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Study on Demolding Characteristics and Flow Behavior of Stereolithography
Mold in Polymer Injection Molding

Student : Chao-Chyun An Advisors : Dr. Ren-Haw Chen

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

This dissertation is concerned with the demolding characteristics and flow
behavior of Stereolithography(SL) mold in polymer injection molding. The
drawbacks of SL mold are that the tool strength, thermal conductivity and erosion
resistance are lower than those of the conventional metal mold. Previous study has
shown that the SL tool life was limited under 100 shots and tool damage often
occurs during part ejection. In this study, a compression test fixture was designed to
simulate hold pressure and cooling conditions in the injection process. The
experiments were performedsusingsvarious:, cooling time, hold pressure and
temperatures. The demolding force:and surface roughness were measured to
evaluate tool life and failure‘mechanism. The experimental results showed that the
demolding force has close relation With-cooling time and mold temperature. The
surface roughness of the SL mold plate does not change dramatically with the
increase of the demolding times.

As to the defects of injection molded parts, there exists weld line, flow mark
and solid skin. Flow behavior of polymer in thin wall cavity is investigated by the
injection molding on flow channel of SL mold. The experiments were performed
with various process parameters to investigate the defects occurrence in the
injection molded parts. Moreover, the injection molded parts were examined
whether the defects occurred and analyzed as the reference for the future SL mold
design. The experimental results showed that defects occurrence has close relation
with injection speeds and mold temperatures. Flow marks of SL mold occur more
easily when the mold temperature and the injection speed are low. There was no
significant change on surface roughness of SL mold insert after injection molding.
By increasing the mold temperature and the injection speed, the surface roughness
of the molded part can be improved. The CAE mold flow analysis and results of
pressure distribution measurement results indicate that the injection pressure, melt
and mold temperature have substantially effect on cavity pressure and shear stress.
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Injection Molded Part

Aluminum Shot / AFE
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e E T PR TR B g i

"LER e poEe o i
A% (Rapid Prototyping, RP)#: 4> p 1980 # p » Kodama % # 3 % RP #%H~ {5 »
E 3] 1988 £ d % I 3D Systems = & #-pt FjiFf &1t = 5 SLA
(Stereo-Lithography Apparatus)#$ B i £ 11 {4 » iz 2 & X > AL F 2 ®A)=
- R EFETRR > AHLIER CFER EE LR SERP ARG
oL -k A E & e 13 HA20] 0

Peig =A% 2 A R T2 F - FE AR B (Layer Additive) ™ % o #44idd T
A (N d FAT)E & fpd Rk ahk(Profile) 4 2 4 3D R M Ak et 1 FgiE
(B 2.1)> @ 3 =% CNC(Computer Numerical Control) st & st7 ¥ 2 3 ",ﬁ% 1L 4e
deh>E o 900 > RP AR 2HIRBESF V]~ L B B BHE PFRT

it AFRAM R X B - Rz AR WA S R R

(=
o
= G
-
N
e
Yy

RP 4c 1557 4o 22 557 o 7 A 5T 5lw B
1.3D CAD %3+ -
2. STL (STereoLithography)#¥, % i 4% o
3.4 K +7 & % (Slicing)#r 1 42 3
4.9 Wh IS4 -
He o= fﬁﬁ%éﬁx%ﬁ#ﬁiﬁ’ Fr#— Bz = 45 CAD model F* % RP % B
RS FEAA > P EEAETEREE AL RN A PR BRI R
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T4 L STL $25¢ o
STL #hE P 23 537 5/ =2 £25T g > »70 F 00 - 3w = & 42 (Tessellation)
KipiTdl F2 8 o E# 5 L A STL 73 W ehBlA) > 4o B 2.3 #7571 - = & 4
BAX S 1 23 RARE > A 2 & R RARD B2 I H RS ) B B B
RP # & (Accuracy)& 2 & B chh Fl2. - .STL T ¢ 2 7 & = &£3)nH >
B2 FRXY,Z A @ STLH %4 4 ~ HA 6] > 4 1STL #% 914 5 2
2 5w ¥ (Facet orientation) /g — R §p ¢+ » @ 2 i ;% T4 E TR 2R T (AR 2.4 A7
7T ) AR AR Z & A5 R JF 7R 2L 7R Bh(Vertex-to-vertex rule’ -] 2.5 #757 )e 3D CAD
FHEIGEMA 2 HSTLAFEF A /ey F 5 FHEWA 2 HSTL R
* ¥875 B AE(Gaps 2 ALF) > & 5 STL #4¢ #04 (Repair software) 2 i 4 7
* o
STL % #5%% ASCII 75 2| Binary 75 5 46 » ASCII 5 fh % ~ | vt
Binary 7 4% + » g% S8k o 04® 5 ASCIL 75 6 % 15 6
solid example
facet normal 0.00000e+00 1.00000e+00 0.00000e+00
outer loop
vertex 0.00000e+00 0.00000e+00 2.00000e+01
vertex 0.00000e+00 0.00000e+00 0.00000e+00
vertex 1.00000e+00 0.00000e+00 2.00000e+01

endloop

endfacet

endsolid
% solid example £ endsolid P 2 FAL N £ = & pHu] > B9 ¥ - 7

B-FARASIFRA LA ERCHBE - T -0 A - B AR
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E L o &~ B = & Beti4c4T facet normal b ¥ 1 3t endfacet 5 & g E
¢ lEpERZe £ E = BUREGAER

*» & it (Slicing) P e H#- STL xS 4e 14258 > » P LR T L A B &
(Layer Thickness) > i % 4_ 0.075mm~0.250mm ° ¢ & & & & 8 54 & fekk R
(Surface Roughness)siri & %)%  F] 2 2 ¥ B R AR » Plid & “IFHag”
(Stair-stepping effect)A%p &g » £ H § & 2ta-3 &R T ek 6 F(F 1.3)°

P#d G EAERP HE % SLAZ s HE RF LT B LK
FDM(Fused Deposition Modeling) ~ SLS(Selective Laser Sintering) ~ SGC(Solid
Ground Curing) ~ LOM(Laminated Object Manufacturing) ~ 3DP(3D Printing)...
&5 - kol R TLERARf AE 00 N ADRAHRE 33 07 B o RP 4
SUF B Ao & 2.1 Apon

% 2.1 FLRP RLuEEERD

L G |#ERR
Stereolithography SLA |1986-1988

Solid Ground Curing SGC |1986-1988
Laminated Object Manufacturing LOM [1985-1991
Fused Deposition Modeling FDM |1988-1991
Selective Laser Sintering SLS  |1987-1992

3D Printing 3DP  |1985-1997

FErAAG N kA > RP AASRT A LA EE R AT
(Photopolymer Solidification)£? +1 3% 3t # = % (Material Deposition) -
(1) Serl v fitPg = 3] @ 020§ sk 2 % b SUPR B Sk AT 1 AP i IR 1 = )i
e 12 SLA ~ SGC 7 & % -
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(2) Mt fm A A L TR A IR AT K e a o
FDM ~3DP 2 ; @ s R ag > MG s RoE A & A A A& 3nf 1)
72 SLS 5 R A FIEEE 0 0 F SR P A R G AR 0 KA AR
E3af =4 > LOM 5 4 o

b fE R BiAe 1 or F Bl @] 2.6 1 OBl 2.11 -
3 P XA H I 4o 2.12 97 0 A B A

B
I=q
Fk
oy

OEER-EER T F I
(DA - AR T iR
mﬁﬁW$'$@‘x%ﬁ?’ﬁﬁﬁo
(DF FARE - SR R L3 R
(Syf- B8 ¢ aE i - it R
STrL s ik A A Hee 3 R R 3l(Prototyping) il 1T 0 @ Bg b FIF 5 i AR
Bt o Pk A5 9]¢ (Rapid Prototyping and Manufacturing, RP&M) 3
ﬁﬁﬁ%@%,%m@ﬁﬁ%g§ﬁjﬁﬁ@’$%%ﬁfW%#ﬁ Wi h
P ORRASEE R KRS L o

o $ A SRFTERS SR S R RP7 RS =8
(D8 4t g Ko (2)LF T %dkizit FT4(3D CAD data, CT and MRI scan

data, 3D digitizing data) - (3)75;k &4 fe 4 & 11 H 8 3 ;N H & o

2.2 P-if fC B

#-ig $c 2 (Rapid Tooling, RT)Fjir » H — fad Poid = A5 F et fiv 24 cngl
BT TE- B BN TR SR TR e e 1994 & R
Frend B3l H o 7(P&W)R* RT M B45:d $9m 3 2000 2518452 > &
FRUAEELREF(ELT0F>24T708) 72 A& 70%0 3 p
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TG PR A ST g e g k> @ RP AT F IR

fleg  ERUEVIEAREDNE 2 EFEd 2 A5 2 FIRFH 2

F_L

#2(Concurrent engineering) °
Pl Hprengd B il UHERE I 2 RAHF T L2 A
i¢ fic(Casting mold) ~ /& 4] = % #- & (Master mold » T ¥ 412 #;% > Indirect
tooling) ~ ® #:¢ #i-/% (Direct tooling) [21-23] »
(1) 4833 A4 e ™+ » 7 4 25 % % | #1453 (Sand casting) %
A% % 4533 (Investment casting) °
FildE2 i B URP ARG SRAR > HY LOM B3| F 5 & * AH
R AR RA DR (2T 0 &R F L2 fL GM ~ Ford 32 i 12
* R iTA fe T B @#ﬁf? J&’."g RE - ¥ ¢k 48 B EOS = @ en EOS-S
WEFTUEBRAUEHE B F R A f it o
I RG> unéEE(Lostwax) s 4L 5 &M RP RAI B @
B M R T ERT 2 R F LT 2 27 4 SLA QuickCast'
FRESHFEEFITE  FEeFF 23" I 84 4ANFE L1587
LRT A &B a2 ks « P E¥4ez B~ b g~ 242 7
& TR RT H pesd $er 2 64 e 2
= RPRT Fjpgaim g > & FRP A X i AL BRA SF 389 0 Gges s
pE R > £ 2~ OEM/ODM 7 ¥ -

s B 1995 B Pt P

Q) B2t © o RP 41l o2 B ehf B0 A IR A E 2 > ol @
HEE o 4 A #ict g 3 4i(Silicon rubber mold) ~ #cF i et s H(Epoxy

mold) » ¥|#+ & g % & | #(Spray metal mold) > % #ici © & 3D Systems
Keltool %l #iHji -
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Q) EHEEHE I B RP 4l ¥ g B ez Rk » SEAIETV & * o

4= Direct AIM(3D Systems) ~ SLS RapidTool(DTM) ~ DMLS(EOS)% -
Peid Bl - kAR e 15%@)@;? A o (L
AR [24] 1 h 2 B - B S S R e > T RP
RAIE i medd o Wiris £HF #(R2.13) L2 v )13 F RP R 32 R
HEE 2 Rk Bho % % % L SLA QuickCast™ &5:5 4 & 2 4 & £ & & 12> SLS
PC4 % XBAHZ > @ FDMWax Wiz R %58 bips > CHARZ 45 %
i R

