PM500027
AHE 7|2t CAE 2| H|O|E & EHE Engel Sim-link &
8%t Moldflow H=Hd 71/d Abgf| A3

A case study on Moldflow reliability improvement using the data transmission platform

Engel Sim-link of CAE to injection molding machine

2t &2t O| Ab(peter.hwang@ednc.com)

Learning Objectives

AHE Y CAE MEHo| B4E Folgt & Ay cr.

Autodesk Moldflow 2F Engel Sim link 2|

AEEE7|2] 458 13T CAEE 7+3e = ASLICL
Ik

=
CAE S} Ab=7[0| &8 Z2OeUS Hlwst Fotoin Jf e & ASLIC

Description
£ 2 AHE7] MZAFR! Engel ALO M= Sim Link 2= O{E2|AH 0|2 S8l AHE7|2t
CAE E HUZSt= A28 SAE SFD ULE AFS7|9 38 =US CAER

£
YHSIALE CAE =S AE7|2 YEots S HolH TE0| 7ts¢et A|A- O]},
CAEE dit 81 HZH =M &= TN MZF +=8F710M CAE 7t SH5H 2
A= o Ao Y=t 7tSeoty] didE A SHAE AR OdEt &
CAE £ 3ol 2| Xste o7 H5 27, HOIH 7522 st Als dE7|0M
A A0l 7hS3HH, CAE O ZFM 2 D7) o= dit SZS flot Ak 970
XA A, AESE, BY, Y, 49 50| Xts =P EILh ZH¥e = 2t HlolH
gohdS 2ot AIZHO] Bio 22| @77 25| 22 HIOIHE Z[A 0
TS2E YHOHA| Ot £l AlZ20]9S Sol B EASH| E2 2L 888
HE 24 = A0 W=D JASHAH HEY & UA2H, 2 HstE 57 HolHE
MEZ| Mo BX= 7k E & U



=7t

ZNAE H
ALl &7[et

¥

1T

s

A
=

15t 0, CAE 2 BiAl2{d &

=

tOj= O|O{TILt. O

= 7 ACH M2k

O{OF 5}, M=+ 3D ZEIE e} 0|

Xl
=

)O| C| A M| Of| Al Autodesk 7|

)

A

)

lEe2 12d O &

(=)

|, ®AOLZ2H 3, Moldflow Korea, Autodesk Korea Ol A 2 F %+ 0|20]
X

F

12 Zeot ot 24 252 #H|0[H, HO[& ALO|

=

ZM2& oo L o - A M -2 A - K| =-

S S PR

1T

E|

o

=

=

e
[=}

S
MOl j=
A A}

¥

—

Moldflow Basic Course € S 21}
o

=22 =017| 7

4 X &

Introduction
o

Speakers
ALH,
olH

N
(=]

SkEHH
o

8o

MHl
Hio
olJ

o1

[all
10

=

ofl

S
(]

_I

=
| X=

X~ O
- =

OfLjat HaE, Al

t71 <15 A

Y]

7|=0| CAE(Computer Aided

=XE ol

PN |
=
[

—

ot
& ALk ALt HL

[=3

=
=t
=

b= OFOf[ A

A2t M=E &

=
ots

of, ot

4

| Fef= OjLt ol3et =
S

—

o

1
O
T'__

87| o

—

=}

4

02| Al=20]30A

=

=

IR| 7

e 2 871

Q

Xt
S
EI:AOHA

Engineering:
o

CH

oy

o
e

b

WOF g7 |7t MChEE. ot

H7tH 2 AHESHEHA F

o
o/
NI

Wi

7§ M35t= 20| CAE o S HO|CY.

o

P

10
i
&

3
Kd

o
ol
ol

KIr

B

7t
Atet &

A

—_
A

Z 9ISt M A[(Mesh)

gofl =7t

o 2|

<0l 0} 5

S PSEe
o o

F

-
o
—

| 22

240

I

o

20

114
3L
i

ol

ol

K

0|
w0



M Z|=|0f {tCt a2{Lf 2021 HE 7

T e 2ZEL07F 4202 gt 5 ot =l 7l =9 53
Jles RS, i +E2 =40 b oz 2150
HA| Mot +=F0| 2D B2 2 FSAX G20 7t
= e 7IE 7|=0| BHEE U

= g7s 2A ME S 581 CAE 0|59 HAZE 2 dst= Hels MAISHL, CAE
Hebds o] 2t G E0 &X HE Ml S LIEH AT

M 7 EA &4

H>
[t

L ==& : Professional (Intermediate level)

0
10
of

M A8} : Thought leadership and innovation
A A 2M, OX| g Het, 2ol 0j2f, AlE2)|0[d, A0tE M=

7| E : Data Analytics, Digital Prototyping, Digital Twin, Engineering Services, Fluid

Flow, Forecasting, Paper and Plastics, Product Engineering, Product Manufacturing, Thermal
CH& BB H9| : Product Users

CH& E5 &Y : CAE analyst/engineer, Industrial process engineer, Innovation

Manager/Director, Manufacturing/production engineer, Molding specialist, Teacher/faculty

M QFALS : AtE Hd 37-0| Cist LetA 0l 0|87t = QBtL|Ct. Autodesk Moldflow 2]
7|2 &S 0|3 AHLE CAE & AtESI=H| =l 0fF BfL| Lt



