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H 3 F(reciprocating screw) 2 L Wk(fixed plate) & & T4 ¥ o]
ULk A olFH 5, 72 A, A Az TEAast 5 AME 5 Y

$4e FRsta, AEHow 54 ARE Agss 42 Aok AE

>

gy719) B £4 Az B3(pellet) AF L AX75S
ARE W 235 FAL s 4TS k. MU AR

7bAast A7l =4

54
A et Fig. 2-1-19] ( g AsRoR w45 P o] 53
gurow TR vk wAS Gl o] 52 Gul Alolo] FHL
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>

AA DT Fig. 2-1-19] 3)& % Axdoz Wuyie] 2a5s

A7, &8 ARl dHe 7rekd 58 W AnEE $4
&

A7) 9= gt Fig. 2-1-19 (D= AN =Ho =z 539 /i
A9 31, 4BE AZA AR FEAIE 4TS D) Y
A

FA, 222, AFA ol a4 o] Folzitt.
Fig. 2-1-19] (5) A Al=golm, Ao, 2
47, dolH B4 5¢ @ 2

o

dA ol vk aEla B

(3) Hydraulic systeimn

(5) Electrical control system

Fig. 2-1-1 Composition of injection molding system
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212 AHEAXEE 9
Fig. 2-1-2¢ £¢28 AFS 4967 93 53425 Hed
Ao 2% 53 (2 plates mold) ¥ 39 =3 (3 plates mold) 5 ©]
A oth Fig. 2-1-29 (a)& a3 7% TolA 7P 71&0] H+=
el 2, AN E] Z# o] E(cavity plate)?} Fo] Z o] E(core

plate)
Abol & 7haete]l dete Al Aol v A F UEE FEHE
Azrg), ate® §5H FAE 1 Tl FYska, A7k
WA S & &, HIH EHolES 3o HYOEE 4, A=A

A

(ejector pin)e] 1A H o] &= FHEI(ejector plate)S “F5 Al
S F¥oE FYAIE ojth olgg Y FF S AFH
o] ZHolEd FAZ FEHE gHUE I3, AF H

= %
7 F9e) Ao ESF Q= AlEe AlS L. B =R A1gH
&

ils
—
I\

AOIEE AT 7 §l& A9 AF) #34A 1S g H 5ol
E 7 o] E (runner stripper

plate)¢] S Ho| 2] slar, AEZSE A o] E(pin point gate)d] & o2

8% 5 A, AFE sbedlel Aole] 92 BHel sk,
Ao Ewo] Wil £E7} 2o XA Ko} Ato]F Ehele] Wolx i
waol o, 4RES) 23 ho] Ba glo] WS FAA7I
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Fixed plate

Cavity plate Guide pin bush
Core plate Guide pin
Support plate —— Retwrn pin

Space block —M———

Eject plate

Moving plate

(a) 2 plate type

Fixed plate

Runner stripper plate
Guide pin bush

Cavity plate
Guide pin
Core plate
Support plate
Retwrn pin

Puller bolt

Space block

Eject plate

Moving plate

(b) 3 plate type

Fig. 2-1-2 Types of injection molds
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SerAE 497 =E25H AEHE FAATV] A ol
<

g Fig. 2-1-3049} o] ~xz

¥

(sprue), 2= &£2]1 9(cold slug well), &Y (runner), Al°]E(gate)”}

23
Part
Gate
Branch runner
Mai
Cold slug ain runner
well

Fig. 2-1-3 Delivery system and cavity in the mold
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1

Fo2E Qw5 FAs gy el fF& A FF & (laminar
flow)® S5A& vedH, Zewe F3 F Abole] AdifE
fFreAde] A e 2= YWY fee o2 yEhdh
o] M3} H &S HE(shear rate)old} 3, FEaE Wl A9
TA 5 g3 ddE F4L Fig. 2-2-13 22 o=z e

HH uskE ofdolA T A FAEHH,
HY FAoZ AFE AdEL fastd feAd FAdAY
AGEL 00 frt o)9f 22 AvE Bxe 4 (DI 2ol verd

F g

MOLD

Flow Direciion

Shear Kate

Fig. 2-2-1 Profile of shear rate within runner
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Slow flowr Medium flow Fast flow

all
B B N B e KXMZZXMM’MZMM

W elocity

A S e
v 1
1

Flow direction

Fig. 2-2-2 Typical velocity, shear rate, temperature and viscosity profiles

Az AdgelAe AE g Lxsh dEe FgEA 4E) 2

_ A (r-1))
(T, P) —Dlexp{ Lt (7o T*)J 3)
A, = A, + D,P
T" = D,+ D;P
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ny(T) = Bexp(%) (4)

AR Rl ol2= el (T)

2 WLEA A o) A4 A+ (K)
o, - WLEA Ao A A+ (K)
D Az HAdEAM S 7+ A= (Pa-s)
D, : A= AolASkelAM FEHol2%= (K)

D, i $H AN kT o] SREi(K/Pa)

FAo] tla =7 E (temperature sensitivity) T,°0E 21(5)E
Ab-&-3te] Y ERE 4 )T
Al(A2+D1) : T2

"=+ (- DT )

T, =297 E (K)
Jy 2% (K)

A, 0 WLEA ol A o] 79 Al

H

N
>

A, + WLE el M e A4 (K)
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30 I I I

