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]_

a}

A=A A=

tHLafleur, P. G., et al., 1986).

TR

CAEE

3%
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=
=

A

2l

3
=

Hele—Shaw(

2Do|al £k

fdolgtal =5t 2.5D

9

=
—

ol
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ol

Tk

:‘io]

3Do)7] el o] W< 2.5D
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25
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d & &+ A HAHHieber, C. A., et al., 1980).
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12) CIMP(Cornell Injection Molding Program): Cornell T

_13_



2) A= A4Y CAE 571 d7-(1990~2000A Hf)

1990l Windows =% AA7F Z=d=o] AREAF Qg Ho]~ %
g Aol FEEAT. 579 Aot & Zolz Qg g2 1L
919l © ™ (Santhanam, N., et al., 1990), B|ZAA Ao W+ HEt
S ARgSte] R S8 WS AlEdeldoer AEFtH(Douven,
1991). E3F o] AlZ]of FH #A2 It 3D HAE &83t Aol
Hlo] A WA fPo= IMI FoUt AL AYEA o4 9 239
o {3 845 9 240 oliteletal ZF koA Y B Al 7HA]
T A 849 dgt Navier Stokes(HHH[JAEZIA) HFAAS AR
(Hétu, J. F., et al, 1994). AzF BHE wrA2o] HL 2 (5),(6)7 Zo]
2L 5 Utk Hele-Shaw(de-4) WAHAH} ztol= ARt it H

=o] We G £ PO £ Aol F7rE,

i)
.

k)
o, ek
I

S0 2 4

0 0 0 0

p olpu)  8(pv) | (pw)zo )

at ox oy oy

op —

_+ ° e 6

5 VvV e (pu) (6)
A (D2 A4 Al digh dubHQl g Aoty 22k fF w

FAme o2, 25 BE A6 EE HNT FY Fgol F

[e)
AT BT AR A8sle] x y 2 & 3Dol diE +1 8 £ W

e 2 sl ¢ AETTH

4 @©e 99 o5 At



42 AN 98l AR o AEES AF y0E AN Lopsl,

Navier Stokes(HH[IAETA) 5 WAL 3349 &5 WA 0H, ¥4
% FY 5= AEste] ALtsHA "k

orT '
pC p<—+u . VT) kN2 T+ ny? )

Moldflowiit= 1995W°] A& w=Z&Ql AE7E SARH. Ao
Eg ZAo] STL(Stereolithography) &d4e=z <JEx, AH FAE
71 HAlZ HEEE AAHS 7H‘£§E£]—(Kennedy P, et al, 1997).
1997dol= S8 sidE Hol 7 =W ftaa TeEs =)49Th

3D W BAL 1998y AJFe] ATNEYL al,,
S T
/K

/.\
=
&
=3

o
=
@
3
<
@
—

1997), 1999w ¢]

AR B4 A EPstE 3D WY BAS ZYth(Fan, Z., Costa
et al., 2004). 29 _71:%]01] it At Edfls=o] wet 3D B 5 el
A4 AFS ¥ 29 H JIME FHor FAsto] o WA =
F7rste] o E 74]/?_}01] et 29 S48 TS 1A a5 E 49
ol Fat a4Q HeP T oA Aol ditt 59 249 anE Ho
FAtLeo, V., et al, 1996). 59 WHI& Egd 7t A= =99
T B BEA 59 Fof olFor It 59 ¥Ie Eodot=E &3
St tH(Delaunay, D., et al., 2000). o]=jgt &A= f& Az Fx5)
Ao Asgto] HQstrh(Bakharev, A., et al, 2004). ©] 7]&S A8ohH
49 AfolE B¢ 599 R %E—i—% ;= 5 59 8= B7H6H]
AT 59 H= 952 < 4 A =Hdoh

3) A= A9 CAE 2T 874

1978 Moldflow AZE{E ZiEet Colin Austing HFHE
skl flsh A Ad= AUl skedl, I AREHS dW2Ee 64KBoH,
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1% 32KB7F BASICo] AA|thal  §th(Moldmakingtechnology, 2021).
22¢0o] 2 20008 Windows NT(32bit)o] 2 CPU, 256Mb RAM #
TE ARERloH, oAl 21do] A AR 202192 Windows 10(64bit),
196Gb RAM=Z Al4Eo] Eehg ALz T oj= glste] 7=
& A2 5ol dHelg7t 2ol Holy Ff, AREe]l solut Sl
tf ESE ojfAu AAATE Fheobd, Y, HAFY T2 MR TR
9 = =

o] Eolua 9lth. CAEE APIDE B3 AFstz whEn

N

oA SR E o7k qlew, 2 e TasiEI St I8y of
A CAE IxYole i offiet 22 Azol 2detrh

2 5 A Welel 4B ARl
2 QNS AY F eRt B

| gepds Agdui Aol webd A
2 WA st BAE USith Jet APER BOl W Ade 4%

g 4 Ax, Y S 9EAAD
=
=2

’

A @ 4 Ak A 24 9 B
A ABIE FPsste, doledols 5 CAE 23 A%oz oA

ojtf CSV = FAo=m AHste oot At
& of HIANE dolx HESIAY, CAES A+ ZAE dolA elghth

olzlet HelHE FAH EA4olv FdFe metshr] fsiA ddnt g2

13) Application Programming Interface: -5-8 2710 QIE|Ho]A, 2LE3} o] oA

_16_



AEHEAE AEEFel] A Aste] AeHs WA oF B4
9 oAgle] o deln, EEsbl HA TStk Ieu AP LS F

S CAE ¢t=

o
=
Mz
f
>
offt
2L
o2
ol
o
2
F
N
ol
N
)
N
=
olr
olt
o
_-)
in}
o
i
=
o
>

7 Agos ARH olF Axdozm EAH BAL o) o B4 U
Gt BR AAUeld el d@ dFE AR 5 Aok =, delEst
S, dolg AldAE B¢ = md A4 U HANE ¢ 24

2 gy TEol b5t

_17_



A2 4

i~
Hin
o

Al

—_—

_/A

Tod

1) CAEE ¢

Aloltt. CAE

et

o] SuE CAE o]%2 Zapay
L Az/AE o

_"
o]
AR

A
o

S}
b |
P
Z=

]

S
St
=

CAEoA EAS Itz

=

Ir

ol

<

—_—

0
"
el
ol
ﬂmo
Z_u
7o
il

T
ok

inia

il

Fo, e

°

8
Zopt 5ol glo

i
=

at

s

[¢]

_(')4

=

Jole] w=F o]

72

o
0

o

SiA A ARg-SEL

aste 97 9

oF
A
ﬂmo
_z:|

—_—

X

<k

__ov_

_(H

i

2) CAE

ol

1
—

4 Wsl7h gei

[¢]

7 27 W9 obdfel ek 27 Wele] wat 5

2
T

: MPL-110

0
_z_ﬁ

o

S

o
iy

&/
No

B

MPL-135

]
: MPL-150

Z

MPL-130
@5

= .
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o HL o] Y olEA oSS 93 ZA(Pressure Dependent Viscosity by
Injection Molding Rheometer)

e 1 HAE HE oS 913 A High Shear Viscosity by Injection
Molding Rheometer)

3) FASA T

HEL

Ay
7h A H X (Shear Viscosity)

A A& (Shear Viscosity)«= ATt o] ot {5 A=l Ad=
gk Ao, At £k, 2k F 2o ger s=Es ME A9 dAd
(Shear Rate) & AT 5 (Shear Stress)S =4St JT HAEE
ASTMI19 D5422-09¢t Zo] 2EAE 2 u|E(Capillary Rheometer)]l
A7tAA A=E =735, ASTM D3835-087 Zro] RAT gl euHE A
goto] 1EA Amel EAE SAITE EIF ISO-11443(2005) #HAHL
AS FHeuEet &3itto]l #HeuE(Slit-die Rheometer)S AR5
gAE O] §54de SATT IMRIOS AFE AY7]A dd HErt &
B pAls AR AR Hige] A RAE RAS e %ﬁ‘:}o]
ol 7tastE A7 dEET 74 AR Sxo dis] 299 &%
A Fst= dolo] A4 7IEHH. ol gUe AlE 75 2 &F %Eoﬂ
A HEHY, ZAyHo® Cross-WLF(Autodesk  Moldflow  Help
Cross—WLF viscosity mode, 2021) Hdx RE2 %] {3 22 AAE At

|5t FRisH =4 dlolge] Adstt. S4H =2k ¥ §5 H2 4%
Algdoldod 59 IS 5ol A dEe dScte bl AREET HE
nEe Z4H %}33’} Algelold o 7Ho] Aol HAdfoles 2AFH

t}. Moldflows =A% 9] Cross—WLF ZE-S Al8sto] BE Aok &

e

lo t=t:1 B e
o ENHT o

e, mlm Jl

15) American Society for Testing Materials: T]=F A& A& &35

16) Injection Molding Rheometer: AFE A3 HAx 57471
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2 9 dEoN HxE 54 A O T, D~ T,+10028 o
Cross=WLF L mdojm 2] (10)2 94 A HZ(Newtonian % ofA]
o Ax)E YEl Qo A (1D A Hsprt A2 of YA 20|
o, A (12)= &% Aolth(Autodesk Materials Lab, 2019).

n= b ©)
1+
-
A (T-T)
Ny = Diexp|— (-1 (10)
T = D,+ D,P (11)
22: Ay + Dy P (12)
% o AHAFHAE(Newtonian G4 Hx)
o 77 A vl A ) Bsts L=(77 = D+ DiP : D3FEol 18 )

# D, ¢ QUADHE BAAG
O

% D;: APHQ LYl AL(K/Pa)
& Ay 1744(F Aol T= 7" 2 o)

*

& A P SLOK)(FEHolRE T, = 77 4 o)
) pvT(Pressure—Volume—Temperature)

pvI+ Azel &4 Fu = HA|A(Specific Volume)& ¥y 29
drrA SAste Zolv. 54 WHer uoF M A A(High Pressure
indirect Dilatometry)S AFg3SIth HIAE Hof, HEEO WLE Z71 23S
3t 718 (Reference Point) 02 ALgsH7] ¢
AN AR I9 b5 dF-AH-2k 54

A2 (Room Temperature)

At FAlE2)l HE=

o =24

17) T(Transition Temperatures): -f2]%ol 2%
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ot

1= Gnomixii-®] pvT AAE Agste] et w222 (Bellows) 2]

0 ~ 200MPa ®HeloA ®HelstH ARt fAo osf MEz HALHt
zo| "ole AEe Fu ¥ekE Z24ste d AgdEd. pvT #AE
(13)1} Zro] o]= Lu|¢l Ho|E WAL Algste] malal =},

kU o8 mol
o rlo

>~ onE oS W

u(T,p):vo(T)(1—0- 1n(1+ BfT)))ﬂl(T,P) (13)

v(T, pre &= T 2 e poldel uAlA, vo(7)e
SFelol o] HlA|Holn, C 0.0894(LW A2), B(T)= el
. 549 dodstd =4 14 A A8 o W] o
&

A= Alo]A]
ALE YE
w=oll pvT &

malgstad F Jfe 2k o] BAsi. A= AolA] el

A Holk= bz BAIFIL o g Holo Y F7h= b2 EA
"ot 9 3 Mok R Qdste] I HAAL p 2 FEAHT O]
o o]F Zmle] whsf FYsitt. 1y =Tt
im(bs H AR FHoA <]

o}
=
b

oJEA2 booll Ssi ﬁ@ﬂ% R, b3 B b A 88 AHCIA

S
+
S
)
HT
v
ro
H-l
N
Y )
N
i
Hi
filo
£

%%’%E]ﬁ:—i 2] (17) (18) 192
[Edh=s
vo(T) = by, + by, (T—bs) (14)
B(T)=b35exp[—b45(T—b5)] (15)
vy (Tip) = brexp [bg(T—bs) — byp]| (16)
vo(T) = by, + by, (T— ) (17
B(T) = by,exp|[— by, (T—by) ] (18)
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v, (Typ) =0 (19)

th) ol &k (Transition Temperature)®t &2 (Fjection Temperature)
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ASTM D3418-12¢19} Zo] Alxp FAF A SAH
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__AQ
Cr=—72F (20)

9 20 T/ min®] W &2 Ao 7kg 2=oA 50T olsh7hz] Z4H
ct.

0 X (Thermal Conductivity)

AEE2 Akl o d& HAGsles A=l 24de A = &
dol Bl 2k o Ao ot g &kolrt. 1SO 22007-29F go] &~
H-didre 9 @ Fatee] ofs| 2A4Eo. e gH dY TPSI® ¥
Hot Disk TPS 2500 S AlA®ls Abgsh= TPS oz =7Hrh o7]A

TPS AAE A2 AW SerEod 2uE HAE A2 § i Aol
W)Xk BT A 2
2 WS gIs) Ax G Ao goldleh. o] Ag oHo| Yol Bag

N2

L& WYl ZAL s Aol IAEEE AW 915 TPS AA
= AAEH 4 9425 HEsty AAH 77 2= 9ES RYEH ol 9T
o gtk A QETolA W A AA 0 e LA T S B Lk A%
(AT s)& Z2AS & dom F 2 Az vzl |4=(D)oll il E5T o
A4S metof gttt Aol 727+ A QDI Zo] Ha ddxg SAN
preto] 9ich,

AT.(7) = P(x*%rk) D(7) 1)

A7 Pow B BA AY E2, r 2 TPS AIMY W3, k= Alm 4

S, & TPS AAY A4S BE AR AF2 pHio] gt

H}) ==(Shrinkage)

18) TPS(Transient Plane Source): o] HH A
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|(Linear Coordinate Optical Measuring Device)= Z} X

=
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SES
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=

CRIMS =4

8 A4S

(Corrected Residual In—-Mold Stress Model)olvt ZH ¥Hd R El(Residual

Strain Model) 2

<19
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A 23 AZ=(Mold Validation)
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A 32

A& A@ CAE WAYZS] o]F

A% 98 CAES] AH3Hd Jj4lo] ofde olg: dIdt ARBAR ¢
5 Q7] "Eolth. 5§39 A4 A9 diotee E Wor 'IAshH=H ¥
A5 5 d59 ZAF=ol7] il 5 siAe] dart dAsfoF A
g4 e ¥ A%E =5 4
Fluid Mechanics
»| - Pressure P, Flow Q... <—|IF t < t gfection. next time step|
- Fiber orientation
Heat Transfer Thermoviscoelasticity
- Temperature T Thermall and pressure
- Frozen layer induced stresses:
¢ A
Thermodynamics
ey =8 Micromechanics
| Thermo-mechanical properties:
| Update Viscosity Cijgcsj = f(®.L/d, aij, ijiq)
A
No Yes
Converge
[19 2-2] & 2 H9 side AT ZeAAGE e, 2017)

(1% 2-2]+ & 2 WY o4 m=AAE d9sty o /A o
she lNtem AE I §o] ANEL, HAAE #eE Sead
FAO A M7 g FRH T AHE o= wig AR
(Fiber Orientation)7} Al4teEoh EF A9 AL Sof 2391 E2ta



g £219 2r 9 1% F
(Micromechanics) 2.2 g4

ot A4k shR] gkt A
Cross—WLFE ARgsHA|RE, "Qo] wat Second Order!®, Matrix Mode
205 ARES wig AHE AL FA met gt 4 Qloh 3D HA|
Et1o]l z7] ujsF Ak MRD(Moldﬂow Rotaional Diffusion model)©]
ot 71 A-(Long Fiber)e] 749 ARD-RSC R@-& XA=isfof s}, Hj
o F =& xdsk= G h% H7gste] A 740 Bed UL
ol ool wE AF 5 ARV AXxtEW 529 (Shrinkage
Mode) 2 HAgHc}t v]Ad] dsH(Micromechanics)2 HigF HRE 7|dtog
ZF QAo g @BAATTE dulolExo] =X (Shrinkage Model)
2 dgEo wigk FERE 7|Nteg ZF 9o wE @A (Elastic
Modulus, Young's Modulus)7t %7] AE#A(Initial Stresses) AALSZ
A9 GRAAE 2 BHASL doleolae] dr BAS Ags
W 2R dEle] wE AY = FHeF mA Hst(Micromechanics)ll
A ALt CTE2ZDE 7dte s AY 50 ALtEe]l 27 AE#ARZ W
9 o] AgHEHo mEEYIY R EHd wWA Bl aFEY
(Shrinkage Model)2 CRIMS(Corrected Residual In Mold Stress) =4
o] ZAEH A%, Ads 7Wter 5 Rdo] KA Ho g Qe
+Z Alxtol 7Hssith mlAl gsH(Micromechanics)oll A AXTE BHF A4
of YA AL WLE 7Htor %7] AEHAE Akt Fx
4 (FEA Structural Analysis)o2 HgHct, %27] AEHA g Fgh
A = "ol S BAXZC] AL 2

Sz ElA WY o4 (Warpage) 73?—}; s}elgt
Fo] Hd= Tt 5 Qlem F A7ER|e] ¥ 5

sgel Ages AR mde AeAe

>
Mo ot X

=

mlm ru*

19) Second Order: CAEO|A] Abgsl= A& mdl 2 shla, 23p wpgAle] o] ZAoa H
Lol 2 9 Ay FH4E ANt

20) Matrix Model: CAECIM Abgske A= 29 F shiz, 54 2k, AdE 2 g=HolA
AsEe 54 dolazie des 24ske H A

