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Mold Cooling Channel Improving and Process Optimization of Shell Product
and High Speed Disc

Student : Yueh-fang Liu Advisor : Dr. Pi-Ying Cheng

M.S. Program of Automation and Precision Engineering College of Engineering
National Chiao Tung University

Abstract

In the plastics industry, most of the products are produced by using the way of
injection. The optical disc is one of the typical model that is formed through injection
molding process. There are many parameters can influence the disc character,
but influence levels are different. Hence, if we can preview the results based on
the analysis and simulation method, to find out the influence effect of each
parameter by using CAE software before the molding test, we can not only
reduce the cycle time and the cost, but also improve the product quality.

The mold cooling channel-is one of the critical factors to influence warp
value of the product. In this research, we use CAE tool assisting to evaluate
design cases with various size and depth of the cooling channels, to find for the
optimal design of cooling“channel for ‘minimizing the warp value. This study
also adopts Taguchi experiment-.design-method to find the optimal injection
parameters. The arranged experiments were implemented to confirm the accuracy of
the simulation results of CAE. The results showed that the smaller depth of the
channel with hybrid cooling set the smaller the warp value.

The research focus on the cooling channels design and optimal parameters
study. In view of the thin shell optics products; we use the CAE mold-flow simulation
software to analyze the injection problems including the study of packing pressure,
cooling and warp value. Taguchi experiment design method is proposed as applying
the orthogonal array of the parameters. The CAE method cooperating with Taguchi
experiment method can provide useful data for modifying hardware equipment:
mold mirror cooling channel, and can adjust software setting value: injection
velocity, injection pressure, temperature, clamp force etc. This study provides
several practical messages helping related industry to achieve a successful and
high quality mass production.

Keyword : CAE -~ Cooling channel ~ Taguchi experiment design method ;
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5.3.2 3 % Cycle time § 2%

1 Sk

Bk TE TS #k 4o 517518519520 H 4R E

re
5

A
rjﬂﬂ
B =
= P
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CREGR R P R el
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300.45
270.40
240.36
210.31
180.27
150.22

120.18 4 =
/ RH‘T
|
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90.13 ¢
60.09
30.04

s

Injection ¥elocity [mm{sec]

0.00
1375 123801100 p63-98.25 | 688 550443 275 138 0.00

Ram Position [mm)

Node Node-1 ‘ Node-2 ‘ MNode-3 ‘ Node-4 ‘ Node-5 | Node-6

Ram Paosition (mm] Ny e ] 200001 1 0

95 80 80

Injection Velocity (mmisec)
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helt Temperature 315

hold Temperature 122

& 5.19

Cooling channel

oC

o

FE R

Channel ID T (0C) Q (cm™3/5ec) Matter

1 (Group 1) 122 120 Water T

2 (Group 1) 122 120 Water =

3 (Group 1) 122 120 Water T

4 (Group 1) 122 120 Water =
B1:5.20° KREE

1. *x% %% : Cooling time = Cycle time :

£

bz R T 0 ree g2 Sdci cycle time o £ Fow 2t

g e s & s E 5, O0lsec ~ 6. 01sec ~ 7. 0lsec ~ 8. 01sec » 4= 5. 21 #777

KR B2 TPl 0 Bk cooling time 2

2

f

4 s cycle time g2

g KEFE I BT RICT NERATE I RE S o
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@ 5.01sec: (2 6.01sec:
Ttem Value ‘ Unit Item Value ‘ Unit
Air Temperature 25 oC Air Temperature 25 oC
Eject Temperature 140 oC Eject Temperature 140 oC
Cooling Time 44 sec Cooling Time 54 sec
Mold-Open Time 0.35 sec Mold-Open Time 0.35 sec
[Cooling] [Coaling]
Cooling Time (sec) 44 Cooling Time (sec) 54
Mold-Open Time (sec) 035 Mold-Open Time (sec) 0.35
Eject Temperature (aC) 140 Eject Temperature (oC) 140
Air Temperature (oC) 25 Air Temperature (oC) 25
[Miscellaneous] [Miscellaneous]
Cycle time (se¢) 50176 | Cycle time (seq) 6.0176
Mesh file aa-4.msh Iesh file aa-4.msh
Material file PC_PanliteAD-3503_1.mtr Material file PC_PanliteAD-5503_1.mtr
Machine SUMITOMO - SD30 a1l Maching SUMITOMO - SD30
3 7.0sec: (@) 8.0sec :
Item Value | nit Ttem Value | unit
Air Temperature 25 boC Air Temperature 25 oC
Eject Temperature 140 YO ol Eject Temperature 140 oC
Cooling Time 6.4 lsec Cooling Time 74 sec
Mold-Open Time 0.35 sec Mold-Open Time 0.35 sec
[Cooling] [Cooling]
Cooling Time (sec) 6.4 Cooling Time (sec) 74
Mold-Open Time (sec) 035 Mold-Open Time (sec) 0.35
Eject Temperature (oC) 140 Eject Temperature (oC) 140
Air Temperature (oC) 25 Ajr Temperature (oC) 23
[Miscellaneous] [Miscellaneous]
Cycle time (sec) 70176 I Cycle time (sec) 8.0176
Mesh file aa-4.msh Mesh file aa-4.msh
Material file PC_PanliteAD-5503_1.mtr Material file PC_PanliteAD-5503_1.mtr
Machine SUMITOMO - SD30 Machine SUMITOMO - SD30
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KB BAEE Ammoe A AT 4 Bl RESFER G 8mm e A 1)