PVC(unplasticized)

s - PA6 —
B PAI2

5] PP ;|

LDPE

nn -
L HDPE

3 | | ] !
0 220 260 500

T (7

Fig. 2-2-3 Temperature sensitivity of various polymers
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file)
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©
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Fig. 2-2-4 Filling imbalances in multi—cavity injection mold
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223 A1%%H B2Y AUA2Y
2l WY AT sl AAEEHELEE Aot AZEY Y
ol wrHo) o8] =3 El(filling pattern)S €8 FHET 4 At}
Fig. 2-2-59] (a)¢} #o] A&&%E7F wE A5 2 Fo 77

AWEIZE AA SAEH= 0, (h)ek o] =2 AFESEolA 9

(a) High injection speed

(b) Low injection speed

Fig. 2-2-5 Filling pattern accoding to injection speed

_28_



294 7]13t83 78 HYAAH

g AHE AEBEAA 78 uAsde dndon ¢
B8 PuAzgs B2 2o euAadoR e %
AA A zde] & AuEe 95 AuEE sesden &
Pe ol gou Ax AETAA AME ol FA BFdol

QojupAl m, 1 e thet 2ok

(1) ¥ E£718 UYA&-HAAY T4 ETF

Fig. 2-2-6°4 H+= Z 3 ol 2 UF9 AdE 1
# U (primary runner)ol A& =2 Adgd ol 2y AR F
Hau 23E AdgdgLe Hy SAF o s1A st I H o2 vehd
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). olglgh o] 2 ek FAF ] o) 23 HYe HEw
E=7F SobA Al Hol el StsHAl |k
1y I Fig. 2-2-794 Be AR 2ol &y #7117}
23] o] WAH= A5 #Hy FAF ddEd My Hue] dAdE
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A-AY

Fig. 2-2-6 Different shear rate between primary runner and secondary runner

8, ¢ |

Innner
cavity

High shear rate B

secondary rurmer

Tertiary Runner

/ ¥im
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\
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— A Low shear rate
Primary Runner

Fig. 2-2-7 Filling imbalance in binary branch type runner
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(2) A5 2718 HUA2"HAMY T4 EFF

H= 2719 YUY (unary branch type runner)olA el &3 B3
HAl &S5 271E Byl et ol = Hy WA ustsy stk

s2E FAs SAFY FARY o =AR FAGHE " o
du ¥5 2719 22 9F Z7]AME Fig. 2-2-8914 B A
ol 90° WA Fko] o]Fojxe Z= &2l & (cold slug well)
1 i os nge] FAF5H A&
AfrEe] 2 o FFES 2 T fFE
A o]d olf & 2y 959 552 A flo] 2= WS
FERT A2 A&EREel TASA " 2 23 FAE A
AHE 2ot WS AR EC A mHs T ERES Lo
.

Aol groove corneri-ol A

(medial flow)®©]

3
Ho

_—

i)

Flow Marge -

Medial Flow
— J

High Flew

iSecondary Aunnen

5 Inside Caviy )

Fig. 2-2-8 Filling imbalance in unary branch type runner

Primary Aunner
k
)

, High shear

Law shear
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23 A=A E3A CAES o4 ETE

I e ArEAYEEA CAE AZE ool = #Y =4 (runner
meshing)9] &o]AdS 98] 1239 W dzHE(beam element)E
AbEsto] gkt ol 3l o] f = AHA HyY UFE 2= &8 TAY

AeEA 71908 8L HFolT P + itk 1 A3

olfr= e 3xd w47t
7beetm v A dde] g3t wkdE 3D AEAPEA CAER
AZE A Jhde] @5 Ho| gkth FH<* 3D Ml (tetra mesh) &<

o7k ks o] REHA A E

THHA XPE S =SNG E SR T 4 ojley, B

Fig. 2-3-12 =249 W4 4 vl o, dFyd
A& "= GE Plastics AF¢] PC(Lexan 1330)7%& A3}

71EAA AFEAPIEZTLS Moldflow MPI ZZase] FHZ2AS
ARG AT A=A E 7= LG7I Al A Al zbeE FAE 1402 2 A
AEZIYE ARt A8 Fol LA T BEY A4S
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Fig. 2-3-1 Mesh models for binary branch runner system
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0.6298 l

0.4724
0.3143
01575

0.0000

. 3

Scale (100 mm)

Fig. 2—3—2 Fill time in CAE"ar,_l‘_alysis

Temperature at flow front
=3292(C)

3152
3082

301.2

275.3°C 2753 C P_; a
) 0

Qeala A0 rmmb

Fig. 2-3-3 Temperature at flow front in CAE analysis
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Pressure p
Po
= 0
:¥] m
5 Melt 1
E Freezing line Free P
& volume
z : "
3
& :/W/ P:
TR T @0 Teot TM
Temperature T
(a) Amorphous
Pressure p
Po
Melt I .
'; Solidification line
T% 3 - P
=
_u% Semi-crystalline o
3 range 5
o,
73] _/
T)i TCH Tc‘l TM
Temperature T

(b) Semi-crystalline

Fig. 2-4-2 pvT diagrams of amorphous and semi-crystalline plastic
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Melt temp.
Mold temp. ------

-
_
-

Shrinkage
\
Shrinkage

Temperature Gate size

\/

Shrinkage

Shrinkage

Injection speed Holding pressure

Shrinkage
Shrinkage

Holding time Part thickness

Fig. 2-4-3 Relationship between shrinkage and characteristic parameter
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Agel A% eH-wY A
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~
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=
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glov} H A= KS M 30069 #H21S st 1A o
AILEE AlHLe 138 ~4353 0w FRAU 1338 AHAL F=7

34

pish
us
o,

H(semi-rigid) A&, 288 A|HL Al Fgo] & FA3
A%, 359 AHe 2454 As, 429 AHS 3 S2H

AEE 93 Aolth, B Ado ME Fig. 2-4-49 o] 258X
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w
<
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Fig. 2-4-4 The standard specimen
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A 37 718t By HAUAI-FAANY A EX Y

31 AESAAIRA 2 AFLH
311 A=A4F7 2 4359

Photo. 3-1& ¥ Ao AL ALE4 &7 Yebd Zlolt A&
AE71E LGZIAIANA A#te FAE 140E(2 2™ IDE 140EN)9]

444 +83 golth Table 3-12 AEHP/9] F8 AFFe

"
[
L 4
]
DN mmm

¢ . wm "uum mmm
¢ EEEE smas

o @&
- .