21) CTE(Coefficient of Thermal Expansion): @A~
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22) RSC(Reduced Strain Closure):
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Qrer mholA wie WA TepEstE A gis) e elch

20 Yo =
wuxt K

= (270 U2 OE) R S
Of cH oraH == T

(2% 2-3] B3] 45 vi3F(Autodesk Moldflow Insight Advanced
Cool and Warp, 2016)

DX 2 @poz 88
Yy d &y
1
=T

0.2 -~ COA3

1 -0.5 0 05 1
z/h

(1" 2-4] T4 Al°lE P49 A viF(Autodesk Moldflow Insight

Advanced Cool and Warp, 2016)

23) Delphi Technologiesit®] RSC RE-2 vl=r ESlE HAsta 9lew Autodeskiit= ©] 2
9 ARGl gt =4 #oldAE Haskal Qe
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- ction (large Z.C i .
Leatngse 200 Fiber orientation tensor:Probg Curve_
Curve_:
B g R By e Curvel:
~+J. e + ‘, . . Curve_.
Imem] A s " + Curve_!
1553 \ \\‘ .
I 0.8250 - ‘Q +
"

00898
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I 0518
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MOLDFLOW INSIGHT
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Average liber orientation: 15t principal vector
Time = 1.956(]s]

v, o
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I e

T I
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(Long fiber) EHHAl=o] HigkZ dISst7] fls WIS dutdo=
Imm o] AR5 7 AFE 3 Folgaret Tucker ¥ RSC 2H
oA ARRE= T HMtoe=s I AR ARAEs A5 5 gl
Phelps®} Tucker7t ARD Ed@& Zfdsteict. MRD(Moldflow Rotational
Diffusion) 2 @2 Folgar®t TuckerZ} HigF A4S 7|Fto=2 AT 2EH
T FA RYUEDz)} FSAEAFCHIE Aso=z ALtAY o9
e AFT 4 ok (Autodesk Moldflow Help Theoretical basis  for

fiber orientation prediction, 2021).

b

3) 4% HXAt(Differential Shrinkage: Z=tAE $=2]9] 2Let 2ol o]

o g 5% WA

élol%
U I )
ﬁiim
L Iy
B}
o e
=
O
oo
i

|
==

>
oy kionZo

24) ARD(Anistropic Rotary Diffusion): o4 3 &4t Bdl2 Phelps @ Tucker?} 7iEs}
of K= ol WE Higke] wiet F2AE o9 o] Hell Hojso] 1 AR uf HAsh H.
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2o B4 FYOoRE BFY £ Yk 29 292 IY BY wom 2
ng 9 Purt AES WA AEHE, 39 FELe oY AEW el
EoA FHEHE Zeol w2tk [1d 3-2112 29 539 duAl =
AzE F2Q AolE AolEolw, [1Y 3-22& 38 FFe| fEH
729 % EQE Ao|E Fxo|t},
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10L_round_bottle(s, 9_study (copy)

L= N,
=527
L J 1Y 136
MOLDFLOW InsiGHT / S 580 ) 16
/ -1
VeI ESEPN
= It = O = =
[ 3-26] Steld iy Z2E 3 IAHSF 92 A 7+ At
Temperature, mold (averaged) 101_round_bottle(6cav)_160629_study (copy)
= 290.0[C]

AUTODESK' :
MOLDFLOW INSIGHT Scale (500 mm)

(19 3-27] sk miyEE 9 449 94 sy 2y
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FHolt ANET AE e o8] A
S77} derd 4 ek od A

AMES AW oESL, AR A0 WSS melsior BrhelEY o
2015). ZEu %A JPgekA elele W CAE Hshge uolxA

(2" 3-28]2 FH &9 FAV ¢ Zoprt d2 AFeld. [1H

32019 2ol AHE HEE] TAL 2mmelA Immz Websn gk
AE el ofs) zolel Hol WATTHA lmm T FAL ghobd 4

ATt

04 S HE (mm)

lZ 541

2110

AUTODESK
MOLDFLOW INSIGHT

23 = (100 mm)

[Z1% 3-28] 4 F2o] FA7F ekal Zofrt A2 A

(2™ 3-30], [2™ 3-31]3 #o] Fo] FZE 17 oo wat F
< [1¥

A ouide] e Ae AT 5 vk Zo] AnEE s &



N

(2™ 3-29] S 29 5771 efal o7t g2 A=

s AT
= 09089(s)

IO 5089

06817
04545
02272

0.0000

121
135
-23

AUTODESK
MOLDFLOW INSIGHT

(18 3-30] Fo] 4ZEE TaelA] & &5 o4 At

A% =% (100 mm)



(18] 3-32]9F o]  ARE <¢teo] o8] Foj7} 3= AL =T =

(A =S
Aet. ol dAdol AAl AE @AM E TASHAT. oA Heojo #
ol WAt HE TAANA Hofol ol gt B 3] ARESHA ES)
Al Zorh R olfd BAE 27 AF MY GANA dSslt
H, FA dAgoly 94 WAS T =9 AF A Ee A Aol =AE
2 5 et

04545

02272

00000

AUTODESK
MOLDFLOW' INSIGI

T A EH (100 mm) 33

(1% 3-31] =9

-

DTEE 719

S
Jo
ol
:%

X,
i,
i)
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A=st7l $si 1070 ol HWAE A-8s8lofF FAsHA 4E
4 ot E3F Juncture loss2P@} D328) EA7EA] A -gSfof A Al
ool o] dAske A9 EAET [ 3-33]3 o] AFRL
oS- AZ WA(33,7277H), LEBZ-2 wi¢ I3t #A|(158,7007H) o]t

—~

o =
(19 3-33] 33,7277] WA=}, 158,70070 ™A (%)

[2d 3-34]9] S0 232 Ed 8lud fARE fi"ds 2ol 4w

ofll

Fs GANAL Aol Aot AA EAGA etk ofZF 9F 5 )
dol 9ueA: 2L AT 5 gk 2w (27 3-3519 2ol Hly
gol Wolpr] Azshe AL A WAL Akl 2IHA KF
e s 4 gk deht 229 dAE 492 4 AL sl
g 4 an

27) Juncture loss(YARAAD): §§ SAVF W= A2Ee] FH8 FoAs TS BAe
W oHel el A Tefeke A

28) D3(F=ol&4d A9 21(10) Cross—WLF ©] SF=lo] g Mk Higks 1lefok= Al
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A28 2vtold 399 34 dF U CAE A4 A4 a7
D Atold 3L BET $5 AT A5 AAAT FE

Atz AR CAES f5 AR o5 dFolA AFAFTANN)E ol&
stol 5 A dS5e s #HAlRd REe o]§ste] A4 fodS
gHsto] gpHog S B HJIFI AEE Anold 532 ol&dt
(Sandu, I. L., et al, 2020). 4% &% T wAdd= Ndstr] AT
£ 271 fsi Ampold IS o8t HFS= AHASHtH(Liparoti, S., et
al., 2020). &%AH Ao WE 75 A7t H27] wiEe]l AgsHA
A&t Eetay E4e FHSh= Aol Fasti  sFth(Salimi,
A, et al, 2013). ~nto]d HAEE &-goto] 15t Fo Wy b I
Ao figt WAE AFSFIHMartinez, A., et al, 2011). Axto]™

= 8ot Eetay Alm A4 dit 543 24 # A& A9 CAE
Al2"of 2§35t @'Q@Oﬂ it A+E HdstAth(Claveria, 1., et al,

/K]-

olzft & siA 7&%‘01] e Ao diFEe 52 AlE 24

34 W W gAS Agstart B ATold AE HPE
gael wAel 5 Aejste] guuAE westu ¥ AWV CAES
Hmehe 4woR Agst WEe Astuat sterh@es o 2020)
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234§ 28 (100 mm)

[(19 3-38] 2mm 57 Anto]ld ¢zl Z 15mm(F), & 23mm($)

(1™ 3-38]2 2mto]d 4zpql RdoA CAEE st wlAlE YEry
Atk BEO] sprue TR Aol 3.5~8mm, do] 83mmeo|th. AlE
o] =7 2mm, & Zo] 1,350mmZA &% FAL Zo] 15mm, LEZHS
Fo| 22mm=z v=th. CAEE ¢sf AREH wiX= 7Y ZwQlyt 3D H
AE ARESHIHE 3D HIAS] A FAE 22 671, 1071, 20709 golof
2 AEsto] wA] STt wE FF A9 WHet die] dgFE ”17‘1% H]
5 2ASIH. [ 3-2]s 299 HA B HA AeE HEUWS
o [1% 3-391= 79 TEld wAE 3D wA[9] gofojd E}% fai)
HA AEE Aot leh(&<wg 9 2021).
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[E 3-2] & 15mm Anto|d g fAle] 73t 9, 2021)

Modeling Width 15mm
Dual-domain 52,897
6 Layers 251,995
10 Layers 426,577
20 Layers 958,390

(@ (b) () ()

[ 3-39] WA €] HW : (a) FL =H2 (b) 3D HA] 6 oo
(b) 3D ®A] 10 #lolo] (b) 3D HA] 20 #|o]o]

[28 3-40]2 %7 2mm, & 15mm<] 9 JAt7 o JAtoz A~
mto]d el G Zo|2 H|wsly] ¢t mdlg AAstact.
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(b)
[C1% 3-40] 2ubo]d yapelst vl Hzkel @ (a) =, (b) &

AFE A CAEoA AMERE £2]9] &2 HIFH®(non-Newtonian),

H|5-&(non-Isothermal), %Z(Compressible) 75o|H, AujlgAe A

% ORE 9FF BE U oA BE WHNS JEoz Agstn
(A7t <], 2020).
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CAEol g% £2& PC/ABSZ Ido|=
sistolth. AME AE CAES 93t 43 34

EU5000W, Al£AR= LG
E 3-3]3 gk A

Z AY A FoA HEE AFE 8oz 10cc/secollAl 100cc/sec”HA]

& 42

(£ 3-3] A= AY CAEE gt

Process conditions Unit Value
Injection pressure MPa 160
Mold temperature °C 60
Velocity/pressure switch-over sec 10
Melt temperature °C 255
Recommend mold temperature °C 50 ~70
Ejection temperature °C 99
4) zatold FRY AE ol M2 F3F )
[1% 3-41]2 & 15mm¢l 2wjold o] A= ok
10cc/sece A8t 3 AZE ZAdtoltt, 3D WA, 10 ofo] ZAaet w4
TRl wHAl AiE Hlwd o, fE5dol7t vt Aet.
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[s]

'10.01

7508
5.005
2.503

0.0000

I10.01

7.508

0.0000

[Z17 3-41] S48 23 - (@) 3D, bFeE =1

5 AZ vuE 9l [E 3-4]°] Yepd AAHEH Zo] 15mme &
mto]d Ml FollA Casel> 3D A / 6 #lo]o], Case2= 3D H|
Al /10 Hlolo], Case32 3D WAl / 20 do]o], Casedv= FE Tl

WAS AT B4 A AE gl 248 Fue]l AP ojngrt
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= AE &t MESRE £5 AYE Fleslt dREe AE P
22 o 3D HA Folo] Vb FUMESE FEol FUIoIleh o] @ddol
e 12 AFE A CAES] f&st oA X3gS {1gh 7=t A=kl
A ASEE mAlRE Zpolb WAl Figeo] FUtR A o] STt Axte)
Apa et
550 530 570(550
S “' /f/f;::\\;\ gi1) PN
//’:\t \\ so.:: /// ////7:%:\ " C{ (//1\\\\\‘\‘
‘/ )) ,_,,,J(r(‘\@} ) ()
\—"/ A0 WA\ -/ i W\~
) / N G N b e No—
Lo p— s LW T eve S SR o g TR i oy e
10cc/s(em” 3/sec) 20cc/s 40cc/s

580 570 580 575
usn oY u e, e
Vo
/7
/

Bty
\ . e
“ . RN =\ N />
N \ | T // ‘\\\\ [
({ W . (1 (/ \\
| B t ) I ",k ) )| o ( {
osers \\ V4 // osizs A\ '/
I \¥ /,/,/ LIS N\ /2
o .. o g T

Rty
. 203000
[c]

> [ Nl By N \\—///('J
60cc/s 70cc/s 80cc/s 90cc/s 100cc/s

(2% 3-42] % 15mm 25told 45 A2 o5 ATKEY =o]Q)

WAl S7h= AEer CAE AE €< 4 UAGHL CAE AZto] o
Ad WAl Afo]z= " gojo] AL Fastth 3D WA F 6 #Hololet
20 golole] i Aol A= Kol 30cc/secE, °F 1.1g Tl F7F
skdaz, 10 #lojoiet 20 #ofojo] i Aole ARE 7% 30cc/sec=, ©F
0.45g F=ol F7Fskadct. 20 @loloi7t 7Y Agstrhs 7H8 stel 95%
ol/fe] A4S foiA= 10 #HlololE A-gafoF ettt

Case4®?t  Case29] % vl Ay o A= 2.7¢(14.9%), A A
v 03g(0.5%)2 °F 9.25%° % A7F AR ozt A= HA|
ol ogt f5 oS Rdo] Zolz 7Y EHQl WA= Hele—shaw(d
H-£&) Rdo] HEEHW 3D WA= Navier-Stokes(HH|AEIA) &
do] AL cH(Zhou, H., 2013).



[2 3-4] WA Bl T2 = 15mm Axfo]

i
ol
ol
B
R
ay
o
@

Flow rate Case 1 Case 2 Case 3 Case 4
(cc/sec) (6 Layer) (10 Layer) (20 Layer) | (Dual Domain)

1 10 15.11 15.98 15.73 16.07
2 20 17.21 17.81 18.16 18.59
3 30 18.06 18.71 19.16 20.32
4 40 18.62 19.22 19.49 21.49
5 50 19.22 19.53 19.85 2222
6 60 19.69 19.98 20.23 22.95
7 70 20.18 20.28 20.50 22.22
8 80 20.49 20.56 20.77 22.5
9 90 20.78 20.80 20.97 22.79
10 100 20.97 20.98 21.06 23.06

10cc/s(cm”3/sec) 20cc/s

— - 500 muu ~
v 620 _cmmmn T 620

4630 7 3 6!
e 7 SN ‘z‘
v -

I& ( . ) Im
[ ‘ :

anopes < y
[ -

60cc/s 70cc/s 80cc/s 90cc/s 100cc/s

[Z17 3-43] & 23mm 2upold {5 79 o5 23(FE =9
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-5] WA Bdoll wE Z 23mm Ano]d FF v (49 :g)
Flow rate Case 5 Case 6 Compare
(cc/sec) (Dual Domain) (10 Layer) %)
1 10 22.56 22.05 2.30
2 20 26.3 24.52 6.80
3 30 28.84 25.56 11.40
4 40 30.5 26.16 14.20
5 50 31.68 26.66 15.80
6 60 31.18 27.22 12.70
7 70 31.73 27.75 12.50
8 80 32.33 28.07 13.20
9 90 32.91 28.36 13.80
10 100 33.45 28.65 14.30
[F 3-5]= %7 2mm, & 23mm<Ql Aupold HARIY AE /= E,
WAl Rl @ Fee] W@ A% AF CAE Zibe Uehjglth CaseSi:
59 Zujgl WA, Case6 3D wWAlY 10 dlololz gk A FF
A= ARE Fgel 50cc/sec(15.8%)d mol™, FHo| 15mm Anjold ¢z}
?l CAE A%et FYUsHA 74 Z=wldl wA] S50l =4 ASH U
5 2 2 # I 599 A= fEel IE S H|
(2% 3-441= AZ 8ol l0cc/sec ASRE o o) G4 3
AsfA Axfoltt, [AF 3-45]= AFE G 10cc/sec?} 20cc/secd o
@o] 24 Auolt. mE R mujgl WA Eeez Aggen] [m
3-6]7 Zo] CAER &% FF AHLE WA (&g 9] 2021).
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10cc/sec

20cc/sec

T 30cc/sec
T 40cc/sec
I 50cc/sec

[ 3-44] 9o |4 =5 79 o= 23

60cc/sec

70cc/sec

80cc/sec

90cc/sec

100cc/sec

E 3-6] WA EQlofl whE et & A T vlw(Elig)

Flow rate Case 7 Case 8

(cc/sec) (Bar) (Plate)
1 10 17.56 43.28
2 20 23.62 159.39
3 30 26.96 264.94
4 40 28.81 366.62
5 50 30.03 465.07
6 60 31.21 563.93
7 70 322 660.63
8 80 33.04 739.1
9 90 33.62 755.36
10 100 34.17 749.96
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[# 3-7] 94 Wt wE F52e] Hw(FEe]:mm)

F(I((:)(‘; s;:;e SP_15 SP_23 Bar 15 Plate
1 10 380 430 275 70
2 20 460 500 375 125
3 30 530 560 425 175
“ 40 550 600 450 180
5 50 570 630 475 190
6 60 580 620 490 205
7 70 575 630 500 210
8 80 580 640 515 215
9 90 585 650 525 220
10 100 590 660 530 225

[ 3-7]& SP 15(& 15mm, Anold tjzpel), SP 23(= 23mm,
Aatold TR, Bar_15(F 15mm, 9o ¢x}Ql), Plate(® TxAR1) 9]
CAE Aoz d=" 4% Ageltt. 9 B ZAAE [1d 3-46]7 Zo]

Jgme uehit Andes amod S J¥ £ Bdd @
15mm+ 23mmEtt 30~70mm(13%) © A7 E3ch. Agpo]d fzpel

< 9 gAJEY 5 A7 60~105mm(28%) ¥ SR Te 2
mold 2 15mme] Hs] &% A7F 310 ~ 380mm(82%) © AHA &
"ok (I8 3-47]12 54 § 41 sec AAFoMA & WA TE H2] 2
= WSS Hlaskal Qloh F o yA)l RF Aupo|dof QFEa) mpZEo] 2
Tofl it WAL TAske. #ae AYe] W2 dEor &8 FATL

9 ®do] TAS=Hl Fo] F2 YA 4dlsec AlHAA W
7Y &8 Ev of 250CoH, ZFo] y{2 HAle] Bee= 4.1 sec Al

L2 270CE <F 20C7F &4k 2o
210 §27b Yol a%E B2 4%
O H

A 2 Zom AtmdEd. 9o 4
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PEI wpZRS] R AP Qo] & e A =odoh gdier At
old YAl TF Hla 2 woirl FANG. Anold oAl w4l
Fez FF dEl A= ¥(A/FR)7 o wdH. B #F A=t
P AA " olve e Adel |4 WolAdAM 5 Ade £k

A5z EAste] Aoyt A7) 2ot (@ 9 2021).