Hi1ZE A HiZd

© =l
_ 10
o ot oF 4 go
C UE g = =2 <% o m
Lr_|_%u_.ﬂumo_=_ W o~ oy
%Mﬂ%mn_ao of o M =
H = o M o 0 ROMC ) g
._L0|._U_“_|__AIWm_._||._AI _Aoo_E.r__u_u._ﬁ
TEwsl o
._._m__._umgzwuen_ mMﬁe._Nr
2T dw R
O T o (R TIRI
i n__mwﬂ9ﬂ=_ < 2ol g
o Mo 2 2K Pz Mg
= 1 X0 SR H
o @3 A ST RN
7OA_I.A_I1HH_A| 21 H_I._”OAO__._._Z
;Io_.peo_]_moﬂu © o_emmoxa
o_mm1_u=_en_ S g oo X
mﬁ._x.oxe,lxuxu S - o oo
T X K om S > ]
pl Voo O 55 @ . o By
N g ;o & @y
ok S AT ] ~ £ KO 10 o |
o F1 N ¢ = Al o Q . OF
— s ) e} = Hio Ul
0 = ol /& =+ B Foxd A 3j0 HH
VN H o w S . 7 — & <0 =n =
W0 = 0 mp = a © B = = M =
0 = N U = o ni0 0 =
— ._| H__I Bl - o >k ~ — S ol =
B — o oy Mg J5 | T I
SEEELS 28 BRI
m_._._u_u_.__._lm_m_“m.mw m e fill u._ﬂ._k||@|o»
=_=_n_ku_u___=_A7|e 5 - M ol = ™ M
= . oo KXo - = S = LU R
M_/o.rEtoMV > o | R RO =z ml 3o
oz W <] #o . = — _ <
of -] o o O < - T Mo =0 Ki ol
—te - - _I_I_ - S = o
X o7 o O x = B0 ol o wr
W0y = H gy T I - — wo o =
K < 0 = # T 9 o | < <
c__w/__o_mwm%mm g %MJl_wmﬁ
9 oo A o = ‘ , 0z bl <X 5 m
o g = m 50 .M_A '000T 00000  0000T  000T O M IH & X0
o< = CE O m 000000 suoy 000T [
._An_ ru w - = =0 m.uu_u_
i B0 &= o8

=

, 2017), A EH

k=

138, 2019), 7tA AFE(ZA

G

(Ol7tAl, 2015), BIMIEHE AbE(

= A=

IT
=

PAS=aS|



2|, 2008).

I

FEk(

!

&l W .
= £ ow n i

o O 0 g 1 N o = = -
o e mw T 20 T ooy MEgmmn
qu o= = o< = of .r,oﬁﬂ_ﬂxe ™
ol N T A B4R om R
0 |r|_||L| r K {04 —
m__._._._ ._._._ﬁlu Tl ol A5 .__._uu__._._ w 70 - o3 joll L Jjo Mu_m <t
_._._O_/ w0 dif K _H_n_ H.A_IL|_|_ =
_._._._._OL_; ok Tl < ~ 10
I =) Yook o ftmwmo®
wElmsol B F WoEHE g
m_ol_iaooo__ = X ol 20 ° — ® or
RE O 5 Mo 5 DO N BB m B g
3 & 9 o5 5 RO S ST N M
ol o K X0 o = m o oy F = =
SF ¥ oo < ol Wl = oL = owdl S =
|_M_I._OLI =.__=._.__A|ﬂ._740 ~ [m] Lllrm_uA_ll S
H H 3SR = g T m o wl o BE F
0Ky T 3 — 2K Xy W
W og g oor BT B g2 TS L
S R 3 o oo o W 2 mgm® g o
IR B @ omo®om ]
—_ — == -_ — —_ PR
G O S S W o Xgmos
Blorm X052 2 < Mg w g oo
prﬁwam_;om m_.e & E____%MH_A_OI.,OM
SToxo o koMM nd , . WH o= O ™o ® g
® N R F K = K K] oo o MO o <F
TN — s O.__u__._u_l._uoenr__._
i e oK o = N ol = R N 0
oE Wl Ko gy O owo 1 b ® T g W
oF ! ol —— =5 Mo pi o_mogo+lo._HL|.+oo -
m_ur_ATozumo%H = = Dol ® LS
P Tl T L DA
o = <F O f ok oF oo R s T
oo...o_._.d_._._.A|._. - .AEsEA_lLlh/r.r._oe_u
mmmmwvnﬂm_._l.l_/r_zs I T ~ 1o ou oo x ol

© X T kR M {f o 57 o £, v o &m Tl Tl oWl oIT
+ou|x_._._._oomﬁ=_m.w M_oM_/o_HWm__mﬂnuAn*g.rr__E_E
Mo T g s =T<wy 5 L
TET LR Ew,, wafETawe sy
S E R R REs M3 s s RO
w.7ﬁ7eo_._+o_”_ﬂ0|_”__.._ |_n__|m_=o|_o|_ao.AL.m_uM4oL|
o = _ 1 I 21 9 Bl 3ol = RV
ol o T ™o o M I & 0% a ool o
Mwwuﬁ_._lm7u_|m| Oz lE g oA

0 0 I S B Wl X OH % 30 ¥k 20 Kl T ol

=

A
—

= ZH AXILIO7F A=7H0f whe2f Zb= 2

1

[ |

e
o

A O
= U= B

F

M3
=

4

Al

=

=
* 2|7t HEot2= SF0| CAE 780 O] ZXLtALE HO{LIX|= =712

*x =7| M= ClA

* CAE
* CAE 2t
* CAE



FSt7|

7740 TH

A Ol
T M2
7

10| ALt

a2 X
a

A

t

=
2
—

=

b

—

ZM2E 2loh A
O H& =IRACH 4 2 FHH|E[E

1T

—

—

L=
[

FE | A X QF CAE
13}

o

=2
=
—

e
[

ap A o}

=

Al
~
(=]

[=]
i
o

4

A&
o

-

A4S GEE0 CAE H2Hd Jhd AR of T
(e}

aeiLt 9o e 2F
A g 5= BUEL A 2
H2E At 284

*x AtE dE7|9f %
UE7F?

=

CAEE A= M
2K ZAF 7|

Ea
o
T

ojn
Fl
wll

ot7| ?lsi MEE Z2|9f

KIr

= O

Ho

A
FRAEHO! 7|

X0
wd
|

A

F

VS

SFRALE. FA 2

T
{10

A

f

=2

ol
T

=Y

=

A
e

ddal A
'%I\
Sro{ Cf

e
[s}

2
[S)

ol

]

NiE

=

=

1995).