Photo. 3-1 Injection molding machine (140ton)
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Table 3-1 Specifications of injection molding machines

Specifications Unit 140ton
Screw dimension(diameter)| mm 345
Ideal shot size cm 320
Injection size(ps) g 294
Injection Max. injection pressure kgf/cnt 1,550
unit Max. holding pressure MPa 80
Injection rate cm/sec 206
Plasticity capacity(ps) kg/h 113
Max. screw rpm rpm 255
Clamping force ton 140
Tie bar intervals mm 450 x 450
Clamping stroke mm 450
Srll?flping Max. mold plate thickness mm 800
Mold height mm 190~ 350
Ejecting pressure ton 3.7
Ejecting stroke mm 30
A9 =382 1070 AiulE, 2v) FAAE o=

Ay 59 T Y (primary runner)”}

o|t}. Photo. 3-2¢} #o] 4=
SAlOl ke 22 U7 S

mm¢l A Al o] E(pin gate) &3

5)
LGS EREE-SIEL I IEP P

PuAste] A9 g8 45 2219 gy A4S AMAA A9
shalh. 31249 )44 4@ ANE 3 #E FAE G#S 24

3l7] 93l Fig. 3-1-17 o] 2ZF A 7}7h-8 Ao wet 1st, 2nd,
3rd AV E 2 T3

_42_



Photo. 3-2 Opened experimental mold

00€

2nd 3rd

1st

50 ]

50

[132x4.0t

350

Fig. 3-1-1 Dimension of experimental mold
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312 43%Y R AESF
Fig. 3-1-13 #Zo] =& gur=de] dwbz el 344
AHEE 7l o2 2ndot 3rd 7HHIE 3P & SHd =7 E
1 Zlojth AjulE 7t 7+ S %=(DFB ; Degree of Filling Balance)E
2 6)3 ol A efskaith.

1st

rlo

}g_

el

o

DFB = ( ) x100% (6)

A71M, W, * lst AIECIA S HRE FeHg)
W Eond S 3 A9 A8 E S

ERECREESEE ESCE D p‘ﬁ %) 3-35 o] W% OHAUS

Photo. 3-3 The weighing machine used for weight measure
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JP W= Table 3-29F 2] A& S X (Injection speed), AFE S

=%
(injection pressure), A< %(melt temperature)@® 3}al, SEHA =
H3lE Fo] AASGT. AMEESEE 1len/secol A 3lern/sec”7bA] Ser
, AFE & 46MPacll Al 62MPaZt Al 4MPa 4

Wate vk FAvid Axel 4Pz wdstel £ALE
o

~
wn
(@)
(@)
>,
g
e
il
4N
32
K
>~

Table 3-2 Injection molding conditions for experiment

R R s
njection n/sec 11, 16, 21, 26, 31
et MPa 46, 50, 54, 58, 62

fempenture C 190~210 210~230

temlg/[e(;ﬁure C 40 60

Injection time sec 15
C%Onlli gg sec 15

Tot?ilmceycle sec 20

Resin dry C(hr) 60(3) 80(3)
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32 4¥dZ23% % n#
321 A= dEe e ¥ A=

(a) PP

(b) ABS

Photo. 3-4 Molding according to injection pressure
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Fig. 3-2-1& At=%eel w& A2 DFB ¢ W3ts ved
T zoltt. Fig. 3-2-1 (a)ollAl PP A& A& E o] 46MPacl A]

i

62MPa 7}A] Z7tslE &<t DFB 32 2nd 7HH]El& 81%, 3rd
AU E = 96%, Fig. 3-2-1 (b)Y ABS X+ 2nd 7HHIE] 97%,
3rd 7i¥ElE= DFB kel 100% 744 =7} Hdth. 28la, PP 4
ABS A E%F 2nd 7HHEl= AFESE 50MPacl A, 3rd 7AiM El=
AFESHE 5AMPas 713 o= #7243 DFB gto]l S7le = As &
T AT ARA R AxFo JkE 2nd AHIEZE T AR TEA
A o 3rd AAHElE FA Z7GA] oEuE AL & & AU
ol2]3 DFB e wA¢ W= dPdFe F4o 4 &2 95
7t E 7 oderd, AMHEE 714l EAAE WA A 2

2ol

322 FAZEY & FF |HE

Fig. 3-2-2= A= W& A3 DFB o WH3ts yed
g ot FAE St we 24 FAE 7E SHEE ST
A Fig. 3-2-2 (a)9 PP +X& X227} 190C ~210C7HA
7kl &<9F 2nd AWM El= 55%, 3rd 7NH]E] 39%, Fig. 3-2-2 (b)¢]
ABS A& 2nd 70H]E 60%, 3rd 7lH]El= DFB gko]l 16% 714
7 = Ak &3 2nd il 9} 3rd 7HH]E] Aleo]e] DFB #hel S7h=
PP =AHt} ABS A7} ¥ 24 Uest 2340w FA2E=
Al=9E Bt DFB gteo] S7FFce] #Ha, Aledtg o] AR By
At