Ry B0 AR B gt [25] AR Y RP 2 CAM 1% 2 407
(Master mold) - 2 MRM(Mitsubishi Chemical Rapid Molding System)#s- % #75 -
2 (W 2.14) o 2 6 & B & 3070%45 A 30%7k § A7, Epoxy » § 4v ~ A i
Fo g WA # & BT AT A e Aa s R R R A b & BB T
Hast B RAD B> B R0 i ® ol 4R 4 4 BAGHE 2 R4 5 20~30%
RApd o B e T i 5 2B -

Bt 0 APtz Bt [26]: AT Y G kA5 2 F A A )

'

(Stereolithography, SL)3: =% iT4F & ¥ E (B 2.15 ) MR # 4 A7 2 ¥ %A

et R B R H &

BAZNE ETTFREERASMEIFEA R 3DCAD =3 & F& o2
A

WiEnA s B 22 S8 ICE © A7 2 B4t

Peik 2 AN EE > B o3 o A BN BEE R E BB P AT S A 2RI
Bro SR BT AT AHE TR % 4o ABS ~ PP~ PE -~ PS % 1 A2 2 a4 &
A B & e

A R RCE 2 S R AT T [27] 0 ATy AR R R K-

SL #7i= B 2 HoFE N 5 32 7 3 960 & A5 1p3E SL R 5 Sl B ¢ 8
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NERSBRABLIERER RS TR G PP R 2% HE 5
W~ FE 2 LR ARBURG 2708 -
SR AR PIRES R S o T £ 220
£ 2284012252 Rl %

b4 /R (bar) 155

58 (C) 205

BEE(C) 50
% Fr pE R (Mins) 4

FoRESERT O BREELIER > B RS BFRE > A 2 IR
JRp LR R - At AT L 0 3~4 A4 o

Eh P W RBEE TR RS PRI FH O PR 2R
e e A54 fr2 S o B By o ST HCE H - BV T e WA
E AR U I

3D HCHEE T AT (28] AFE T T E_ kA Ay SL MR sl h T 4R
Bk SHFAH S f AR FERESMIE R A AT RPER - 1) LERS
R(B 216 ) EMEL e R4 FLL8EFELVYAETFREY > F
Bl R FFp AT S 8 D (DM F SIS % 0 400°C/10min 35 A G 2k 2T

QeI hESFRIE e & T R iEHpE -

23 RP/RT % % & %
RP/RT % BAB# T & L w = 5 kA 45

(DA & & 12 & #3] (Concept Model) : RP 57 (i ~ & 250 2 & F 318 B - AL
Eriofsd L2 FHRERG o TS 3D Printers o A &3 F A% A 3D
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CAD> = ¥ 11 {£3D ﬂlﬁs?] O RASEE AR HF R 2 1 s H(Virtual)
7149 % (Reality) 32 2 7R 5

(2)# it - 4-3] (Function Model) : RP it |44 F #-4F o E & 22 & S44584p b e
v B T s & & (Plastic or Metal) it 3 o @ ® 1 % 2 4F & L (Ceramics or

Composites)» #-3i% jfr= 5 &€ gk o

(3) P-i# @ H(Rapid Tooling, RT) : RT #f 2 A A E#E » 2 L £ - & §

|

A ¥ f0 > B 3 #0% (Direct Tooling or Master Mold) » 2 ¢ 12 % B b )
NUWE SRR BRER KB FLIAE o

(4) B L (Micro RP) @ FIIL £ et T (MEMS)# jie ) 4o 5 &8 2] i 4e 1 (Bulk
micromaching) ~ & %] #t4c 1 (surface micromaching) ~ LIGA @£z ~ & % & &
(Wafer bonding)... % » ¥ & @& o 3] 2D & 2.5D ficiFH(Microstructures)
o ¥ AF R 3D g 0 A fAR G 30 4 2 ] 0 7 d Micro RP Rl
% & BV Ardg fe e 3D fic 2 (MEMS Scale or Bio-molecular Modeling) » i = &
AR EFE S o
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Layer-additive process
B 2.1 P A A AR RIT

"L-'I:“'r. I Hals - '.‘-ﬁ

iy | e -._,- w.::I\

S W22 RP4caiide
|

B h' A

B 2.3 STL #7% ® |~
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Vertex |

Vertex 2 \

Yertex 3

B 24 m++z2plRE2 STL T

B 2.5 i 5 HRRA R SRANE 2 % STL 03]

X-Y MOVABLE UV
LIGHT SOURCE ELEVATOR
UV CURABLE
LIQuiD
LiQuip
FORMED SURFACE
OBJECT

s -
’////,,,/, YL, s
RSNV AR Y, ’
s, ’

\\;;C’/ Z ’
s /
[P ’

S tr s ‘s I3 77,

% Clrrrrsy, A Y VARV

AN

’ ’
‘s sy ARV

N S s
STEREOLITHOGRAPHY APPARATUS

@) 2.6 (a) SLA % % US Patent 4575330

2
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HaCd-lasar

/

Licquicd palyrmear

HaMa- ks r

Platfarmm

Mask development

Bl 2.6(b) SLA & st4e1 7 7 B[4

Mask plate Resldual polymer
cleaner Wax cooling
Palymer Wax plate

spreader spreader

Milling head

Electrical
charging

Maszk erazure

Llquld polymer
{surrent layer}

Wax Platanm

B 2.7 SGC,

o
o~
[}
=
=
el
‘T
AN
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therrmoniast flament

healing head

hutding piatform

l I Jowering coiuran

:‘:u...,-r'

Bl 2.8 FDM. k& %4 1 7 2 BI[4]

cab
Interface o Control=—| _ Control
STL,DXF &
HPGL Flles Software Electronics
J £-Y Motion
Y
Planar Mechanism 7 mand
gt 8 Jets
X —* G
Model —* ' Overhang
Support
Build
Substrate

B12.9 3DP 441 7 R BI[4]
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CO2 Laser

Seanning
Mirrors

Unsintered

Powder Leveling Roller
Powder

Workpiece

Part Gylinder
and Powder Bed

Powder Cartridge Feedding/Cellecting System

B 2:10; SES 4%ide = 2 BI[4]

Laser

hAirrar

Heated Roller

Optic head

Plotfarm

Feeder
Collector

B 2.11 LOM /i %4c1 7 i BI[4]
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Rapid Prototyping Technology

« Stereolithography (SLA)
« Fused Deposition Modeling (FDM)
« Laminated Object Manufacturing (LOM)
« Selective Laser Sintering (SLS)
» Solid Ground Curing (SGC)

° 3D Plotting (3DP) - Inkjet )

|

l i 1 #2(Reverse Engineering)

4 Boid & A e N

@77 3 ERPR WD
s KPR BEZ TR

Bt o CHGRRE L F RS o T

RARE DR SR A 1 B R

P L e ﬁ@ﬁw ﬁwzo@;lg PR . SR8 R

L a‘&ﬁllﬂi\' ﬁ—la £HHE

J

SLA QuickCast™ i %]
B 2.13 E-iF = A1 H B4R

@ 212 ‘_L érﬂ;#,ﬁtrﬁg.?r

i
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B 2.15 SL4f & H2

B 2.16 "&%p it RP & & (Seed layer 2. ¢ 384)
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A

= % SRR A SL O BEE 2 mEd

3.1 ¥4
vk AT YRR SLk #] 172 PoiE $EE (Rapid Tooling)24-% if & * 374 & B
w2 RBP4 A2 W HE Ko H ¢ Direct AIM™ (ACES Injection Molding)
Tooling § % s * LA * = 48k %] = 4] SL % iT 2 # #1=(Core/Cavity) &
Aoz £ ER R 2 HEF o BARERE S EHE TR
B AR [6, T] o Fl s B A A5 A e FEEF A2 AE T S Sds ~ B
A SL iz ora KL R A B ahE g o ot SLHCE A BAAEET DDA
BEPRL CHIFER RS IV R RS EAET 2 £HEL
A U TR S Ao RS EE AR W EZ AN T a2
Bz B 5 A AR 417, 10729,30) H ¢ & K« Hopkinson % 2§ %
% BT D4 £ (ejection-foree) B A PE s M o B~ EE RN E AN
hbof B mad frpE RPN R L R R R R R R
B M IUERRBR S TR ORBET Fe10] o

entn
4
P
Jrhs

ERWESNREABERI TR T RSN EES 2 SHERFLE

Bho St AR A 2 o WE R AR AER

C
A
<l
g
i
e
(\s
J

Flpt B E & 4 Ap B % 0} 5 (De-molding characteristics) » ¥+ SL #-2 i*u

Y HER o A TRFUET - FREH % KX R (Compression test fixture) »
R Y SLOHCE g d A5 e s IR E ORHFCIEAR 0 T o g
AR R SR BLIER LR RS EFREEER R D AR &
Bl A dfe Bt > % a4 SLHCE s NIFL R R Y Z 42
W2 & femf gy

o
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32 M ERA
321 F &M E T

(1) B4 4L 2 3F % 2284 01 2 A5 pF 4p ¢ & % 1 PP (Polypropylene) # 4L » i® %
R RS A BT ARRS P A A B inE . B 6331
W BRARFWL DG X MFI 140 % & 0.904g/om’ > ¥ R ZEHLE %
B 364 kg/em’ » £ %258 B 957C (4.6 kg/em®) Tedg s 1.2% -

Q)= - kA i ECI- 5k 5 CIBATOOL SL 5510 £17%5 > ##& F 4e
Z 3.1 73 GRmF R Aetdk— ) o SL ficiz 00 SLA # F4F5k4e1 > 54
ACES(Accurate Clear Epoxy Solid)= 7% = 4] & 4 ¢ i .33 & % (glass-like) % @
kK o ACES 4v1 4] > HP fd & $8,kF > & - & & & (Layer Thickness)
B % % & B(MSA) ~ A “(Overcure) &R - %1% < 45 (Staggered Hatch) ~ <
& "%+ (Alternate Sequencing) > f& iz E(Retracted Hatch)% > 4] 3.1 #777
R g ARG A A5 [30] ) R Bk T 3.2 91T o Hl T A B 2 A5 50 SL HEi-
PER G 3mmo &6 ff s 16cm%(4 cm*4 em) ©

# 3.1 CIBATOOL SL 5510 #f7%q {5

Density(g/cm’) 1.13
Viscosity(cps) 180
Layer Thickness(mm) 0.05/0.10/0.15
Hardness, Shore D 86
Glass Transition, T,(C) 68
Heat Deflection Temp. (C) 62
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% 3.2 ACES #f7; & 7] &

2

% SHALE 45 (mm) 0.20
& % 5 & (mm) 0.15
WA I F R (mm) 0.18
b| % & % & (MSA) 40°
K on
T 45 R R on