; BLBG , = T o] L R R
2 FE o TR L%

2 KELER S Amm o %’gt“ B RBRIFRE Y B2

B o172 8y B2 BB A FTHE -

Model_Shaded Model

_L 90 Run Tiright-12(m)-31 mshYPC._PaniiteAD-5503_T.miw{8 LS, (P IGi &7 WP PeniRed D-5800 1 misdi 90008 SUleRld 7 ar
0 pimension (120 x 42.61 x 120 mm) Ep=6.249 Ec=1.036 Em=12 w1004 ¥ 120 nArl EBef 249 Ece 10085 Fe 19 VI8

Warp=-0.10989mm

B6.11 Pt REE Z kB2 KBRS B E
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2 6.1 HER BB R R REE S T BT L

kB A e
6 ki—E /& 5mm e + 0.05018mm
§ 6 kiE—E /& ¢ 4mm e + 0.04951mm
K 6 kiE—E /& 5> 4mm - + 0.05017mm
- 6 kig—2 /& :4->3mm- + 0.04951mm
6 kE—ZE [ 5mm: 7 42 - + 0.04778mm
6 kB—E i& 1 4mm > ¥ 1o + 0. 17764mm
ﬁi 6 -Kit—7 = : 5mm - 1 +0.17781mm
B 6 -kF.—3E [& @ 4mm s H5E 2 o - 0.09607mm
6 kit—Z ic : 5riim - ik 2 - - 0.09496mm
A ° *%_Fff @%*% S S - 0.09571mm
i ‘b1 BH K
;; 5okE.—p) 4 B E-KE D ER D 8mm o E AT 4mm e
1 BEAKER DFER CAmme BAE D 4mm e - 0.10989mm
d & 619 Favg o B E R FEERIRORER RS TR &

BEsd BELHRBR—6-KBE—F/E5mm 2 k32 By B3 ¢

+0.04778mm » =7 j\‘f“ P ECRER o FBRFTHOREIFRR Z (S AT Y

BB WY A B IR R > BTt +0.04778mm 1 chisd & o 2

s FgEcycletime F5% > Hoth b2 4 A o
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6.1.2 - % FiER V& !
B E N RAF 2 RBRR 2  AFHERRFR A BT 2R
P oo MFAY A RIERRT LB N e B A B 6.126.13

6.14 5 kELz AR B B 5L 17H

1. REIFR 5 4mm o

Blochd_Sheaded Bloded

ot B0 Run 74 st BanieAD 501 it 5,60, (ST
L _ : Dimensson (120 X 4661 X 120 miny, Ep=6,249 £¢=1,200 Ene 12 V1004

Warp=+ 0.04220mm

B 6.12 KREEAE Z 4mm 2 -KELE) - 4§



Model_Shaded Model

l Part-1:PC[TEIN Pan

Run?fmsMPc,PanmaAo-ﬁﬁosjmuﬂaﬂm i =

L O Dimension (120 46.61 x 120 mm), Ep=6,249 Ec=1,298 Em=12,v1004
R y /

\Warpage_Y-Displacement

%10 2 [mm]

3.038

2.733

2.428

2124

1.819

1.514

1.210

~ Warp= + 0.04570mm

e

B 6.13 REEFAE 5 6mm 2 -KEE] > S B

Ed



Model_Shaded Model

T 90 Run 74.mshPC_PaniiteAD-5503_1.roli1 8.3 awd
L O Dimension (£20 5 46.61 x 120 mim),Ep=6,248 Ec=1,298 Em=12 ,v1004 "~
- 0 %

Warpage_Y-Displacement

%10 2 [mm]