DFB #tel o 2 982 vAt 949 o

&
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46 50 54 58 62
Injection pressure (Mpa)

(a8 DR

DFB (%)

——2nd —— 3rd

100

80

60

40

20

46 50 54 58 62
Injection pressure (Mpa)

(b) ABS

Fig. 3-2-1 DFB according to injection pressure
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——2nd —8— 3rd
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Melt temperature (C)

(a8 DR

DFB (%)

100

80

60

40

20

—— 2nd —8— 3rd

210

215 220 225 230

Melt temperature (C)

(b) ABS

Fig. 3-2-2 DFB according to melt temperature
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S7ts = AES BT Fig. 3-2-3 ()9 PPFAIE AEHE7L
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2nd 7Y El= 40%, 3rd 7HHIE 4%<] DFB kel 571 At o] st
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ABEl = AiA om =g T ol o] FojA M AZFo FpkE 1st,
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Fig. 3-2-3 DFB according to injection speed
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A ncirae Proacmies luczur Crala (G0 mml

(a) D=5mm

A nevovar Prscniee lucicur Qerala (AN mml

(b) D=8mm

Fig. 3-2-4 Mesh models for various runner diameter
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Fill time
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Fig. 3-2-5 Filling imbalances in flow analysis
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411 A=E4¥7 R 4d59

B oA qo] AFgH AVEAE 7= LG A A A 23 d A Y 140% 9]
A ot2l =33 E}ldo|tt Photo. 4-13 Photo. 4-2+= ZFz} Z A )
el AHY H¥8 23S Ued Aoz B Ho]ae ALl

AEAHF) AN A A2 JS070807155 AHESFSl L, &5 Hol 2~ A 5=
S55C olth. &8 ZL7]+= 350x300x230mmel ™, w3 e Alo|E+ 3
Ao E(fan gate)?’@A o2 W& B8 v AHEHE 2t 20

TAE FYo|t}, w3k gy el 90° Wk sy

_ﬁ
it

== &8 A(cold
slug well) @721 groove corners} 212+e 421 sharp cornerg & A9l
AL + de 7E2E 7MY HdUIolE T E 53 & 1tk
A Zsg . B F 3o M groove corneret sharp corner & 3o tff 3l
Aol 7tsetes 7HHE fyaols 90° Wk S| o] FolA =
ol A WA st F wA sy Fe] $1Asa Atk Photo.
4-32 g @WFANAM FAEEY AEE UL, 71 E gy o]t
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Photo. 4-2 Opened experimental mold
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2nd runner core

-- AT

Photo. 4-3 Detailed runner core and cavity

412 23%H 2 ANEHSF
2 AfoA e H2 40t AR AEAAE AP 93]
H groove corner &3¢} Beaumont2} McKee and Hooverol 2] 3f
¥l 299 sharp corner E#el thale] vl 4]317] 93l Fig.
-13 o] 7MWY HUyaoE A &ste Yy d4dS AR
19t Fig. 4-1-19] ()= 1x, 22 W3d357} groove

corner @7Jo]il, (b)& sharp corner 84°]H, (c)= 13 WA}

(22
»

nE
= ®

M
R
ol

groove corner @7olal, 22 WIS = sharp corner FH o=

2714 Wafol EEE ARe o A~Ue HAFT )
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(a) Runner with (b) Runner with (¢) New balanced
groove type sharp type runner

Fig. 4-1-1 Various runner shapes

Inner cavity

Outer cavity

Photo. 4-4 Experimental specimen
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Photo. 4-4+= 239 AFE& AW AES BoAFa gt} 74H g
Abolo Al HASL = T B @S AEHoE Yeidr] 93
AEZ R 77k 7B EE W= 78 El (inner cavity), ¥ 7]8]E =
915 7Bl ¥ (outer cavity)= Aottt B3 v F ¢ A=
e yUEtd”Z] 8l <5 JiHlE e ddE S (g)= 3.1.24 9 (6)4

3

W 2ol WS AMlE Y A e T (ee W, o= 58k DB

N

r= S48
413 4¥8As € AF=xA

2 A= Table 4-13 o] E7taA % 5 234 FAU
GS CaltexAte] PP(polypropylene) ¢} Ultramid 2] PA6(polyamide),
HAAA %2 BASFALS] ABS(acrlonitrile butadiene styrene),
BEAFS] PC(polycarbonate)E A3 AE= 2t A&t o A

AR A9 £/ %= Table 429 Table 4-33 #t}.

Table 4-1 Experimental materials

Materials Model Maker
PP M540 GS Caltex
semicrystalline
PA6 8202B Ultramid
ABS GP22 BASF
amorphous
PC Lexan1330 BE
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Table 4-2 Physical properties of PP and PA6

PP PA6
Physical properti Unit Test
sical properties ni
Y brob Method

M540 8202B
Tensile Strength MPa 1ISO527 33 45
Flexural Modulus MPa ISO178 1,450 2,000
Rockwell Hardness MPa 1SO2039-1 71 70
1ZOD Impact
Strength KJ/m' ISO179 s 9.0
(Notched 237C)
Specific Gravity g/cm 1SO1183 0.91 1.13
Melting temperature T 1S0O3146-C 200 230
Heat Distortion
Temperature T ISO75 95 160
(18.6kg Load)
Rate of Molding % DIN16901 | 1.0~25 0.3~0.8
Shrinkage
Flammability - UL-94 HB HB
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Table 4-3 Physical properties of ABS and PC