322 F SE K

MR ERRATRY e XA XL FPR TR RETD CRE
2R RERE L - VAN AT X B KE 2 s
Zm’ﬁﬁ%%@—%ﬁ%ﬁ?%ﬁ}&#ﬁ%@32%ﬁ°%@%mﬁ g
RS T T U EAR R CE s ey ) s BRE T R Rard] (8
EEE ) 0 R R Al © O B Bk dr R o il s
d Labview 238 3F 5 2 A2 ~Begp P+ 102 R O Bl KR i
A o

Bt iR g2 R TR P R GER SR AR R RlAc R 3.3()(b) o 0

EAGINTH G A ERRY AR0 0 2 ORiEE f-

fe

st @R

Ta it QzZ HH. » SL Hi-HITA PR ZHA4H R PP FHLE AT L HE

Ble ARMBAHR? TFTREFAERSER A4 E2 BRFEEEH] - BRI
HRKFING BRIV BRI EERER 0 TN 4@@%%@@ PP # 3L >

]\Vif%\gfﬁ—m-ﬁ&mﬁﬁ—m- Eit R IR IVAR| btap—r’}?—@#&;\‘ﬁ:/ifﬁm v T AT

B RRIECE 4 Rapdlamiyt BB 0 BRI LR WA Rl % K0

12 f it (Load cel) BB E R 2 % o
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733 B EBRPBRE

B S L PR G EERE R R E LT B R
PRz 1 s L3 ERv AL
B @f{'ﬁ*‘ 50KN
BREgH A R +200N
B BKE AR 110mm
W4y E 430mm x 270mm
BAE B a2 R kG 2w agrd] (245 & lum)
B = B R +10um
E R IR T # 58 /4kW

B R 2Kk

AF S RIRAA 2 RS SL RS A e e R 0 * A

\\\?{y

SL 2 crmt R g 4] o o b S G AT T B % [27] 0 B A
AR A EE IR R SRR CEREFALIPER S BT R S
Boo Boid 2 BPA AR R0 HL M Ao TR

® R4 /FEREFEF =10 MPa/5 sec

® W ILER=50C

® L irpFfY =240sec
B Slcg b o Flicd 3.4 977 o

FoREF N R 2 BT S W R &8 kiR o 8- SL S
REEPPEN AT BR R SEEET BT LAREF R f 3 (Load cell)

BRI 2 x o) oom AT e R T A d e B ERIR % Mitutoyo
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SURFTEST MST-211 4 & 42 & & o & 2,5 H°F 5 chii 42 » 4o ) 3.4 %77 o
R R £ RO 817 SL R RSETE RSB R &
VB RHCE R A SL IS — LT g o
$3-4 9 5% %¥#

F o 5 5B & ]
LR ECC) 30, 40, 50, 60
& 4 (MPa) 5,10, 15, 20
%/} pF R (sec) 1,3.5,5,10,20

A ErpER (sec) 120, 180, 240,300

L HE SR 205C

ELT RS ET L it >

B %
|

3.4 B RKH 22
341 A4 2 £
42 BBk R d RBIE(F 73t —Load cell)r TR & Su( 7 Ecdpfas
+ 002 B B AU AIE R )T o AR B AR AT TR
® /st : KYOWA LM-20KA » H.#% 5 Rated Capacity: 20 Kgf > Rated
Output: 0.985 mV/V£1% » Accuracy:+1%RO -
® dcdpfEP-—+ : PCI-6024E > National Instrument ®  #L.#% 5 2A0 / 8Al /
8DIO » 12bit > ¥ $FB~£10V p 2 & B > gain i 5 100 o ¢h 4c & %o
Timer/Counter °
® 1% &7 % 1 SC-2345 > National Instrument ] - *F # /8 & =% TC-01 ~
TC-02 -
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AN A FREFHEENL > B HARB G L T EB TN
v A R &L Bk n ahr o g Ap F A 7R R E AR o AR
d B3z 508 LabView #77 4 o 3B @ Hchp R P 4 L )~ BB SR 0 R
FER IR IR CRARFHRY TR REFNERZIERERNE
By R A om BRIV R R o RRE L Er e A2 {8 B 0 Kd
B i3t (Load cell)ip] 1 %ifi-4 2. </ -« BRI 2T H o &1 2 i 4 B

25 5 4ol 3.5 “ e

342 %6 RER %

6B PR R p A MITUTOYO 2 7 4% SURFTEST MST-211 ¢h=
HABEIETREARAERR (AW 3657 ) AERKRE LR L - HmE
Bhe b - B e 2 LG IR FE R 2 PR T2 A o
AR R F Fe AR 4o L ETR (S Bl R S AR BT B Rl IR RIE
AREBRPEF G T35 42 & (R,) 0.05-40um > £ BB~ £ & (cutoff length )
%A 025mm~08mmZ 25 mm ERREFFERE S F BAE = 4

TEREEY TR (R & T8 THa R (R AR iE

BIRZ 3 0 B RBRE TR BE2EERY (R %5 178-6020 R,2.95um >
Riax 9.5um > 4of] 3.7 #757 ) £ & R- x> pt kR R ERRK -

AETEYZ e R ERPHELAE S 08mm 1 2 5 40 mmx40 mm o &
IEB 2 AR T RLB D 2o R 348 L2 B e R E AT

BE R 2 By o
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35SL e B v fic 4 er ir B pR 2 4 4T
3.5.1 25 S 2 B8

AR DL BEEPIRE G b W AR S B R B B s T R B p L
L3 WA S BART 2 G 2R -

FIRCE Bk 5 fs A58 AP S pE o 4 0 33 AU 1% 4 (Failure mechanism)
B WA 4 2 <) 3 Moo RRCE R /,?J% BT RLECY (Fo) et B o
X deT R

F, = uxP.xd, (3-1)
HP P aseit iz 4w 2 /&R 4 (Contact pressure) > A, = #f§ & f# > 1
Bl 5 M PCps Rl e 8 B 2 AhF (hdice ph 3L F ORI - BE & P LT
FoEI TR O AFGER L ORE CBER CAITFRFERRES R
AR o

BRI P E N R B S A Rk A R RS &
BOMBE o A F] 3.8 PR LR 4 SR 4 (TS SLHEE R
2= ff o ﬁ)f'ﬁ‘? T SEF RRA ORI W e 5 R MRS P b I
F R S 2L R BICE AR 3 (3] R E R A
ﬁ%%@"ﬂ%@ﬁ’iﬁﬁ?ﬁii@T,L SL fioi= » 3¢ gL A o 2 fefker 2 T

TR ARV H o2 BT o S FIARH S & T A 2T s (anchor
effect) » @ & £ & 2 judk R € % (4 T 0 4Bl 3.9 7T o Ay TOTE AR A
AL S AiEAR Y B £ g A 4 84 F (Mechanical adhesion)s I % o H_
B I w AF%¥ (Interfacial adhesion)en— #8[32] B> A e dbF » L& F R A 5
R4k F &2 AR F (Absorptive adhesion) © H 4 #5238 4o ) 3.10 #7oF o

TR ERET 2T F 5 MPa~ 10MPa #2 20MPa = B4 -k > F

-

% % Ao B 311 o 0§ K iR/R 4 5 MPa ~ 10MPa B - lﬁ—@ﬁé?ﬁ'?rﬁéi
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WA gl od h® R4 20MPa B RRER gL o RS L g5 0 BB
AR WA B e A OB Y RS SR TN F A AT o B
Mol g dcdg @ hiptiEe P A2 T4 2T 4 B BRI L
o ¥ SL #-E & o 2. B a8 K & (Mechanical attachment) & % ¥ (Surface

NE

adhesion) et o G iR 4 ok DR T o R SLHCE Lo AR
S AR F ATt o @ R SLHCE £ o6 B o & R ALF R R
PRAE G PEFEREFFORE > L AEF L E A BB SR EARA xR
B Pl M 2 e RREE H Loa 5 o

P SLHCE £ 6 BB g %] o F RS B DI E A )

=t

f R4 O] T

RIS fra A 4mkﬁ””@*% R SLEE 4 6 B o
£ AT R g B SIS O SR g 2 AR R S R A 3

o BRESAFHNRT &%mﬁﬂﬁaﬁé %W%*‘%ﬁwo
LR R SRR S AR 30C > 40C ~50C ~ 60°C % > SL 4
F To(68°C) M ™ » 4Rl 312 #5r » B BR A8 > B4 f - FRAS
P S st A, Sz (BB 10MPa/Ssec ¢ B 50°C £ R 205C
SOPIRRIEER > LR AoB 3.13 T A ArEE R B RBIR 4 B % o 1L prpE
B ez 2o 3 £ 7 33 #(Release agent) » M+ 2 ~ | &
Rt A BT RE AT EREAEA B T A AR D
HAlAk o d Bl T g DA R AORICE Y 5] o Bk BLAIA 2 @ v A e
W SLEEEBESVPREF L G AEF o0 F S AR RERA )2 £
RO P U GEALLHE B RN HBEF R G ARE R 0 n " LIEE N F L frpE
Bm i Ae o pboh o G vE WALAIRIPF IR B4 0 ¥ AR G TETSL R &
AL R £ o Bk NS AP o AR g T MR R B4R I S R S
I FL A 0 T o ML AP e a B ETIS R & S FIEE 0 M
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£ pliE o W4 % j‘a 4p s I i’—:&%ﬁ R N 0.0S,um °

3.5.2 # A H ch gl B
SRk oarit o R RoRl 0 TR MR R R o FORECRE S TR R
B TR R g B o B 3.15 £ AFT 0% 0 SLOHCE 14 epoxy HR
HgeEsk ik o BT BT epoxy B F L AP R A — R - UER
TR AR BN ARG AL PR IR o T AR IR
P A AR EEEIR AR A AR o P RARFEFROIR N F o SL
B S pupdf e 4 € % % 3 RE8 e B8ul6(a)E_SL WL e kL IR 4 12 3
MR 4 RERF T s 1 2 R AR R RS R R R T BRARNE
FHOR R B 0 w4 $ SLEEE 607 A B E X (4Bl 3.16 (b)#1w)
FER R 4 32: ) SR ML Ef R R 4 e Tt d At A IR SLOHEE i
% K 4] 7% (Peeling) i & pL3p T % (4- @) 3.17(2) #1777 )* = F a3 4 > i
R EEG %4 kE(Roughening) 532 Jis (4o 8] 3.17(b) #1777 )7 R - B 3.18 £_SL
HRA 0 ERERESINE L > R a9 %k v s da R R
£ 5K 4 0 F B 0.20-0.22um 0 F B 18 0.23-0.25um 0 i E B4 3 S
Kl

>

}—é*é’c.