(=13
Vi
o
O

o

oot CHA|EE B &
o

Q|, 1989). QI Al

TS
(=}
O
A =S #=0 CAE
A

=
e

C(
AHE

F

AN
—

o

.
[}

FHIE 2

PN
o

Hoi|

-

(o]
0] 0.6% A LIEHRIE. £9] =52 30 L7HA| T

Atele stolst
O|L} B0l CHSHO! CAE 2 S8 0S8t L

= 2A
|

(e]
—

ZF
HA

A
o

b

AHSAH U2l

[ |
—

i

e
[
—
S
e
(s}

=
—

—

q
A

stof e S

It
=

37t 58
of AT Al 2

il

2 A+s2 EEA

A

|

48

i
=
S

S 2AXe] o=

7

A
o

H5H0] Al
HREIA O CAE o At Lt
2 EHM
FE XS 70 2 S 0.5 ~ Tmm A

(i
IT
=

A

.I

oir

~O

= ZHESHIIEK

=13
S

Air-trap =

=2
—

0| Z3510] H|E| HOio| 25 A0 I}

2010). N|& ®EHO| O|AM| THE O CH

FRA=E, OlAl

Shell HA|E X -&35}0] Global off~

X=1
—_

A
o

E|

o

o
o

F

e
()
—

HES A el



.|

A
~

Global df

o

—

1

FSOLRASH, OlA THE

—

—

C

Hin

=
S

o

M
Mz

PEO =g, VAN 2

A
(|

u]
—

, 2017). At

=)

o| XM=t0| CAE 7HMof T

CAE & 830 7tAAERF2 L
M
o

Ol Ol =5EACHZA
71 25 =X =

-
[e]
-

4

S
o
o

M3

A
o
ME
A

FAlEZE 0l =

42

jor
oj
ol

ol
jod

Kfo

2

CTE 7}

i

IH

{oF

O| ZQsiCt 2Lt 2019 H 6 & 27 €0

HIEZY A HA0A U 2200 ™AL 2| Af

4

.
O:
o

=g

1ol

L
[

HO|A CAE = M= Process =

XMle| Z1t Data o A

ES
dt

=74 2 2 X5tH, O|Fat

=)
2!

~
(]

M
&

T2HE| AKX 2 CAE B

H

=
Al
=

r
-

ujn
KF

xr
10

&

i

jod

ol

Autodesk Moldflow O 2f 10,000 7H O|4& X &[0 UX|ZHAutodesk Moldflow Help,

—

—

=2

A=l [# 1-1]2 At

~
(=]



WIS Gate Type :
hdel ication Paositicning Eject Quality Wiscosity pvT Design Structural Thl(!(ﬂE'SS
= /T IRIE 1 MNumber Systermn Indicator Property Property change Integrity Size
for mold . L Pe Pe g g Tolerance
of Gate
cold or . Insert Creep
Machining Mold Thermal Resin Mechanical Ribs & Boss Part Stress
. Hot runner s
Error Desian ) property Property Property Fasteners Desian Strength
g system P . g .
Snap-fit fatigue
: Series o - ) - -
Vent Cooling parallel Transition Ejection Filled or Resin Qualtiy cle time
system Channel Circuit Temperature | Temperature unfilled Property and Cost Cy
1
Mumber of
Mid plang Mesh_es & | Mold-melt Mold Resin Part Ma_:-cirqum Malxim_um
Dual domain Laminae | Heat Transfer . . Performance Injection Injection
3D mesh Across Coefficient Design | Property | Design Speed Fressure
thickness
Isolate cause Inertia Injection o Masimum o
of warpage CAE gra\,rit_\'r CAE Mo'ding In]ectlnn - Clamp Injel:tll:ln Re5pgn5e
Consider |Parameter| wall slip Parameter 012 Machine Force Machine Time
Corner Effect Intermediate Accuracy
; Data .
Fiber Analysis Ventlnlg Process Environ Screw(Ram) |Intensification| Screw(Ram)
Convergence : Coreshift Manage . . - .
Option Analysis Setting -ment Diameter Ratio Diameter
¥ -ment
Data Design CAE Sling control| /P Switch | Packing Ambient Couorlr‘:"t manj‘fment
Collection Standard Standard 9 owver Time Temperature pump gems
performance | after ejection
Data .
Data Optimization S Process | packing Feed system | Environ | Temperature
; Manage Cooling time . ' controller
Science Technology Setting Pressure cutting -ment system
-ment
Automated :
data Machine | Froolm Starting Ram | Melt Mold _ Eject System
i : Solving = Measurement | Aging effect | (Automated
collection Learning Position Temperature | Temperature
: Methodology robot)
using AF|
[H 1-1] At= 849 CAE H=
AE 4 CAE Z21HE HdEots W2 4N AHED CAE Z21HE M HWst= A0|
SEAMO|C dgLt S&e A SE d= 430l 22 I, 43 RS (1 1-2]2f €0]
MEHC=Z Lz 27t ULt CAE 20HE HYHO =R HUdt= 432 57 WEHO|L ZH|
o (o) o =. = O S
ol EERQ ?IK|, A 2, 20|, 4303, By W =5 Hlue 5 ACL 2L
2 21kt 20| CAE Z1HE 7ot HEHH, CAE ZX0| IHE H5 S TIldHOF trf.



- Tooling TO EHA|
- QA CHA & EH| s E

- Modeling Import

- Mesh
- Resin

- Filling pattern.

- Hesitation.
- Weld lines.

u

ol
oF
oju

"

- Injection Location
- Process Setting

- Optimization

"

[ 1-2] 3l Zaf/Z X/ EHAoff ot

- Injection pressure.

He

= d
[S =]

4

7
O

3

-
o
—

3

o
o

Ct

=

—

ay.
- Sinkmark.

- Warpage

- Packing pressure dec
- Shrinkage

ZEMAR

Sote

Wl
(=]

A=t

4oz Hgx

L

H
o

mujJ
o

ol

-

P

X0 2 A3 2 CAE

HEZO0| HEE U=

=
o

o
=z

(o] =1
= o

* 2

ol

0

Fur 1
1l

71_
o
70

o

12 HESH =”J=7h

A
[ |

(@)

F71?

—

e
o

o4

=M= Sle7h
Al Z1A

* 78 =0 el HAle] B2 FH

-
o

e

4

* 3D OA[S] B2 gf|o]oj= X ETtIt?