ABS PC

Physical i Unit Test
sical properties ni
Y brob Method

GP22 LEXAN1330
Tensile Strength MPa 1ISO527 41 65
Flexural Modulus MPa ISO178 2,100 2,300
Rockwell Hardness MPa 1SO2039-1 34 110
1ZOD Impact
Strength KJ/m' ISO179 37 30
(Notched 237C)
Specific Gravity g/cm 1SO1183 1.04 1.20
Melting temperature T 1S0O3146-C 220 280
Heat Distortion
Temperature T ISO75 97 137
(18.6kg Load)
Rate of Molding % DIN16901 | 04~07 | 0.1~0.15
Shrinkage
Flammability - UL-94 HB HB
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2 AF= 374 #H

dExzded e ity

ofj
)
F
Lo
ot
f
(14
S
s
N
o
2
>

W= Table 4-49F o] A}
o A 31cm/sec”7hA] Sem/sec 2 ¥ 3}
= A AFEEE e Hd A
nhth H Ao A xS
SEeEE dgssid &

(short shot) 43S AASIAT.

Table 4-4 Injection molding conditions for experiment

ochna | /unit 4 #/CREN \WBRG ABS | | PC
Injection | a/sec 11,16, (21), 26, 31
pressue | MPa 54
temlg/élerlefture C 200 230 220 280
temlg/[e(;ﬁure C 40 60 60 80
Injection time sec 15
et | sec 15
Tot?ilmceycle sec 2
Resin dry | C(hr) | 60(3) 80(3) 80(3) 120(3)
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(a) Groove corner

19
i T

Moinriow Prastics Insicur Srale (100 mml

(b) Sharp corner

Movpriow PLastics INsiGHT Seale 1100 mml

(c) New balanced runner

Fig. 4-2-1 Mesh models for various runner corner shapes
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Fig. 4-2-2 Fill time for various runner corner shapes
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A}
ek Akt ol ] I Aol & groove corner Yo% (c)ol A
o & 25xolE YehdTh 12k B3 AR Hy I Aol

$- groove corner & wje} Zo] W= JiH]E
ko] 2y Hyeld Ee Lx7F YeElhuE Aoz daH

22 W AR 2=dA= WS AUE EFe Yy ¥deA

(a) 1.6C, (b) 21T, (c) 24T=E FAHHILH, (a), (0] 45

(a) Groove corner (b) Sharp corner (c) New balanced
runner

Fig. 4-2-3 ‘Temperature distribution for various runner corner shapes
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> 255 YedAd. gy ¥E P 2=dxE (b)e] 4
22C= 7H& 3o, (a9 4% 11T= X5 AT 12u, groove
corner®} sharp cornerE wAlo FH3= ()9 A% 02C= 7%
A SedxE YEAT o] 83 Fig. 4-2-39 A AAE F3
2] oA dojubs 2w} Fig. 4-2-29] FAAI7be] GaFS
nAlE Ae & dew, JfulE e M Thke 23 EF gk
a

LA} 7} 714 2 sharp cornerdl e A4 BEd3o] 713

rir
0%
=
2
o
fr

e AL, groove cornero Ai= sharp corner & wj Ht}
24 FHd BEd¥ES doFAY. groove corner®t sharp corners

SAlY ARE e 7P AL 2EHAE UEUo] Steres £

AEaA o]F A AFEAF o R Ad s A3} Photo. 4-501 4 <
Zol HY IYILEE €3 A= = Yeide AE g
gk = At} Photo. 4-5 (a)8] A ¥ &Y 7F groove corner 402
AR Aot ol W= Avgrk WA FdH A5, Photo. 4-5
(b)¢] sharp cornerdl A= A @M= Wiz 2= AAu[E7F WA
A% 3t Photo. 4-5 (0)o] 74-¢ A Aol 2ol (a)¢ (b
Ha] #d SHE W37l AdiiFew %

Fig. 4-2-4= 24 3 FdE #43 FA=s FAEE YEd
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(a ) Runner with

groove type

(b) Runner with

sharp type

(c) New balanced
runner

Photo. 4-5 Filling imbalance according to runner corner shapes
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4-2-4 Various polymer’s DFB according to runner corner shapes



ARA A2 PA69 7% groove corner ¥ W 91%, sharp
corner 4 W 109% %2 #yY U Are] wz} H o 18%<¢ xfo]l=
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groove corner?} sharp corner 27FA] &S F Ao #HE ufo
DFB %2 PP, PA6, ABS, PC 2.2 Z}o]7} WAk =2 DFB 3to]
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oo 53 7d SHEE el webA 7 E gy s s
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Fig. 4-2-5 Filling imbalance in sharp corner type runner
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A4s YeedE #8 FA%E A% FseA degs
Ao &4 H T,

(a) L = 05D () L = 20D

. -I' -
Fig. 4-2-6 Temperature distribution according to groove length
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Fig. 4-2-7 Fill time for various groove length
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Fig. 4-2-8 Schematics of runner core
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Photo. 4-6 Filling imbalance according to groove length
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Fig. 4-2-9 Various polymer’'s DEB according to groove length
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Fig. 4-2-10 Various polymer’'s DFB according to injection speed

in groove corner

_80_



—— —PP — 1 —PA6

—4&—ABS —¢—PC

140
120 | W
® — A& __ 4
= :::::U:::_\_% _____ ~ ————— -
L j00 |
a
80 I
60 1 L I 1 1
11 16 21 26 31