=N

I

5

e

e
7N

Jrmk
=

TR

e

GO TR o R AR AodR R, R A e WA A il

jﬁ

)1\%
A&

Mrsgfeke > ¥ ISt s 4o )iﬁn GaF v a- i

T oM A LA AR b § P B DR o B 3.19 BEor 4 AT PR R
BoiE# 4p 3t SL 05 chplif 2 enfl 58 o 2 Fr R P AR E > ACTE® 4p $30 SL
Bl 2 LA o SR FIL AR FAAL > MR €48 (4rF] 3.13)

fe SL 5 "8 PR3 R b vt FAp R O] 2 eT e
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3.5.3 SL & ek 3+
Bkl F it * T AL S AR HOT SLER LIRS ot

(Stress ratio) B+ 7 4216 0.5% > % T3 E Fid S HhE A o cnphdp > 2§ B

\-t-\

RoenE d A BB i R 6 fF A, S R RS chiE Y > o] 3.20 £
SL #itr &2 8 B 230 2 g 7)o d 2% SL B @ F £ 5 R k-2 5
BoR A5k e SL i & 4% B RN HA ¢ (A0 B 3.21 #1on) 0 ]t SL HHE ik F
TR (s B B BRI BCS P ) 2 R R R T Pl

S>F (3-2)
F(3-2)" >S5 SLEEFHEIv% A > F 5 FHamiEs o
x ]

S=17,xAe =050, xhxl

F=c,x4 (3-3)
HP o122 oy % 5 SL 8 AL e & % IR % R &R 7% IR 3 & (1,=0.50y)
Ave 5 SLEHF BB aIC B g v h 285 °C eh3 B 01 5 SL i
MBEFRFHIICDRER(EE 0 CPhRE R) o » MR/ A 5=
A5 58 SL R chf i o ff o #1033 R 2 BT E T

0.50,xhxl>0,x A (3-4)

5 B 3. 16(b)22 B 3.19 hs % > & 64=0.0050, > | ¥ &= SL fic & &3+ &

A

hx1>0.014 (3-5)

SRtk SLHH R MHES G BT o R F L 0 0 g SLEE MR e
R S SNGSHERLD S

nxhx1>0.014 , n>1 (3-6)

HYon il e FU R SLOHCE PE 0 AL SO & 2 ) S i B Af o0
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Sl kR T R A BRI (b ] F R G T B R

A

£
F"éa‘-vlv"

PR Sk ) SLECE 75 B A RS HE

sh"

"}5 Txz2 £ 8, &
H AR B R
A 2 AL B R RCE RS AR M WOE R T AR RE AR
TR R N ﬁ%i'»&ﬁ&ﬁﬂ’%@ﬁiﬁ“%ﬁﬁﬁ’
FUSLEEREALTFREEDEMRA - AT RFUF T - 2R EL ¥

AERGERL R EE ST T R 5% B R

MG # O SLORCE endt A A el e s R 2 ORFTIEAR 0 T B P ORECE
oo PRI R RS > AP AT SLgEE &% ¥ 1A% W PP ehT 4 e
M PR 4 0 RS SR L3 SL R ahedp e > W F b
L] S
()& % SLH-E pF v R4 AR ~ HOEARILS (4 frpf AR K IR ¢ 3 & A 4
= R
(2)% BB+ A 10MPa ™ ¢ pF o SRS EEIRRPET OB L A R < o
(3)SL Hictr chdk & e kd R 7 3 30 FPM = o de @ oS < eng L o
(4) 404 $0 SLHCHE shpkdk 0 BT i 4 6t SLiE ik B R 0 &
SL it 25 B B 5 ffeng g o Flpt K3+ SL#5L po AR SL e &2 =)
SR G AR ] 0 KA R T R E S BRItk 3 EFE S
ﬁ’uﬁ Pk L E Ao
SHEE G E D B o AR AT 1 R BT R 2 R
PERCC AR IR AT 2 2 Ak 1 IR 2 AR Sl
FTHE R SLELEZEEIEL -
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beam diameter

1
______A:Zj//////
i 1

1

i

L, -

A

i layer thickness

vi overcure
x_/__ R A

no drainage without skin fills

——

STaggered hatch Alternate sequencing ON Retracted hatch ON

B 3.1 #Pg kA it =3 S g p [30]

I I

Servo-motor E:?,Llw
controller | |

r

(Servo driver) %
& h 4
Dynamic strain-gage Masandied T

amplifier _.I—IO ool

+4+—Optical encoder

Water ciculating
mold temperature

¥ controller

| P
Control
circuit Thermocouples
board (K-type)
j Personal
computer
[Signal processing module ] ‘—l’

f] 3.2 7R — B P 2 2 ,%_




l Compression force

Heat insulation plate
Spacer —T = | _— Load cell
e = Channel of temperature-

-
regulating water
%ﬁf’“" gulating
) — [ J——— SI Epoxy plate
% —%——Plastic material
D 00— Heater
Heat insulation plate Channel of temperatire-

regulating water

B33 () BT HED 7L E
(@) ﬁ%ﬁ AETE

& q"q:g 2
R
.

B33(0) BHEFRLE
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Input of controlling parameters to the control program:
temperature (melt temp) ~ pressure * cooling time

Set mold temperature
Start mold temp control

Start control program

Activate pressing of the upper mold

Hold the pressure, Cool'the mold

Demolding

Load cell data recording: Demolding Force
Surface Roughness measurement

( STOP )

B 3.4 =ARECF K ARR]
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|

1t
4

2% R EP&

& 3.6
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De-molding Stress(MPa)

Mitutoyo

PRECISION

REFERENCE
SPECIMEN

178-602

5" 711135

B3.7 fem v R

0.02
0.015 r
0.01
0.005 r
0
0 5 10 15 20 25
Hold Pressure(MPa)

Bl 3.8 IRR4 B4 Pl 4
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Rough surface

Adhesion

Anchor Effect: High

Anchor Effect

] 3.9 4y = & Ak F» i (anchor effect)

~aRARRRE .
Van der Waals® forces
. — Physical {
— AbSOer’e | Absorption Hydrogen Bond
Adhesion
' Covalent Bond
Interfacial _
Adhesion B Tonic Bond
sorption
Coordinate Bond
L Mechanical —— Apchor Effect
Adhesion

B 3.10 7 @ %% (Interfacial adhesion) =4 4§
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De-molding Stress(MPa)

De-molding Stress(MPa)

0.04

0.035 A SMPa ¢ 10MPa ® 20MPa
0.03
0.025 - =
0.02 +
0.015 . R .
0.01 | e b
0.005
0
0 5 10 15 20 25
Hold Time(Sec)
B 3.11 EREFEFERAE 4 P %

0.025

0.02

*
0.015 |
*

0.01 r
0.005

0

20 30 40 50 60 70
Mold Temperature("C)

Bl 3.12 #OR & sk ol i
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- 0.03
% 0025 | + Mo release agent .
2 o ® With release agent
=
o 0015
.ﬂ .
ié 001 | /
e 0.005
I:I 1 1 1 1 1
0 60 120 180 240 300 2360
Cooling time(sec)
Bl 3.13 A frpF 4P i 4 chRE T
0.3
0,23 — ———
7 02 B O Bef.
E s efore
= 01 O After
0,03
0
| 2 3 4
(a) No release agent
03 — —
0.25 SR —
g 02
2 0Is O Befure
e 0l O After
Q.05
0
1 2 3
(b) With release agent

B 3.14 % & fe & € Rl(a)£ ¥ * REH (b)3F * 5 fiH|
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——25C —®—30C —4—40C ——50C —*—60TC

Stress(MPa)

0 5 10 15 20 25 30 35 40 45 50
Strain(%)

B 3.15 &7 FEAT SLIEORGFERES & RBFY R

[\
()

—— Demold stress*100

—8— Yield stress

—_
wn
T

Stress(MPa)
S

5 E ) / 1
AT ST~ —
0 “
20 30 =40 50 60 70
Température(°C )
(a)
€ 050
2 045 |
2 040
=035 |
£ 030
2 025
£ 020 |
% 015
S 010 r
2 005 |
S 0.00
20 30 40 50 60 70
Temperature('C)
(b)

1 3.16 %40k 4 2 SL 08 M e IR 4 et bt (a)% ok (x100 )2
BB B end IR 4 SEIE R h R ()M 4SS MR R
L
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Mold

e

' Pecled mold material
De-molding x Py 7/ ¢eled mold materia
Molded plastic p
(a)
De-molding T
Molded plastic part
(b)

B 3.17 (R E B et db) o £ & %k

o
W

0.25

?

o
o
T

—— Cooling time=120sec
—#— Cooling time=240sec

0.15

e
—
\

0.05 -

Surface roughness Ra( £ m)

o

5 10 15 20 25 30 35

De-molding times
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0.50
045
040 r
035 r
030 r
025
020 r
015 r
0.10 r
005 r
0.00

De-molding stress/Yield stress (%)

60 120 180 240 300 360

Cooling time(sec)

B 3.19 $EE M e s JRE 4 SR B 4 a0t BEREA AP 2 gL

Bl 3.20 SL $itr 27 7 2 3t s 25

‘ Molded plastic part ‘ T De-molding

Resultant de-molding force

Nie3 |\
} I\ HI h SL mold plate r\ J }

B 3.21 SL icdr o fic F enEH T3 2
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Fu g SLHCL ¢ bt & 4kt & B

4.1 @A

W A RIL L DB A S B L B B R R ik fr )
CERBE(B 4D B et R - HAE200C 2+ (AR B
300C ) H-E B AR K5 40T > &+ R 4 40 MPa > = 253k #F (Cycle time) 5 10~60
PR RMNE01% Rm > d 3 SLECE R &~ E gy 2
ERHEE > bR 4 KK 10~20MPa > % A5 B RE K 5 240~360 45 o

R E ORI B s Bk S8 B AL 27 -k (Fountain flow) #5550

[33] > 4cBl4.2%77 » w3 EARY o ¢ B RBOXREBRTF T A D R o » B
AR BT HCRE R S o M PO W end RIePE ViR R R L
Big A F 2 F bl g At A s e LR (Flow mark) e =6k e g Jn

2 B RAROR S 0 MR S RATR g R o REFAWREFT RS A
4 $5(Slip) > #ag & 22 Bk hine ¥ b 3NE £ & 4 2 B & (Solid skin) 0 ~

B L gAY nd R o om A2 AR

HypiEd o 7 F R LHEEARR 2 i b 7 T fr(Flow instability) €.i¢ = %
® 44 FA(Surface defects) & # i & f F|[34] » 4rBl4.3%77 » £ H Enmes
* o e oA 8 A5(Crystalline) 2 7 725 (Amorphous)H 4L ehst ) F 5% ¢ LR
3] ¢ #£PP(Polypropylene) ~ ASA (acrylonitrile-styrene-acrylate) # PC/ABS blends
[34-36] °

gt ¥ e REP ARECR P 2N E R s A g e
o F L - Apstd 28588k 15 g & ®(Weld Line) ~ 7nk ~ HiC &% > 3 3%
g BHEL M ESLEE - 27 NEF N REHNE - BT UEHTRE
WA 2 RPN - FRFEE G LRaEfloga KREF AL A1
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%EQ’I%\: JLETIE o - Lﬁxff—_‘%\;ﬂjﬂ;{r [ ﬁz ik fad = J}’fﬁrﬁ = q/nﬂ"—r?ﬁ

Lo & T - AR o S R AR TR T T 0 @ S B A Rk
KB 3T 0 SLECE ¥ g &4 F Ml 2 212 S E R A g s
(Rheology) i45 34 # ]