* A2
* OA] ZIEE

B RA=742

.|

&0
KIr
0lJ
X0
Ou
&r

.i

bS

g oz

ot SH & off4 BAO et Ch=C)E 4

o
#He

A
~

.|

H

|
[e]

KIr

QFAMERA Lt

C} 2L}

F

—

-

o
| ot 2OF2 AMEO| stadts AME HRE7 HOIHE 4

25t7] ofE7| W20 o

A= L8O =FO0| HHAM A0 O
K5}Lt

=1
2!
Io|
=

nJ
4

—_

od

5| AR

Xt
S

O|Ct. HAIB{H 2 1950 HLCH A



7|&0| HZ E2{do|tt. E

St

.
o

= O|&7

i

7

7t

0| AHE HE CAE Ol M A|Z2{ 0] Al

ALCE.

Zihs FA|

a

AHE EHAREO| Of8) HHEIQUT, CAE AFE X7

=0|7| fIsiM=

10| Y0OtL CAE Z 10|

f=3
o=

M

J2{L} CAE A1} Alg|

1 A|ZHO| A

o &A=

=
—

o/

off CH

of A0 AL K=

o |
—

=& 71 W

2
= =

H3E Aol Helet

=

ot 0| Ef 24

10

=

!

ol

o HI0[HE

At
(=]

CAE 0| =
HE 2X2 CAE O|O|E 7|8t ¢

e
o
o

0

Af

olJ
&r

oHr

gl
B

8l
bl

o
MEldE2 &

2

0]

2 m&Eet =k d2Lf

SIPNEERSIV IS

o S2%

-
1 ke

A

T2 A

g M=

L

CH=| O] CAE

b

k=)
=l

X xeh JEfOM L7t

0|55

=
=

=

HHEH T} CAE

RS

-
(@]

Ot A|2, 2

Lt
=

2ZEQ 0] Het

At ¢l Tto

2 I3l HAl

7|CHZF X[ BERUCE

~
ot

2hg0of

CAE X

ol =0 S ALk ALt =20

ol
=

smegofo] ¥ago|=g} ot

Ol

<

_

T

4

7tet B2 Case ¥ 2

oAl S

sl
g|Qict a2|n

ol
—

yso=
o

(Artificial Intelligence)2]

=
o

eIEX|

o
=



StLY.

_

=}

Of HLCt w21 2o 0| 50[ 7t

10
Kr
2l
P
Ho

0
Kf
oF

[N\¢

joll

ojn

ofn

AMZE S CAE2| O|2X HIZO| &= Ml AFE TASH0] My X5te)

| A2 2 MZEEICL

L=
=

i

—

.
[

EM27EF

1L

Kk

ol
70
or

KIr

F

—

-

o
M=o

I

-
o
=

=1
=

M=

F

o

= MAISHRICE. O]
N

He

o
A2l 7|22l Decision-

H

3

—

.I

—
-
o

= 0| 835t0] CAE 2RIt
SFRULY.

A
M AlSHRALE. 4

M
ts

tree 2 &Z RapidMiner it 2| RapidMiner Studio & &3+

=

I LCtH EESE PC+ABS =X|2 S H EM
=

=

&

K| At
M, 2 2o CHsto AtE 9 CAE

FO] ANN S 2 22{Zl MLP 2 0

|-

—

-+
o

4

o

2
=)

e

ot #& A2l O
1 2
Of

=

(o] ¥=C
=

MEY

=

[ -

2toj| ot
A I EQO Autodesk it2| Moldflow Insight 2 H|O|HE ZHESIQICE 2|1 At

|8 PIDOTECH it 2| PIANO
EQon(E =3t 2|, 2018), HMA & &850 MLP 7|

2 CAEO| M 83t S8 Mz 7

H O
[

F

H
o
HE|E tHEY = A=7HE BIH5H7| flol, £040]

Hebdg 7S flel ofet #HaF g5l of of



H23
2l'd= =O0[xt2t

o

—

2| ALt Of
39| (k)

3

—|I-A

=

=

=
b &0{0IL}. F

.

e}
off ‘CAE

o |
—

&7 o

SICH CHE 22| CAE QM X|L|O]EE CAE

CC

Rl cc
=22 A

o

)= =&, 2t4 S 2|0
M

2y ol

S
o~ —

Bl
oF
i
or

ol
&

10l

AH&SH7|0f A

ofu

il

!

SICHH CAE AEROf| A

.
()

—

(=)

1970 ALY =gt 2= =R AM ZA[HS ?{8l ==
O[C}. O] A 0] 7t

o

CHMoldmakingtechnology, 2021)11

O[T, AM™o 2 LHE0 oA 2FS & M A2t oi40] HEtAM

Moldflow it 2| A& X}Ql Colin Austin

iy

oju

ts8

4

e
[s}
o

M=22 SZIX|0f et FepXIt 7|1E& £50] OfL{H o

ki

O} d2iL} 7|& £F2| 4% 0|0 Zut=0]| A0 A CAE SE= 7|

CAD ZES 7hMetM =



o
=
-

Ema
=53

di &>/
37| =3
=
ESEE-
S

pe g
#HE 57

S8 ZFsE

-

Hi

FE O+

JE =M =M

Gled 2O HE:

HEl sl 2 EA
&N SHH S

=

AS0I&2 i LS

Ct. d2{Lt CAE &

b

[O23 3-1] AHE 3 CAE 3lA &= A{(Autodesk Moldflow Insight Advanced Cool and Warp,

2016)