Injection speed (c/sec)

Fig. 4-2-11 Various polymer’'s DEB according to injection speed
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Fig. 4-2-12 Various polymer's DFB according to injection speed
in balanced runner
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Nonnewtonian flow

Viscosity

n = Constant

Shear rate

Fig. 4-2-13 Relation of viscosity and shear rate
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Photo. 4-7 Detailed runner system and cavity shapes
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Fig. 4-3-1 DFB according to injection speed (PP)
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Fig. 4-3-2 DFB according to injection speed (ABS)
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Table 4-5 Control factors and level

Level
Factor
1 2 3
A : Injection pressure(MPa) 54 54 54
B : Injection speed(cm/sec) 16 21 26
C : Melt temperature(C) 210 220 230

Table. 4-6 Control factors of orthogonal table

No. A B ) DFB S/N ratio
1 1 1 1 93.9 39.4533
2 1 . 4 96.5 39.6905
3 1 3 3 98.6 39.8775
4 2 g A 95.6 39.6092
5 2 2 = 975 39.7801
6 2 3 1 97.6 39.7890
7 3 1 3 97.2 39.7533
3 3 2 1 94.3 39.4902
9 3 3 2 98.1 39.8334

7} Aol A o] S/NHlol thgt = Pk 7oA ds 73 A

Table 4-7%} %t}
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Table. 4-7 Analysis of variance of S/N Ratio
Source DF SS MS F P
A 2 0.00422 0.00211 0.38 0.727
B 2 0.08663 0.04331 7.71 0.115
C 2 0.07754 0.03877 6.9 0.127
Error 2 0.01124 0.00562
Total 8

Fig. 4-3-3°1A4 X nie} Zo] #3 S5 93 AH Addxd2

ol AlE=E % 26cn/sec, TA =%

Main Effects Plot (data means) for SN ratios

AESE AME=Z
39.80-
39.75-
39.70 | I =,
0 —
8 39.65-
=
® 39.60-
% T T T T T T
" 1 2 3 i 2 3
2 =N2E
=
o
& 39.80-
39.75
39.70-
39.65-
39.60 -

Fig. 4-3-3 Main effects plot for S/N ratios
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Fig. 5-1-1 Dimensions of experimental specimen
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512 A38%E 2 ANHESH
Fig. 4-1-12] (a) groove corner, (b) sharp corner, (c) New balanced
runner 374 #lY ZYYP Ao A A=A FE Al WS 2 9=

ARE P FE = 58, G EE SAIA

(1) BE= 54
AEEe] 2dFES S48 A FEY = 54 71(glossmeter)=
Photo. 5-3¥ o] ISO 2819, ASTM D 2457, JIS Z 8741 +f Al

0] 2 BYK-GARDNERA} Micro-TRI-GlossmeterE Al-&
AT}

Photo. 5-3 The glossmeter used for gloss measure
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£ %2 goste] ok AA wEolof B, HFFEE St

BETFFE(S) = 2 % 100% (8)

Fig. 5-1-3 Position for| shrinkage measurement

(3) AFZE 53

A JdFF=E FAH357] 91814 Photo. 559 HFd~EE
HIOKT UTM< AF&3stth. UTM(Universal Test Machine)
ol % (tensile), &= (compression), == (flexural), BF# (peel), =
(adhesion)S ZE2Q] 71 A1 BAHS AFsr] 93] wEol A &)
ot Aol At&w" UTM<S HOUNSFIELDAFS] AFoz EA
Ao HAE T2 Qmat-XTel version 3.79% AF&3FS)
Table 5-12 AFAE 7)ol Fo AFYS YERA Aolt}

e
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Photo. 5-5 Universal testing machine

Table 5-1 Specifications of universal testing machine (H10KT, Hounsfield)

Specifications

Values

Load frame

Capacity 10kN

Maximum crosshead travel excluding grips is 1100mm
Distance between columns 405mm
Frame stiffness 100kN/mm at normal load points

Extension
measurement

Extension measurement by precision optical encoer
single measurement range 0 to 1000mm
Resolusion 0.000lmm accuracy 0.01mm/300mm

Speed control

0.00lmm/min to 500mm/mm (up to 5kN)
0.00lmm/min to 1000mm/min (up to 10kn)

Height 1575mm

Dimensions | Width 650mm
Depth 450mm
Weight 115kg
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513 AdAs5 € AF=A

= Aol M= Table 5-29 2°] PP, PA6, ABS, PC 4 4%
A3 AR AREsiden, Az AIESE, AMEYY
(holding pressure)< &9 ZUO=Z 3R aL, 7 A9 HA 4
z71& 1#ste] FAZES} sF2EE FAE A L ER

788k

Table 5-2 Injection molding conditions for experiment

Izg(r)lcdelzsc;rrllf Unit R PA6 ABS PC
I“éﬁé?é’“ ni/sec 21
Injection MPa =
pressure
Holding MPa 4
pressure
temlg/élerlefture C 200 230 220 280
Mold C 0 60 60 "
temperature
Coomne sec 5
Tot?ilmceycle sec %0
Resin dry C(hr) 60(3) 80(3) 80(3) 120(3)
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52.1 8Y I P & JHgx W3

AdA4% qual =l AR A4 AU PPY B¢ 20~
23(GU ; Gloss Unit), PA6+= 15~17(GU), vl Z2A A 220 ABS+
51~57(GU), PC+ 64~73(GU) W ¢ FH=E e AT