CBAFREFUANE AT > Y AHTR LS

— kA =
-erlF,

\H—
|

RS TR R RERS R TR L ] 2 AR
(Newtonian) » HAER % § 5 *» 5 7 2% > 4wBl4.4577 c FUT 2 R4 {7

PRERF(-y)TR > B E - EAR 0V RIEE-1)E-2)E3) R E g M % o

F
=— 4-1
=t (4-1)
y = S =Tanf
D (4-2)
n= L=t
Sdy/
41 (4-3)

He g § 4 (shear stress) 0 y ¢ ¥ 7 & % (shear strain) 0 5 - TR

% & (shear strain rate) @ 7 @ %k /& ( shear viscosity) °
Foo g 050 I fRen™ 28 252 37 48 (Non-Newtonian) » £ %] B A %ER

SadR A R AT L BALA PR B BRF TR - ¥

<

Mo AeBl 4.5 A1 0 X2 g ficiE S 425" (Power law model) & o o

=K (4-4)
& r=pny ; 0 p=Ky o (4-5)
AYKEnEL Kl L A= K=y $0 22 5B A 5 Al

n A e
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42.1 AR B2 ERRA OB Tk

B4R T F R S A s gEIER L A
RABRTHERTHNRAAR D cFERRBVRBESERE(TYS 3 2
o B A F Iz fEREM) l’f‘ﬁiﬁ%/ﬁAndrade = 4750

E
1= Kexp(or) w6

HP KEZH# EGZRATT 7 RA FATmanid st
R:FuTH Ti84ER

B4 L IR AT MR R BRI R E R AR AT E B
dORA[3T-41]o pd AT AR SRR R R T KL A
4%4?mﬁfm7w‘%%mWﬁL;odeﬁt, PAXE B F A N o
Fln BNE TR d A € AL R Mt A B B BB A Y WA
e AR B BRE AL | MR A B SRRk A o Litovitz[37]
fr Macedo[38]% 4 3t & ¥ 7R REPREE PR 0 Andrade = #25% it » B4 T
R

cr

14 AO (4-7)
1

]7:
HOVoR FRAMOM A Vi p o W RER(V-V0) I VR
Zamlfg ¥ C - A3 0.5~1.0 2 /F o F g B AR Vo2 LI A

i (Tg)% e F# 4P 12 4(4-8) ;8o
Vo= av, I - Tg) 48)

# USRI WS o
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422 w7
LHSLECE ¢ chR A3 BRI 2 et S EM AT R

Tk SRR B 0 1L S ,,;irgj;q%g‘jﬁf‘;,f@,, R gE R T SR CR TR

HAER € WLt 30 S oah%g

)’Léﬂ\m-& B

4

}1
o

o

)

>y
sl
ot
=\

1=

M Sh
s
TE
=3
2

W

\ﬂ-

*E:)
aia

fiee

\tt

fvm it m ¥l
& ARt [42] -

B R ATy R A 53508 & 7 423 425 (Equation of Conservation of

Momentum) % 4. -

oV

p(a Ve v?] = Vp + V74 pg (4-9)

Ho p% B (BER o ViR R pBY, cH s R gt 4 ik B o

=¥ 38 5 414 (Inertia Force) » i %38 5 /B4 38 > % - 38 5
ZIHAEATE - R EYF ABERIIET » 2V T ok g Md g f 4 e A B
P F P BN T RN T RS R T S g

(4-10)

hdd- RN EE N R R Baoin® A A AT Gy

vl oem

4

0=—Vp+V;

PI7 # 3 4cBl4.6(a)2 4 T TR 0 M EE A 5
P« AyAz —(P +aP/axAx)AyAz + (1 +-av/ayAy)AxAz —tAxAz=0 (4-11)

v

EREREE -G A B

o, (4-12)
ox oy

By bHRToREY LR L SR P REE S e T

0=-

},@;¥—7‘»ifij’—ﬁ'}§fﬁﬁ°i;\:ﬁ W7 ?'3,1;\-;1@4”1/—\:
0=—a(& # Ya(im » % A1) + a(P o 4 )a(ndr2 3 3 ) (4-13)
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F3 4 R E S AT (e R460b) 0 L AT RS S

dP dTy

-——t—=0 = - = —d 4-14
a’x+ dy I( dx ) ( )
— 2o dP

7,=0 by=0/ = ry:Ey (4-15)

o gD Rl R ARG SRR S TR E AT

FAZ 2 o ASLECIZIRERE D AT o G E A F R
PR ¥ - G o AR L RRES S BELT

2
;
A& BEA 0 ITL Bk SL R AR bt L A RCE K2R A5 E 2 g

FENAE BRI R R A R A TR 5

e R & S IR

BN -

Eé%)p. 2L

P g SLHEE ¢ e B Ak e & £ T K 2 HRY F 5
xg%ﬂﬁﬁﬁﬁ»%*%ﬁﬁﬁ%aé’w%ﬁ“*@*mﬁﬁ%ﬁﬁﬁﬁ
R e A B R W - TR A TR R L3
A2FBRGE  FESVEATRS AT R F LR

g

AEFHRFE o ARFAFFNR A CRE DR LR E T
Aoagix i e

()im BB R T AL %2 T8 @ 40112 o

Q)F BB TR SRR 2 Bl RN 2 0 18 R R Y 3

Gﬁlﬁ’uﬁ R4 RRIGTEL o

GYR+ FRIEER-FNE D R B FP R & R R R LER



Fehg

(DX EPHE S > SRR RIS A R

Rpizt & £ AF%HEE 2R GATH R J L B e p v

4v1 - £ 105mm >~ 20mm > 30mm 2 0 0 3 A p - HTE R 24N

BB F R By RAR > LA

B d & {7 SLECARMS £ BARA - 0R BB IR KT LM G
LB 4Bl 4.7 #1on oSL#Ei= © <t & 90.0 mm*30.0 mm*3.0 mm» ¢ SLAS5000

-

LB ERTR 2 R e KT 1R PR

# 5@ iF > ¢ * CIBATOOL SL 5510 ##7%; > H#lEF 4% = F ch# 3.1 #77 o
m A& piiz2 R <t SL #iz o

WEZETS o8FF T (FUTABA)*T4 2 2 3|5 MDC SA 2023 60 60 60

S 2 A - H AP % +5855C ¢ Bgn o 'E PR 5% B 35.5 kgf/mm” ~ # @ %
% 0.110 cal/cm - sec + C = L”fsf"‘ﬁé Pat Rkt b o R Fe E H e kR
Ao AR BT o - ZEN AT (Fan gate) » § R & 55 piR o~ 0
RPEFS JI* B 2 FEr 7R ET TS A R T B o T T R M
CRITZ A 03 LERROEALREY BB ENE 2 52 R o
B SRR A AL BAS AMBRMABE ZAERIHEER
Flt g L BRI BOREBRAFRER o

Bl 4.8 5 SLHE 2 ¢h@ > B 49 5 A& /BRA4 PIF &R UESE R B
Rz F%RYE  B410R] 5 s A2 3D BA;E &+ o

432 &4 £ipliz

FRB AR B BHER N L AP R AT S DR o
I Tt T R SRR L R4 R T F R
FRRIEEEY REPHEG 23 2 RS -

‘-\-\-'
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AF SRR E S AHOR P o | A1 5 (Diaphragm) s R 4 R R E 0 H
BRIG B RS R § AL B R G R R RS A R
FEMTRECHPETRA L HRE SRS B RS RRIEL R R 411
L«Lrﬁ- o

b A A2 B A TR R PER W AR 4.12 4T 0 F R A G RHELE

<

E<(Filling phase) - @i{'ﬁ}‘? E.(Compression phase) ~ /& ¢ £ (Holding Phase) %
4 rig B (Cooling phase) o A Bh 5 B 438 (7 54 1) 5 5 g 30 AL S0 4o~ JRiE 2
CEMER CBEEFIERMELFSLE > ACHRAENESL S FY
#@@i%ﬁ@ﬁ\wv%@ﬁ’f%xﬁ;ia%@m:zé@%@»@
BB P R LR RS A oD BL S R A B (P b
R RR e L REE S BB RRE L etk SR
C AT HRPN e R IEG S ML PR s - BRI E O o B
a3 JLA-SB-C T FRGEAEERF (tn) 4L CoD 5 REFF

P

JE D—-E & FREFER (thoa) 24 E 11 {8 DB H5 4 fPEE}F'&(tcoolmg)

(tcompression)

Tw PFE PR A et P B R TR BB RO R T L A A en 2 1 8P [43,

44] o
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449 S K 2P
4.4.1 Bt L %4
AR BT 2 A E 0 5 4L R ARBURG 270S A 52 511 =6 3548
(B14.13) B3 B2 4 B~ 444 S00KN > 2 /RE RHH > 34§
30cm’ > $ =+ BF 1R 2320bar - RREFNE PS5 Lkw e Fw2 Rfidod 4.1 57 o
L4 S0 S AR

38 P H = #ic i
B W4E B mm 22
H LU= N cm’ / shot 30
B~ B R A MPa 232
Bk B AR em’/sec 78
B L Bt kN 30
R kW 13.7
& B a4 ton 50
¥~ Bx g T AR mm 350
AN I mm 525
Bk R HCHE < A mm 270X270

442 R4 R PR
R R R RRE ot BRI RBRA ZRPIEDLAEE AP
# DYNISCO = & 4 & 2. PT465XL-10M A% s s a3 /B4 R B » 5 &
PRt RERIBET ZHRP 2B RPIE hEL - 4oBl 4.14 977 > H R
Fdo™ £ 42 P17 o
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142 B4 BRI BAE

7 P H #i

Rl ] bar (psi) 0~700 (0~10,000)
A2 bar (psi) 2450 (35,000)
AR %FSO +0.5

€I %FSO +0.2

FLIE § ] C =400

¥ Ibs 1.5

443 FTHFEE L5

AF KT 2 F AR LA S E R GW INSTRUMENTS 2 & 2
#iNet-100B FH#P~§ » v B LE BB AR 2T B B -TETR
FATT IEEWE > B 5 8 channelsg+* gwfbﬁ%] H 27 8 kML /O Ao ¥

kT IBLE GRS W E K IR

Q@ﬁmiﬁ,vﬁpg§ﬁ+$,yw&
MS-Windows % & & 55 § (v % & P4l ek Rl 5 instruNet World » 7 #%
Wrd EERE A ARLA T A L - TR b 2 AR A
P ¥ 2 82 %k 207~ 7 B H @ #it48 (4e Labview~DASYLab~Excel...
F)TR

3

4.4.4 5 =P

FRHAAE® 2 ¢ G 1 R [  (Polypropylene, PP) & K # ik fiy
(Polycarbonate, PC)>PP % & & 5(Crystalline)#4#L>m PC 3 7 Z3j(amorphous)
7 o PP 5 isE B inde 1tz 6331 4] » PC Rl3k * 46 & Bayer 2 & eh# 4L » 4p
B 1R g f e & AT o
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% 43 PP & PC # |-