-
o

Ct. ol =2 QXS

o] Zdst
[ = QAT

o
=

M7+ B0t O

Az T
f

Mg 1T g
E

A

ER Of| A

<0

-
St

oK

b

=

-
o

= 4 gslof

b2

-
o
—

~
3 =

VS
~

=

C



T
L NH_ ok
= <X 7 w|
=T 5 =2 Kh —
- = > m (@] —
Bip i s 5 ¢
AO N ML o N ) |__L
o K< RO o K )
< _Ao N Kir =l = < E._, o
— H 30 4 My xr ol o =r Hw._ﬂ
W%%%@ua a = [R
= 2y U 2oy, R F R —
5t b < Kool S . oF
o Ul n Jo KO () _m_.._/ LH _
o T El m, ~ ™ N 1p O oK Hio
e ._ﬂou(uolplf H 350 T =
Ko r s ol =
ol K] <o Ul r ol & oF 1) ro N
o A_.aox:._unm_.mw o_u,i, wl o
B - B = [N S
Kk Tl o] = K X 1 X0 — o
X v —~ J—/I ol —_ |_|._I o R
£ = & B S “ o Koy o & Il ol %0 N
e 9 0 T R %0 ° B B0 %) ol
@ o) = X h_lo_.“.__aoxom.,%_ 20 from _.__ue._ b
c L < 70 < B ol & = Kl zo
> £ O Kl 3 K = 0| gt M o Wz
C © < e O 0 K= 0 0 o Ho
—_— + — O o 0 An_ [W] _l |_A o< |_ O_ 0 - {0 ok
© Q © @ {0 ¥ o < pl o 0 X W K I —
@ S S m X0 g_i,mfio__m_um _HAE_E% 5 2 om
5 9 . T L MTEHE%HAHC Ia_%moo_:_%_ o s
" 8 B Vo g ol g T 3 A_.(A()_/n_*A 5l
. = 8 N afl%_#___ ,ﬁd55+ Hf.ﬂﬂo_
o " ™ +owm.AnA_A_|ﬂm_¢ a,x_e .}...___A._ __M._ otﬂmm mﬂm%
. 0 0 = . K0 = K ELNE! =n R
| M %&aATmyh 4omm__%¢-| an U o
g . i < Jo X OON 7] RN ind EL o
J ] AMOM Aoy 5 Mom_dm:__m Ho oF a5
DL | _r__ﬂ%i.ar%n_m_:% %%&aﬂ,ol_or_%e_s%
vl K _“__EL._AH Wol_lﬂ_uaaéﬁx_._u
| ng___._lx,_/ll O_X._qc__/l._._mo
i =% @ o %5 oK o =l i o B0 B0 Al vy S X
| o“_laﬂ___xao._ulu S B/ AL MOOT_/._**
Lliis _.o_pé____ﬁxl 0 o X E
il K IR T oo F X Al %
(1™ ofr 4O R o X U K x @l
& o__A;ExxlmHm X x
e W BT or KH
™~
o Ll A._ﬂ :_“_



* 2|E29]

oy
oF
i
<

2l

==

n

<l
*

xd

X

oK
i

ZR013, dHAELD T, HAEE 5) O

=
=

EH =(4A0t3,

@

x

xd

X

oK
K
750
wg
ok
K

x

3
o=

k

I
"
o

o

S
=

I

o

oAl 2
H

2
[S)

.|

x
~

2=
=

A
o

E|

o

e
[e}

Ct. 3D HiAl= S

=2 g|0[df
Of7| !l = HMESh HAl EHY,

=82 HAIZ

toF OBL 7 =02l HAlS]

—

3

-
(s}
—

-

Ct. [ 3 3-3]2 CAE &8

HOAl EFRS 2FStD QAT HA|

()
—

b

—

-

LIEFHHCE CAE &

-

—

o
ratzict oje

FA & &5l oF

=

=

FX|

HRI Sl Of

=
=]
C

-
()

.

N
a5

=

—

of 3

=
(L

Of HOfLt A}

Mol =8f

3y

t7]

e
o

-
o

=
<)

g

S|
x
A =ef

E|

o

e

|0 Autodesk Moldflow Insight Ol A{ AtE 7}

9
Etofl et 7480l Ch27] Z20| CAE Bt

AHEALZE A Fe

%ol
o

zE
L

—

B) A =
2t

2!

o

7
A Aoz SH 7t A of £

A DG 0l A It
HA[ZF RO

gelst7|

a
=

T

O EA|

=
=

S Wapo

f

oL

HA

J|d



Midolane Fusion Tetrahedral
B Oual Domain™ 30 Velume

(3 3-3] HIA| Bl Y@ =g 2, 2018)

—_

4) AHE £ =X

F&Z0|(L: Flow Length)@t S7H|(t: Wall Thickness)2| HIE F&H|(L/t)2t11 S|, AHE
ZOIL 3 HAXE2 82 & oF5t7| 2l f=HIE 0|83t atAH 0=
IX|L|0j7t RaH| #E 7tX| 2 JACtH HijXe =z Mo |2 HCt d2|Lt f&H|=

ISR Yol AtE £20| M2t FaHl= H2tEIoh el FSH|(L/) B0l AME 89
Ho| 5T 0tE0| 3% Q400 Al SE7HHEY oM, AbE £ SH = At 49
AEOM RS HS 0|52 iy 240]Ct,
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Scale (400 mm)

[E 3-71] of|of4f 7HH XMZF WAl X = HAl

[A8 3-71]12 oo AHH XMF KAl & 5 HAIS LIEfLHD A2, [# 3-8]2 A &
REE Y2S LEfHD ACH
[# 3-8] OO 7{H X|F HA| X 22 F=

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 /237.3621cmA?2

712 3-72]9 20| HEE 2X| 2 ASA L1912 9}

—

ofofd 7bf HZE AtSO| X3 SatAE 2He
L

DIHEE £=X| ASA L1941 S HE838}3IC}



0 ASA (ASA LI912)

0 ASA (ASA LI1941)

= 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

[O12 3-72] ™ E ASA LI912 QF T E ASA L1941 7|2 24

10000.0

. T_1=230(C]
1000.00 T
@ T
@© =
g T_2=230[C]
2 1000 T~
g ~
7] ~
> T~
10.00 T~
\-.
1000, 500 1000 10000.0 1.000E+05

100.0 1000.00
Shear Rate [1/s]

[1& 3-73] ASA LI9T2(T_1)Q} ASA LI941(T 2) M= M H|m

1.100, Specific Volume vs Te mperature
P_1=0[MPa]
1.075 -
S s e P_1=100[MPa]
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L — - —
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2 o5 .
& 0es00 =
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0.9250
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150.0
Temperature [C]

[C12] 3-74] ASA LI912(P_1)2F ASA LI941(P_2) pvT =4 H|



[O2 3-73]12 ASA LI912 2 ASA L1941 | B S42 HlwSIRUCH MY EHOZE ASA LI941
ZX|o] M=t =Lt [ 3 3-74]= ASA LI912 2t ASA LI941 2| pvT &S H|w3|RCH
23 0| OMPa & [Mi0f= ASA LI912 =X|2| ==0| 2 X|Tt 100MPa & {0l = =35 X}O|7}

ZO|E0] & £X| BE QAR A Folst 4= r.