3.155

2.836

2518

Warp= + 0.04778mm

B 6.14 CREEAE G 8mm Z -KECE - &4 [§)
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7 6.2 F RoREIFRBEA P BT L
kOBOF R i B
1 |FAES ¢ d4mme +0.04220mm
2 |FAEE T 6mme + 0.04570mm
3 |iFEARL: 8mme + 0.04778mm

#262° VR FA RIS 24 AT AAERBRIFERZES > FIR

Hokp i t HkBR—6G kBE—3/E5mm: 2 B2 > P FE 5 4mm B >

ZHER A TR R Y B4 Y B 5 +0.04220mm s @ e Esd B 5P

‘Lﬁ

T~ FEE IR RERA TR R R B B om 3T KRR TR R

EL

SE R R KBRS BRG] L B

6-2 > A pfeimdfl? F-REEFRASTR % :
?:‘%}’J{ﬁ;\;:

HokR —3kEFER 8mmo E S D 8mm e

|l

. HokB —6kBR—FA 8mm > ® /& D 5mm e

Jrml.

CBkEE —6kEB—FER S 8mm - E S 5mm — i 4 o

|l

D

@

€

@. #-kE —6-kE—FR 8mm E [ 5mm — ¥ -
®. ki —4 kBE—FRE :8mm- E & 8mm -

®

pEEHE RER —S5REBE—FA C8mm: E L 4mm e

78



Ha i | D. -k —3 ki FAE 8mm- E /& D 8mm e

e Rl | @ HokE —6-kE—iFA :8mm - E T 5mm e

el 542 B HHETRZOKE > d B0 2 FH RO KE

MmO OR G KRR R AT R 2 d TR -

] iR

Warp = +0.5819mm

B 6.15 * e RpEEms - 2F %2 KEE - 54 F
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R | Q. gk —6 kEBE—FER 8mm - FE 5mm — i 4 o

2R | @. gk —6 kBE—FER 1 8mm > E S 1 5mm — EEE o

Yol 6.16 2 =B HH TR S Q ki d Bl 5 FFRZ@ ki

BT R ot KB R TICR  R 2 A TR

Warp = +0.3113mm

B 6.16 7 kB S - 2F %2 LEB - &4 B




F2 i | (). H -k —6 kE—FA :8mm- £/ : 5mm -

Bt | (3. kit —6 kB —iEAR 1 8mMmM o F T 5mm — i 4 -

YRl 6,172 =B B HTR SOk d Bl 5 Fd RO KE

m Rl A R B R TR Y k2 e T e

Warp = -0.08461mm

B 6.17 7# F-KE#FEfs=2Fok KB -~ &4 B



F2 i | (). H -k —6 kE—FA :8mm- £/ : 5mm -

B R | (@, ki —6 kE—FAR 1 8mm o F /T 5mm — s

4B 6. 18 2 F 2B HFH TR EQKkE A LB R EFRZDkE

TR B 0 KBRS TR TR O k2 el A R -

] R S s

Warp = +0.05182mm

B 6.18 7 F-kBFpsre 2F %2 KELE - &Y R
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A2 | Q. Bk —3 ki EA D 8mm s BT 8mm

Bt | (3. kit —6 kB —iEAR 1 8mMmM o F T 5mm — i 4 -

4B 6.192 F 2B HHTREOKE A LB 5 BB R2ZQkEE

fT Rl A R R AT Y k2 ed T e

i) s i

Warp = +0.4546mm



AER | ). gk —4 -k—FER 8mm > /& 8mm

Etm | (B). pget ¥ ki —5 kE—EA 8mm £ 4mm -

YRl 6.20 2 F =B EHERGZOKE A LB 5 FE RO E

s i

Warp = +0.3805mm

B 6.20 7# P KER¥EFRT > 2F 2 RERE ~ 84 B
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A2 | Q. Bk —3 ki EA D 8mm s BT 8mm

B Rl | (B). gkt —4kE—FER 1 8mm o F /& 8mm

BRI 2O KE

i

B 602t B 2 AR EOKE A B

Ul R ST O = SIS S

Warp = +0.3611mm

Bl 6.21 7 pokEREf S - BF &2 KEE >~ S B
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A2 | Q). kit —6 KE—FA :8mm - E /S 5mm — ¥4 -

B Rl | (B). gkt —4kE—FER 1 8mm o F /& 8mm

Yol 6.22 2 B HHTR SOk A Bl 5 FERIZQKE

BT R ot KB R TICR  R 2 A TR

Warp = +0.0831mm

Bl 6.22 7 e REFERS NP %k KB~ &9 B
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AR | @, gk —6 ki—FA 1 8mm s T 5mm — 4 o

