Fig. 7(a) Straightness error induced by curl distortion of
bar-shaped specimens (300x10x5)
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Fig. 7(b) Straightness error induced by curl distortion of
bar-shaped specimens (450x30x5)

Table 5 Measured straightness error of bar-shaped
specimens [um]

(x};i’zfj:;f]) ViperPRO RMG6000II EdenS00V SLAS000
150x10x5 24 91 251 22
150x30x5 22 91 57 16
300x2.5%5 | 289 1720 494 776
300x10x5 139 290 917 70
300x30%5 15 152 99 24
450x10x5 474 279 2360 11
450x30x5 22 203 104 65
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od, ulA 49 A FEE FH doJAe
RM6000II 8] 7t 7} 48 Aoz Yeiuio

33 Mz &
MNAEE wE A Ho] FF3oF = RP 3
Ao BN AFES AFsle £5& Fulg 2R
sed oA bl FA% ARfolnh F=F )
E ]88t Fig. 3 ol Uetd F 7HA 2dE A
g g, 285HE AF ATE AEHOMLE vin
& AYE Fig 8 o JEMUT FZ2Y FHAA
AE Abe AF FASG HolA FALEE(Objet
Aulo) AolE A= &) Y & IF
g @1, 3 Yo AR Fo] AHE W EHo|
A" w7tz 7ltiele AlH(z-wait time) H =
El(recoater) ©)54% B9 J¥E Ptvh Eden
500v A8l 0.016mm, Y9 A F¥E 0.lmm o 5
FAE AL, 7Et 2L 4 FuldA
gwrr oz ALg3teE =AE HEEU
AlEdold Az 9 WRE FAIE w9 ¢
o] A &3 <& Z(hatching speed)’t 7HF wE Viper
PRO M8 HF &=7} 7MF 58 Aoz o
Bl ASES) =9 SL45000 FvlY) AREE
7b 71 = Aoz deigen, Wi gz o]
Qe § 2d9 2yt €545 AF £E9 Ao
7t 9 3A vde Aoz JEtth. Eden500v 3
vlo] A, FFA g1 d= ol$SErE Ay
o2 ARt Y HE ojFoE KL dHFY
& A9 AAE F A7) WEA AFEE

ar

=

2=
=

Hol QM= FAHE 7R 3= A= YE
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RP AR EE @487 A8 AA Az AL
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100
Manufacturing time [Hr]

150 200

Fig. 8(a) Comparisons of estimated time for building
part (D)

10 15

20
Manufacturing time [Hr)

25 30

Fig. 8(b) Comparisons of estimated time for building
part (II)
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£ Algto] Fuiyoz gol £adr}.

34 MZ 0 &

Fz2Y A RP TR AFNEL IA 29
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Hgoz g 4 Utk 2d A AFY ¥
Alem’|o) A Table 4 ol U} = Ao B F
(specific gravity)lg/em’)& I8 oA A2 w7}
[#2)E I3t A& 8. ViperPRO, RM6000I 2
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249 10% A= 28HBZ ol HEdY)
At Fz2Y g 3pP ¥ H$2Q Edensoov 7w
AME AX A4 Hao] olgte A tad,
Z, @A ddHo] oS Hizty ZFo|YE A
O wEA] X PRI esta, gEZHe] of
#HEol vsld Adn ¥ Agx gHye A
az1zt #un g ALoe = o4 A =9
o FFor 284 37 A7l Wi NAg=
TFZEL NN TREY AL B8 Fof
ot gt Wt XA AEIT FFE Bol &
859 olz A3 XAt w|Lo] HA AF R A
A2 s vl Fo| wf¢ A}

#olA vl &L dolA @l #HolA £4&
UE F A AgE F38 A", delAst

Model
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O Laser
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Fig. 9(a) Comparisons of total cost for manufacturing
part ()
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O Laser
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Fig. 9(b) Comparisons of total cost for manufacturing
part (1)
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(1) Eden500V e 2249 A Z=7}
g oy 2x9 Frtd e WaA o
ddARoz FHA}Gn HAF(FA) HFY A
ZE7t HFsigich whE ViperPRO, RM6000II
SLA5000 e 238 AHF wWake 9F A=7)
H€ Skt AAZEY w4 y§A4oE uFE
A& &A% A ViperPRO Au2} 7VH 53}
At

(2) RM6000IT 3¥lE X %7} 0.2mm 7HA S 8
e AR F Yo A FF ALES} M H
olwix, dolet FAZ thE ul A9 AlHo=
I WY SAT Ao AAHY ¥4 yLEE
ViperPRO 7817} 7} 43519t}

() 9¥ dF &Fd v& dd HEE gy
ol wW2A FAEE ViperPRO Au)Y AF &
Tt b Bgton, 2499 2 4% 4R
2 atolg YeEhATh

@ AFE SWAME AEN @ AY
& RM60001I F¥)7t 7+ S m, A A
Bl oA FAL HE7F =& SL45000 BB ¥ o]
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At v Fo] ddH ez o
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