[13 3-75] Ofjof HH HEF HA| HHE

12 3-751= MZ A BHEES LIEHLH D QU

T USHRACE d2fLt (O 3-76])0F 20| SHEZO|A
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Mesh Thickness Diagnostic [mm)]

l13.00

9.835

M 7.021[mm]

3.504

0.3383
[O8 3-77] 0O{8 HH K& KA §HE

Section A-A’

Detail “B”

Scale (50 mm)
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T2t 8l A (Molding Window)
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Pressure drop, maximum (molding window): XY Plot
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1.1°CY I AbE Al
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FUS= ArE

e: 231.1 (C]

1788&n

100! 2000

3000 4000
Injection time(s]
[A& 3-81] Temperature at flow front, minimum

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

Mold surface temperature
Melt temperature 230

Filling control
| Automatic

Velocity/pressure switch-over
| Automatic

A 2L 62.22°C, X 2E7F233.2°CY I§ AFE A2t

Batof HE LB

AlZt2 13 2= 0|2t I 7| 27|17t 7tat2nt [1E 3-81]2 88
Hotof MHE 7& ME 225 LIEFHD

ULk 75 WH 2=

= X|aste = A2, 2|0 10°C 0|5tz

AlZH2 1.3~2.3sec O|LC}.

Temperature at flow front, minimum (molding window):XY Plot
M grature: 62.22 (C]

a, .

e,
‘a
6000 7.000
A1t

Pack/holdmg control
| Automatic

Cooling time

' Specified

v \ of |20 s [0]

[ Fiber orientation analysis if fiber material
[ Crystallization analysis (requires material data)

[O2 3-82] =7 8| =HA

Advanced options... \

Fiber Solver Parameters...



[12 3-82]2F 20| £k MO E X522 X8 42 Molding Window(dd T7h2|
40| M=ot 29 3k 2| X|(V/P Switch Over)2t 2@ X|0f(Pack/Holding Control)&

sz HEot & 7| CAE & TIASHRUL

—

x4

[18 3-83]= 7T AlZt Hi=tof W2t 78 FFS LIEI L QU STO| A[ZBEL 2.34sec 7t
X[ AP0 A O] g §lo] S7H0| 2=E[RAL. [1F 3-84]= E& ot AEH2 ¥ = of

36.32MPa = 01|§E| PN El'-

Fill time Fill Fill
=0.1952[s] /,, =0.7810(s] - =1.074[s]
Is) s] s]
2343 2343 2343
1.757 1.757 1757
1471 1471 1471
~ n
0.5857 lo‘sasv lo‘sssv
= 0,000 0.000 0.000
A e i’* - AR
Fill time Fill time Fill time
=2,050(s] = 2.245(s] =2.343[s]
[s] [s] [s]
2343 2343 2343
. - L
1.757 1.757 1757
1471 1471 l\.m
Iu 5857 .u 5857 Io.sm
0.000 0.000 0.000

...........

[12] 3-83] Fill time Z1}

Pressure at V/P
= 36.32[MPa

[MPa]

l36.32

27.24

.18.16
9,079
l 0.000
AUTODES

uononow INSIGHT —Scate (100 mm)y— 30
[C12l 3-84] Pressure at V/P switchover 21}



[E 3-9], [E 3-10]2} Z0| MEEZ(LI912)QF D E(LI1941) $=X|2| AFE A|ZtQ| B0 2} AMS
&% Sl HMH 5 G5 ol Ao HaE 20lsty| Qs ni2tHEE ARLE TIlSIRALCE.

[H 3-9] ASA LI912 AFE A7t B0 [HE 35 oA Z4t H|w

Injection Bulk Clamp V/P Shear Flow front Ejection
time temperature force Pressure Stress Temperature ~ Temperature
(seq) Q) (ton) (MPa) (MPa) (0 (0
1 1 231.69 37.46 43.97 0.495 230.73 57.8
2 1.22 23044 37.64 43.06 0.474 230.75 57.79
3 1.44 229.17 37.89 424 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 2.33 223.78 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

[E 3-10] ASA LI941 AtE A|ZF B0 [HE F5 ofjA Z1t H|w

Injection Bulk Clamp V/P Shear Flow front Ejection
time temperature force Pressure Stress Temperature ~ Temperature
(sec) Q) (ton) (MPa) (MPa) 0 Q)
1 1 23245 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 23047 58.49
5 1.89 228.38 61.56 82.63 0.835 23047 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

AtE AlZH Htof| [HE AbE Y3 Z0tE [O8 3-85]2F 20| == Mot A1t X
A|ZH0] 2sec & [ ASA LI912 = 2F 41.5MPa, ASA L1941 2 2F 82.2MPa 2 0| = | QILC},
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oL ASA LI912 5 5 ASA LI941
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[12 3-85] AbE AlZF H30f| HE AtE &3 CAE 05 At
4) 7+ i DOE

DOE Builder & 28510 Bl et &4 = gt3uH RES ZE50 A &3, I E,
FE2E0 =20t AlZtE 245 de dg2

Responses & M ERSIRICE,

DOE Builder

v Expetiment « Varables(4) + Quality Criteria(32) +" Options

(O One varlable
Similar to the 'Varable Responses’ below but limited 10 one single variable

(O Variable Influences [Taguchi)
Provides Information on varable Influence over analysis results
Lists in the log for each qualty criterion, the variable percentages of influence

) Variable Responses [Face Centered Cublic]

Provides information on the behavior of quality criteria over the specified varable ranges
Generates response surface plots and offers estimates of optimum

@ Variable Influences then Responses
This hybrd experiment stants with a "Varable Influences’ to reduce the number of varables
to the most influentials and then follows with a 'Variable Responses

Numbetr of variables to tansition from the "Variable Influences’
to the 'Variable Responses’