Etm | (B). pget ¥ ki —5 kE—EA 8mm £ 4mm -

Yol 6.23 2 =B EHTR S Dk Bl 5 FERIZOKE

87



AER | Q). gk —6 ki—ER : 8mmM > L 5mm — if %
10

Bt | (B). Mgt E kB —5kE—FER 8mMmM> E L Amm

Yol 6.242 1 B EHTR QKR A Bl 5 FERZOKE

BT R ot KB R TICR  R 2 A TR

Warp = +0.08386mm

88



# 6.3 F P oREBIFRBRAS PTHY ERFEL

KA
B 5w u| R
iR s ol

1 @ @ + 0.5819mm
5 @ @ + 0.3113mm
3 @ @ -0.08461mm
4 @ @ +0.05182mm
5 (D @ +0.4546mm
5 @ @ +0.3805mm
7 @ @ +0.3611mm
3 @ @ +0.0831mm
9 @ @ +0.03628mm
10 @ @ +0.08386mm
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EERR EH R R REERATTRT A PE L AT Rk

P RHERIOEFR > BFFRESL EFHY > 1 HER Bk —6

KEE—FR - 8mm: & /2 5mm— "EdE s jEH R L p B H KRR —

KE—ER 1 8mm v E A Amm s rfEie 2 R E S o H e 2% 5 10

EY 2 EE Ed 5 0 +0.03628mm o H Tt B R~ EEREK

B 45 @ B2 s &+ 0.04220mm {4 o

£

T EFERBEZRTEREN S KBTI R L EHT

=)

Bl EERE —6 kE—FA 8mmiE S i 5mm— MEME o EE R B

hERE, —5okE—FAR I 8mmo B S Amm o AT e cRELE B0 iR

\\\?{r

ﬁitﬁ»'_t"" %AV\’H°

TP sk - HEF

6-3- 9 v B2 FBEEN

Aa v @ o AR L3 ATk 2 E 4
G ABEEFS A~ FEF]F A W 5 REE (B 6.25) %45 =% (2R-P -
3R-P) 2 s4dtig & (11-V~ 21-V) (B 6.26) ~ =RER 4 (P-P) 2 %/RpF

B (P-T) (B 6.27) ~ 4 ¢rp & (C-T) (B 6.28) % ~ 38 S F)| 3 » I #-iE

P FFE 2 FEEE B AY c TR B LAABEL 2B EET T

BE SR RBE A AAPE S L ok 6.4 577 .
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6.3.1 v r B TR EAT %

2. $2-3 4 5%F @i LR

300.45 ‘ ;
o 27040 —t- = —
| : |
5 24036 ~ /. ﬁfT_Ji_ \E-
E 21031 - | / 0=
g 210
> 18027 A\ _I_TE.T /..
I |
a |
S 15022 ﬁ__J:_;_‘_____ /A
S 10184 T — s A
= —
—4
g w0 \
8 6009 \
= 3004 | ,
0.00 |

1375 1238 1100 963 825 688 550 413 275 138 000

Ram Position [mm)

Mode Mode-1 | Mode-2 | Node-3 | Mode-4 | Node-5 | Node-6
Ram Position (mm) 13.75 2 & 2.00001 1 0
Injection Velocity (mmisec) | 4 S 120 100 25 25

B16.26 v v fobtd Sl g~ HIER
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3. F 67 FF I FRES - EREFRF o

Section Section-1
Time (sec) 7
Packing Pressure (MPa) 6

B 6.27 v v @epitd Slic: BRRERA - RBRER

Item Value Unit
Air Temperature 25 oC
Eject Temperature 140 oC
Cooling Time R sec
Mald-Open Time 0.5 SeC

B 6.28 « a o b A Rl L 4 e

% 6.4 il FS kg

B A A R Lvl Lv2 Lv3
A HE(C) 330 320
B $1 4% = ¥ (2R-P)(mm) 3 10 12
C $ 4% = ¥ (3R-P)(mm) 3 4 5
D b3 & (1-V) (mm/sec) 30 100 120
E b3 & (21-V) (mm/sec) 165 150 135
F R A (P-P) (MPa) 165 155 145
G i pF 7 (P-T)(sec) 0.1 0.5 0.8
H 4 FrpE i (sec) 3 3.5 4
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6.5 L,(2'x3") & F]+ 2 R £
FoFF | RCFE | BZFS | Br S | BRSBTS | ¥R | 5 AR
R 2R-P 3R-P 1I-V 21-V PP PT CT
81| 330 8 80 165 | 165 | 0.1 3
82| 320 10 100 | 150 | 155 | 0.5 3.5
%83 12 120 | 135 | 145 | 0.8 4
1 330 8 3 80 165 165 0.1 3
2 330 8 4 100 150 155 0.5 3.5
3 330 8 5 120 135 145 0.8 4
4 330 10 3 80 150 155 0.8 4
5 330 10 4 100 135 145 0.1 3
6 330 10 5 120 165 165 0.5 3.5
7 330 12 3 100 165 145 0.5 4
8 330 12 4 120 150 165 0.8 3
9 330 12 5 80 135 155 0.1 3.5
10 320 8 3 120 135 155 0.5 3
11 320 8 4 80 165 145 0.8 3.5
12 320 8 5 100 150 165 0.1 4
13 320 10 3 100 135 165 0.8 3.5
14 320 10 4 120 165 155 0.1 4
15 320 10 5 80 150 145 0.5 3
16 320 12 3 120 150 145 0.1 3.5
17 320 12 4 80 135 165 0.5 4
18 320 12 5 100 165 155 0.8 3
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nT RS SE

