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A study on the runner system for filling balance in multi-cavity
injection molds
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Abstract In this study, flow characteristics in a multi-cavity injection molding process were investigated. One
of main problems occurred in the multi-cavity molding is a flow imbalance among cavities since it affects
physical properties and quality of products. Charge imbalance is caused by the uneven shear stress. Therefore,
changes in viscosity affect the physical properties of resin and injection conditions differ in the filling imbalance
phenomenon. Through, this study focus on experimental studies of flow imbalance for PC and PP resin
occurring in a balanced delivery system. Experimental results were compared with CAE results. By experimental
and CAE analysis, main cause for the flow imbalance is temperature distribution in cross section of runner.
New runner system with a simple change of runner shape was suggested to avoid the flow imbalance. A series
of simulation to confirm feasibility of Volume Runner's effects was conducted using injection molding CAE

Key Words : CAE, Runner imbalance, Multi-cavity, Runner, Injection molding

1. A= 2o AAEa vh1,2]. AFEAE FAANA Ak
S FIN7] AeAE A Aol Bl bEat o
Fohey ARE gl wate] ARl @ e 7 AMIE S el A, AY Atel 2 Bl
o WA Eo] $-patn, WErh v, e ereld 4 BES flaiMs WA AR a5 AR YY) Sl ¥
b E 5 Aok wd oeke 452 47 vked 5 3 A9 desh, va AfulE Sl AnlEA
ool Al 71 e AR EE ARt = Aol AYEE APECl W wdd S SRE 9% A
B, W, frel, gy o BEld REEe] Su BRI Sy Al #d Ayt ddEojor &
B dre agAsrlerst ddrAwe] gy Aoz faE Ayast.

WA AR} 41E SH(dhkim@sch.ac.kr)
Haed 1d 029 259 FAY 11d 0349 29¢ AAEEL 11d 044 07



TH3). ok AEE AREF ol 24 Bwge 19974
Beaumontell 2J3] 1 & de] Qo] I 7] o]l
Wt B a5 B2, HUA2=E 9 H]E
7FEA Y QA A el 9% 3T & Sl
o= AR 1FE grH4]. U] 718kEHARl B4
o W FH By AN AF L AESE, FRRE,
FYLE 5 AY2AY A BE 4 BFEe |
o] ATFEATHS,6]. HFE BALS Folo] T B¢
o] diF 2 oA Adde] P4 2L Aol dsiH=
ATEHATH7R8]. TX B4 WES AEA BE AHlE
o] o] #HG o|FER UALH 0T HAAH Y Al
22E19] A9} Melt Rotate Technology S %83 53l
A A BdFe G FE AR o) sds] ¢
g 2oy ) dado] 9% Btdd 558 Y
3}l k= Melt Flipper’} 17-5191TH9-12]. &3+ 7bA
2] Alz=gle] A gy Zoj9s A Yy Al
gl /S 53 H4 By Aol 99 AR 2 FA
#3E 9 A7 % AP ATH13,14]. o8] EFoM=
HY #¥S 9% AXE a8k Jri15-21].

B ERoAE vt em 7y gl Hursus
74zl o ANE AlEE A BAshs Td B
Aol sl 1 ANE FAHeR s, FA Bt
ol FEFS T 9722 T Sl HUAxE g
ol WE #E FAE THeE dAFsilen, HEst
02 % A8 AE &5 02 24 B33 349
#H2 2 49E uFt A EdYS HAads)
e AZE Y AN=EE AXE S #ES F<l
3kt

2. 44

2.1 49 =4

SR 1L B ATl F wEEE Yohus) 919
AHEEE A9 md R AuE] ALES el A AnlEle]

o
A

& YeERa Stk A3 RolA] 2 AfHIE] 3F AR B
= o #g A AAE Stk AEE ]