8

3

8
\

r/e-’

S
N

Flow length{mm)

3

—W|-5P 15 —&—5SP 23

3
\

- ==PBar_15 =#=Plate

=]

10 20 30 40 50 el 70 80 90 100
Flow rate{cc/sec)

[C17 3-46] @4 Hete] w2 5 A B

(€]
273.1

254.8
236.5

2183

200.0

(19 3-47] Aato]d FAF Z WSt o2 Bulk temperature H]il
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50
45
40
35
30
25
20
15

10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

e O D3 g Exper ment

(13 3-48] A=A CAE 5% Bla(187H4] At =4 H7%)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

= NO D3 e=ge=D3 2587 e=ge=Experment

(1% 3-49] YOlEAHAS: F7t2 CAE Hg4 A4
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

wnunNO D3 ==@==D3 2.5e-7 ==@==Experiment

[C19 3-50]1 54 23olMe dd3t CAE Apo] 24

D3& #gsh] =Wl Belag $x9) Amb gele] 27e] et gebal

ot [219 3-5112 D35 AH&3t =29 160MPad wf Ho|t}.

1 DO0E =05 Pressure = 160{MPa] T=240{C]
T=253.3[C
T=266.7[C

- T=z20C]

Viscosity [Pa-5]
g

mn

100 ¥
1000 1 00E =08

Iisntﬂr Rate |1,.-';jh"
(19 3-51] 4EoE4Aa D35 A&7t 219 160MPad o H&
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Pressure = Q[MPa] T=240[C)
T=253.3[C
T=2667[C
T=280[C]

Viscosily [Pa-5)

[ 10000
Shear Rate [1/s]

[17 3-52] 4 elEdAls D3E A8t 219 OMPad wf M=

[1% 3-52]1&= D3E HE39t A9 O0MPa¥d wo] Hx Iejxo|ct,
29l 2x7b 280C, Aol lojgbd ¢tglo] OMPa¥ wf Mzt
100Pa * sofl 7F&Aqt, 160MPa¥d wje] HIE{= 5000Pa s o]go=
5081 ol HEZF mopity. Ampold Aol z7] Fe HAW o
160MPae Algt 4oz Hgsty AHE £E WHASHH {5 AE
gotedl, BE XA wgdgoe] HAT Ax=2 §F Zolg AA =
Fotqith. olo] wet RE FAA A AlRF dFom AYerdEe] A
Hu fF ATe 2E7b Mol o|stE WozHA mlddgo] A

o

ol oo g N JW 19 19

2 B4 F ASFH D35 ST o=t ofd zolrb dEAE Hl
s Hgith 4Al= LUPOY EU5S000W=® PC+ABSelth. [18 3-53]
Zo] LUPOY EU5000W<¢] 160MPad uf Hxe} [17¥ 3-54]19F Zo]
LUPOY EU5000W¢] OMPa¥ ® HEZS uetdich. 160MPa¥d HE: &
Aretzlet, OMPadd mfe] Hr of 88 HE=7F =otvh [2" 3-55)¢t
Zo] LUPOY EUS5000W =4d= &8% CAE A3t Ay AR wigl



iscosity [Fa-s]

1 OO+ Pressure = 180[MPa) T=240{C]
T=250{C]
T=260{C]
lo ] T=2T0C]
0D
0w " T T [ 1 DR
Shear Rate [1/s]
[1¥ 3-53] LUPOY EU5000W<¢] 160MPa¥d e
10000 Pressure = O[MPa) T=240{C]
T=250C)
T=260C)
T=270[C]
- et
g
=
]
&
Z e
¥, oo oo 1o0e 1 D005

0.0 10001
Shear Rate [1/s]

(719 3-54] LUPOY EU5000W<] OMPa¥d ZS
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30
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20
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
e U5 000W ==u=D3 2.5e-7 e=fumExperiment

[C19 3-55] LUPOY EU5000W =/d< o|-&3t CAE 57} vl A3}

Y¥ Hd=E 4= DIt D3E I AT 4% AP CAEQ df
glo] A4dd 7HeAdS gttt 7€ $A E4olA Cross—-WLF A
2d Ao D3E #£4% mde [O¥ 3-56]7 Zrth F712 0MPa¥d
o HEel 160MPa¥ we] HEE LUPOY EU5000WeF GAFSHA D1
D35 & $A3t Cross—WLF A& Yl A4 [O9 3-57]3 &k
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Cross WLF Viscosity Model Coefficients X

Cross-WLF viscosity model

03 [o3e0r
o
o T

| Plot Viscosity

‘ View test information... |

o
O

| | eEE |

W

[(19 3-56] 7]& &40 D38 43 Cross-WLF Hx ZE A4

Cross WLF Viscosity Model Ceefficients x

Cross-WLF viscosity model

n 04847 L1
Taur [108908 | Pa(0:1e+09)
D1 WP&-;(@:]
D2 4175 |k (0:1000)
03 [1.776e-08 | kP [0:10-05)
a1 16281 | (0:40000)
a2- (516 |k (0:20000)
[Pt viscosity |
_ Edtestiformation... |
By M2 | =8%

(1% 3-57] 71& EAo D3, D12 A3 Cross-WLF HAx =4 A<

_83_



30

25

20

15

10

5

[1% 3-58] 485 D1,D3 &/ ol&3t CAE F7} Hlw A}

Az Id FenEer BAT fenH2 A
T8 ZAstd A 29 HxE gelstaa ARE st AR
A= o[ FenE(0.1 ~ 100 1/9)9F BAT Hulel(100 ©4 1/s)
2 234 exl 230, 250, 270, 300, 300C& AdPstct. [18 3-59]
£ I deuHe AR #HeuHE o]gste HxE ZHT Aol
ot ZAT® Feulgeo 77l EA A 100 olste] Ad&S =Ast

7] o9
A9, 21 euHE ol8d A% Adeo] 09 7P e SAY &
AUtk [1F 3-6012 F 7He] SA7|oA SAH} HEE "wEcte =
Jejzolnt. [ 3-6112 71E9 HE asjnEA)er = el 574
715 olg%t HE: IagiZ(E7FA)E H|wsSkYT 7]1€ UDB(User Data

= )
Base)oll AFE-H DataZ} AAZAQ HH EAS dHtgslz] FEsta Qlo] At

% 49 CAE 22 A A84o] EA7 4% Ace Amgct
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1.E+05

o -
850 -
1.E+04 0. "~
) ... fag,
- & @
g %oe **%eee,
— @ ....
%, ®oe
>, 1E+03 o L | *oge
o
B ® Rheo_230°C % ®
O % ®e
) Rheo_250°C ....
2] )
S O1E+02 Rheo_270°C .....
- G
8 Rheo_300°C
5 ® Rheo_330°C
1.E+01 ® Cap_230°C
Cap_250°C
Cap_270°C
1.E+00 !
1E-01 1.E+00 1.E+01 1E+02 1.E+03 1E+04
Shear rate (1/s)
_ = 7 = S =
(19 3-59] g #len|Eel BAH feugE olget . 54
1.E+06
LEOS \
—_—
N S
e iy
0 1.0:04
— —F1_230°C
=
7 F1 250°C
O 1.E+03 -
Q F1_270°C
B2 - 9 By
> ®  Rheo 230°C Pty
[
g 1E+D2 Rheo_250°C
ﬁ Rheo_270°C
1E:0L ® cap_230°C
Cap_250°C
Cap_?70°C
1.E+00
0.01 0.1 1 10 100 1000 10000 100000

Shear rate (1/s)

[ 3-60] =743 HlolHE 7|vtez fofe mget e I
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._.
i
Gl

|
|

._.
b
T
=

|
|

|
|

Shear viscosity (Pa.s)
!
I
|

® pB_230°C —
e DB_250C  |*®®®®%eecebesssg———
ety ——
DB_270°C et WY
1E+{2 - i .
__'t..,'_
= F1.230°C ==
. —ta,

1 ~F1 250°C

-
-
+

F1_270°C

1.E+g0

Q 1.E-01 1.E+00 1.E+§1 1.E+02 1.E+03 1.E+04 1.E+05
ar rate (1/s)

(28 3-61] 7]& HE 2=} A= HE I3 v

theret 2w xgteR ol mY A HE Azl Aolsiu, ofo] o
GH A FmE Ao 2 o4 2 oz slstAr. e =A

Aok ol whet HErt
olg] M-S oton HE
T [O9 3-63]9 Zth [2¥ 3-641%= 230, 270, 330CE dHlo]
stlom HME Tz [1" 3-65]19F A [O1¥" 3-66]2
270, 300, 330C& dlolg #H¥g& stler H& Tz [OF 3-67]
W Zrh 2R Hwd o, 2% AgHolx|nt 7]&7]7t AdolstH o
wtet JHAGHEE 2jol7} BHAistATt

Al
_El
mlo
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Cross-WLF = 28
n
Tau* 0.456458 Pa
D1 1.28269e+15 Pa-s
D2 41715 K
D3 2.5e-07 K/Pa
Al 21.493
A2~ 516 K
HE E8

(1% 3-62] dlolEl W9 1(230/250/270C 715

1mnt"i"."m1:-g1 """" Y3 = OMPal — Tm24010]
v:!___i-i'h.l.le-!I T=253.3[C]

— : T2266.7[C)
- T=280[C]
1000

S "‘“K

10,00 -H-\-H;_'
R o T 1000z 08

=T 100500
HEHE [1/5]

(19 3-63] dloly m® 1 & 90| (230/250/270°C 7]&h)
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HE [Pa-s)

Cross-WLF 8= 28

n .3898 (0:1]

Tau* 205752 Pa (:1e+09)

D1 4.0541e+15 Pa-s (0]

D2 417.15 K (0:1000)

D3 2.5e-07 K/Pa [0:1-05)

A1 21,182 (0:40000)

A2~ 516 K {0:20000)
FE R

(1% 3-64] dlol8 W 2(230/270/330C 7]5h)

1000 16050
HEE [1/5]

F _
Y = = O[MPa] _ T=240(C)
E = T=2533[C]
s — T=266.7[C]
T=280(C]
==
.
0 HH::-\R\'\\%
=
10,00 ““n:::?
9 e 16050

(719 3-65] dlolg m¥ 2 Mk fe]&(230/270/330C ~7]&h)
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Cross-WLF 3= 28

n 0.2591 ({0:1)

Tau* 504129 Pa (0:1e+09)
D1 1.82833e+17 Pa-s (0]

D2 417.15 K (0:1000)

D3 2.5e-07 K/Pa [0:1e-05)
Al 24.749 {0-40000)

A~ 51.6 K (0:20000)

B E=F

(19 3-66] ©lol® =¥ 3(270/300/330C 7]¥h

H= [Pa-s]

22 = 0[MPa) _ T=240(C)
T=253.3[C]
— T=2687|C]
T=280[C]
. ,.._H\&H&
=
H“HH""-\H
10.00 S
S
1000, e w 100000 TR0E 08

1000 V00050
HEHE [1/3]

(2% 3-67) dlole] Wd 3 Aw ©o]E](270/300/330C 714
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(™ 3-68] dlold me] wE #& 72 Bl A3,
230/250/270°C (b, 230/270/330°C(F4D, 270/300/330°C (%)

[Z19 3-69] Hlolg mgeo] e e TF vl 23,
230/250/270°C (&), 230/270/330°C (F4)), 270/300/3307C (%)

[ 3-68]2 dloly g wWslo] wmet g HE Edz CAEE A
Foto] FEAE 5T Aoltt. Hely mge] HA = st wt
5 Ad7t FokAle Ae FIF 4+ Stk [1¥ 3-6912 AE F
g vt Ayelth. {5 ATl Aot weh Fol 7%6}—5 A&
ghld & Qth. AdHor Al AREA Hgche 2 RE Y
230/250/270C 7|dtezs g wf AAl AAT Aret # }i Eekupds
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Z 2k W (cAEvs M) ~D325e7
——Experiment
--Data Fitting 1(230/250/270)

30

25

20

o g

Klo
10
5
0
0 2 4 6 8 10 12 14 16 18 20
AMNEEY SHEXH 18 Case
[1&] 3-70] 4 A5 st 54 9 dloly mg& 53t 75 A
7HA Axt

AYstH, 4% 79 9= FAFAHS 9] MPL(Moldflow Plastic Lab)

o=
B 7B $AE A Rl AW, At Hg

A+D)E $4T dolHE vlugt A7 160MPad ol fAR H:
7} JERE AT OMPad wf A7} 8uje] zpolrp HHAESE AL Solshyith

ol W JHATAEDDY FHNEAASDIE EAo] F45hE OMPa
9 web 160MPa o we| FEsl fAtlAE 2
A $5 AT Ashgo] AMEE AL IsAn. FUARHEE
sl =Z4elr190e) 94 elenlgel =AY dend

Aggol wore w Anel WAL WS AL 3els)
2 FHZAOR CAESZ AFstd F%L d=al

e Age (1% 3-7013 T A ARG Avel JYAREES

2]
jm
TG AR 24 AWt SAE 2L ST 5
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Al 3R ool AW AF AFE 4F oS Al B AT

D A= o9 d=

_l

o
olN
=
Fo

Scale (400 mm)

[Z27 3-71] ofloid} AW A& wAl & =9 WA

[ 3-71]2 ofojd} AW AF HA @ 59 HAIE Herfial
H, [® 3-8]2 WA B 2EY JEE e ek
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[# 3-8] ofolH 7 AF A B Rdy FH

Index Mesh & Modeling Information
Mesh Type DD / 3D
Part Volume 120.9289 / 120.929cm™3
Number of Elements 88,200 / 1,380,750
Number of Nodes 44,181 / 252,496
Total Project Area 237.3628 /237.3621cm”™2

oot} Aw AF AlEel 2§

St kA" BALS [O¥ 3-7219F Fol
AAE 522 ASA LI9129F 1 AHE 4]

ASA L1941 #gs}rt.

U ASA (ASA LI912) L ASA (ASA LI941)

Specific Heat : 1888 J/kg-C(245°C)

Melt Density : 0.9415 g/cm?

Solid Density : 1.0729 g/cm?

Thermal Conductivity : 0.14 W/m-C(245 °C)
Transition Temp. : 93 °C

Ejection Temp. : 86 °C

Melt Temperature : 210 ~ 250 °C

Mold temperature : 40 ~ 80 °C

Filler : UnFilled

Specific Heat : 2342.9 J/kg-C(245°C)

Melt Density : 0.96479 g/cm?

Solid Density : 1.0728 g/cm?