Fig. 5-2-12 #y /o] groove corner & W W5 2 9=
HHlEl 3F e =S Yetd g Zoln PP A9 A%
El7} 9= JidlE HY 6%, PA6 A= 8% AHE =3kil, ABS
TA &= 11%, PC A= 13% A= =AU ES

Fig. 5-2-2& #&Ao] sharp corner & wWo Y= % o=

ARE 3 FEE

i

HlwslE 2dlZE PP 4 7%, PA6 A
10%, ABS <A 11%, PC A 13% AE=Z 2= 7HHEl7l W=
AnE] Bo} =& A S YeRY Y] groove corner & we} Hkd) 9]
A3E el AT} Fig. 5-2-19 groove corner &3¢} Fig. 5-2-29]
sharp corner &= Q18] MA FH o] o]Fojxl 74n|E e FE =7}
=A verwth mepA FEeAzE AjHel HE ZojA AHOR

BE wAbEE el A4S S4she AuE dd u we) uaae
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O Inner cavity @ Outer cavity

100 r

80 r

40 F

PP PAG6 ABS PC
Polymers

Gloss (GU)

Fig. 5-2-1 Comparison of polymer’s gloss in groove corner

O Inner cavity @ Outer cavity

PP PAG ABS PC
Polymers

Fig. 5-2-2 Comparison of polymer’s gloss in sharp corner
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O Inner cavity @ Outer cavity
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=) L
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n
2 .0 L
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N 1
O 1 _. 1 1
PP PA6 ABS PC
Polymers

Fig. 5-2-3 Comparison of polymer’s gloss in balanced runner

Fig. 5-2-32 7P & U305 A Fete] 90° LFdsho] o F

A= Yy A WA ZYHE groove corner® dtil, T WA
IR E sharp corner® st wf 7AvE 3+ FEEE vEhd
afzoltt. PP A& 4%, ABSE T4 3% AEE 95 FiH|E 7}
& FEUEE YEYAIL, PA6 FAE 4%, PC FAE 6% ALE

=
A

= iR Y FE =Tt =4 SAEJTG. AAA R S H F
B Z=HLA7 R Aol A= EA W groove cornertt sharp
corner $43d ¢ ujo] Avtete= thEA Au|E 1+ FElEe] o7}
A FarEdS & 5 At o]y YA groove corner &I}
sharp corner &3¢ 4% ZF&of 23 7lHE W 38 THEE

G AA AuE 7 BE =] Aol E gaAATa Bt

=
=
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522 Y ZYFY W& =58 ¥

PP % PA6St 22 ZAAA A= AHF A5 44+
Gkl o3 =, A= il

TAe] Ao Qg At ds Sol o7 FFHEol A

Uets Aol dibdoln, WA AgAd Al ABSe PCo A=

FES WME7L vAleA dEves AS 4 7 AT 5749
=l

A A S WA sk, S Aol g4 ol

)

Badth AAZ 2444 FA AR wdgy FAe u A
uoh Ao 2% 244 FA% ERE FARY 5580 Ads

A& om gk

(1) FARFE L& 55

Fig. 5-2-4, Fig. 5-2-5, Fig. 51262 371A &y FAH=Z F7
5 WFflow direction)e] FAE FHES YHEUE ==
PP X9 A% 22~25%, PA6E 12-~1.3%, ABST 0.7~0.8%,
PCE 0.7~0.9% W99 555 LHEHATH

Fig. 5-2-4%= Y &Ao] groove corner & wo] Y= 9 o=
e P F5ES dEkd adzolh. PP FA Y FRES WS
B EZ7F 915 7iHlE B 10%, PA6 A& 13%, ABS A&
13%, PC A= 18% A% vkt

Fig. 5-2-5& # Y& 4o] sharp corner & we] = = 9=
AU E 7+ F2EFS el 28 Z 2 groove corneretE WOl E PP
TA 8%, PA6 A 10%, ABS A 11%, PC 4 16% A%
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2= JiHE 7 W= RNl $5E HUu $rom) groove corner
g9} sharp corner 32 Q3] WA FHo] o]Fojzl FH]E
FEEC AA vEds & 5 3

Fig. 5-2-63} Z°] groove corner®} sharp cornergE sA|o F 3=
HyY FA4Y wol= PP A 3%, PA6 74 4%, ABS 4] 6%, PC
TA 8% AR 95 JHIEZE WS N FHE Ko s
ettt 23d o2 FAGs WEdde @Y dde Ui =E
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Fig. 5-2-4 Comparison of polymer’s shrinkage in groove corner

(flow direction)
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Fig. 5-2-5 Comparison of polymer’s shrinkage in sharp corner

(flow direction)
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Fig. 5-2-6 Comparison of polymer’s shrinkage in balanced runner

(flow direction)
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(2) FAFE AGLFY 58

Fig. 5-2-7, Fig. 5-2-8, Fig. 5-2-9% 37}A &y FH=Z 7]
5 A2 (cross direction)] FAE FHES UEUE 2z =
PP A9 4% 1.7~20%, PA6= 0.7~1.0%, ABS+ 0.4~0.5%,
PC= 05% W9l F5E< WEr A

Fig. 5-2-72 © Uy do] groove corner & uwel = 2 o=
e 3P F5ES dEkd adzolh. PP FA Y FRES WS
ANV E 7} 9= 78] E Bt 5%, PA6 A& 7%, ABS T4 & 9%,
PC A= 13% A= ot
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Fig. 5-2-7 Comparison of polymer’s shrinkage in groove corner

(cross direction)
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O Inner cavity @ Outer cavity

Shrinkage (%)