=
FAE 2.5mm, % 40mm, ZolE 50mm ]t}

[28 1] AlolE, U, A~X 59} F)H]E

2.2 g%ljxol—u] oW A& =z A

= 2 1L

B Ao AR AE7IE S Al ALEY
(NE220 A)o|™ fﬂiﬂ@“ 220ton, Hdl AlESS
2117kg/em’ HAHAIEEEE 9lmm/sec, 2=3F Ao
50mmeo]th. A= Zﬂ%E_—‘.EI PC(SC-1620) ¢} AAE
2ol PP(HIJ-700)E AHESFSITE ZF A9 Ax =1L
PCE 110°CollA 10412F, PP 100CollA 64)7F olth. A}
E& 571 7F el FHo g JgS A=A
Stolr 7] §18f 3F 10 YERt A 2Ho= A&y 4
A& Faselek Pt PPE A4 FoiE FhilE} REd
-3 vl Toll AMEE FHEXR, A5 532
A= /\EU(." ob\}/\] /\]_3.5] _9_1:?’ X%B_O]_o:h;} /\}_ é
g o A Jefoll o] 27]7kA] F 50shot
oS Faletar 7} 27 A|EE 47] 918 oF 30shot
Al AR FA=

il

g
=
3

LAY

Az AN A=

2.3 CAE 34
Z+ gAY 2 EtES B s
AutodeskAF2] MoldflowS AF8-3F9tE Moldflows Al&
A M Ag zzagorA 2 }% A o2t
4 R AT i 22 AAARI 3R S Ade
B‘r 4%”53 el A S, B, W7t
T AFY 75 2 A% oS 7
40 vhetlAel A9 5%, S5, g, dues 5
2 ey, wa deolt YA e
sl W bsd A Ao a3 e,

Resin Melt T Mold T Inj. Speed
PC 180C 35T 50,70,90 mmysec
PP 280°C 35T 50,70,90 mmysec

1582



g AHE ATl #d FE A 2y AlaE A7

X g BESLL PN AlEEEd WE &
A% 2 40 YeRATL £ Ao A AAs )
= FNHE FHe] Aol B %}f% T AT A A
£ A3y Ay AES A slolth
AFEEEE 50, 70, 90 mm/sec® WAAIA WY A9
RE ZHA =7 B3
2 50 mm/sec W] BT} £%7F 2L 90 mm/secol A
A Ego] ok 227} 7k WS siulE 347}
23X oA ] "ol &5 AHE 1260 1A F
Atk ol e A2 e dHe] R 7]?_1

oBL
[ o
_L
o
30
o
I
b
N

(29 2] Algdlelds A% elyst 7HulEle] 3D v

a9 2E 2 Ay wele] e 339 w4 e
gust 7HH]E1°M AR 3749 W4 AEE weFa
gtk A st gE WAAe TS 24
78RBS F N ol faFe] TR dgow
TAE o] gt} A=
W Fee oA s 23 BAAE 7] wEl O]Ei
3 AAHEL Q- 946 Y= AAHET WEA] F

Hol slolob ek, A4 ZHAAE ASIe] 2 olilel
delivery system ZA|o|A 58 & aslr] 3814 H
Ezt gejo] 32 2.4 s sdley Y 202
AbE AEARY 2213 Fds A8kl

90 Ul LRSS deig g w7 9

NODE

ELEMENT
(29 3] 49 ==e 3D Hl4] B

ofje
2

HeRZ] S8 AEERS S48t S S 3 %(DFL
Degree of Filling Imbalance)S AH&3}TH23]. DFI=
0% & w g 78 FHE gt AETEF 54
< 913l Precisa®] XB-220A HAHA2(0.001g L L)
ARgSte] Al TS SAsSI

_ [27 4] AEEEed wE pcY fE5uE
m 1 T =
3. 4% 9 uF (a) 50 mm/sec =] H|FH HFH
(b) 70 mm/sec &E2] H]FH A
= = = A=) o) -
31 AEEed e T B ¥ (c) 90 mm/sec %] WFH Y