[C12] 3-86] DOE Builder 2] A3 MEH
H AN H SEO MO|= 3719 M2 MFIMCE (O 3-87]d 0| s =2E
=) 7

[212! 3-86]1t 20| Variable Influences then



DOE Builder

« Experiment ¥ Variables(4) « Qualty Ciiteria(32) + Options

o CJFil+Pack Settings Su go2g 28 2=
FEEEEEE < ==
2g 2 . . P T
= ]%Flow rate vs %shot volume Middle Value |60.00 | ¢ |250.0 ] c
T TR%s M= _ : . :
xRy Min, Value 40,00 c 2100 ;. c
[(JCooling time [Soecified]
[JDimension scale factor
New dimension variable. ..
96Flow rate vs %shot volume [%5F &I ) J6Flow rate vs %shot volume [%7F ]
%A HE [%] X RAPMA [w]
% FE [u] [JShow XY Plot Yoo %FE (%] [J'Show XY Plot
X Xmin Xmax Y'min Ymax
0,000 0.000 0,000 20,39 30,59
2 [0.4578 |0.38862 0.5494 20.39 130,59
3 |20,00 [16.00 24,00 45.24 72.38
430,00 |24.00 35.00 100.0 100.0
5 (40,00 [32.00 48,00 8,98 100.0
& 150,00 |40,00 60,00 75.32 100.0
7 160,00 [48.00 72.00 T1.068 100.0
5 |7 [56.00 84,00 64,02 96.04
9 |80.00 |B4.00 96.00 51,07 76.61
10 90,0 80,00 100,0 36,08 5412
11100, 1000 100,0 23,30 11]100.0 23,20 16,64 27.9%6
=
[213 3-87] DOE Builder Of #H== MEH

ASA LI912, ASA LI941 ==X|°| DOE Z1t= [ & 3-88] ~ [1 & 3-91]u} Z0| S FH D=2
H (X, V)0 2 E[C] AHE 2= (MPa), @A E(ton)S LIEHE = UCEH F 471 H+ S

FHO| 2 X9 2k Holol 5 2 HeE UFYOIRALE ASA LI912 +X= A £k

Hoof| 2} AT AFE Y22 29.7 ~ 43.0MPa, ASA L1941 £=X|= 59 ~ 93MPa 2 0| = E|Q{C},
SH| 22 ASA LI912 #=X|2| AL 90ton ~ 97ton, ASA LI941 £=X|= 115ton ~ 127ton 2 &

Ofl = &I ULt

[™Pa)

IAS 10

a125

Z(MPa)

3740

50.0

3356

P
26.0

2371

[O1&l 3-88] ASA LI912 £=X|Q| ==X, V)Of [HE X|CH AHE & H,



X: A 220, V: 2 2E(C), Z: AFE 20122 (MPa)

[tonne]

1032
I 89.42

92.18
94.95

Z(tonne)

97.71
100.5

- %590~ 2500

72.00~ | | _242.0
64.00~_ 2340
56.00\ 26.0
er Y(C) 4800~ | 2180 X(C)
40.@200.0

[12 3-89] ASA LI912 £=X|Q| BH==(X, V)Of [1E ZQ TN =,
X: X 2200, Y: B8¥ 25(¢0), Z: 22 AN = (ton)

[mPa]

ISS 84

8945

Z(MPa)

7907

68 68

'58.29

[l 3-90] ASA L1941 £=X|Q| Ha(X, V)Of 2 X|CH AHE & H,
X: X 2ECC), Y: 2 2E(C), Z: AHE AT (MPa)



[tonne]

||27S

1243

Z(tonne)

1210

"7

145

[C13 3-91] ASA LI941 =X|Q| Bz=(X, V)Of [ 2 ZQ YN =,
X: =X 2E¢0), Y:3d 2E(0), Z: 22 X =H(ton)

5) W2} 3

(23 3-92], [AF 3-93]2 H+ot% 52 28 OF3IACEL ¥52 802 ~ 102.7°C, 5}52
80.46 ~ 123.8°C2 O SE|QUCH AXHCE 8150 2271 9F 21.1 £ =4t

Temperature, mold (averaged)

=102.7[C]
[C]
I1oz.7
97.05
91.43
85.82
80.20

45
\Kg/;ﬁ
-30

AUTODESK' . ;
MOLDFLOW INSIGHT Scale (200 mm)

[23 3-92] &% Temperature, mold(average) 21t



Temperature, mold (averaged) a
=123.8[C] }

[€l

I123.8

113.3

102.7

92.06

AUTODESK L L 1 e
MOLDFLOW INSIGHT Scale (200 mm) 1

[& 3-93] 5t% Temperature, mold(average) 21t

_

[ 3-94)9F 20| 5ol THHS =gt At ot YAF Z0{0f F2f X
HAESH0] YA 20{0f| @ HSO| HYDt 2

2E7t Y YR RXIE0] £7| AlE AHS SEo YA AFE 2EE 9 60 & 0[4 Kt0|7}
st 22 BOISHRIL

Temperature, mold (ransient)
Time = 35.00(s)

58,06

[1& 3-94] Temperature, mold(transient) Z 1t



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

—— N378280

W TTERRNNALIERR
110.0 \[\f \\ \ \ )
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i

50.00

30":6.000 250.0 500.0 750.0 1000.00 1250.00 1500.00 1750.00 2000.00

Tme(s] v s

[A& 3-95] Temperature, mold(transient from start-up) 21}

6) Al AFE & X£7| CAE ARt A= 23 H|n

A" AHE H87|E Engel it 2| e-victory 120(715 O|Z, &HX| 3 120ton, 235 ZZ 40mm)
713 ME, 88 £XIO Y 2X£230°C, Z2E B 2 A2 53 A1} 2265CE

SY &AL

| Q

[112 3-96] Engel it2| e-victory 120 AHE &7



Plasticizing 1:

Screw diameter mm

Screw diameter mm 3514045
Screw stroke mm 175
Maximum injection capacity cm? 220
Screw speed min’ 420
Screw torque Nm 605
Recovery rate (3-zone screw) 22 als 33,3
Recovery rate (barrier screw) ** als 40,2
Version: Standard, Standard-CI
Injection rate cmd/s 224,40
Injection pressure (regenerative) bar 2000,0