IAIE g % s M B SN SN P R

#c o

4o 6.6 7o o BT rebERd 2. L N mgsd ‘%%,/’v\gjg

£6.6 Tk rAHREEBY @
-5l A e g
1 +0.04654 mm
2 +0.04065 mm
3 £ 0:03655 mm
4 + 003658 mm
o +0.04647-mm
b £0.04072mm
7 +-0:08807mm
8 +0,04187 mm
9 £0.04297 mm
10 +0.04162 mm
1 +0.03713 mm
12 +0.03811 mm
13 +0.03712 mm
14 +0.03818 mm
15 +0.04159 mm
16 +0.04100 mm
17 +0.03613 mm
18 +0.03986 mm
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rf@%2 MSD & S/N
nor 2ok & BF 5 G L (Mean Square Deviation ,M.S.D)fr
g 4323 1t (Signal-to-Noise Ratio » S/N v ) o 2 5Ese b § % k=8 & &
- AN E R U A WARS A vk B2 Hgd T PTG
R od WE TS THFELEM Y § 0 AR A EFARE > Tt

RIS SR

MSD fr SIN 2 3% % % 4o

> (- 9)?
O_z _ =l ( 6-1 )
n
> (6-2)
MSD = e = (y) +o’
(6-3)

S/N_—mmmman_—mmm—zy,

i=1

y A E S
N & &R AT HRED 0 F A =l

eI EN SO

o’ Ry R ik
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F ez S/N':Rl#

) 2

LE s B ETREA T2

2 on] R fc2
HE SN Sy s &

g v B 52 SN

g
191

2R-P

11V

18.9

18.7
18.5

18.3

18.1

7\

17.9

17.7

17.5

17.3
171 \

330 320

80 100

\=/

v F 52 SN

21V
19.1

PP

PT

CT

D

18.9

™~
e
|~

18.7

/ 2\

T —
™~
-

185

18.3

A

18.1

17.9

17.7

175

17.3

17.1

165 150

135

165

155 145

01 05 \o08

il 6.29

Trtcke ¢ F &2 SIN v

96




SIN v 35 31 B

Warp value S/N table

R S

97

s X1 X2 X3 X4 X5 X6 X7 X8
SIN 28174 27.947 27.953 27.950 27.955 27.951 28.35 2817
Levels 2 3 3 3 2 2 3 3
$1H
T B2HET H3IET HARET B5HET B6ET BIHET HEET
1st flling 2nd filligg Packing Cooling
B 2nd flling 3rt filligg i velocity pressure Packing time
Ty position (mm) | position (mm) {mmisec) (mm/sec) {Mpa) time (sec) (sec)
281
= 330 8 3 80 165 165 0.1 3
282
=| 320 10 4 100 150 155 05 35
f¥3
= - 12 5 120 135 145 0.8 o
R R R 1A
F% b akz SN > BENPBE A 2 L Sl (o #t ] 28T
FA R &Y L4 e RS S B G N A AT
HET2 82 oy ELF L+ e? 54r2 84 & - 7 §6.30-
6.31~6.326.33 A% 5 ~NFEFF 2 Bt Sl o




2. $2-3 4 575 1y SR o

300.45
270.40
240.36
21031
180.27
150.22
12018 ¢
90.13
60.09
30.04

0.00
1375 1238, 11.000 963 835 H88 5560 413 275 138 0.00

Injection Velocity [mm{sec]

Ram Position [mm]

Node Mode-1-|-Mode-2 | Node-3 | Node-4 | Node-5 | Mode-6
Ram Position (mm) 1376 12 5 2.00001 1 0