Engineering Plastics PC PP
Tensile strength (MPa) 55~70 21~40
Hardness (Rockwell) R115~125 | R50~110
Heat conductivity (Wm™'°C™) 0.46 0.28
Thermal expansion (¥10°°C ™" 6~7.0 11.0
Heat resistance (continuous)(°C) 121 88~115

\\\?{y

4.5 F %> F 8 S
RBBEA LA IS RIEF 5 gl b XA A G B B A

RRA LT EPIF -

4.5.1 B d0 A58 fnd &R B

FrBEN AT R W E R R AR RS 2
BATPER S RRA S RREFFZ A E S RGIAR) PR L FHEE o H
B4 AL 4.4907 o

FRiGEFFYRBZE AT ",% BB o iR R R R H
SEIWA Optical MS-512-T % &+ 3' & fic4t(Optical Microscope) ¥+ % w 7375 i5 L
BRIRAp o T WERE P EH IR AR TR Y T AR,
(Roughness Average) = & & & » ¢ * Mitutoyo SURFTEST MST-211% & 32 & %

(4cBI3.5%TF )o@ 2 > 2GR BB Fip FRCFE P E NS F2

E
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SRS d SL insert Metal mold
4 d5c it $ 45t

THEA(C) 210(PP) /300(PC) | 210(PP)/ 300(PC)
BEEECC) 30, 40, 50, 60, 70 30, 40, 50, 60, 70
¢4y 3E A (cm’/sec) 20, 30, 40, 50, 70 20, 30, 40, 50, 70
R R 40/5 40/5

(MPa/sec)
S ErEER (sec) 200 50

0 a. SR E R (Cavity thick) : 3 mm

b. # * 5= = =+ : 90*30*3mm

c. SL insert 44 5 2 87

CTE 108ppm/C (< Ty), 221 ppm/C (>T,), T, 63°C,

Tensile Modulus 2854MPa, « (heat transfer coefficient)= 0.2 W/m°K

452 B4~ ERIF %

R A SL R 2 BSR4 ERARM ns RS S s R R
FREBERER -ZHERZT BRI R FIES B S8 o L i
R L GPPEL R EB SR I E B Sl d AT R H AR
Tekg i d BALIR 2T > Flot M0b frig &~ R 4 (40MPa) ~ 4 £rpF [ (200sec) & 4

B4R OFW L ERE o M P AT 4
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45 %4 PR %

\\\?{r
g

RETES 5B & ] =
PR A (C) 295, 300, 305, 310 PC # %
W2 R(C) 30, 40, 50, 60

413 B (cm’/s) 10,30, 50, 70
b4 AR 4 (bar) 300, 400, 450, 500
%/ P Y (sec) 3,5,7,10

L adl AR BE G SRR T S
BB R D2 mm (2 3mm)

453 F g7 N

BRSRAL Y o S A Rl 2 SRS s R R R B
BRI ff’%@*gﬁ??iﬁ SN A E R kR T R EARMNY
dHCER AT R D RE B EREER R P82 RS R ELRIE
FriE- ZTRFPEINL > LHEFAY ZREALASEHEPRE I Z REZL FER
R ER I HREB L AR E A FRERARIARBES L
MR R L RS ETE S TSR R B o B (S i S
BLZ O M fRAE A S0 N U RAPELR A G s o (B o PR
i & 5B 14 ;% (Photoelastic method) & iB] > H-ea § & 2 c0F % L & F35[45] - ﬁ

=

b obdi gt A 5 ek B F h(Interference) X FEGE G 2 FRde% it 0 A TR A
A o 1R B 4k § 2 _tE(Stress-optic law):
An = C(c,-0,) (4-16)
BYAn B RFEITHT L C E 4 XF GE(MN) > (0100 5 ¥ - &
FoOAKA A TR CEFGRERFFG RPEDETFHELRL
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A A fh PR o

4.6 f#t A 17

T B 1 AR A 1T(CAE) B " A bt 2 A2 W > VOB F I d A 7
SR AT SRR A R AT A B A 379048 Moldflow i& {5 3D -
AT MR AT R SR S (- 1 4

ERGAHLS bR R LA EERY  NFETE@I &
FOCEEFELGE B AN e F A IR RE R R RE S

o BCECZEA AURHNHOR N Sl s RR S 4 4P X (7 G [46] -

4.6.1 -l F7 042

AR A 17 1% Moldflow ik B8k BEsest 11 2 3 2 % 2 544y > Moldflow
O AR G R R R RS R P i E o 2 2T e
FA BT e e 47 7 a0 R 7 WO AR[47, 48] o RHHG AT 4 5 40T

S LA

1. &4
FI# 5 ¥ * 93D CAD Y Bl 88 (4cUG ~ Solidwork ~ Pro/E... %) & 722 ¢

AT B R WG -
2. #E A T %~ Moldflow 3k 48
#3887 # 3 = Moldflow #ic 88 #7 4t £ % 03] #2 58 (4-STL ~ IGES ~ STEP...



4 FH IR E S P CE
CE B S ] E0 2 TR A IR > TaE TR R A T A

5. ERHE

Moldflow#i 48§ P} 2 £ B H AL AFALE » & 7 p 7%~ 575 2B H AL L o

6. % TmiE ks

EEET SR > B s R e R

7. 3 T AL iE R

|14
B
[
=N
™Y
>
A7—-
7

RS SR A0 1 NEE R Aol SRR s R F > FRES L E 5]
B. efFafrr A B
b 1+ "’Tﬁg“] » rT‘Jp (e 'ﬁr'@f‘fln\’}% ’ Aw\’VTeP ’%\;f ¥ &L‘i“}g*%ﬁjéé‘%(‘&r@;‘ fo

GEARA G Y 7. SR KRR S L Al

\\\?{r

4.6.2 3—/11 L *:ﬁ.*‘f‘- bh’ 4";"
F & #aE45 413D T % BIRG(E) 4.10):207 Mesh e it 9 = £ 2 <
% &% 4@ 4.15 #777 » 2 = % (Elements) % & 2:(Nodes)# P 4T

TITLE =
NUMBER OF ELEMENT TYPES = 1
MAX ELEMENT NUMBER = 10860
MAX NODE NUMBER = 18534
MAX KEYPOINT NUMBER = 354
MAX LINE NUMBER = 196
MAX AREA NUMBER = 19
MAX VOL. NUMBER = 1
MAXIMUM LINEAR PROPERTY NUMBER = 1
ACTIVE COORDINATE SYSTEM = 0 (CARTESIAN)

#-CAD Bl % » Moldflow & » 11— - RefEE k2 Jisg 5 B2 |
m‘hﬁ » T B4 éf’J\Tg: C R R A K ALK EAE o A 4.16 Ao 2 s it
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EHHF S PCE -

de 1w AG0E 2 2.3 F_ 0 A

\\\?{y

£ |r+1i%])\,gjr—ﬁ'
Mold Temp=307C, Melt temp=300"C, Cycle time=200 sec, Hold Pressure= 32 MPa,
Fill time=1.7 sec

% SL fr=REREFTHREY B3 82 PP R fﬁf%‘%ﬁ%]% Thermal
conductivity (K) =0.164 W/mC - £ /4= 1% # P20 Steel > Thermal conductivity
=36.5 W/mT -

{7 4 17(Analysis )45 £ » Run Default condition » A 47 5% % 31t 2 * 4o ]
4.17(a) ~ 4.18(a) ~ 4.19(a) A @] 5 SL HE 2 jmdo o Bl ~ 8 B A F B(HEx &
O R) S BERRA W AE o B 4.17(b) ~ 4.18(b) ~ 4.19(b)~ B 5 £ BHE 2
B TR RS T B R AR RS R R W AR o R SL R 2 2
B R TRFER £HHERER ATHE T HiTHR G iF 32.58°C 0 SL # L
Rl ERA T2 DAIMFRRE  F RSB id 4884C » v 7 4 SL
oA BEGgRME S AN RRANERS S > SL AR ERMS
25MPa > £ BH-E 5 32.5MPa -

47 SL fc ke p PR A 2 T i

A G MBS EBEE 2 ) SR R 2GR P[49] 0 ¢
RS ARA S E R CRRER PR R B Sl B e R HCE
EAPEEA CEFRERER RS 0 AR T RBIF RS AR B
ey R R RARE B PR B AR R R e Y S e 7 H R
TR R AR o M RARR AR T T 4 S AR e SPIUR Y R G R

TRRITIORA LR G L e o S R 2 RRE R R RS A
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Bl 5 PR engl i o

FRpIE L A2 HERBR A A R Excelﬁﬁ%ﬁﬁ%:’!&ﬂ%} 4.20 5t > d FTHCR
BAVRAFPLIREPRBRADTE TR PIB R BT HECHREC R €
PrRY B RE IR G 0 T T (SR A X3k Er (S2) 0 4r Bl 4.21 7

S S LR BB SRS S B 422 Lrr et R TR H2
Bop R4 (5 @) bhiE A W) d 10,30 cm’/s # % 3| 70cm’/s LEHCRPET § 4
= BlY BEorBoR P R4 $ R (ST S2 % Sensor F)d 1.4 MPa, 1.87 MPa
%5 1.8 MPao #70 » sx @I iE R ATIF 2 SR ELR A A TF 0 ST B e L PE
Rrdi® o HRA g_j\‘a'ét PP A B o B 423 LI HE ARG F 2
B R4 A G B o SR A W d 300,400 bar % % I 500bar 0 LEHRPER S €
f® > 4 300bar FISR-| 0% 5 B % o B RO N SRS PR R
42 % %9 43MPa %3 G6MPa#rris BHREF > BALd 43MPa # 4 I
6.6MPa » ¥ 7 g4 %+ o eI RS A BRERE AR
A F A LE Y IR -

FRSBGCRERET Bl 424(0) 5 R IRBREFF TS T2 BN RS L
B RPER A W d 5s, Ts #H%% F] 10s 0 iTsEC (SRR A BB F 0 P
RPN R4 H R 43MPa, 4.4MPa 8 2 5.4MPa - i 4 B o W R IERR
P e 4B 4.24(b)7 0 FRPEFFARE S BERBRA E MARE S B SRR
3 f‘ﬁi'ﬂ o

BRCRERD TP ERENERIRE BRIXLPERTRAERF S B
L G AR N 2 nde o R B g0k 4 AT R 3 K B
e A oA PR ERBY FRYH YL CERATRE AR ERAE S G
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FAR RS o T A F ROR o
AR RHBEIREBA FES G 0 4oB 425 47 0§ & B AR 295C -
305°C 3] 310°C > d B4 o RBPBIHAEA St @iEb2 F > S| g RS
Ed 28.1, 29MPa &2 3 T 30.1MPa > S2 &+~ B4 E~» d 24.7, 25.3MPa i%
1% 3 27MPa-/®& 4 #- & 4 3.4,3.7MPa "% T 3.1MPa>sxin® 5 27 g4 %] o
TA TG ANE B R~ B £ g ff (Flow cross-sections) » o) b ik 8% 43
FALE 5 RF R R A ARR M0 9710 R " (Pressure drop)i b o i@ = R R