Thermal Conductivity : 0.184 W/m-C(249 °C)
Transition Temp. : 99 °C

Ejection Temp. : 92 °C

Melt Temperature : 210 ~ 250 °C

Mold temperature : 60 ~ 80 °C

Filler : UnFilled

(19 3-72] A-HE ASA LI912¢}F AT ASA LI941 7]E EA

o

10000.0

T_1=230[C]
1000.00 -
@
© T_2=230[C
aQ, ! IC]
2 1000
‘@
o
3
>
10.00
1000, o0 10.00 10000.0 1.000E+05

100.0 1000.00
Shear Rate [1/s]

[C19 3-73] ASA LI912(T_1)9F ASA LI94I(T_2) AE &4 vl
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1.100 Specific Volume vs Te mperature

P_1=0[MPa]

1.0751
S gso P_1=100[MPa]
o P
¢ .
£
O, 1025
[o)] ’_/"'. P_2=0[MPa]
E -
S 10004
S
O 097501 P_2=100[MPa]
=
(8]
8 o500

0.9
w B

_—
0.92501
0-9008 oo0 50.00 100.0 150.0 200.0 2500 300.0

Temperature [C]

[ 3-74] ASA LI912(P_1)9} ASA LI941(P_2) pvT &4 Hlu

[1% 3-73]& ASA LI9129} ASA LI9419] H& EAS B|wWstch
AAHoR  ASA L1941 A9 HArt =itk [O™ 3-74]= ASA
LI9129} ASA L19414 pvT BAS vlwstgth ¢gelo] 0MPad wo:=
ASA LI912 £2]9] £==o] AAq 100MPa¥d wo= 4= Ao]7} Zo

Sol £ 47 % & M AL AT 4 ek

[T 3-75] ofloj®] AH AlF #HA BHx
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(2™ 3-75] AF WAY FH=E yehfn glom, =gt Fdt
2.5mmz #dstact a8y (28 3-76]3 o] _

A= 2 g

A At =R FH 7 FAIPF 2271 ~ 1.515mm JPEEE A

gelgt & Slrk. ®eE [2¥ 3-77]3 Zo] HHLoAE ok XHESH
L 718 §olgt 4~ g}

held
dEE T2 FAPE oF 11.66mm7HA] S7toke As &

2,211 [mm]

1,8800mm]

1.515[mm]

[Z1% 3-76] ofleld} AW AF wA] SH=

Mesh Thickness Diagnostic [mm]

I13.DO

9.835

3.504

IO.3383

[Z2% 3-77] ofleld} AW AF wA] dH=
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AR
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o)

St
LS

7
o

A

Detail “B”

Scale (50 mm)

Aw “BTel A9 ol AL 12.6mm7tA| F7ts

rr
-,

g 3-791= olow AW Aol 29 WA 2 WA TXE Y 9
. st& Fo| Sl Wzkehelo] AAEe] ARt 4] HEe] <l T
ololi= Wztekel AAs} Hof oA ol @ AFol WA Ao dzd
o},

ol

[Z17 3-79] oflojd} AW AlF 29 WA # F7 +=
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AETele s A AEY FHEE AlF HeE wE ARE

Mold

nas

wm L L

%25 }
&

2375 o

MPa

225 by

iy o
“"“'iaajaaaassnnllll““‘

187 ooo 1.000 7000 5000 6,000 700

3000 4000
Imjection timea[s]
[717™ 3-80] Pressure drop, maximum Z 3}

28 Len 62.22C, £A 2Z7F 2332Cd w A&

=
et AT Uehin 9k AE AZHe 13% 1

71€717b 72 (29 3-8112 88 $A7F 231.1CY o
=

1.3~2.3sec o]t}
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60, Ternperature at flow front, minimum (molding window): XY Plot
Mold grature 52 22 c]

248.0:

15480
188.0!
- Ta < - - ; e ; =
Hoon 7000 W0 . A0 5000 ) 7000
Injection time(s]

[(1¥ 3-81] Temperature at flow front, minimum A}

Process Settings Wizard - Fill+Pack Settings - Page 1 of 2

Meold surface temperature 60)

Melt temperature 230

Filling control

 Automatic vl

| Automatic - |

Pack/helding control

EAUUDmatIc v|

Cooling time

|Specified vlof 20 sqo
Advanced options... |

[ Fiber orientation analysis if fiber material Fiber Solver Parameters...

[ Crystallization analysis (requires material data)

[1d 3-82] =7] s =1

(2™ 3-82]¢t Zo] £E Ao Ae2= AHEE ¢ Molding
Window(dg thHel Fd ol A&Hoh HS dgt A(V/P Switch
Over)®t HQF Ao](Pack/Holding Contro)& A& 283 5
CAEE st

B

7]
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3§15 4 seEY AT

[ 3-83 4 AR ®Het] w4 go9e dEE Qo
Aol AL 2.34sec7t A AlRAA wlAdY glol S0l dEEA
oF

5 ]
o). [1F 3-84]= HSF AT AHe geElom of 36.32MPaE o]Z=HQ]
o}

Fil fime
=0.7810[s]

Fill time
=1.074[s]

[s]
2,343

238 2343
1787 1757 1787
117 1171 117
05857 lnsss? ln‘assr

= 5000 0.000 0.000

o *
f— - H— -
e — i e R e
Fill time: Fill time Fill time
= 2.050[s] = 2.245(¢] = 2.343(s]

[s]

[s] [s]
2343 2343 2,343
E ] |
1.757 1.757 1.757
lu'n lnn 1471
0.5857 ID..’:HST 0.5857
0.000 0.000 0,000
. "
i o— b — T e

[71 3-83] Fill time 23}

Pressure at \//P
= 36.32[MPa

gS
AUTODESK I T

MOLOFLOW INSIGHT - Scale t100mm) b=

[71 3-84] Pressure at V/P switchover 2}
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z 49 o
E9 475 A

THE(LI94])  £7]

5 4% 44 B

E 3-9] ASA LI912 A% A7+ Wisto] oi2 $% o4 A7 ulw

Injection Bulk Clamp V/P Shear Flow front Ejection
time temperature force Pressure Stress Temperature ~ Temperature
(sec) (0 (ton) (MPa) (MPa) (T (0
1 1 231.69 37.46 43.97 0.495 230.73 57.8
2 1.22 230.44 37.64 43.06 0.474 230.75 57.79
3 1.44 229.17 37.89 42.4 0.458 230.7 57.78
4 1.67 227.86 38.22 41.92 0.444 230.66 57.51
5 1.89 226.53 38.61 41.57 0.433 230.67 57.5
6 2.11 225.16 38.97 41.31 0.423 230.67 57.49
7 2.33 22378 39.38 41.12 0.415 230.66 57.48
8 2.56 222.37 39.74 40.99 0.408 230.64 57.47
9 2.78 220.95 40.04 40.88 0.402 230.62 57.46
10 3 219.53 40.45 40.85 0.397 230.6 57.44
(3 3-10] ASA LI941 AHE AR @iste] mrE & o4 At vl
Injection Bulk Clamp V/P Shear Flow front Ejection
time temperature force Pressure Stress Temperature Temperature
(sec) () (ton) (MPa) (MPa) (®) (0)
1 1 232.45 58.81 88.25 0.943 230.13 58.78
2 1.22 231.56 59.41 86.24 0.906 230.42 58.77
3 1.44 230.56 60.01 84.68 0.876 230.45 58.5
4 1.67 229.49 60.75 83.51 0.854 230.47 58.49
5 1.89 228.38 61.56 82.63 0.835 230.47 58.48
6 2.11 227.2 62.24 81.91 0.819 230.54 58.21
7 2.33 225.96 63.11 81.38 0.806 230.61 58.2
8 2.56 224.69 64.22 80.99 0.796 230.63 58.19
9 2.78 223.41 65.18 80.64 0.787 230.66 58.18
10 3 222.1 66.04 80.35 0.778 230.67 58.16
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A AR wste] whe A e Anbg (2" 3-8519 Zo] am

2 A8 Axt FH AFte] 2sec ¥ w ASA L1912+ 9F 41.5MPa,

ASA LI9412 ©F 82 2MPaz o|=5|Qic},

44.5 89
aa 88
87
43.5
. ASA LI912 i ASA L1941
2 —— A=Y é 8 —— [ O
il 45 il g =Y
ol ol
o, B 83
= <
22
115
81
a1 20
40.5 79
0 0.5 1 1.5 2 2.5 3 35 0 0.5 1 1.5 2 25 3
A=A Zhsec) M’X)\P['{sec)
[13 3-85] A= At ®Wistol] whE AbE 4] CAE o5 23

4) & 3" DOE

DOE BuilderE &-83lo] W4 o
AR 4, A, HELXY TEskE AR BASKch AY
_"

(719 3-86]2 Zo] Variable Influences then Responses

mlm
r>~
1

:.'L
2
o

DOE Builder

W Experiment «F Vadablas(d) «" Quality Criterdal(3®) +" Ooptions

() One varlable
Similar to the "Varable Fesponses’ below but limited to one single variable,

() Variable Influences [Taguchi]

Provides Iinformation on varlable influence over analysis results
Lists in the log for each quality criterion, the vasiable percentages of influence,

() Vasiable Responses [Face Centered Cubic]

Frovides information on the behavior of quality criteria over the specified varable ranges.
Generates response suface plots and offers estimates of optimum

) Variable Influences then Responses

This hybrid experment starts with a “Vadable Influences’ to reduce the number of variables

to the most influentisls and then follows with a "Vardable Responses’,

3 Number of variables to tansitien from the “Vardable Influences’
to the ‘Varable Responses’

[1% 3-86] DOE Builder®] A3 A=

101 -
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DCE Builder

+ Experiment ¥ Varisbles(4) « Quallty Criteria(32) +” Options

[ 'FiiI'a:L Settings am o RC R
=T
Middle Value 60.00 C 2900
Min, Value 40,00 (o 210.0
|Geometry Mazx, Value 80,00 c 250.0
[(IDimen c cl
New dimension variable
FFlow rate vs %shot volure [%%4F &l &) 9%Flow rate vs %shot volume [% 5 3]
%A HE [%] X %A ME [%]
%S (%] [J'Show XY Plot %R (%] [] Show XY Plot
X Kmin Xmax ¥ X Y Ymin Ymax
0,000 0,000 4 1 5,49 20.39 30,59
0.3662 0.5494 5.49 L | 20,39 30,59
16,00 24,00 45,24 72,3
24.00 36,00 L3 1000 100,00
32.00 45.00 i3 4 | 86,95 100.0
40,00 60,00 7 75.52 100.0
45,00 72,00 71.06 100.0
56.00 4.00 64,02 96.04
64,00 96,00 ) - 51.07 T6.61
80,00 100,0 4 : 36,08 5412
1000 100,0 16.64 21.9%

[17™ 3-87] DOE Builder2] Hs A€

ASA L1912, ASA LI941 %29 DOE ZAx:= [13 3-88] ~ [1%
3-9113 o] whgmW Y=z WHEX, Yo w2 Hd AE o
(MPa), 34 (ton)S YePd 5 Ak F 4749 By F5 JFHe] & &
Zo] 2k wstel 59 & WHeE AAskyloh. ASA L9112 A= A=
£ Wsh wet o AME 42 29.7 ~ 43.0MPa, ASA LI9415A]=

)=
59 ~ 93MPaz d&Hct. FAH-E ASA L1912 £22] 7% 90ton ~
97ton, ASA LI941 Z4=2Z= 115ton ~ 127tonC.2 | ZE it}

)
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[MPa)

4510
I 29.71 1

4125 32'79‘
35.86-
Z(MPa)
38.9.

42.02-

4%4% : : 50.0
o~ P

287

[(19 3-88] ASA LI912 £=%]9] H4(X, Y)of w2 o A= &4,
X oA 2E(C), Y 1 88 *Z(0), Z 1 A& = (MPa)

[tonne]

1032
I 89.42

92.18
0 ) 94.95
onne,

97.71 //
100.5 ///

. Gbdo-~| [ T T | 2500

7200~ | T 2420

64.0056\ P ﬁu.o
2% 226800

46.00Y2w.o
40.@00.0

(71" 3-89] ASA LI912 £=%]9] H(X, Y)ol & "HQ JA|,
X 32 25(0), Y : 29 2%(0), 2z - 29 dAH(ton)
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6668

[(19 3-90] ASA LI941 %9 HE(X, Y)of 2 o A= &,
X372 25(10), ¥ 1 29 25(0), Z : A= HdYg=E(MPa)

(tonne]
12786

I 127.6
1243

125.0

122.3
Z(tonne)
1210 119.7

117.1

)

[Z17 3-91] ASA LI941 #=2]¢] ®(X, Vol wE He FA,
X142 252(0), ¥ 1 8 2%(0), Z : 28 JA(ton)
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5) W7} 54

[ 3-92], [1¥ 3-93]12 A -5t5 |39 REE
=2 802 ~ 102.7C, 3=L 80.46 ~ 123.
t&90] 257t oF 21.1% =9tt),

w
o
e
Kl
£
A
i)
32,
0 e

Temperature, mold (averaged)
=102.7[C]

I102.7

N 97.05
\\

N Em

-

{90 54[CT]
8582

80.20

45
TODESK . . ] Y
MOLDFLOW INSIGHT Scale (200 mm) 125

AU

[19 3-92] A5 Temperature, mold(average) 23}

Temperature, mold (averaged) 2
=123.8[C]

I123.8

68,24 [C]

123,5[C]

AUTODESK . ; ] -
MOLDFLOW INSIGHT Scale (200 mm) e

[71™ 3-93] S1= Temperature, mold(average) 23}
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‘Temperature. moid (ranstent)
Time = 35 00]s]

5805

(1™ 3-94] Temperature, mold(transient) 2}

130.0 Tmperature, mold (transient from start-up): XY Plot —
110.0
90.00

70.00

50.00

30'% 000 250.0 500.0 750.0 1000.00 1250.00 1500.00 1750.00 2000.00

Tmels] .
LK

[(1¥ 3-95] Temperature, mold(transient from start—up) 2}
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6) Ad AME & x7] CAE Z¥eol AE 42 Hlw

Al

ool

AHE AW7)E Engelit®  e-victory 120071%F o], IAH
120ton, A37F A7 40mm) 7% AHE, &8 X9 A4 2= 230C,

28 Q] 2EAR SAT 4yt 226.5TC=2 SHEHAH

Plasticizing 1:

Screw diameter mm [ 40 |
Screw diameter mm 3574071 45
Screw stroke mm 175
Maximum injection capacity cm? 220
Screw speed min’ 420
Screw torque Nm 805
Recovery rate (3-zone screw) '-22 als 33,3
Recovery rate (barrier screw) 34 als 40,2
Version: Standard, Standard-ClI
Injection rate cmi/s 224,40
Injection pressure (regenerative) bar 2000,0

Nozzle stroke
Nozzle contact pressure
Material cylinder 1:
L/D ratio

Heating zones incl. nozzle 1)
Heating wattage 1)

[Z19 3-97] Engeliit 9] e-victory 120 AFETFR] AFF

20,0

9,4
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(1% 3-100] &8 &+

- 108 -

A 2ESA



3 102] H<eF ;f:-ii

[1¥ 3-103]2 ASA LI912-V FX|2 ofojd #AH A= & AsHt
JuleHFLIR E6x0E ol§d =54 Adeltt FAt TAL 79 o2
UESIE oF 130.7C7 Bobd UUT, S5 HBet AFE Rl
W Ug o2y AL 2 @ 4 oo (29 3-104% A A
2 ¥ P29 ABY 2 ex2y Dol ABFFTAL Mg FAL ¥
(l]':
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26.3C =& 7S &9lstt.

4/1/2021 4:07:20 PM 4/1/2021 4:07:20 PM

21.9

FLIR0159.jpg FLIR E6xt Wifi ’ 635075017 FLIRO1S8 Jog 639079017
[1" 3-103] Al A= & F=E Al 45 =254 24
4/1/2021 4:07:36 PM 4/1/2021 4:07:36 PM °c

el e 218
FLIR0161.jpg FLIR E6xt Wifi 639079017 FLIRO161,pg FLIR E6xt Wifi 639079017

[13F 3-104] A A& T HEH AZE9 o= ex=4 41t

[ 3-105]= LI921 19k HZAlo] Al AREZIOA &89 AME &
T(OEtA) 9 AE gE(=A) asiza =1 HE AME g2 85MPa
olgtt. [I¥ 3-106]2 thdt FEAo] Al AFE7IOA E¥d B A
3 A gEe 80MPa olfith  [I¥ 3-107]12 LI941 19 &HIAo]
Al AREZIOA EEE HeP A AE fEle 103MPa o]t [
3-108]2 o &HLAlo] Al AFETVIOA EHE HY AT AE oF
99MPa o]t

rlo
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CAEAN %7] d&g By Hg A& g2 (19 3-109] ~ [19
3-112] #o] L1921 FXlo] 19 &HZAold wf 36MPa, thdt LAY
ol 3IMPaZ ZEHct ol AA A= A it thH] 388 ~ 42.4%
FEOZ QAEL 576 ~ 61.3% FFO|th. LIl SR 19 &Aoo
d wf 742MPa, ot ELEA]Y o 64.27MPaE ASEHUTE ol= AA
AFE A AT giE] 649 ~ T72.0% FEOo2 AE2 280 ~ 35.1%
ot AA ArE2 He AR AFE gEHEo HeF ¢FElo] R Ui
T, CAE Zib= L9219 of HSF A3 AlE o=Hoh HF ¢fgo] nfF
=0tk AAleh oie o2 sfiglo] WASch oled @S FESH] 9

s 2o M, Abg 24 5 A= VN RS mhetslRarat qbnt

Pressure at injection location: XY Plot 50 MPa

40.00

30.00

MPa

20.00

10.00

Z
.000 1.000 2.000 3.000 4h
Time[s]

::::::::::
MOLDFLOW INSIGHT

[(19 3-109] L1921 19 &£kAo] 1st CAE A3t
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Pressure at injection location: XY Plot

[MPa]
50.00 A 50 MPg I:ms
40.00
23.36
o]
O 3000
E I15.ST
20.00
7.787
10.00
0.00!
0.00 .000 1.000 2.000 3.000 4
Time[s]
(18 3-110] L1921 oft £&Ao] 1st CAE A}
Pressure at injection location: XY Plot
74.2 M
70.00 )/“*’H‘"" [MPa]
‘r‘/" 74.20
60.00 A ahA I
50 MPa
50.00 5565
[0
O 4000
E I37.10
30.00
20.00 18.55
10.00
0.00d
\
0.00 000 1.000 2.000 3.000 4

Time[s]

AUTODESK
MOLDFLOW INSIGHT

[1" 3-111] LI941 19 &ZAo] 1st CAE 23}
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Pressure at ipjection location: XY Plot

e
70.00 64 27 M [MPa]
64.27
60.00
g
a 50 MPa
50.00 Ad A A 48.20
@
o 40.00 ™|
E I32.13
30.00 I
20.00 16.07
10.00
0.000
‘2
0.00 .000 1.000 2.000 4

Time[s]

AUTODESK
MOLDFLOW INSIGHT

(2% 3-112] L1941 tieh &m=Ajo] Ist CAE 23}
7) CAE Hshy IME U3t #4184 U AE 27 dE

Ze AxANA ASA 42 BAS ZA3 Autodesk Moldflow H]o]E]
(@]

Hlo] Ao A ZRlgh Axt [17 3-113]3 Zo] F 67FA]oltt.