PP PAG ABS PC
Polymers

Fig. 5-2-8 Comparison of polymer’s shrinkage in sharp corner

(cross direction)

O Inner cavity @ Outer cavity
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Fig. 5-2-9 Comparison of polymer’s shrinkage in balanced runner

(cross direction)
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523 Y ZUFZ W& IFFE ¥

Photo. 5-6° 4= FAREE AGAID § ddd d4& HolF1
Aok AdAd HUr " 4R 2AAHAE FAQ PP Af
30~31(MPa), PA6+ 40~42(MPa), H A8 A1 ABS+ 41~
43(MPa), PC= 52~55(MPa) Wl 4 r=E ettt 94

A7y 78 3

+

el 471 PC, ABS, PA6, PP 4] 2% PC
A E A

Fig. 5-2-102 &Y &*Ao] groove corner & we] = % 9=
AujE 2 JIZA=E Ued 2#Ezolty. PP X9 B¢ WS
FNEEl 9] AFF=7E 95 7ivjE Bt 0.9%, PA6 TA= 1.9% A=
=%, ABS FA = 38%PC A+ 40% B%E =4 uYEH
234 62 Fig.| 5-2-13 1. 5=2-188F18. 5-2-15 Fig. 5-2-169]
A Aot AxEol gk 2#Eel A S AHHIElY] Ho A%

=7F 95 AHlE Ry g 2 g 7HRige s ¢ Al
Fig. 5-2-11& 2]y gAto] sharp corner & W] A2 PP X +=
0.3%, PA6 A= 1.7%, ABS A= 39%, PC +A+= 3.0% 4%
°|= AAnlE e JAFA=7E WS AAvE Bu A UEY groove
corner & W¢t Ritjeo] A3E yERH AT

Fig. 5-2-10¢] groove corner &2} Fig. 5-2-11¢] sharp corner
3R QA8 WA FHo] ofFo|x MUY AFHET =A e
o, WA FHo] o]Fofxl JHE = &5FAY Ardem <l
w4 AME W FAGEIE FokAaL, = FHo] o]FofA=

ARl Elel mls) iAoz Hyo gae A ¥ F5ES 7HA
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Ao g 4 3l

Fig. 5-2-12% groove corner®} sharp cornerE Ao 3
qy Y W AFAEE Ul adEZE BEE FA 9 HH
b A=l ALY 1.0% vroez ZA SAEHAY. wEbA] 73

ZH &7} %353 groove corner?t sharp cornerE FAlo| FHsl=

=

AU gelA dd g Hurs" By 1-3% Ak A

(a) PP (b) PA6 (c) ABS (d) PC

Photo. 5-6 The sample after tensile test
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Fig. 5-2-10 Comparison of polymer’s tensile strength in groove corner
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Fig. 5-2-11 Comparison of polymer’s tensile strength in sharp corner
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Fig. 5-2-12 Comparison of polymer’s e strength in balanced runner
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Curve for Product, PF
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Fig. 5-2-13 The relation of tensile strength and strain (PP)

Curve for Product: PAL

75.0
B7.5
B0.0
525
45.0
375

30.0

Stress (Mpa)

225
15.0

100 125
Strain (%)

15.0

175 2000 225

Fig. 5-2-13 The relation of tensile strength and strain (PA6)
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Curve for Product ABS
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Fig. 5-2-15 The relation of tensile strength and strain (ABS)

Curvse for Product, PC
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Fig. 5-2-16 The relation of tensile strength and strain (PC)
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A Study on the Filling Behaviors of Polymer according to
Runner Shapes in the Multy-Cavity Injection Mold

Dong-Yeop Han

Department of Mechanical Engineering, The Graduate School,

Pukyong National University

Abstract

The filling imbalance in injection molding process leads to distortion and
increases product’s internal stress. Unequal shrinkage rate and orientation by
the filling imbalance bring about deterioration of product such as warpage
and inequality gloss. The study on the filling imbalance in a multi cavity
mold that was began at 1997's by Beaumont. He has been shown step by
step reasons of the phenomenon. Nevertheless, a cleary solve of the problem
has not been yet. However the present domestic studies about the filling
imbalance classified the software method to minimize the problem by
analyzing effective factors having influence on the filling imbalance and the
hardware method to apply the runner core pin(RC pin) on diverging point of
Ist runner in injection mold. A continual advanced methods for balanced
filling is needed notwithstanding these former efforts because more high
precision and quality product with um unit is demanded according to injection
molding industrial growth.

In this paper, a study on the filling behaviors of polymer according to
runner shapes in the multi—cavity injection mold was performed. The filling
imbalance is investigated at a geometrical imbalanced and balanced runner
system in multi cavity mold. The filling imbalance rate also by injection
molding conditions has been investigated and various runner system for
amorphous and semi-crystal plastic materials. In each chapter, the results of

injection molding analysis and molding experiment are analyzing to refer
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demand for 3D CAE injection molding analysis software.

This study is based on the results of reverse corner(sharp corner) effect
that was released by Beaumont, Mckee and Hoover and cold slug well(groove
corner) effect that was released by PIM(Precision Injection Molding)
laboratory of Pukyong National University.

Especially, a new runner system applied to results of filling balance rate
according to runner corner shape effect and variable runner corner is
suggested. Moreover, for case study an experiment was conducted with mold
applied cavity of fork shape. Finally, in order to verify the validity of a new
runner system for filling balance, it was experimented about the effect of
runner corner shape on the molding’s quality.

The result of experiments show that the new runner system applied
together groove corner and sharp corner made fine filling balance rate and

good quality product.
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