B RB RS > R RRF AT A ol o gtk AT PRI R ARG 0 R
CAXZ AT o AREERLE O B EEREA 5 R o

AL ERMRERA BES G o0 4B 4.26 4T 0 FHORARE o nRe Y
BIF| R B g A% ] > R4 BEUAR]NS] B A R4 Ed 345MPa 5 K3

I

292MPa > S2 #+ B4 g~ d 29.8MPa f84 5 25.8MPa - B &d 4.9MPa '
M3 3A4MPa - &7 ot 2 AR ) SRR F) SR RARR 0 ML AEERAR I 0
%?ﬁ%%@%&’ﬁﬂﬁﬁgﬁ'*HWN%H%’ﬂﬁ L S
ARG 0 TR A 4 A% o

#Eé

4.8 SL i E P ik it =

HAE LSRR AL aP ik nd = A SLEEE R P &
R AA KA S s @ PPCE P PP E A U RBERIA R R GR
AT R A AR T v AR T R PR R BRI E T R AT S D RATAR
T AT R g A A 2 L BRI S R e B42795 T o % 4] 2 Rk
fchbd 4 2 5 doBl4.287 0 it wihdk G P RERIP B AR AR P A
T cruh R Ak o

W ERA R L 5 4oB4207 > S WAt 2 R A g R
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(ripples) > T L JgFiTinds £ B A adp X g ] @l > 4eBl4.307T o Rk
Facn g 2 Bd Stap b w30 bR BG4 A PRI EEEE K
FAE 2 P (DEF REAF AR S QAR B AT R RS

W R[50] 0 doB43] 0 FREEFR - F R &L PF > 54iE 20 cm’/sec ~ B

‘3
:\‘.i'v

B70°C £ 53¢ 70 cm’/sec ~ HOE 30°C 0 BRI & =k ¥ & % & A (Sharkskin)4>
=F
SLICE AR 4 Ho B | > 4oB4.327 » £ 4 HERRA M BB @ ER
AH A A RIEECEREE A w e iEd B BB S HRRE
£ F] b ¥g s Jii(Fountain flow)»c vt & B H-E P &> v % 24 = /& (Flow mark)
ek 0 4o B]4.33 2 F80F SR 4 = #5073 (Go-over flow mark generation model)
R RATARE 1 g & A ) 2l A5k 2 55 A [51,52] - MoldFlow
AT RS R o Sl MR KPR L ARG A A R
370sech] % A 2 (= g3k (Mold fatlure) e & Bf:¢ M pF > b 3 i 3233 B R 0 F
O FIE Y PR RCRNE & e TS 1 AN PO SN S L R
BB MpF o R A FEAR S > PR L AR > A FSLEEE A F o AR
4 (Residual thermal stress)® >3 = &2 4 7 i 4 4p 3 P F @ 28R - chw
LI R
HYWSLECR BB R GRER AT 235 E R AeRES T
B A A 5L3E B oensk BT i 4p & (Photoelastic photography) ¥ 3| 2% 2% » 4-B]4.34(a)
A AL PERBER N 2 F PR TR PR EL G0 D AR
b 2o A st g o AU R Y g 2 o R MoldFlow 0 A 47 2
BREAGE A 75 L odpineniE % o 4oBl434(b)rr o B Y A B RE A R
BoohkBAp S B NG A Bt B P B IER o g IR 2 8

MRkl P HRRSGROARRES BERARS YL AT
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i AoBl4.357F o ip AR

}?“
lm
N
:‘ﬁ

R Ed G AR B ST R SR R R DR o B14.362 §14.37
ot B KRR AR AR FHOEAR o MR
FEpFRBEGENEN L R EGIRRS PR

SLEci= @ skm s & mofe R £ RIE > f A3 4 > F % 0.24-026 um > F
16 0.28-0.30 um > AT iz BE g SE AR kST T 2L 5 & o 4% (Surface
defects) & 24 e & J %] o

.ci’v

g s m@r 2 e R ERESIT FRHNERAF > 2o LA
BH K 4oBl4.3897F 0 F WOE 550°C S R S50cem’s &L B &
AR, E3cE 2018 um-023 pm = ¥ ¢ > 4e®4.39977 - FHOE 4B 0 Bl &
oofe R BRI 0§ BOR B TS50°CH > Rmde AR B d 3 0.20 um - 0.22 um
AP R B RE R RE S R o B el b S Bk g e R o

TR R E S (F e ™% 4.6) " SLH- B 7 5 &2 @ 3L & B HCE L4 rad
FERFRRZAR R TAS BHNWRZWEERDE G Mo I
B RS EAE RE BT L R PIR R o

4.6 RAAD P L%

A 2R IR 1
=+ (Large) m(zE =

¢ (Middle) ¢ i

] (Small) - C
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Plastic

Ejector
pine Granules
‘||l Cavity
__ . - e T
ﬁ_l_ Cylinder -!‘3_
LT / :_l K
I LFI | I —
=
1
o
M I Y ]
i
2. ]
L1 Melted I
/ Mozzle Plastic Screw Drive
Muold Motor

Bl 4.1 s+ Rm

[31]

Velocity profile
of Lhe maln flow

W42 o ki

Flaw direction — e
e, s T
Cate — ) — -'""" / ‘“—-.1;“ ‘__,.--"‘"' “*—-,.M Thickness
_| 25 B JEJ By _ﬁ'.é‘i:rﬂ’" B
- - — ' e, -
Fountainflow |  Snake-like flow
(stable ) (instable)
. i
é mi {Induction point
[ TTT— i_____ .
E\— i E
Distonce from gate
g] 43 ;mﬁv 1 - f}f’}'gy:}\ E’\' %\ it i‘ F;’{34]
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_F «—110mm —p

B 4.7 SL -5 2. fio R 4EH. 22

70

i

Y
s
— e .- O ... X
—
A 4
| |
| L
h 'l
(b)= T 2545 T a7 2 B
Bl 4.6 (EVIHFEF2 T o md g (b)- A5 T s 4B
«—— 200mm —»
Fixed side _f
SL @ @) 60mm
insert\\
— 3 mm (Cavity thick)
Cavity — |
Q Ow|
Moving side ~~Cooling channel
30mm
(y8mm)



B2 thE

8,10SL -

e .:r

~l .
. )

Dumm
LPressure y
Transducer
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(2)

12mm
< 90 mm >i
+) — 26 mm
¢ 8
Flow direction ——
T v
| | 3mm
100 t
mm

|

(b)
Bl 4.10 5421225 ¢ (a) 3D B2, (b) ©
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Imim

Unit :

/ Holding Phase

in
B LN

>

Ejector

Bl 4

T
Moving side

Residual
Cavity
Pressure

‘j,,'[inle Seal
‘,/’

Time
Vudeional couling

43]

[

Liicid
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AR R R

I’h:lse\

Compression

Prl'.u'\c

A
NS5 AJIAE))

%
Tecmprasion

Bl 4.12 &

LA




URG 270S 7| 5.2 5 1 & 2 fis

=e

1/2-20 UNF-2A4

20
BENDIX CONNECTOR PTO2A-10-6P (5.08) JAM BUSHING 3}3
(DR EQUIVALENT) i 0.0. FLEXIBLE ® o5
MATING CONNECTOR PT06A-10-6S (SR) a (17.27) ARMOR (404}

{OR EQUIVALENT)

49 . il
(12.9) [ (808,
REF 7482
JEN § P

) 3.00
{76.2)

28,00 2.50 o

(F1.2212.7)

32.00
(812.8)
NOMINAL

All dimensions are in inches (millimeters) unless otherwise specified

Bl 4.14 B4 g ip| % PT465XL-10M g
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AN

NOV 30 Z007
10:52:03

ELEMENTS

Bl 405 sl ‘éH%ﬂ ~ % R

moldflow . )

MoLpriow Puasncs InsiGHT Scale (100 mm)

B 4.16 S04 2 ¢2.0 frok ¥ 9 M AT
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il Fill time
Ha R =1.702s]

0.8508
0.4254

0.0000

-173
-171
v 17

MoLpFLow PLasTics INSIGHT Scale [100 mm)
(a) SL Mold
wd LR e .
Fill time
- 1.743]s]

[s]

1.!43.

mokdfiow’ =

1
MoLDFLOW PLASTICS INSIGHT Scale (60 mm])

(b) Metal Mold

] 4.17 (2)SL H5 i 6 o 5 WI(b) & B L 585 L 5 )
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o nE
1
P BE

ELFP

Il-ll'l!l'

[l

11
Te ] mpmm s el ma g

Top view (SL Mold)

.

| e enalonez ol | $11]

45 NR]T

.42

M7

30 ap

Bottom view (SL Mold)

B 4.18 (a) SL #i- &8 & » # [
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[ww pg) 3jea5 THOISN| SISV MC1IATOW
T 1

I AS°2F

[o]

[al2e-2€ -
[ag) piow aunjesadwa )

Top view (Metal Mold)

Temperature mald [3D)

- 37.15[C]
[c]
ra hH
31.94
3.6
30.00
. 1]
moldfiow A
L L L L | 1]

MIOLDFLOW PLASTICS INSIGHT Scale (60 mm)

Bottom view (Metal Mold)

Bl 4.18(b)& B L g R~ 7 H
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45
Pressure at injection location: SL mold

40
5
=) .
]
=
5
a®
———Ll
0 5 10 15 20 25
Time (sec)
(a)
45 o .
Pressure at injection location: Metal mold
—~ 4
&
=)
O
=
5
aw
—_— 03—
0 5 10 15 20 25
Time (sec)
(b)

B 4.19 ()SL #- 5 o B4 o SRl (b) & e s HER R4 o SUF
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Pressure(bar)

Pressure (bar)

400.0
350.0 ¢
300.0
250.0
200.0
150.0 r

100.0 - %

50.0 F
AN by il il
0.0

0 10 20 30 40 50 60 70 80 90 100

— I
—S2

AL~

Time(sec)

] 4.20 Excel #8888 1 2 ) B 4 o SE]

400.0

350.0 — —+—t=l.1sec l\

300.0 —=—t=) 4sec _—
—&—t=5sec —

250.0 r

200.0

1500 | \

100.0 [

50.0

0.0

0 10 20 30 40 50 60 70 80

Sensor Position (mm)

Bl 421 R p R A A G
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Pressure (MPa)

Pressure (MPa)

20

17.5
15
12.5
10 *\\
1s e —
5
2.5
0
10 20 30 40 50 60 70 80
Position (mm)
Bl 4.22 EI%‘E/T:‘{_@ BZ2_BRA L0w
50
45 \
40 \
35 -\.
30
25
20 -
15
10 —
5
0
0 10 20 30 40 50 60 70 80
Sensor Position (mm)
Bl 4.23 Ei%ﬁfﬂﬁfﬁ 4 i?ﬁ‘uﬁ%@ 4 4 v B
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—— 10cm*3/s
—=—30cm*3/s

——T70cm*3/s

—— P=300bar
—8— P=4(00bar
—— P=500bar




Pressure (MPa)