Manufactuer LG Chemical LG Chemical LG Chemical LG Chemical
TradeName L1335 LIS40 ASALISH ASA U2
Family Abbreviaton ASE A SR ASK

Fibers / Filers Unfiled Urfilled Unfiled Unilled Unflled Urdilled
Autodesk Moldfiow Material ID 513 24529 24330 24831 30363 52784
Autodesk Moldfiow Grade Code MATE222 MATEE3S MATEE39 MATES40 SN&778 [Ls:n)
Rheokay Injection Rhealogy ooy Rheclogs
Date 14467 15N0V-18 15NOV-18 26N0V1S 08-MAR-10 Z3JUN-O1
Souce Autodesk Moldilow Plastics Labs Autodesk Moldfiow Plastics Labs Austodesk Moldiow Plastics Labs Autodesk Moldflow Plastics Labs Moldtlow Plastes Labs Moldflow
Defaul Mods! Cross/WLF Cross/LF Cross/WLF Cross/WLF Cross/WLF Cross/MLF
Thermal Conductiviy Q Line Source: Tiansient Plane Source Tiansient Plane Souce Transient Plane Source Line Source TC200
Date 1440617 18N0V-18 19NOV-18 26N0VE 13FEB10 0.0CT-88°
Souce Autodesk Moldflow Plastics Labs Autodesk Moldiiow Plastics Labs Autodesk Moldiow Plastics Labs Ausodesk Moldilow Plasties Labs Moldtlow Plassd Labs Meldflow
Specific Heat Q DSC cooling DSC coolng DSC coaling DSC coolng DSC cooling DSC coding
Date: 1440617 15N0V18 15NOV-18 22N0V8 08-MAR10 0.0CT-%8
Souce Autodesk Modon Flasics Labs Autodesk Moldiow Pastcs Lab: Autodesk Nokow Flacice Labs Autodesk Moldon Plastis Labs Otter Meldon
ol g Indiect Dilatomety Indsect Diatometry Indwect Dilatometry Indsect Distometry Indeect Dilatomelry Indirect Diltometiy
Date 224617 21N0vI8 22NOV18 27N0VI8 13FEB10 01.0CT-%8
Souce Autodesk Moldflow Plastics Labs ‘Autodesk Moldiiow Plastics Labs Ausodesk Moldiow Plastics Labs Autodesk Moldlow Plastics Labs Moldfiow Plasics Labs Moldilow
Shinkage CRIMS CRIMS. CRIMS CRIMS CRIMS CRIMS
Date 124UG-20 124UG-20 1240620 1240620 1240620 1240620
Souce Autodesk Moldflow Plastics Labs ‘Autodesk Moldfiow Plastics Labs Autodesk Moldfow Plastics Labs Autodesk Moldlow Plastics Labs Moldflow Plastcs Labs Maoldfiow
Resin dentification code 7 7 7 7 7 7

Energy usage indicator 5 3 4 5 5 4

Fil Quaiity Indicator Gold God Gold Gold Gold Bronze,
Pack Qually ndcator Gold God God God Goid Bionze
Wap Quality Indicator Gold Gold Gold Gold Gold Bronze

[19 3-113] Autodesk Moldflow Hlo|g|Ho]A F ASA &4 A Zdx}
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T2 "‘%*7 i) @01 FAE %Zéﬂ AL eago] EXE LI912
279 g, 199849 1092 @AIHT HlwstH oF 23do] ZFom,
L1941 &2A19 A¢ 24 A¥L 20108 29= oF 11do] ok [
 3-113]1¢] W ofgf SHFmelt Zo]l Moldflowit e $A &4 F7I%
LI912E BE oA 7P @e gA9Y, L9419 A% 21 5F o]
oh AFE gEe RE, AE, g od JFs wred, B4 HE 2
T OMPag w HIet 50MPadd wo] o] Zolzb gleh [
3-114]1e} Zo] & Adde] AR &A% 5HLIAD, 6W(LI921) 3]
oA 9& Hx TJiZ(F=o] OMPaYd mwhHet 22X HE Tefm(YE o]l
50MPad wo]] A& oJojA wHlwet Ayt WHIF ¢ty Cross—WLF &
A4 g olEAgAISRl D3 Fro] 002 A GIth A 7|E Anpold
HIAES} Zo] D3zks 9E AAste AHT, 22 A|xXAMA ZH3
4 % OMPa & ® HFE+= FASHARE D37F SHH 42 oAl 14

R M4 F B4S WAt 4L st

100000, Pressure = O[MPa] 100000 Pressure = 50[MPa]
-
—= =
100000~ 100000+
=
7 3 N
@ ©
[ Q
2 0 2 1o
8 3
o Ay o
@ ~ o
s N S
<
>~ S
1000 -
1000 1060 000,00 160800 10006405 1060 100600 100800 000E+05
Shear Rate [1/s] Shear Rate [1/s]
L5 Cheical L6 Chemical LG Cherical {16 Cromcal | L6 Chemizal LG Cherical
ugte uses ugs s asa L9t A U312
TR TR R iy Py
Unfilzd Uniilled Unfiled UrNIed Urifiled Unfiled
o oteial ID 513 2329 290 331 0363 s2784
A\J 6t k Maldflow Grade Code MATE222 MATEE38 MATE639 MATES40 SNSTTR Lkao
FAheclogy Injection Rheology Injection Molding Rheology Irjection Molding Rheology
Date THAUGAT 15HOV18 15N0V16 HNOV1E MR 2300001
Souce Autodesk Holdlon Plsics Lobs Labe fode Lebx Audodesk Meldlow Plasts Labs Mokdlon Plasics Labs Moldlow
Defou Mode! ClossMLF CoossWLF CrossAWLF ClosshALF CossMLF CrossALF

[71™ 3-114] Autodesk Moldflow Hlo]gHo]A &= A EA H|W
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AWA(2TF Ee W AA ol ELE Frgstith AY SEE ¥
71 9ol Al ol EHE+ g AlRto] Aok I A gES
F7] Slel AA g2 Ad"h o]y AdS CAEol 1#shr] 15
AE FE Aolg 17 Aold o [Z1¥™ 3-115]

g o [O2" 3-116]3 Zo] AHEsigoh =3 EHYg e [O™
3-117]3 o] A-gshrh

]

_l

60.00 Fling Contol o Seings x

@ 00
|
<
£
©,
© 3000
&L
®
I
z
o
L 2000+
e
1000 ‘
1o
| m o
oo/ , , ,
0.000 0.5000 1,000 1500 2000 2500 = BT
Time [s]
— A o] o
[ 3-115] 19k &X=A49] 2nd CAE =4
illing Contral Prefile Settings %
1000
80.00+ SN~
/ ~
N
\\
— /
» AN
3 AN
< 60004 / \
= / .
K= e N
5 - ;
g pd
40.004 e
: P
I A
* 7
o
W
20004 ot e
|
| mm (0]
mm [0
| ]
00y Jnou 05000 1000 1500 2000 2500
Time [s]

[2% 3-116] ofet &5Ao] 2nd CAE J&A7}
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Pack/Holding Control Profile Settings X

84784 Packing pressure v time
‘ Duration | Packing pressure
$103600)|  MPa[0:500]
001 847806
2 o 843239
3 o 817941
0.006 783007
— 6359 5 0018 64975
© " 6 0006 620062
a \ 7 ooe 604993
= \ s 002 616735
— 9 oo 613673
o N~ — - 0 o1 55226
3 | 0.068 526327
n 2 0142 505081
0 439 3 102 500146
o | s ass 503840
o 15 0.006 4938111
o [ 1 16 000 184796
o 7 0018 36.9227
= ‘ 8 0004 353495
O 9 0.006 345707
© 0 00s6 357184
L \ PSR R e
2 3608 351353
‘ 3 oo 342332
2 oo 31.0012
‘ 25 0.048 7.1108
% oo 282845
| 7 oo 0729997
B oo 0796476
0.000 ; , . )
0.000 2000 8.000 10.00 Import Profile Plot Profile..

0 6.000
Duration [s]

[(19 3-117] H4Ao] 2nd CAE

iR
1%
i,
i)

8) NAH CAE A& o= 2t

2] B4 #HATN A2 &5 9 KB AL sjAste] CAEES A

Ayt (29 3-118] ~ [2F 3-121]12 JAEY T}

Pressure at injection location:XY Plot

85 MPa 86 MPa

" [MPa]
4 s A "-;_‘.---ﬁ"‘& 86.34
B0.00F | a* A
| & A
| . o |
kg e
i ‘h B4.76
60007 |
< ™ | . 50 MPa
|
= $ 4317
40,004 f
|
|
| 2158
20001 §
I
i
|
| 0.000
" £
0.00 v
% oo 1.000 2000 3.000 s
Time[s] =
ik Ap— g

(19 3-118] L1921 1 £EXAo] 2nd CAE 23
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Pressure at injection location: XY Plot

&0.00

60.00

MPa

40.00

20.00

0.00!
Time[s]

AUTODESK
MOLDFLOW INSIGHT

000 1.000 2.000 3.000 4b’
X

(2% 3-119] L1921 vt £E&Ao] 2nd CAE A3}

Pressure at injection location: XY Plot

113.8 MPa

A 100.7 MPa (e
75.00] { \f*’ y‘, I* 75.53

g || i
= 4 50 MPa

25.18

Time[s]

AUTOBESK
MOLDFLOW INSIGHT

I 0.000
V4

Y
O'OUSJ-JGO 1.000 2.000 3.000 4b

X

ahb

[ 3-120] L1941 1+ &X= Ao 2nd CAE AT}
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N Pressure at injection logation: XY Plot

Aa AT A 99.55 MPa
Y, w \ /‘A-‘r N |
/.4 AL \‘\‘{ / |

|
80.00 | / T
ol | L,

f
o f
5 ] e
= ? I45.92
40.00 |
f
/
f 2346
20.00 #f
f
i 0.000
/
0-008%00 1.000 2.000 3.000 4b¥

Time[s] ~X

(1% 3-121] L1941 vt £&Ao] 2nd CAE 23}

(2% 3-122]¢F Zo] 27l CAE(spet 7HAE CAEQnd)ol ex4-&
il A3, L1912 &A9] H$ AFE &k ®igte] mEh exkgo] 576 ~
61.3% olgled, 7/|A® CAE(Qnd CAE):E 5% ol Z4asiach E3t
L1941 &A0] A9 AE && Wste] w2h eakgo] 280 ~ 351%3°
u, 714" CAEQnd CAB)= 2.2% °lliz Haskelch

Resin Ram speed CAE Trial Ratio
912 Single 36 85 57.6%
912 Multi 31 80 61.3%
1st CAE
941 Single 74.2 103 28.0%
941 Multi 64.27 99 35.1%
928M Single 86 85 -1.2%
928M Multi 84 80
2nd CAE
940M Single 100.7 103 2.2%
940M Multi 99.55 99 -0.6%

[ 3-122] 1st CAES} 2nd CAE9] o1& ulw Ax}
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(17 4-3] AFE7]el 23 E 2tdolleld /3 AkE: 59 7 = ©lnlA

Deflection, all effects:t Component

Shrinkage compensation(G) = (1320, 0.721, 0.789)[%]
Scale Factor = 2000
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Deflection, all effects:X Component
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2Eo] W3t wE Hro WIS uEtdle fEchd 245 mtt
olty. ooy ®HAE Y Et2H Ames WEA H 7IAA B &
22 I8l Solvay Engineering Plasticsiit®] ZI#|o]=+% “Technyl One” 2
2 “J60 X1 V30 Grey 70357o]t}. PA66o] H7MAIE H2 AG7F 30%
HA7HE A5 ARSI Tt [O" 4-613 Zo] gyt ko] ®g)
of W HAA e H3E ZAHst 5 A4S UEtd 4 Stk CAE=
olef o] 24 EUE fF &

T

1000.0+

_T=270[C]
—— T=290[C]
o T=310[C]

1000 h

Viscosity [Fa-5]

1000 -+ ; ; : .
1,000 10.00 1000.0 10000, 1.000E+05
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Shear Rate [1/5]

(19 4-5] Hx O
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0.7850 Specific Volume vs Temperature _ P=0[MPa]
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4-117F Zo] Atz FHA ArgsteE FAH 2 WH4(Process

[
Setting Variables) & 7]&2=2 3 $£&o H4E AASL. BAGS:
(Objective Function)= X Q49| HYPZF F|4sto|H
Z7] 2¥ F JAPL 270ton ol AFsIACH, A P EFo]
TS s EYA7E BASH] = AE o= 80MPa olst: &
Z7

H
A(Process Setting Constraints)< AAstATHEE=S €] 2021).

kRl

(£ 4-1] AFE A9 34 W

Process setting variables Level

IT: Injection time(s) 1 2 3

PP: Packing pressure(MPa) 20 50 80
PT: Packing time(s) 5 10 15
MeT: Melt temperature(deg) 270 290 310
MoT: Mold temperature(deg) 60 80 100

9] W] diste] RE SAS T HE o= AXletH F 243
CaseE Zdgsflof <tk I8 . wiE(Orthogonal Array)ofl w=H
1082 g o 2(L108) [ 4-2]9F o] AFstAAtH(Fedt <f 2021).

[ 4-2]2] 2 ¥ (Orthogonal Array) 1108 Case A%

Classification Input / Output Detail Data
IT Injection time (sec) 1,23
= Packing pressure (Mpa) 20,50,80
(V;r;;lgle) PT Packing fime (sec) 510,15
MeT Melt temperature (deg) 270,290,310
MoT Mold temperature (deg) 60,80,100
[FIT Fill time:
VP Pressure at V/P switch
Output CF Clamp Force 7 :
(GAE or Machine learning We Weight e
Result) Sum_X Deflection, all effect - X Component
Sum_Y Deflection, all effect : Y Component
Sum_Z Deflection, all effect : Z Component
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o Aol shETlolEHe HAE dolHE 80:20 HE&RE dhE Al
Eg} 3yl HEZ Hﬂ%ﬁ}oﬂq(Google developers, 2021). 3D HAZ 10
A Hololz st F 1,187,104 AH&StATE. ES AR FAll

= 5 A éﬂ%ﬂﬂ%‘ﬂ. o)dgdo]l WS e XS {5t A=
AZRE 1z0|A 325 AAstgon, HOF AR} A7|= AF o Abo]

ez Aokt B £79] 2kt 59 2kt 47 3

HRE ARESHITL &%L AR SEA17171 91 AA

EAE 8 BAR FASSIATtAEE, 2017). A (DI o] A H

T YR AE ARMx), BEYE 37, BEY ANy, 4 &8 2

Exg), 29 BY 2E(x9) otk & AT Fx+= 4 ¢ Zol & F

o 91X Fig. 104 Zo] W7ty mgpdoz ndd § Aol

= og2= A (3),de} Zol FAZL 270ton ©lsh, HY AtE
80MPa oJsto|tt,

Find: x, n=1, 2, 3, 4, 5 (22)
To minimize: Max deflection (23)
Subject to: Clamp_force < 270 (24)
Max_pressure < 80 (25)

[# 4-3] A #fjFe] w2 L108 Case AE 4}

— — —
IT PP PT Mel Mol FT VP CF We DeX De-X SumX DeY De-Y SumY De Z De_-Z SumZ
=

1 20 10 270 60 1092 1074 1314 4731 2363 2616 4979 1862 2202  4.064 1122 1.001 2123

1 20 10 270 100 1.097 1004 1297 4715 2319 2555 4874 1814 2197 4011 1.107 0.9852 20922
1 20 10 290 60 1074 8406 9815 4748 2333 2587 492 1.84 2176 4016 1.093 1.009 2.102

1 20 10 290 80 1.071 8133 965 4741 233 2547 4877 1.887 2198  4.085 1.093 0.9986 20916
1 20 10 310 80 1057 6368 7357 4754 2338 2541 4879 1838 2212 405 1.088 1 2.088

1 20 10 310 100 1066 6182 7105 4743 233 2521 4851 1.854 2228  4.082 1.086 0.9915 20775
1 20 15 270 80 1.1 1033 1271 4721 2332 2583 4915 1837 2213 405 111 0.9989 2.1099
1 20 15 270 100 1.097 1004 1297 4715 2319 2555 4874 1814 2197 4011 1.107 0.9852 2.0922
1 20 15 290 60 1074 8406 9815 4748 2333 2587 492 1.84 2176 4016 1.092 1.009 2.101

1 20 15 290 100 1.068 7898 9548 4733 2341 2551 4892 1835 2189  4.024 1.089 0.9906 2.0796
1 20 15 310 60 1069 6548 7493 4762 2353 2538 4891 1846 2254 41 1.089 0.9995 2.0885
1 20 15 310 80 1057 6368 7357 4753 2338 2541 4879 1838 2211 4.049 1.087 1 2.087

1 50 5 270 60 1066 1074 1651 4784 2119 2363 4482 1658 1994  3.652 0.9862 0.8861 1.8723
1 50 5 270 80 1062 1033 1693 4779 2069 2306 4375 1624 1991 3615 0.9788 0.8735 1.8523
1 5 5 290 80 1046 8133 1786 4782 2099 2219 4318 1686 1973  3.659 0.9511 0.8996 1.8507
1 50 5 290 100 1.044 7898 1806 4767 2121 2243 4364 1.64 [:933 31573 0.933 0.9258 1.8588
1 50 5 310 60 1042 6548 182 4784 2142 2234 4376 1657 1995  3.652 0.9245 0.9381 1.8626
1 5 5 310 100 1.037 6182 1846 4744 2271 2433 4704 1713 2024 3737 0.9998 1.015 20148
1 50 10 270 60 1066 1074 1651 4785 2117 2367 4484 1656  1.99 3.646 0.9779 0.8861 1.864