Injection Velocity (mm/sec) | 120 150 120 100 25 25

B 6.31 v v SRHS Sl REAIEEE SRR

3. 6 77 F I ERERS ERERE

Section Section-1
Time ({sec) 0.8
Packing Pressure (MPa) 155

B 6.32 wor@Ekbtd S BiditiRRRS R
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4. % 8F|F I LErpER o

Item Value Unit
Air Temperature 23 oC
Eject Temperature 140 oC
I Cooling Time 4 sec
Mold-Open Time 05 58C

B 6.33 9 v F i

o

B B LR

L4 el EATTESE

AhSEE y-Stis i

®10 2 [mm]

2.631

Warp = +0.03481mm

Bl 6.34  Boif it EPd A 78 % S §

99



Flr v F R RN A Sl BB EA1T R %40 6.34
77 0 5 +0.03481mm > H B R FHEE R A 2 REGR 2 Be
& +0.03628mm # % 4 o

s
|

-

7 @avo AR PFREHE R EORRE G o] Sl
B P AR E M A R oA A B RPERIPN
vUARER D R A5 R2 cycletime s g E R A Fehd A > 32 b

AEehis 4 -

bR oA LT R RBE D TR A KBRS 2 P SR AT

FAEFER R RAER &4 BRR b (s PR kA v
?"5&9’;@{’2}&:&"%“@?%’&? /i/m‘k’fﬂzi)i‘/»éPEﬁFm\xﬁ’—
R R T F)S bR 0 BTG Ak kT 2 Bk AL
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6-3.2- v T FHFE BRI

E TR RS

Woa kA e el v % HiE w2 fic
FEEARE T E R EAZEY R R L,(2'x3) EFE&ATY 2L E

foom BRI R EREA R AT

£6.7 54l F5 Kol 4

B A R Lvl Lv2 Lv3
A FECC) 330 320
B £ 45 = ¥ (2R-P)(mm) 8 10 12
C £ 4% = ¥ (3R-P)(mm) 3 4 5
D B4d1iE & (11-V) (mm/sec) 80 100 120
E B3¢ & (21-V) (mm/sec) 165 150 135
F wRE 4 (P-P) (MPa) 165 155 145
G R P [ (P-T) (sec) 0.1 0.5 0.8
H 4 AT (sec) 3 3.5 4
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Bodme v PREY

468 WLFWo r ISR Y B

| A dRd 5
| + 0.4841 mm
2 +0.6315 mm
3 +0.0516 mm
4 + 0.0568 mm
5 + 0.9435 mm
6 + 0.7506 mm
7 +0.1389 mm
8 +0:8662 mm
9 +.0.3138mm
10 +0.9930 mm
11 %0.0523/mm
12 +01579.mm
13 +0:1764 mm
14 +0.1679 mm
15 + 0.8368 mm
16 +0.4329 mm
17 + 0.0496 mm
18 + 0.2569 mm
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WogEe o Fk2 S/NWRIZ -

4o 6.35 “F 0 Lt A

\“ﬁr

BFS bk

¥
R
@
(\s
S

1] SN 2
R R @ SN F R TR 0 A 5 F A Rl S/N A

2. i . VAL - 4, v ’ 1o i3 s 2,
T P EB A ETR AT 2 ST Y B2 Sk

o v F g2 SN

LR 2R-P 3R-P 11V
20

18

16

14

12

N A O ®
Y

80 100 120

v v F %2 SIN

21-V PP PT CT

1 150 135 165 w 145 0.1 0.5 W 3 35 \.4/

B 6.35 o7 %e v F%k2 SINHE
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Warp value S/N table

B iEW 2 X1 X2 X3 X4 X6 X7 X8
SIN 6.47 7.28 6.15 7.60 5.79 8.48 18.71
Levels 2 3 1 3 3
1K '
T HE2HET EIETF FAET E5ETF E6HET EIEHTF HEHET
1st flling 2nd filligg Packing Cooling
o 2nd flling 3rt filliog veolcity velocity pressure Packing time
(T position (mm) | position (mm) {mmisec) {mmisec) (Mpa) time (sec) (sec)
281
= | 330 8 3 80 165 165 01 3
282
= | 320 10 4 100 150 155 05 35
283
= - 12 5 120 135 145 0.8 ke
EThERHRIEOBoTHRY L 2
$£1HE
T F2HEF F3WETF FART BT F6HET BIEF  HRET
1st flling 2nd filligg Packing Cooling
| 2nd flling 3rt filliag veolgity velocity pressure Packing time
() | position (mm) | position (mm) (mmisec) {mm/sec) {Mpa) time (sec)| (sec)
19| 320 12 5 80 165 155 0.8 4