Nozzle stroke

Nozzle contact pressure
Material cylinder 1:

L/D ratio 20,0
Heating zones incl. nozzle 1) 4
Heating wattage 1) 9,4

[ 2 3-97] Engel k2| e-victory 120 AFEZX| At

[O18 3-98] Al AtE H4E7| ELZAGE, AFE ZAH(R)

[12] 3-99] StE{d MHL T 230°C, d24 MH 2 60°C

=2
2
JE

N

M 252 91 Az H 0|0|X|2 [2& 3-101]2t Z0]

1 S
| HE SZ 2L HE = HE TS [1E 3-102]12 20|
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[AE 3-104] Al AtE = FEE HEQ ol5 2253 24

[13 3-105]= LI921 1 EF =X Al AFZE7[0f A EHE AHE STzt 3 ALE
(M) Doz HQF M3l AlS 22 g5MPa O| UL [18! 3-106]2 CIEH S A O] Al

AME7(0|M SHE HQF M3t A= Q2 80MPa O|ICt [12! 3-107]2 LI941 1 Bt £ =X 0f
Al AE7|0M SHE EQF M3t AlS 2132 103MPa O|$ICH [12! 3-108]2 CHEF & x| Of
Al A@?IOHM EHE 2 ot AHE Y2 99MPa O| FiCH.

0.00 % -

0s 24s
[2 3-105] LI921 1 S =X AFE7| =58 &5 9l F

-



0s
[ 2l 3-106] LI921 CtEF £ = H|O] AHE7| &9

aum%\ R | S

.99 MPa

60.00 % -

40.00 % -

20.00 % -

0.00 % -

1]
[22 3-107] LI941 1 T SEHO AME7| &

245

A o] o
13- E
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Pressure at injection location:XY Plot 50 MPa

[MPa]
40,00 3632
36 MPa
A 27.24
30.00
(0]
o
E 18.16
20.00
9.079
10.00
0.000
¥4
0.008%00 1.000 2.000 3.000 4i
Time[s]

STODESK
MOLDFLOW INSIGHT

[& 3-109] LI921 1 T HE=H| O 1st CAE 21t

Pressure at injection location: XY Plot

. 50 MP MPX)
50.00 a lsms
40.00
31 MPa 23.36
© L.
o 30.00 Ay &
= lwsv
20.00
7.787
10.00
0.00t
|
0-008%00 1.000 2.000 3.000 4
Time[s]

AUTODESK
MOLDFLOW INSIGHT

[18 3-110] LI921 CtEF £ = H|0f 1st CAE 21t



Pressure at injection location: XY Plot

70.00 [MPa]
74.20
60.00 I
556 55.65
(O]
0. 4000
E 37.10
30.00
20.00 J18:55
10.00
0.000
= !
0-008%50 1.000 3.000 4l

2.000
Time[s]

AUTODESK
MOLDFLOW INSIGHT

[12] 3-111] LI941 1 Bt =X O] 1st CAE ZA1t

Pressure at ipjection location: XY Plot

70.00 /A\&\ ‘/y‘/‘A 64.27 M [MPa]
64.27
60.00 I
50.00 48.20
©
O 4000
= 32.13
30.00
20.00 16.07
10.00
0.000
‘2
0-008%00 1.000 2.000 7 |

Time[s]

AUTODESK
MOLDFLOW INSIGHT

[23 3-112] L1941 CtEF £ =R|0f 1st CAE Zat

o
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22 HZEAO|AM ASA =X EME =Xt
6 7 X| 0|

[13 3-113]1 Z0[ &

Mandactues

rm y Abbeviaton

u LG Chemical
ade Nam U918
17y

I.G Chemical Ln Chemical
u: szs L 335

LG Chemical
z.sAmn

Autodesk Moldflow H|O|E{H| O] A0 Al =tOI

LG Chemical
As.um

lot 21t

Fibers / Filers Uniilled vaied U'\‘M Lﬂflkﬂ
Autodesk Maldfiow M atenial 1D 513 I'L"? 230 IQ] e 2 52784
Autodesk Moldflow Grade Code MATE222 MATE638 MATE639 MATE640 SNS778 Lxson
Rheology L Rheology Y vec
Source Autodetk Mokdfiow Plastics Labs Autodesk Moldiow Plastics Labs Autodedk b Autodesh stice Labs yhcs Labe Moldfiow
Delautt Model Cioss/WLF Cross/WLF Cross/WLF CrossAWLF Coss WLF CrossAWLF
Thermnal Conductivity = Line Source Transient Plane Souce Trarwient Plane Sou Transent Plane Sour Line S ous TC200
Date T 4AUGT7 19N0V18 13NOV18 26N0VI8 YSFEBID 010CT-98°
Souce Autodesk Moldfiow Plagtics Labs Autodesk Mokdiow Plastics Labe Autodesk. Labe Autodesk s Labs s Labs Moldfiow
Speciic Heat u DSC coolng DSC cocing DSC cooling DSC cooling DSC cooling DSC cooing
Date HAUG7 15N0V18 15NOVI8 NOVAB 03MAR10 00cT%
Sowce Autodesk Moldfiow Plastics Labs Autodesk Moldfiow Plastics Labs Autodesk bt Autodesk 2 Labe Other Mokdfiow
o ] indect Ditcmty Indeect Ditomaty Indeect Dilstomed ndrect Disiomat IndeectDistomaty Indkect Diatomaty
Date 2AUG7 21N0v18 2N0va8 27NOVA8 19FEB10 mocrss
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Souce Autodesk Moldfiow Plastics Labs Autodesk Moldiow Plastics Labs Autodesk o stics Labs Autodesk b s Labs ysics Labs Moldfiow
Resn dertiicaton code 7 7 7 7 7 7
Enengy usage ndicalor 5 3 4 5 ] 4
Fill Quality Indicstor Gold Gold Gold Gold Gold Bronze,
Pack Quality Indcator Gold Gold Gold Gold Gold Bronze
Warp Quaiity Indcator Gold Gold Gold Gold Gold Bronze
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Pressure at injection location: XY Plot
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Pressure at injection location: XY Plot
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