1 50 10 270 100 1.065 1004 1734 4773 2047 2282 4329 1607 1959  3.566 0.9564 0.8509 1.8073
1 50 10 29 60 1.051 8406 176 4798 2065 23 4.365 1.62 1944 3564 0.9439 0.8839 1.8278
1 50 10 2% 80 1046 8133 1786 4791 2049 2245 4294 1657 1952  3.609 0.943 0.8721 1.8151
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310
270
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310
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310
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80
100
80
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60
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60
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80
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60
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80
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60
100
60
80
60
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80
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60
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100
60
100
60
100
60
80
80
100
60
100
60
80
80
100
60
80
80
100
60
100
60
80
80
100
60
100
80
100
60
100
60
80

1.038
1.037
1.046
1.045
1.04

1.04

1.04

1.038
1.049
1.046
1.038
1.04

1.04

1.036
2155
2157
2.149
2.155
2132
212

2157
2.168
2.154
2.155
2132
2127
212

2.106
2.098
2.086
2.085
2.08

2122
2.106
2.098
2.089
2.08

2078
2103
2.094
2.08

2074
2.081
2,071
2.103
2.086
2.089
2.08

2075
2071
3276
3.208
3223
3211
3.182
3.169
3.276
3227
321
3211
3.198
3.169
3219
3.192
3.147
3.131
3.146
3.119
3304
3.174
3.166
3236
3.146
3.132

63.68
61.82
103.3
1004
84.06
78.98
65.48
63.68
107.4
103.3
8133
78.98
65.48
61.82
97.18
91.14
66.19
62.37
51.12
4571
91.14
85.78
7041
6237
51.12
48.54
91.14
85.78
7041
62.37
51.12
48.54
97.18
85.78
70.41
66.19
48.54
4571
97.18
91.14
66.19
62.37
51.12
4571
97.18
85.78
7041
66.19
48.54
45.71
102.6
83.51
67.82
61.79
4297
39.6

102.6
92.96
61.79
56.58
46.62
396

102.6
92.96
61.79
56.58
46.62
396

93.44
83.51
67.82
56.25
46.62
42.97

1833
1846
290.1
2937
2953
298.7
299.9
301.1
286.8
290.1
2974
298.7
299.9
302
1192
111
7729
743
63.93
67.25
111
104.1
8323
743
63.93
65.45
168.8
1724
1759
181.1
1824
1839
162.8
1724
175.9
1789
1839
1852
286.4
290.2
297.8
299.4
300.2
3024
286.4
2933
2958
297.8
3014
3024
130
105.7
82.62
7472
65.48
67.34
130
1178
7472
68.1
63.06
67.34
1556
165.1
1778
181
1824
1854
164.5
1714
1739
1809
1824
1839

480

479.1
482.4
4816
483.4
480.5
482.1
480.1
483

482.5
4833
482.5
485

483.1
4728
472.5
4737
4728
475

471.4
472.5
4721
474.5
4732
4759
475.2
4779
4773
479.4
4775
479.4
4777
4783
4774
479.5
4789
480

479

4829
4824
4832
482.5
484.8
4832
4829
481.8
4839
483.2
484

483.2
4732
472.3
4743
4737
4741
472.3
4732
4726
473.9
4732
475.8
4742
4784
478

4788
478.2
480.5
4789
478

477.5
479.5
4782
480.5
479.8

2.054
2,045
1.803
1.795
1.849
1.954
1971
2.049
1.844
1.775
1.754
1.755
1.765
1773
2423
2414
243
2383
2425
2377
2414
2457
2421
2.378
2409
2.388
2.169
2.203
2.184
2176
2.204
2.207
2.191
22
2171
2.181
2.128
2,091
1.94
1917
193
1.877
1.892
1816
1.94
1.945
1918
1.931
1.868
1817
2.385
2392
2419
2413
2442
2406
2385
2.398
2411
2393
2426
2.386
2193
2187
218
2138
2.185
2134
2183
2.163
219
213
2.185
2171
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2231
2208
1.989
1915
1.956
201
2.006
2199
2,072
2018
1.932
1.935
1.925
1916
2759
2734
2.698
2592
2.598
2535
2735
275
2716
2618
2.624
2.597
2458
2469
2429
2326
2349
234
2.506
2479
2.446
2449
2322
226
2225
2173
2178
2.083
2.107
1.993
2225
2193
217
2178
2.061
1.993
2711
2.689
2715
2.68
2.644
2618
2712
2721
2.687
2.69
2,699
2,622
25
2491
2427
2406
2423
2356
2479
2447
2474
2414
2423
2386

4.285
4.253
3792
371

3.805
3.964
3977
4.248
3916
3793
3.686
3.69

3.69

3.689
5.182
5.148
5.128
4.975
5.023
4.912
5.149
5.207
5.137
4.996
5.033
4.985
4.627
4.672
4.613
4.502
4.553
4.547
4.697
4.679
4617
4.63

445

4.351
4.165
4.09

4.108
3.96

3.999
3.809
4.165
4.138
4.089
4.109
3.929
381

5.096
5.081
5.134
5.093
5.086
5.024
5.097
5119
5.098
5.083
5.125
5.008
4.693
4678
4.607
4.544
4.608
449

4.662
4.61

4.664
4.544
4.608
4.557

1.603
1612
1399
1371
1424
1452
1473
152
1424
1384
1413
1359
137
1.363
1.878
1.882
1.873
1.888
1.907
1.873
1.881
1.865
1.89
1.876
1.887
1.929
171
1.684
1721
1.69
1.806
1751
17
1.679
1.708
1.66
1.708
1.635
1499
1519
1442
1436
1444
1398
1499
1473
1.501
1442
1473
1.398
1.908
1.885
1915
1.882
1.927
191
1.908
1.899
1.88
1.865
1.899
1.898
1.761
1735
1.694
1.683
1723
1.687
1737
1.706
1.745
1.702
1723
1711

195

1.961
1741
1.723
1722
1.712
1.748
1.783
1.736
1.721
1.686
1.667
1.725
1.685
2234
2235
2234
2216
2.286
2201
2235
2211
2244
2.202
227

2229
2.067
2.028
2.062
1.994
2.064
1.986
2.068
2.021
2.049
2018
1.989
1.971
1.873
1.843
1.782
1.734
1.795
1.709
1.873
1.793
1817
1.782
1.736
1.708
2.147
2179
2215
225

2258
2234
2.147
2165
2.245
2221
2.269
2234
2013
2012
2.067
2.025
2072
2.008
2.007
2013
2.049
2015
2072
2.029

3.553
3573
314
3.094
3.146
3.164
3.221
3303
3.16
3.105
3.099
3.026
3.096
3.048
4112
4117
4107
4.104
4.193
4.074
4116
4.076
4134
4.078
4157
4158
3778
3712
3783
3.684
3.87
3737
3.768
BY
3757
3678
3.697
3.606
3372
3362
3224
317
3239
3.107
3372
3.266
3318
3.224
3.209
3.106
4.055
4.064
413
4132
4.185
4144
4.055
4.064
4125
4.086
4.168
4132
3774
3.747
3761
3708
3.795
3.695
3744
3719
3794
3717
3.795
374

0.9259
0.9254
0.8469
0.8426
0.8317
0.8474
0.8131
0.8764
0.8323
0.8164
0.7924
0.7975
0.7951
0.8011
1.228
1.195
1.167
1141
1.139
1114
1.194
1.183
1.161
1.115
1.106
1.096
1.068
1.061
1.036
0.9829
0.9857
0.945
1.085
1.047
1.014
1.003
0.9463
0.941
0.9603
0.9336
0.8786
0.8462
0.8445
0.8214
0.9603
09171
0.8825
0.8781
0.8202
0.8214
1.253
1.226
1218
121
1173
1.145
1.253
1229
1.196
1.158
1.178
1113
1133
1114
1.061
1.02
1.035
0.9757
1119
1.096
1.081
1.018
1.036
1.005

0.8762
0.8762
0.7577
0.7434
0.7907
0.8541
0.8795
0.9423
0.7735
0.7558
0.7427
0.7351
0.7377
0.7486
1.026
1.044
1.052
1.03
1.06
1.053
1.044
1.035
1.042
1.024
1.046
1.035
09175
0.9161
0.938
0.9563
0.9794
1.007
0.9161
0.9147
09311
0.9371
0.9328
0.9055
0.7982
0.8041
0.8286
0.8205
0.8357
0.7868
0.7982
0.8039
0.8235
0.8288
0.8194
0.7874
0.9793
0.9985
1.024
1.03
1.062
1.063
0.9794
0.9897
1.028
1.038
1.04
1.034
0.8956
0.8934
09113
0.9221
0.9247
09314
0.8841
0.8914
0.9188
0919
0.9247
0.9333

1.8021
1.8016
1.6046
1.586
1.6224
1.7015
1.6926
1.8187
1.6058
15722
1.5351
15326
15328
1.5497
2.254
2239
2219
2171
2.199
2.167
2.238
2218
2.203
2139
2152
2131
1.9855
19771
1974
1.9392
1.9651
1.952
2.0011
1.9617
1.9451
1.9401
1.8791
1.8465
1.7585
17377
1.7072
1.6667
1.6802
1.6082
1.7585
1721
1.706
1.7069
1.6396
1.6088
22323
2.2245
2.242
224
2.235
2.208
22324
22187
2.224
2.196
2218
2147
2.0286
2.0074
19723
1.9421
1.9597
1.9071
2.0031
1.9874
1.9998
1.937
1.9607
1.9383



3 80 5 270 60 3184 1026 2811 4828 1965 226 4.225 1575 1837 3412 1.022 0.8086 1.8306
3 80 5 270 100 3.143 8351 2926 4818 1922 2181 4103 1502 184 3.342 1.008 0.7913 1.7993
3 80 5 290 60 3149 6782 2939 4836 1968 2203 4171 1578 1875 3453 1.002 0.825 1.827
8 80 5 290 80 3134 6179 2974 4829 1963 212 4.083 1531 1894 3425 0.9915 0.8132 1.8047
3 80 5 310 80 3123 4297 3013 4823 1994 2165 4159 1568 1818  3.386 0.9099 0.9421 1.852
3 80 5 310 100 3111 3969 3027 4804 2117 2274 4391 1572 1798 337 0.9008 1.001 1.9018
3 80 10 270 80 3163 9296 2877 4824 1939 2259 4198 1538 183 3.368 0.996 0.8131 1.8091
3 80 10 270 100 3.143 8351 2926 4818 1914 2193 4107 149 1829  3.325 0.9864 0.7884 17748
3 80 10 290 60 3149 6782 2939 4837 1947 2229 4176 1562 1854 3416 0.9634 0.825 1.7884
3 80 10 290 100 3.12 56.58 2989 4824 1891 2129 402 1486 1805  3.291 0.9056 0.803 1.7086
3 80 10 310 60 3135 4662 2999 4846 194 2155 4.095 1528 1858 3386 0.9187 0.8124 17311
3 80 10 310 80 3123 4297 3013 4839 1924 2113 4037 1503 1802  3.305 0.8914 0.8237 1.7151
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AH(nput) 27 108 Caseol gt CAE AF(Outpu)E [[1H 4-9]
oF ol 1T & ot HeF A3 Al AME 4E(VP)2 A 107MPa,
FAZE2 303tono 2 F& X HYE dHold At =EHCCH, H
229 F8 B9 # AFRCum X)E HA 3.69mmollA ZHd 5.21mmzZ
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5 5 A= = o] 51 =AF Zz 0 3I] oFo
HA fol APE7] wfEol AFE HAAATE B2 SHSHHA 2 2 FS
oA L =
Adstr]= d&th
Descriptives In pUt Out put
m PP PT MeT MoT FT VP CF We Sum_X Sum_Y Sum_Z
N 108 108 108 108 108 108 108 108 108 108 108 108
Missing 0 0 0 0 0 0 0 0 0 0 0 0
Mean 200 50.0 100 200 800 21 726 188 478 451 368 193
Median 200 50.0 100 290 800 210 67.8 179 478 455 371 194
Minimum 1 20 5 270 60 104 396 63.1 . G 33 153
Maximum 3 80 15 310 100 330 oD (30 45 (G2D 419 225
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(1" 4-10]7F 2ol X =k H(Sum X)o| a4 Ay, He =
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[3 4-4] CAE 23} v

Case study Case 44 Case 33 Case 24
Injection_time 2 1 1
Packing pressure 20 80 50
Variable Packing_time 10 15 10
Melt_temp. 270 290 310
Mold_temp. 100 80 100
Fill_time 2.168 1.038 1.037
Pressure at VP
] 85.78 81.33 61.82
switchover
Clamp force 104.1 297.4 184.6
CAE Result
Weight 472.1 483.3 479.1
Sum_X 5.207 3.686 4.253
Sum_Y 4.076 3.099 3.573
Sum_Z 2.218 1.5351 1.8016
. Before 466.88 466.88 466.88
Mold Shrink
After 462.80 463.78 463.31
Analysis i
Shrink rate 1.0088 1.0067 1.0077

27 B ZAQ Casedd:= [O- 4-14]13F Zo] AFE AIZF 2sec, H
o 20MPa, HY AIZF 10sec 2] 2= 270C, 28 =% 100TCe] ZAito]
o} olu] |4 Aite FH AZF 2.168sec, o 4L 85.78MPa, FA|
g2 104tonl 2 oFEGlen, X @] F2 HE 5.207Tmmelth. Y
Fo] £= 42 4076mmeoltlt. B9 A= 466.88mmolA AEE =
T A5 Y UFY 5L W gro® 462.8mmEA $EES 8.8/10000]
th. Z 93] HEY 92 2218mmolth. Case332 WHP@o] 7Yz

S A= AIZF Isec, HSF 80MPa, X< AlZF 15sec &
A 2 290C, 29 2% 80TCo|th. CAE 34 ZAi= [Id 4-15]¢
Zol] T AIZF 1.04sec , o =2 81.33MPa o2 & XA H
AFE 297ton0® & ZAA Hlojues AZ dSsiith X

T g2 3.69mmelct. 27] 27| HF] oF 1.52mm A e A&
|

2
T
=
ofl

glolstgict. Y HReko] £=L& 30lmm=A 7] ZAHT 0.98mm FHA
2zl £E28L 6.7/1000824 27] Z7ARTH 2.1/1000 Yt 7 Hrsk

o] 5L 1.54 mmolth@4g 9] 2021).
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Fill time Pressure at /P switchover
= 2.168[s] = 85.78[MPa]
[s] [MPa]
'2.168 '85.?8
1.626 64.34

1.084

0.5420

0.0000

42.89

2145

0.0000

AUTODESK’ AUTODESK’
MOLDFLOW lNSIGyJaIe (300 mm) 31 MOLDFLOW INSlGSicTaie (300 mm) -39
125.0 - “ramp rce v piot | Deflection, all effectsix Component = @ X
| Scale Factor = 1.000
100.0 ' tmm] W
2457
75.00 - A |
i i 1.155
50.00 ~ i -0.1465
{ -1.448
25.00
/ -2.750
coonn S S—— i "
6.250 1875 25.00, i AUTODESK’ g
it %y || MOLOFLOW INSIGHTale (300 mm) - _-31
[ 4-14] Cased4e] CAE AIH(&x7] %)
Fill time Pressure at V/P switchover
= 1.038[s] = 81.33[MPa]
[s] [MPa]
.1.038 '81.33
0.7782 60.99
0.5188 40.66

0.259
0.000

AUTODESK’

20.33
0.000

AUTODESK’

MOLDFLOW INSIGHT, |2 (200 mm) _31 | MOLDFLOW INSIGHT o200 -mm) -31
300.0 -, . [ i Deflection, all effects:X Component = G %
H Scale Factor = 2.000
2500 ! e [mm)
20004 | \ 1.754
L |
\ 1 0.8322
150.0 = A L
100.0 e \
50.00 - \\
4 ~_
0.0000 - ' e Vi ——
0.0000 5.000 0 15.00 20.00 AUTODESK g

10.0
Time[s]

&

[ 4-15] Case332] CAE AaH(t&xH

-31

MOLDFLOW INSIGHT, e 200-mm)

sloluhs 245D
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Case24d= & X7E wr=stAA H ko] 71 Zhe CaseZ M| 2A
ZAL AFE AIZE lsec, HQF 50MPa, HQF AIZF 10sec 44 2% 310C,
=% 2k 100Celth. CAE of4 Axte= 54 AXF 1.037sec, o ¥
°

61.82MPa, FAHL 184.6ton= IS5ty X HeFol & oFe
253mm, Y WeFol = k2 3.573mm, Z WEFo & 9SS 1.802mmeo]

._E‘-P

Fill time Pressure at V/P switchover
= 1.037[s) = 61.82[MPa)
[s] [MPa]
- 1.037 .6 1.82
0.7774 46.37
.0.5183 .30.91
.0.259 . 15.46
0.000 0.000

AUTODESK @ AUTODESK

MOLDFLOW INSIG§"_ra|e (200 mm) 31 MOLDFLOW INS[G&Ta}E (200 mm) 31
200.0 <rmmp rce v Pion | Deflection, all effectsiX Component = @
Scale Factor = 1.000
1750~ | ‘\
[mm]

150.0 4 \

! Y 2.045
12504 . \

: A |

i 0.9819
1000+ #

75.00 -
50.00
25.00 \\

0.0000 i — S
0.0000 6.250 12.50 18.75 2500
Time[s] -

AUTODESK’
MOLDFLOW' INSIGHT (200 mm)

[13 4-16] Case24°] CAE AyH(F&xH WEst= CAE FAgh

Hell FFol & HgAr|e AHE 23& 3D B ZHe= HES
A= [O" 4-17]3% 2o BgF 3719 Wsiel #eo] ¥AE Hwd A
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3.000e+000

Injection_time

8.000e18§Pe+000

o
o
o

+

Q
o]
o
]
wy

2.000e+001
Packing_pressure

3.797e+000

(19 4-17] X %

Kl

7) MLP(Multi-layer Perceptron) ¥ig]& ©]

HFE7E HolHE

=

1

A

o
A,

T

l

Tk

5t

d= @ =3 ol o

e ZIHelt.