104




6.9 B FF % SFEEEBY

Warp value(mm)

g 23 28 33 38 43 48 53 58

F& 5 1 | 0.0026 | 0.0125 | 0.0158 | 0.0256 | 0.0298 | 0.0325 | 0.0358 | 0.0483
F &5 2 | 0.0031 | 0.0183 | 0.0205 | 0.0286 | 0.0322 | 0.0357 | 0.0423 | 0.0476
¥ & " 3 | 0.0023 | 0.0127 | 0.0236 | 0.0259 | 0.0335 | 0.0352 | 0.0435 | 0.0501

0.2
0.15
0.1
0.05

-0.05
-0.1
-0.15
-0.2

Warp value(mm)

—o— HiERH 1 R 2 —k— A 3

23

28

33

38

43

48

53

58

il 6.36
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6-4 - EEAF2L RB|A

btz A e ATiEARY 0 B AR B oA 5 E
BeE RER 2 B b fodd ) Slich 2 1 0 2 P B SRR A T2
SrE e s o TR BT F2 da et 2 B ARGIROERE Y B
BT AFFERY  AFHEARSE T TREFEARL LA 0 Aok
LR B (S g

®6.37 5 d SolidWorks=7g &l 12 sg £ avb 32 2 A gy
ot E 2 3DHCA| 2 18 0 K255 ~ Moldex-3D > B 438 17 0 0] T - R b
Bom A5 2 A5 1A F2 Bl B Ahod WA SR AR T S

59x22x5mm > & A& & 2mm o

R 637 EHRA&K I ELFNE
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R =N

% 6.10[32]

“rT s 4 PO 2 Mt #2 % [32]

PC-Makrolon-2205 4 L 4 44

» A eriE * 2 4L 5 PC-Makrolon-2205 - 44 6-10

i PR IR 2 g H o
% ftdn B(MVR) 300°C , 1.2kg 35 cm?/10 min
BLIH R 10°C/ min 145 (¢
HMEARER 1.80MPa 124 C
% B 1190 Kg/m?
%k & 1mm 89 %
b B ' mm/min 2400 MPa
+ 3] fc g5 60x60x2;500bar 0.65 %
A 23°C 0.20 W/(m-k)
POPIE Gl S 2310 55 C 0.65 10K
BOUIE Gl TF RS 231055 C 0.65 10%/K
RAE R 280 T
BE kR R 80 (®
AR R 200 mm/s
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FORE SN RE CIECE C RREFRF R

by

R 2oL S

TR A SRR B b e R B AT AL A Sz 5

1. #8 © 4r@ 6.40 #ror > Sodk? e K 25 300C -

Filling setting
Stroke time - | 0.0964041 Sec
[ Flow rate profile (5)... l

[ Injection pressure profile (1)... l

VP switch-over

By volume(%) filled ~|as 98 %

i ' Packing setting

J Packing time - 6.5 Sec

o

X B [Specify packing pressure profile v] ’ Set profile (2)... l

" .if,'r' .ll'
;,l Melt Temperatore 200 oC

- e \\.

Mald Temperatore 100 oC

$1-6.40 | ALE

2. BAiE R SR =R D 40Bl6.41 vt B P stiE kB L 135mm/sec o

Type: [Injection Velocity (mm/sec) vs. Ram Position (mm) v] Section No.: & =
30045
§ 270.40
= 24036
E
E,. 210.31
2 18027
2 18022
® et N
120.18 L
:; 9013"’(/ .
B b S
=
o 6009 | N— !
E" 30.04 |
0.00
30.00 27v.00 2400 21.00 18.00 15.00 1200 9.00 6G.00 300 000
Ram Position (mm)
Section Node-1 ‘ Node-2 ‘Nt}de—S |Nt}de—4 |N0de—5 |N0de—5 |
Ram Position (mm) 30 24 12 8.00001 500001 0
Injection Velocity (mm/sec) | 100 135 135 g0 49.9999 499999
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3 mRPEER v BRERA D AeR 6.42 17 0 EBRPEFRF K % 6.5sec 0 @ iR

B4 % % i 120MPa

Type: |Packing Pressure (MPa) vs. Time (sec) v] Section Mo.- 2

170.00
153.00
136.00
119.00
102.00
85.00
68.00
51.00
34.00
17.00

0.00
6.50 585 520 455 380 325 260 185 130 065 0.00

Packing Pressure (MPa)

Time (sec)