PCS} PP 7 Al 5ol thste] ofe] ARES&iol A ol

1583



% 5% AFEEE 90 mm/secollA] PCY ZFAAEHE

[2%) 5] 90 mm/sec &%
oA

= Bgd9E FiulE
< & 7 e FAFE BAE §

U £ By =2 37 6o YERSITH
=12 HyE A

~
i ofy
L
e
M
oft

2
o
R 2

i
o
ofy
o

o T
X
it
)
o

o
rlo
k1
Ao
il

2
RS
R

o ol

R
o2 fo & LW

N
i
rlo
4
Y
rie
[\
_>|.1_4’
o
=
o
>
Lo o
oW
™
0(;)(:‘5
oL

R
Jot

el

o &
I’EE
¢

>3
for 2
ot 12
—O‘F}O
oo
40 He
2 M

(

S
- = N

o

o & 1o ;ﬁ fo & ofy

N
o
fru
“ :
e
K
)
©
P
rlo
rlo
i

=

)Y

o

o
DT T AN (=N Y =P )

8 Lo
o
=
X

!
N
!
N

2

f

rlo
de oy e
Ruigic)

o

!

3

A A

S

N
N
ot
)
af O Hr 2

&
o
©

=

5=
S50

Temperature
e ocTime = 04792)5)
aes Ic1

OO oy reme [

e v,
Low shearsd regon

o1 g =L L] :m
[29 6] 90 mm/sec <504 PC
oA
PCe| &= w2 F7 HES AFEH HAME Tl 1
d 70 e BEE SXAA WS AHETL oS

AuElRT WA S8 & 5 vk

1584

Fill time: Fill e Filltime:

i L I UL
Shot snun? a"ﬁ Shat Short . 1

n.lm'l ) =

ILIIIT' ’,= e ; nmq
0o N 0.05853 V4 00460
) u,ﬁhu'él n.&nh'ai ¢ n‘n;liuﬂl'
= —_— o— - i - —_— —— " -.‘n My ot T »“n
(@) (b) (©)
(23] 7] &= W3l w2 pCe] 53 AT A&
ol

(a) 50 mm/sec (b) 70 mm/sec (c) 90 mmy/sec

Temperatute
e ﬂmwﬂ»lmhsl fe

it
(@)

[19 9] &= Wslol] 12 PCel 2%
SIES]

(a) 50 mm/sec (b) 70 mm/sec (c¢) 90 mm/sec

(@)
(b)



o AME A

ool o8 e A% A A= AT

[2% 10] P%%Eoﬂ o2 PPe| fi-s ol
(@) 50 mmfsec =9 vFH A
(b) 70 mm/sec £5E2] n|EH 23]
(c) 90 mmfsec =2 nEd A
a9 112 5o uE FANES HFE BARE A
olth. PC A¥e} FALS FNE] T4 B @S B
& 4 AN AESne] BE AHE LErEs O
120 heRSiL,

] %5 walel we PPY| f%
glold
(a) 50 mm/sec (b) 70 mm/sec (c) 90 mm/sec

A HFEH Al

Temperatire
“Tiioe =|I.IIINE’ £

Temperature

S

P T
(@) (b)

[2% 12] &= W3lo] w2 ppel 2%

go] A

(a) 50 mm/sec (b) 70 mm/sec (c) 90 mm/sec

AFES T e PC, PPY T4 EHYE 3ol Wl

£ 19 13 YERITE DFIE 0% 7%%?% ﬁ?‘fé
FAol TMIAH AMEEE Sl whet 7F F%
PrE FUHEE AEgs Bl

1585

1¢%0

oF

—a— [PC}SC 1620
—s— [PRjFUTOO

50 re

Injection Speed (mmisec)

%120 W& pCe} PPY| DFI

%0

[29 13] A&

AEEEIL F7 B U el e AR RE
a9 14, 29 158 7t ch :Li‘doﬂ A AdE
o] AANHMA &FFA 27t wobAH HEE W 3t
= ARa del AHH 58S STHIA A=
7} 371845 F4 BFYE Sk Aolth

Shear rate
“ e = DTSt Shear rate
Bl e e - T - 1525
129"?}-. lz'gn_u:_.

st mmnﬂl

[71% 14] 90 mm/sec £:=0A 2ol it pCo] St
X AFE AEdeld
Sk o S i Sherrate
ﬁm-n‘mm‘ Tine. tlt??m‘ . nm:.—m#ﬂ?‘l
.y 20,y a0
50000 40000 il
= mu” e . mu. e = - mn

mﬂ.