S

PAE = dolo] Txz mol

Havlole s Zb gofofd]

A

2Ll

2l

=
=

Aoz d

A

o]

ot

S
=]

Tor

o

1}29)

AL 99 97

. MLP=

o 29 gt vu

2]

o
on

o

3

Kl

=9 @3

o]

ol
e

4

A=

gy

]

9

o &8 =

29) <7 uk(Backpropagation):
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Asksl wlE @ oY LESO HMAE ANU olHd 94¥E vz @
oUS/A wrEsln WA AEAE S FHoE WAse AT

o}

8) maled ShsEd A 9 Hla

B AFoHE 2Y=(Hidden layers) H3sto] wat MLP RES H
okal, Aol MLP RES HIEsH] 9ol 3719 e miled 2ds H
wotarzp skl WA EDT302 e dHolg= ofz] 79 o5 mdS
wEo] dF Rds AT § AT A5 REE Wt J|Hes w2
tlolel7t EAst= A9 dusel EERso HAdgEd BAE 5&H

H
w45 = 7ot & WA= PR3V RSM32oztL de EdH

El

o
tu

o34 (Polynomia) 0= /g =o] Aol E4A &g 4 Qlrh. H|
AR@dol At siH Rl ZASKStE Hloll= AetshA] otk upx|Ere
2 RBF33E djzE:A<9l HZHInterpolation) REZ HAFAHLS wjwz
BAsHH AREAF A WS oBA AAstertel weEr Rl 34
2 A& el gEhiith

108719] Case® Efi2 mAlede Adsidon] sty Ade %7}6
| 9ol 1579 Case® Z7l2 Jaoto] HAE mElz Agolgich

7 F'_

sdMde SARES BUME o ARSSte TR @@ﬂ]T(R—Squared)
o ¥t AEd 3 RMSEME ARgstaH. 24Ar= ARG A
FeEs BAY Zolth. ZAAAS SST3D1 SSR30o]  dmupi} H|gHA],

SSTZF SSE¥7E vkt whEAe] web ARAL gl kopdnl mde]

30) EDT(Ensemble of Decision—trees): S AFERURO] FFE
31) PR(Polynomial Regression): TFa}2]7]

32) RSM(Response Surface Model): F-g-3ZHL
33) RBF(Radial Basis Function): ®AFE+ZE 7]
34) RMSE(Root Mean Square Error): Ha+ Al 3}
35) SST(Sum of Square Total): SSE+SSR

36) SSR(Sum of Square Residual): Z=x}e] Alge] ¢

i)

or
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rie

= g 44
Asrshce] Ba

Y
&

a7 Ztol oz o
2 (27),28),29)9] y= BEH, y= A=, Yy B
Zrolth. A1 (30)¢] #= A} mEe] dj&7rolw P RSMD HPgAl

Zrolth, PIANO: A} BEle ZAstT Brlshs o ARLE QI

rlr
g
o
o
i
o
)
B
bt
S
>
filo

r°1'

»_ SSR_ . SSE
R = 557 1 SST (26)
SST=3(y;—yityi—y) @7)
i=1
SSE=Y (v —w,) (28)
SSR= Z (i) 29)

rMSD()= v 215E(9) = v E{(6—0)°} (30)

H] 753"} [19 4-20]3F Zo] A AIZHFill Time), B¢ Agt A &4H

(V/P), BAZ(Clamp Force) A= F o7} gt FH(Weight)
[e]

H HYCum X) A5AA 1 2459 Asol Eolds I 4+ o
EQH RSMDO 7% [I% 4-21], [27 4-22]9F o] Het Ast A ¢
o, % g 5ol o

, A, TF #ol B UEh 245l ¥ 1 4= A4

SRl 4= Aok =2t 9] 2021).

37) SSE(Sum of Square Error): 3]#4] FAo] HAAlES] &
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Input

1
Hidden Layers
8

Output
Neurons o

(19 4-18] 1 245 (Hidden layers), 8 wH& A& MLP 2dl X

b
4O
w
4

Input
Neurons

INRINJINE

INRINEIN

|
N

-

5 ¢
Hidden Layers
E ie EE
= = = Output
Neurons Neurons

-
Z\_,

mmmmm,

INRINRINE

N

-

[18 4-19] 5 ©Y%(Hidden layers), 3 ~ 13 FHL& MLP 29 =%
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1.01

MLP(mutiple hidden layers)
MLP(one hidden layer)

|7 NN 7 W %

0.99 - §
| N

0.98

R-squared

0.97

0.96 =

TN N N N N N N

¢ & & + 1 1
& 3 § X
Q %\} ‘0%‘-0\) K 00 QQ\O $0\ %\)@ %o& 60&

R \c‘,“o &
S O
)

Q

N

(1™ 4-20] 2495 (Hidden layers)oll w& MLP 2@ AXHA 4 v

20
§ MLP(mutiple hidden layers)
MLP(one hidden layer)
1.8 == =
0.8
2 o6+ N \
%)
o’
0.4 +
0.2 1
0.0 = 7] V V N ___fw =
@ @ @ & U 1
S e%‘ﬁ‘\ ° & 0 & >
Q Q‘Q ‘\0 (&QQ
&9
Qfo
Q
(1% 4-21] &Y=(Hidden layers)o| w2 MLP =@l RSMD

H] 2 (Training)

- 143 -



20

§ MLP(mutiple hidden layers)
MLP(one hidden layer)
1.8 = =
0.8
9 g5 N \
()]
(h'd
oad N\ NN
0.2
0.0 +—p=. : B777/ N\ I =l
@ ) @ <& + 4 v
.&'\\6\ 9%\§ \\0&\ ‘\0& &0\% 906\ %\)& &>
< Q@ é\o QéQ
& e
&
(19 4-22] &4Y3(Hidden layers)o] w2 MLP 2@ RSMD
H] 1 (Test)

g 4-23]1 ~ [19 4-25]%= PR R4y} EDT REdo] disf &
4= 9 RMSDe|| tigt datE yepdict. MLPO| 24 Fo] HZgh 73
Zol FAHT AHEAO] RMSD grol &9keh [17 4-26] ~ [1¥
18 3|7 RBF(reg)?t HE7F RBF(Int)9] ZAAA4 % RMSDe| Hig
= etk @A FA A RMSD kel &8kt

AL FGrlolA ooy B3 AE] AME AP CAE o5 R2E
A HHstE MLP 292 oE m4leld REET 43 o

(1
A

|
29}
4-28
|

—1

] =
5o ngr £ Rdg olgdtel HHG IMFL olgdle] TH2A
2 wESE Ao A4E 4Y 202 BSR4 Tt
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R-squared

RSMD

1.01

PR(FQ)
100, EDT
N7l N N 8§ N B
0.99 1
. Z\V zZ
0.98 - -
0.97 1 7
0.96 A7 ANN N\ A\ N\ NNEZZN\\ B
LI N N N N N N
<§§§ d§§$9 o 4¥§§ e§§¥ eﬁﬁ eﬁgb
Q}’\\é\o O’bé\
&

(%" 4-23] PR(FQ), EDT ZElo] AXA S vl

8.6

1 ] PR(FQ)
8.4 1 EDT

8.2

1.0 %

0.8 +

A}
A\
A)}

o64 [ A
044 B

024 B

0.0

o

999

[(19 4-24] PR(FQ), EDT Z4¥e] RSMD H| (Training)
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RSMD

R-squared

84

8.2
8.0
7.8 4
22-
1.8 ;-:

ARY

1.0 -
08
06

o4d A VAN

02
00

PR(FQ)

7 EDT

A\
\\

A\
\\

[C19 4-25] PR(FQ), EDT &¥e] RSMD H]x(Test)

1.01

1.00 4

0.99 -

0.98 -

0.97 4

0.96 =

RBF(Int)

[71" 4-26] RBF(Int), RBF(Reg) @] AAA 4 H|w
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26

] RBF(Int)
04 § RBF(Reg)
22= =

s

& 06-

12 ]

0.4 - §
00 — : T . | - l\R.W - ll:vv - j;vﬁ
(] ) 2 o
& & < .
& LS E &S S S
Q¢ .\9\\0 c}’bé\
&

[C1" 4-27] RBF(Int), RBF(Reg) & e] RSMD H]x (Training)

26
_ RBF(Int)
- N RBF(Reg)
22— =
=
T R |
14
044 NN B
02
0.0 —_— | . i — i“ . Evvl . lzrﬁ
& AT MNP & &
<<’§\\\ @%9 0@\ &Q&O $0‘ N N &
TS
Qos“
Q

(19 4-28] RBF(Int), RBF(Reg) 2@ 2] RSMD H] i (Test)
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9) HMA(Hybrid Metaheuristic Algorithm)E& ©|-83t %23}

HMA+ A2 9g
Concept(°]Z <1+ 7Hd
71 €]

Cuckoo  Search(wFt7] 8

SOBOL(&=) A= AAdstn

O XNE e}
S5 A9

Differential

AAE U= A
Evolution(\] &

Cuckoo Search(m 37|

Ayt Qofkog MLPE =3
Casez2 A9 A 3}ot=|

)
HetRE oy daEES

dsh=
AME ZpE 7
AE 7o) JiATEES shHe] iAo =
B71stcH(Zachariadis, E. E., 2009). [®&
olo

2 gx7l 4295},

=

A
ARES B,
st AAER Restn, 49
Ag 5]

O
Ase AR
=

=

~

L RS

WA €

1—
o5 B9L ARgIYO

Caseoll tigt Axtoloh(&=2F 2] 2021).

[

4-5] HMA 83} A3 goF

Evolution(7]&

27|

A=

a1 2ES Bi-population
ZolH, of7|A ARGH T

A5} 7}

NAE

AgEst Agos

A2
A2
Mz A

AYEE

4-51= HMA #dsie Aed

< 8350

[198 4-28]2 8350

General description

Task name ac_DO
Starting time 20:43:53
Finishing time 20:45:02
Elapsed time 0:0:1:8

Completions status Success

Console logs logs.txt

Problem description

Task Design optimization
Method HMA
Number of design variables 5
Number of objectives 1
Number of constraints 2
Number of iterations 39
Number of function calls 8,350
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Mold_t mp_|
1.000e+002 1.038e+002 3.025e+002 5.1452+000

Injection_time Packing_pressure Packing_time temp Pressure Cla: Force Sum_X

Melt_te
3.1002+002

Max 3.000e+000 8.000e+001 1.500e+001
Min 1.000e+000 2.000e+001 5.0002+000 2.7(!el-002 6.000e+001 3.89542+001 5.6*001 3.618e+000
(29 4-29] HMA s} At
[® 4-6] 7|= CAE A¥et HMA =3} vlu

Classification Case study Case 44 Case 33 Case 24 HMA
Injection_time 2 1 1 1.022

Packing_pressure 20 80 50 72.48

Variable Packing_time 10 15 10 10.63
Melt_temp. 270 290 310 310

Mold_temp. 100 80 100 60

Fill_time 2.168 1.038 1.037 1.036

Pressure at VP 85.78 81.33 61.82 65.37

Clamp force 104.1 297.4 184.6 270

CAE Weight 472.1 483.3 479.1 484.2
Sum_X 5.207 3.686 4.253 3.68

Sum_Y 4.076 3.099 3.573 3.19

Sum_Z 2.218 1.5351 1.8016 1.61
Before 466.88  466.88 466.88 466.88
Mold After 462.8 463.78 463.31 463.69
Shrink rate 1.0088  1.0067 1.0077 1.0069
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[ 4-6]9} 2ol 7Pg X Wae] Hol AL Cased3S 74 2AL o
4 4 QU7 wiZoll Case247b F45 2& WEstke 7MY ®ol A2
Aite oF 4.25mmellth. T8y HMAE o83t A& Fd % £
A& WESHHA ol 7P A2 Casegs [I™ 4-30]3 Zo] & &2
MLP ZAtRYd Aat: 368mm=z <F 0.57mm HAsHaL. XE A=

oA AR AlEYolde]  AH8ste] HESF A Ay dY oSS
0.17MPa  ZFo]l2 99.70% SAFIoH, IFAHE 0.6ton Zo]l2  99.78%
AR, X 'Ol &2 0.18mme] APo|l2 94.72% FAIRATHE S 9
2021).

Fill time Pressure at W/P switchover

= 1.064[s] = 65.20[MPal
(5] [MPa]
.1.064 .65.20
0.7977 48.90
05318 3260
0.2659 16.30
0.0000 0.0000
AUTODESK I:g( AUTODESK I:@
MOLDFLOW INSIE!;IJaIE (200 mm) 19 MOLDFLOW INSIG!;IJale (200 mm) 19
2000 I Deflection, all effectsix Component = @

Scale Factor = 1.000

200.0 -
150.0-

250.0- l ‘\

100.0

50.00- hY
} N .—2.008
.
0.0000 s —— It

T i
0.0000 6.250 12.50 18.75 25.00 AUTODESK 6?

-gd
Time(s] _%9 . MOLDFLOW' INSIGHT,,, (200 mm) 19

[13 4-30] MLPS} HMAZE 0]83t AFE A3 CAE A5 Ax}
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WAHYe Ed gioold 932 3 o5 2de AAshdon],
ol o5 Rl disty AAAG(R-squared)®t Bt AlEd A
(Root Mean Square Error: RMSE)E &3l EDT, PR, RBFel &2
AP A Hwek Ay MLPE B3t m4lzdo] gtroly €3 A

z
o AW FY ol @ B oSsh-d EIHA 2L sty

pi [e e =

e

T4 2791 FAIY 270ton ©lsk, AFE ¥E 80MPa olstE &
A, B WYl 7MY W2 Cases X WY #ol oF 4.25mm ¥
o ojmf o] FAE Fo TN AE =9 FFEZ Y W
7.7/1000 o]t}

HMAE o]&3t 43tg MLPE & 92 dF ZdS A8sielor
% 8350 Case2 ZA3lol=dl 1& 8x7} A=y HF Ad:
3.68mm= °F 0.57mm ZASFATt

HMAE &afl FAste 25 AAl AlEdolde] A-gsto] Hlwgt &
7 AFE @E olES 0.17MPa #pol2 99.70% -FAReH, AL
0.6ton Z}e]2 99.78% AL, X kel 2 0.175mme] Zjo]2
94.72% -FAHSATH,
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Decision—tree 7|H-& o]&

4 CAE ¥

A 2

B
T
i
)
_._._NO
Ho

¢}

=

s =

[¢]

l

o]l MLP d=m

/xg /\6]“5

=
=

=

fol, 29 emu

°

1, CAE dlo]g

[¢)

_104._

=
L

L

517]

o

|

HMA 7]
7] wjgof FHolojof

HA17171 o]

[¢)

1) Decision—tree 7]HH2] QA
H

MLP HHe] o
A tHKozjek, D., et al, 2019). Ak
4 279 W] o

Decision—tree

o]
o]

Hin

o

e

Held (MLP)

IS
o

Gl

s AL @l HolEE 7]

(Ogorodnyk, O., et al., 2018).
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sty 2 A4= CAE 78 dlolgl X 3l dFAs

ol ge o= ;am%, €3, #E CAT W
o

HJPJ 5}‘/}01 Decision—tree s o}oq oﬂxﬂaﬂj} /\}E H}g'ﬁr o i
£7g wEeks ¥ A %@—% AorstH A A9 sst

e

Ayl wh Felo AFoIA ACE AF FAel iHctu, &
§ £t AB AED W A e SALL Y She HHe
BYAWA §F PPl vhAe] Gl Maol whge] HebqwA o]
AT RS fF0] WolAX, wWiFol 4F HES FFo] koluA 4

o AAY AY Al BE G99 AE 248

iy
E7Fsot7] wiZel Aw HiE(Orthogonal Array)oll oE
A~EE 98] L18olAl L1087}
gsto] HAESHH. olF gt
F5ololE el HIAEHOIHE 80:20 HE&R Sk AES H7F AE
= H—E—ﬁ}oﬂE}(Google developers, 2021). <A|ol4d2  AutodeskAt2]
Moldflow InsightE °]-8st3le™, 3D HAZ 1070 dolo]l2 ZAste] &
L18710470E AR&stlet. Eot AES] FHo A& 9 dA& 2%t
o} ulidye]l WAk o= 2AS fdte] AE AR 1xOA 3%

SO, Bt A7 2k AE A Aozt sbsd ¥elE A

TARES Brlekes =2 7€ Aot 9% W< RMSE(Root
Mean Square Error)E AFESFITHGoogle developers, 2021). A (31)
T o] 02 AlEH MM F2 oW, 0§’ TARD o Zgtolrt,
A5 =Sof AEdeld Ador dSet & 2 dmmeldl, SAF 2EQ
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Decision—treeo| Al &%t Zto] 3.9mmztH RMSE+ 0.1lmmeo|tt. A& o]
A gt SAIRE O] 2ol & R uhEo] £X|3KeE Aottt & 09 7
= AlE|go] w2 ndojtt

RMSE= Z 0,/ —6,) 31)

n,=
3) Decision—tree 2@ AJA
Ay mds A a2 21 A8 ATZEo] RapidMinerjit
°] RapidMiner Studio A& €85ttt [1H 4-31]2 RapidMinero]
Al Decision—tree®] RH-Z AJAdstil Hristr] gt ZRAAE AA5h=
FHS Yetfir 9lrh. “Read CSV(CSV 7]) £  Autodesk Moldflow
InsightE ©]-8slo] 2HIH CAE Z¥= Voo FAez 3t
“Set Role(d@ AHA)"2 & o= AAY Sum XE '5;%% =z A5
t}. 1223 “Split Data(dlolg] EIH'E 53] © golHE 80%z A
A5ty EHAER TolHE 20%= 4%%4.Dmmmrmm HI2 94
L= FEHY dSe digt oA A& 5] fIet Rgolth uURe A
71€ AAste ¥= "Maximal Depth3®"E o]-8ste] 7|thot= SJAHEA
Al

AT
el
=

=

s stz gty 2eet £4 A" rsez A AlFE AASt

ol RMSEE ZFAidloles bz B g53ith “Apply Mode(2d &
2~

D)N”E Decision—trees ZA-85}o] sk A2 UE Datall HAE d|o]
HE 559 HUIeh “mod(RE)"EZEXE  Decision—tree =@ AZA,
“unl’= “Split Data(dlo]g] EIH)oA HAER B3 folgz dZst

At 223 “Performance(d5)"E Fall 54 A5 FH7HE FPotTh.