Section Section-1 | Section-2

Time (sec) b5 ) 3.25

Packing Pressure (MPa) 120 T‘12U

B 6.42 IR pE R R R 4

4. KEGE R AcB] 6.43 o B 2R 200G R 2 5 100C 0 A AR R ER

290C rRTEApPAAFLEY FE P Iy B

Cooling channel

Channel ID T (oC) | Q (cm*3/sec) | Matter | D (mm) | Re [
4 (Group 4) 100 120 Water ﬂ T 782329
3 (Group 3) 100 120 WWater ﬂ b 782329
6 (Group 6) 100 120 VWater ﬂ b 782329
7 (Group 7) a0 120 WWater ﬂ b 698106
8 (Group 8) oo 120 VWater ﬂ i 698106
PP P 190 PR g snotna |

[ Apply current setting to all ] [ Apply current setting to group ]

B 6.43 kBER
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5. 4 APEERF 4o 6.44 1o 0 9k w2 A APPEEF L ABSeC o M Ap EH S B 2

cycle time = % 11.59sec -

[Cooling]

Cooling Time (zec) 4.5

Mold-Cpen Time (zec) 05

Eject Temperature (o) 120

Air Temperatore (o) 25

[Mizcellanenns]

Cycle time (zec) 11.5964

Mesh file topim)-2pcaim)-1.mde

B 6.44 L prpER

L HHEERZ A E

Loifotinds 2, 0 F) 6.45 5 R A AEDA N L0n 6 A e g T J B4

Packing_Melt Front Time
®10-1 [sec]
2.566

2395
2.224
2.053

= 1.882

L T—
1.540
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Cooling_Cooling Efficiency
=100 %]
14.348

13.015
11.682
| 10.349
9.016
7.683
6.350
5.017
3.684
2.351

— 1.018

Packing_Volumetric Shrinkage
=100 [%]
5.852

F6.47 A e
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4 gd AR

Az d DL R A10Imm o @ e S L AT R 2 R

Warpage_Total Displacement

%10 -2 [mm]
9.181

8.569
71.957
7.345
6.733
6.121
5.509
4.897

4.285

Warp=0.09181mm

Bl 6.48 A5 2%

=1
=
'S
4
N
NN
et
(sx
R=22
I
&
K2
pute]
\'(-q’\
¢
c
N
)
ilx’ <
o
K2
&
o
H\
A
[ERY
o
o

B2
WA m g EAPE S Had @5 009181Imm- AR 42 2 L # F+0.1mm
FRN > B A SRS E ST R ZHE % 0 A cycletime 3

11.59sec » H T cycletime 3 2 A »xF 2 2 PFRF o

|
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FRERA Y R R

d B REEE L2 FHEHY 4 0 BIEF ERBS ] BB
SRA S PIA S B € R B {oa WD) > A dok BRR A
Topo RIA &2 B f R KA IR f o 0 A ERA S
AR A ERR S HN Y BrA & 8 R 1T e

ARhe 2 P57 > A PRI T B FRRA > oA H B2 I Rk
dofe Fitz Sliclicl® o 4o 611 A Sd BRI AL RS 0 2 ik
611726 » @ SR 6.49 ¢ » ¥ MF] - AEBERS L 120MPa pF 5 dd @
% B @ 0.09181mm > A B-ERR A P KHERA B A SRR AT HFIR
Boo M gEd Ba X o om s ZBERBS B H RS B A ST ILE
e fom IR i) o

%611 BREARRAIBY B2 2% 4

KR R R 4 (MPa) U IR % #d @ (mm)
1 80 ’I'v:i{ﬁ 0.2576 mm
2 100 T 45 0.1212 mm
3 120 Vi ol 0.09181 mm
4 140 Wk 0.1031 mm
5 160 L 0.2049 mm
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1. P=80MPa 2. P=100 MPa

T4 % > warp= 0.2576mm JedgIm % > warp=0.1212mm
3. P=120 MPa

et T e - warp='0.09181mm

4. P =140 MPa 5. P=160 MPa

SR T % o warp= 0.1031mm SR T % o warp= 0.2049mm

Bl 6.49  ERRA $NEE 2 A 75 5 B
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Bl RN R B Ak BRI IR R s g R
e L2 FEAFEEGOLR S ERERE Y AT RICRE SR R
R TR RN G AR RERA TSR LT R A BT T

PR DHFIFERE2Z RRRFEETL AP F kR T 21

1L frdHm>FL? A Hh2 75 PFRCTNEERT &R R
773 ot O B A B A PR HECE R R i ¥ cycle time
W P AR R RS P 7 ? oo & Jec
cycletime # 2 gt {fcd B 8 F k2 %% HgH Ik o
A ldp b P EFNL R oo A 2 R R R
PR TROEEG H - TARAR L 0T R R oA frank o

2. BoRBEP SR K 0 Bk oREATY o d 3 RS

WA REEVER ABF IR AEEy 5 LBEFA R
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