45
40

35 | %

30

—o— HP time=5s
—=— HP time=7s

—— HP time=10s

25
20

15
10

0 10 20 30 40 50 60 70 80

Sensor Position (mm)

(a)

450.0 ‘ ‘ ‘

400.0

350.0 —— Hold time=10sec
< —=— Hold time=7sec

000 s —+— Hold time=5sec

250.0 A

200.0
150.0
100.0
500 r
0.0

Pressure(bar)

0 5 10 15 200 25 30 35 40 45 50

Time(sec)

(b)
Bl 4.24 (a)zc % TR 2R 4 4 F Bl(b) /R P g 50 i)

82



Pressure (MPa)

Pressure (MPa)

35

30

25

20

15

10

40
35
30
25
20
15
10

10 20 30 40 50 60 70 80

Sensor Position (mm)

—— Melt temp=295C
—=— Melt temp=305C
—*— Melt temp=310C

7 4.25 5 LR B 2 RS A ]

a\

‘_\A

10 20 30 40 50 60 70 80

Sensor Position (mm)

—— Mold temp=40C
—=— Mold temp=50C
—— Mold temp=60C

Bl 4.26 ;e fir BB R Z - RBR A 4 i B
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"~ — Flow Mark
) )
Flow direction
Bl 4.27 SL $ic & 2 inJm h
Flow mark
(Dark region)
White region

)
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Pressure (MPa)

18.0
16.0
14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0

B 4.28 (a) £ A5t 2 (b)imA ® O 2 %

| S

e

RN

——t=2.4sec
—=—t=].7sec
——t=]sec

. N
T~ S

.
\ \
.

p

30 40 50 60 70 80 90 100

Sensor Position (mm)

B 429 & BBz R4 4 i B

10 20
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Flow direction /

B 4.30 S, #2025 & 4 = (ripples)

\ =)

Flon
Front

'\

F o
Front

Cawity Wall

{13 Marmal fourtain flow with no ripples

B - B

Cavity Wall
(2 Generation of ripples
B 4.31 & %3 pmen A 4 #3][C-mold Design Guide]




18.0

16.0 ——t=24sec —
14.0 —=—t=].7sec

= 12,0 ——t=]sec

[al

2 100

=

2 8.0

g %\

& 6.0

4:0 ‘\‘%
2.0 \

0.0

0 10 20 30 40 50 60 70 80 90 100

Sensor Position (mm)

Bl 432 SL H-2 2 Hg/B 4 A G

Vavg.

Melt “Go-over” i
the solidified region k

/
/
/
/
/

Solidified layer

Vi, 7)) 7,

Mold
Flow mark

B 4.33 Fsig 7w 4 = #H-3](Go-over flow mark generation model )
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Iempenalmme mnhil [$11]

45.NRTC]

[t]

d41%

342

moldflow

Mo riow Pursncs Insianr Geale (30 mm)

(b)

Bl 4.34 SL #r 2 s 12 2 Sk 3figp ¥ R AT R R A F LR
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(a)

[ gg) ajeas IHOISN| SULSV1 MTTIATOW
T T 1

¢ AMOHPIeR

p6°LE 4

. AG°ZL

[ol

[olze2e -
lag) piow aimeradwa

(b)

Bl 435 £ BPcE sbd) 22 ksl P ERILA T BR A TV R
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Bl 4.36 (a)# I +i# 10 cm’/sec, 30 cm’/sec, 50 cm’/sec i Fa % i
(b)# I 5Fid i 7 8RR 4R 10 em’/sec () 30 em/sec
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B 4.37. 7 ke f58 chin 2 B AR 47 (a) 40 “C(b) 60 °C
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Surface Roughness Ra (um)

Surface Roughness Ra (um)

04 r
035

025 r

<
[\
T

0.15 r

o
—
T

0.05 r

o
w
T

—&— Front-2mm
—*— Front-lmm
Rear-2mm

Rear-1mm

0 10 20

30 40 50 60 70 80

Injection Speed (cm*3/sec)

Bl 438 7 F ofid PF2 4 o B % 1

025 r

027 :Xz—y/"

0.15 F —— Front-2mm
o1 b —*— Front-lmm
' Rear-2mm
0.05 F Rear-1lmm
0
30 40 50 60 70

& 4.39

Mold Temp.(C)

R AR A e R
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Accurate, humidity resistant material for precision
applications

SL 959510

CiBaTooL® BUILD MATERIAL FOR THE
VIPER S12™ SLA® SYSTEM

A versatile stereolithography material, SL 5510 material lets you bring
part accuracy to your most demanding applications. SL 5510 material is
well suited for many of the high accuracy and high precision applica-
tions capable with the Viper si2 system.

MAXIMIZE YOUR PART BUILDING PRODUCTIVITY A great comple-
ment to the dual mode feature on the Viper si2 system, SL 5610 is easy
to use and offers high green strength to maintain part accuracy during
processing.

ENJOY EASIER FINISHING; MAINTAIN PART INTEGRITY. SL 5510's
sidewall quality yields parts with smooth surfaces. nght out of the vat,
that require minimal finishing, And its humidity resistance pre-
Serves your parts’ integrity during shipping and storage.

USE FOR A WIDE VARIETY OF APPLICATIONS. Build accu-
rate prototype parts, master pattems, and mold inserts. The material's
excellent optical clarity also makes it ideal for flow testing and
inspection of complex internal passages. And for QuickCast™
build style applications, SL 5510's low viscosity means fast drainage
and easy cleanup.

Use SL 5510 material for:

» MULTI-PURPOSE MODELS

> PROTOTYPES

> FORM/FIT/FUNCTION TESTING

» QUICKCAST PATTERNS FOR INVESTMENT CASTING
» MASTER PATTERNS FOR SECONDARY PROCESSES
» PROTOTYPE TOOLING INSERTS

» HIGH HUMIDITY APPLICATIONS

=7
» FLUID FLOW VISUALIZATION s '
SLA SYSTEM
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SL 5510 Typical Properties

for the Viper si2 SLA system

Liquid Material

MEASUREMENT CONDITION
Appearance

Density @ 25°C (TT°F)
Viscosity @ 30°C (B6°F)

Penetration depth (Dp)
Critical exposure (Ec)
Part building layer thickness®

*Dependent upon part geomelry and build parameters.

Post-Cured Material

MEASUREMENT TEST METHOD
Tensile srength ASTM D 638
Tensile modulus ASTM D 638
Elongation at break ASTM D 638
Flexural strength ASTM D 790
Flexural modulus ASTMD 790

Impact strength, notched lzod ASTM D 256

: i ASTM D 648
Heat defllection lemperature Tk
@ 264 PSI
Glass transition, Tg DMA, E” peak
Coefficient of thermal expansion TMA (T=Tg)
TMA (T=Tg)
Thermal conductivity
Hardness, Shore D DIN 53505

Density

MATERIAL UPGRADE PROGRAM Upgrade your existing matenal and take advantage of & substantial

VaLue
Clear amber

1.13 glec

180 cps

4.8 mils

8.9 mJfer?

0.05 mm (0.002 in)
0.10 rmim (0.004 in)
0.15 mm {0.006 in)

VALUE VaLUE

a0-minute LY a0-minute LY + B0°C Thermal
66 MPa 73 MPa
(9,500 PSI) (10,600 PSI)
2,854 MPa 2,820 MPa
(414 KSI) (409 KSI)
5.4% 18%

103 MPa 101 MPa
(14,900 PSI) (14,600 PSI)
2,896 MPa 2,792 MPa
(420 KSI) (105 KSI)

26 Jim 30 M/m
(0.48 ft- Ibsfin) (0.57 ft - Ibsfin)
54°C ?9'F} I8°C (172°F)
A1C (1TF 70°C (158°F)
63°C (145°F) 64°C (147°F)
108ppmi°C 97ppmi"C
221ppmi°C 186ppmi°C
NA

a8 a8

NA

discount off the regular purchase price with 30 Systems Material Upgrade Program. To place an order,
contact your local sales office or in the US call toll free 800.889.2964,

Like all our stereolithography materials, 5L 5510 is developed and rmanufactured by Vantico (formerly
Ciba Specialty Chemicals, Performance Polymers Division), for exclusive distribution by 3D Systemns,
Vantico and 3D Systems collaborate continually to develop faster, more durable, and more accurate
materials for all our SLA solid imaging systems, and for your solid imaging applications.
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3D Systems

26081 Avenue Hall

Valencia, CA 91355 USA
telephone 661.295.5600 ext. 2882
fax B661.294.8406

fofl-free BBB.331.9786

email moreinfo@ 3dsystems.com

v 3dsystems.com
Masdaq: TDSC

FrRANCE
tefephone +33 169351717

GERMANY
telephone +49 6157 357 303

Hones Kone
telephone +B852 2923 5077

ITaLY
telephione +39 039 68 904 00

Japan
tefephone +03 5288 5951

SPAIN
telephione +34 93 754 04 00

LUK
tefephone +44 1442 282600

© Copyright 2001 by 3D Systems, Inc.
Al rights reserved, Subject to change
without notice, The 30 Iago and SLA are
registered trademarks and 30 Systems,
siz and CuickCast are trademarks of
D Systems. CieaTooL s a registered
trademark and the Vantico logo is a
trademark of Vantico Inc. All other prod-
uet names or services mentioned are
tradsmarks or registered rademarks of
their respective companies.

PiN 70437



Hp :n] :‘;4;, <

1. Chao-Chyun An, Ren-Haw Chen, “Experimental Study of Demolding
Properties on Stereolithography Tooling,” ASME Journal of Manufacturing
Science and Engineering, Vol. 129, pp. 843-847, Aug. 2007.

2. Chao-Chyun An, Ren-Haw Chen, “The Experimental Study on the Defects
Occurrence of SL Mold in Injection Molding,” Journal of Materials Processing
Technology. (Article in Press, Nov. 2007)

ggixﬁzg j}"/‘{? :

1. Chao-Chyun An, Ren-Haw Chen, “An Experimental Study of Demolding
Properties on SL Tooling,” ,Proceedings of McMat2005 @ 2005 Joint
ASME/ASCE/SES Conference on-Mechanics & Materials, Baton Rouge,
Louisiana, USA, June 1-3; 2005.

2. Chao-Chyun An, Ren-Haw Chen, “The Experimental Study on the Defects
Occurrence of SL Mold in Injection Molding,” AMPT 2007 Conference, Riviera
Hotel, Daejeon, Korea, Oct. 7-11,:2007:

3. Chao-Chyun An, Ren-Haw Chen, “Pressure Distribution and Flow analysis of
Stereolithography Mold in Injection Molding,” PPS-24 Annual Meeting,
Salerno, ITALY, June 15-19, 2008. (Accepted)

SINE TR

. TRFE > Mmizi% > r%/ﬁ R R 2 St R AT > BRI

Ly e A ¥ o pp. 13-17, July 20-21, 2001 -
2. PRiz3 ,qu&%;,r,lc/;g P B+ SL #rE 2 mfrfFMamy > - L EY R

WL AR € 0 A 54 No. D02-24, pp. 369-374, Dec. 5-6, 2003 ©

104