38)Maximal Depth(Z|t] Zlo]): RapidMiner Studio ¢] Decision—tree R&°] UF F7|& 2
Aote MR gro] ¥igte] met oS s ¢ AddgEo] geirl
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Read CSV Decision Tree Performance

Split Data

(13 4-31] Decision—tree2] TZA|A

4 wAed ShERd A4 B

Decision—tree 7|¥] H71E s [ 4-32]eF Zo] & o= A5
tisto] ohefet mAleld 7R3 Bl Skiet. 7ol digt R A (5)
¢} Zro] RMSEE AKXttt Decision—tree®] RSME ZH2 0.094mm=
dEztel Bt tiHl 2.09%°] WEHeR 0.1lmm oW FTet oAF A
= YEAL Utk

B 0125

-t

i
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o 01

J

=t

"]

S 0075

o

A

g 005

=

v

= oous

+—

g

=1 0
Generalized Deep Decision Random  Gradient Support
Linear Learning Tree Forest Boosted  Vector
Model Tree Machine

[ 4-32] € Wige] gt oS He dueF Hu
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(79 4-33] V/P A& o] dist mAled duels Hla

AlE AY dEel digh S Ads9 E7F A3 Decision—tree RO
Vg A= Adeel Fdth RMSE 32 1.24MPa= V/P A& 49| W+t
o] 67.8MPa¥d w AEF2 FAETE 1.83%9 WEHol Uy
A% 45S UeEar ok

for
e
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S

g2 15
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g s
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EE
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Generalized Deep Decision Random  Gradient Support
Linear Learning Tree Forest Boosted  Vector
Model Tree Machine

[C1% 4-34] da JAFel digt mileid dae|s vl

875= A A5 EW Decision-tree RHO] 7P A5 AEol
Fth. AAHor mdo] mEg oAF s \ApE A= A2 g@klst
At Decision—tree 2EO] RMSEZFE 3.26tono 2 TQ JAdo Hit
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N

o] 179%on¥ W &2 FH oiH] 1.82%°] WEHe=z Fa3t 4AF
F& YEh

Ao =2 Decision—tree BHO] o 52 o WY, V/P A3 &
2, 28 dAE dSold o Haldd 7IHEY et 45 dse A
2 A

5) Decision—tree BE-2 o]&3st & A& XA

Decision—tree= [1¥ 4-35] ~ [O1¥ 4-36]% Zo] UFe AV|E
Aot Maximal Depth gtol w2t o= s 9 Ad™elo] wsieitt
[19] 4-35]¢t Zo] Maximal DepthE 322 AASH Casex= ¥ 43}
z7Ao=2 HQF A7] PP(Packing Pressure)& 65MPa %2 Aot

A& AZF IT(Injection Time)= 1.5sec ©]st= AAs|oF it

EP
>65 <65
IT EE
> 1.500 £1.500 =35 <35
4.102 3.845 4.527 5.022

[C19 4-35] Sum X ¥3 9] Decision—tree(Maximal Depth 3)

T2y [O" 4-36]3F o] Maximal DepthE 4= ®HAT He & 2

A3 AL PPE 65MPa %3} ITS 1.5sec ©|s} _71‘_7% ot Z|qt
Heob AIZF PT(Packing Time)E 7.5sec ooz AAT of HIHFES ¢
=9 7 des AT Maximal Depth S7P7F 27l Wit 7IEe
=Y & x T - E SU1sElT
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PP

s> 65} £65
I PP
>1.500 {\:;500# >35 <35
PT - PT IT IT
»7.500 <7.500 1> }‘5005 7.500 >1.500 < 1.500 >1.500 < 1.500
4.056 4.181 3.708 3.952 4.580 4.429 5.104 4.910

[(18 4-36] Sum X Decision—tree(Maximal Depth 4)

(1" 4-37], [2™d 4-38]7F o] =3t FAHS Decision—tree
Aito A 65MPa 23t Al 4 27 G 270tons @olMoh & A4S X
A3 FE5Z2AQ "Hg FAH o] AEole], Maximal Depth® F712

s BAATE A=A kot

PP
> 65 <65
MeT PP
>280 <280 >35 <35
298.984 289.358 176.681 89.411

[Z19 4-37] A= 9] Decision—tree(Maximal Depth 3)
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PP
> 65 <65
MeT PP
> 280 €280 »35 £35
MeT MoT MeT MeT
>30C <300 >70 <70 >280 <5280 >280 <5280

301.132 297.000 290.88¢ 284.767 180.70C 166.856 73.907 120.42C

[C19 4-38] A2 9] Decision—tree(Maximal Depth 4)

mAGset ThEAe] AFG BA 37 delHE staAze o
SEEREEES %P%H %‘%H Z7b Ageolde Astel & dolgo
Zobstlct. oldel HeF Zslk 20, 50, 8OMPag AWFAOL HE 9
o] 60, 70MPa Z71& % 2 CAEZ 5o 48< A, 449 &
L= 7]—-—_4 270, 290, 310CofA F7F2 300, 290C=2 F7}otdch %

oL

Fol 2= 80TC=E Ty, H AIZR2 o]del 5, 10, 15secolA]
12.5, 7.5secE F7} AHgst¥oh. [O"8 4-39]¢t Zo] Maximal Depths
302 HePe o HY AL T5MPa 21 Al FHRAA "oy
75MPa o|stz2 A-gsfoF otz Elstyt. [1H 4-4013 o] Maximal
DepthS 4% ALsH FA PSS 65MPa %1}, 75MPa o|st&  Z-gdfof
T4 27 "M Eol& & ATk

F7F CAE AddS Sof €2 8 FHast o5 24 2% [O1F 4-41]
7 Zro] Maximal Depth 39 o, 7]&9] 65MPa 7|&oA 75MPaz ol%
5}lal Maximal Depth 45 28 7% [1H 4-42]9F Z&o] PP 75MPa
Z3h, IT 1.5sec ©lsh, MeT 300C olstd wf & Wy Ayt 2ashE )
=8
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Fr
>55 <55

PP PP
>75 <75 >35 <35

296.025 237.539 180.003 91.785

[(19 4-39] PJAIZH 2] =4 % Decision—tree(Maximal Depth 3)

PP
>55 £55
PP PP
>75 <75 >35 €35
MeT PP MeT MeT
>280 <280 >65 <65 >280 <280 >280 <280

299.603 288.509 259.248 219.777 184.926 167.202 73.902 117.795

[(19 4-40] FAIH] =4 Decision—tree(Maximal Depth 4)
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>75
IT
> 1,500 < 1.500
4.083 3.773
[13] 4-41] @ HY9

>75

IT

> 1.500 <1.500
PT MeT

>7.500 <7.500 >300 <300

4.037 4.174 3.688

(1% 4-42] B W] 545

24 VP AE dEe
1=

3.810

PP

<75

PP

>35 <35

4.532 5.083

A% Decision—tree(Maximal Depth 3)

PP
75
PP
£35
IT
>1.375 £1.375
4.601

4.425 5.128

Decision—tree(Maximal Depth 4)

80MPa ©|s}7}t

IT

> 1.500 < 1.500

4923

487 eI 13

4-43]9t Zro] Maximal Depth 3¥ A¢ €8 A 2% MeT7F 280TC
z7d w2 =Hoen [19 4-44]19F Zo] Maximal Depth 4 7

oAk MeT7} 280TC
2 g

=1

S iy
24512

RS

g8 4 WY

1.25sec, MeT 290CE A-gslo] CAEE 7Yttt
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==t Decision—tree 7|8F FEZHS

PP 72.5MPa,



MeT

> 280 <280
MeT MoT
>305 <305 =70 <70
50.820 69.326 91.357 102.778

(13 4-43] A& 4389 49 Decision—tree(Maximal Depth 3)

MeT
>280 <280
MeT MoT
> 305 <305 >70 <70
IT IT IT T
> 1.500 < 1.500 »1.125£1.125 >1.500 <1.500 >1.500 <1.500

46.615 63.433 66.074 78.832 88.355 101.865 99.890 107.400

(O8] 4-44] A& ¢ AH Decision—tree(Maximal Depth 4)

A
1o
N
O

[E 4-6]1} Zo] CAEE @xoz NPFPS u] CAE AW % 7
3 Hygor oE5 Cases 4402 5207mm, A& T HY o=
33Ho® 3.686mmAIRE FEZZA Hojyity, o]l F& XS

2wy ru
_E_L
Lo o

I
el

WA FHAe  # Wg Casel: 24H102 4.253mmolth
Decision—tree 7|¥= A&t F4AXA stz CAEE A3t Ay, F
& Z7AS WESIHEA E HIEFFo| 3.924mm=E d|=Eo] Case 24 tiH]|
1.7%7} 7§ = At
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[ 4-7] Decision-treeE o835 29| A& 24 wlw

CAE of CAE of CAE of CAE of

Case study
Case 44 Case 33 Case 24 DT
IT(sec) 2 1 1 1.25
PP(MPa) 20 80 50 72.5
Variable  PT(sec) 10 15 10 8.75
MeT(C) 270 290 310 290
MoT(C) 100 80 100 80
FT(sec) 2.168 1.038 1.037 1.296
Result V/P(MPa) 85.78 81.33 61.82 75.36
" CF(ton) 104.1 297.4 184.6 267
SumX(mm) 5.207 3.686 4,253 3.924
6) A4y 9 w2
2 AFME= AE 7St AlE AT AR AEES fls CAESF WAl
HYS o]lgsl= WHES AASHALE. CAEE o|&st £ 4 7|He
2 AY Hlol"HE AAsty, m4ldds ZEoto] oy RS A4St
d ¥z P Al xE Hlwste, Ah st wAEgdoe=r
AdHZ Decision—trees &8st & WP FAIE T A& Y ¥
AZXAE ASotd o offo] A2 Itk

% Decision—treex= RMSE #te]l & Wy, 449 o=, FAHo| diste] &2
T 97.5%°] <=5 AdeS dEwlen, o #HAHPY 7o Hls| &
o3t A Atk

% Decision—tree Z7]E ZAA5H= Maximal Depth®] ®iste]| wat o

= A3} Maximal Depth $7H= B/ 7]

2 5 A 7R
* ¥ WYy HAIE o] EY A= 65MPa ot FHsSARE,
1 @Aglo] 270ton= dol & WHE FHas xHy F&5x7
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SHaATt.
< Ztreole] g3 AEF BY2 AE AY xS wrge
sff CAERRE dHolgg FEo19ly, MLPE
EQlonw, HMAES 835t MLPE 53 92 o= mdz & 8350
Case2 HA3lst=d 18 8%7F Aa=qrh. Axpdoz 1083 CAEES
Asste] HAsE F A= 425mmo|PY oy MLPS HMAS F7t=
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<+ MLP= 9 A2 SooiAw 24 1y Aho] HIEsiE=
Decision—treeE  ©o|-&ste] EF 7l EFAS H|ISHYH
Decision—tree= @ W, AF 4™, FAE] diste] 25 97.5%9
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Using CAE and Machine Learning Technique
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A typical manufacturing process is idea — concept — design -
manufacture — sell. Companies can complete the process faster, and the
higher the quality, the more profits can be made. Therefore, companies
are investing time and money to develop processes to improve delivery
and quality. Today, technology trends such as big data, data science,
cloud computing, mobile technology, social networks, and collaboration
competitiveness are demanding better decision—-making systems and
optimized processes. The concept should be considered for personal taste.
Design must work together to create fast, precise and innovative
products. Manufacturing should consider both flexible production and
mass production, such as 3D printers. As for sales, the influence of social

networks is acting as an important variable. When a company's product
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has a catastrophic quality problem, it is subject to short—term effects
such as the time and cost of product recall. There are also long—term
effects such as a decline in brand value, a decrease in market share, and
a decline in stock prices. Computer Aided Engineering (CAE) is used as a
method to solve the quality problem. It is a technology that combines
design and manufacturing as a method to verify design before
manufacturing. Design considering manufacturing can prevent trial and
error occurring in the manufacturing site. So, the manufacturing verified
in the simulation can be manufactured with high quality and short
delivery time.

The injection molding process is wused in a variety of fields
because it can implement complex structural shapes and various
functions, and can handle beautiful appearances and even
mass—produce at the same time. The process of implementing
innovative products is complex and requires precision. In addition,
when carbon fiber or glass fiber is used as an additive material to
the plastic material to increase strength, dimensional defects occur
due to bending deformation such as warping. At this time, it is very
difficult to mold because the section available for injection molding is
narrow and there are many variables. CAE's goal is to predict and
improve the cause of these defects before manufacturing.

In the past, CAE had limitations due to the Solver's assumptions
that simulated the manufacturing environment. In addition, physical
property data and measurement technology were lacking. The low
computing power had to set the mesh number and case of the
simulation to be low. As a result, it has been focused on predicting
trends in a limited environment. At this time, the goal of CAE was to
obtain maximum effect with minimal experimentation. As of 2021, the

solver has been upgraded for over 40 vyears. And it has secured
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plastic  rheological —property measurement technology  considering
various situations. Every year, many companies measure rheological
properties. The rapidly growing computing power has enabled a large
number of meshes, and statistical access through many case studies
has become possible. In other words, the underlying technology that
can secure accuracy has been developed.

This study suggests the cause of the difference between CAE and
actual injection molding results. It describes how to apply to
simulation as a method to improve CAE accuracy. In addition, the
effect of the shape characteristics of the spiral mold on the flow
behavior was investigated. The change in the width of the spiral and
the flow distance of the bar shape and plate shape were compared. In
addition, a method for evaluating and improving the rheological
properties of the resin was suggested. A method of improving CAE
prediction accuracy using these methods was described. Data was
extracted to CAE to optimize injection molding conditions for Radiator
Tank  products using composite materials (PA66+GF30%). And
predictive modeling was made using Multi-layer Perceptron (MLP)
known as ANN (Artificial Neural Networks). In addition, using HMA
(Hybrid  Metaheuristic ~ Algorithm), the optimal injection molding
conditions  were derived to minimize warpage that satisfies
MLP-based injection pressure and clamping force constraints. MLP
has excellent predictive performance, but lacks explanation of the
decision process. So, the decision—tree was used to evaluate the
classification criteria for the optimal injection condition and the
predictive performance according to the change in complexity.

As a result of this study, it was suggested that injection molding
CAE accuracy verification methods include verification according to

the analysis result, verification according to the analysis procedure,
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and verification methods according to the analysis stage. As a result
of examining the specificity of the spiral shape used as the injection
molding flow distance verification model, it was confirmed that the
spiral flows 28% better than the bar and 82% better than the plate.
It was confirmed that the injection pressure prediction error rate
could be improved to within 5% by editing the resin properties for
CAE and improving the input of process conditions. We tried to
optimize the injection process conditions to minimize bending
deformation ~ while satisfying the constraints (injection  pressure,
clamping force) that do not cause flash failure of the Radiator Tank
product. As a result, the optimal warpage result by performing CAE
108 times was 4.25mm, but when additional MLP and HMA were
applied, it decreased to 3.68mm. Compared to the result of applying
only CAE, it was reduced by 0.57mm, improving by about 13.4%. As
a result of evaluating reliability by applying this to CAE again,
injection pressure was similar in 99.7%, clamping force was 99.78%,

and bending deformation was 94.72%.

(Key word] Computer Aided Engineering, Injection Molding, Flow
Analysis, Verification, Artificial Neural Networks,

Decision—tree
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