(1)

0000 .

0000

(@) (b)
[79 15] &= Wil w2 pCel
o)A
(a) 50 mm/sec (b) 70 mm/sec (c) 90 mmy/sec

AGE LE 2FE A

smm: Shewnte Shear e
- = : s e b = e Tine 11478} |
i g
mu. | il |
- - —
1o

(@) ®
[19 16] &= W3l w& ppol Atk
o]
(a) 50 mm/sec (b) 70 mm/sec (c) 90 mm/sec

5 By A%



—a— [P 240
8- [PRj240%
-

—a— P

265
P) 265¢

Viscosty [Pas|

1000 10000

1/5]

[Z23 17] Moldflowell 541 ¥ PCe} PPo] =

10 100 100000
Shear Rate |

o

N

)
A
=
oft

o

5
2
o

et
o T oo M

o oflt
offt oo

=

2

2 =

&

) m{m o-l}ll
2 30

AN E T

5T

o o fEoole o x

ol
i)

Ay

d

ol
ol
o,
)
=)

=

M

N

rr

s oZ &

ey
o

ol
-

|

-

o
A

2y A7
elt Flipper 23 187}
, 8 ey Al BE A

o
o
luf
o
£ 22

N o 2 oft M
ol

by g
fo B o MU

£ Ao
4
N

2
_O|L
2

O

— O]
)
N

%

o

<

3

L

o

N
-

l

[e)

[¢}

Filltine

'luﬂm

{81}

L

(0]

ool

i

[ 18] REZE]H 7]%o] 24 9 ndo] f5ujd

FE AEYolA

3.4 T #3839 Yy A £ CAE @14
ZH Bggel 998 gy ) E7Yd dAuse B
Fol| 7]918ka 128 Bdd 2% xjo|E ofy]EhH

1586

gy ) A9 B8 Aols WAL njeby F4 7

Fe HalME By Ul 255 HFYsHA 3l 55&
UsHA & 4= U delivery systeme] A7} &)
718 245 A% 55 2 A2="S US 8854 &
ol tigk 558 A o zEH 7] gy Al2ge 1]
3 L5 Fol Ho i 7E7] BE Aol i
A Ho] T Ed¥S AT 7 A H= Aotk

22X F 71 S 507 BE Y AA A #F
e 4 Av 22 F V)E 5 Al E T B
g ddo] Yela S AN E 8 $1E o5
= 3s 3 5 AT 29 19,

a9 19] EFeYe] fredd AFE AlEdeld

19 208 PCollA AW 2F S SRS FFE B
AFZ UERIL 913 BE HUE A HEA e

o)
AA

ko] Fo] FUG o)A Yt

:{.”..";ﬁ .

[IE)

L
185 7

[ I

i

3 S

[Z23] 20] 90 mm/sec E=olA] EE2idd] 3t pCcY
" HFE AlEH oA

ST ~SETE

1= PCAlA EF fUE 44
Huehie] 2%
X2 B2d A9 Y
Wo| LxRyy

el i ey s

)
=il =
p



o AME AR

ool o8 e A% A A= AT

Temperature
6469575

o9 028 J)E el BE Ao 49 A%E Uy
Ul 71 Hde WS 9= A AE 1
W BE o] US 93e)

gul
=
-

K
3

®)
(28] 22] 7)eluist wevs) FAAT ol

(@ 71¥#Y b) 25249 (FPC, $-PP)

P«:swre al 'l'p‘-‘ wwitchover
- = 1000{MPa|
MPa
180.0 '

1350

| sens‘
500 .
10000

o

-in

H'CEEIIIE L \'I'P swilchaver
= 180

(2% 23] AP eel e SHRE 758 Aol
H]_ﬂ

@ 712394 () =FHH

EER HH]EI e BEE %&%‘f& TES BAEY
HA AAA = WS A
HEn A ekt
ARESE w2 2§ U] pC, PP T =S
5= el WskE 19 240l YERAIGE BE Y *Lé
& 71 g e vie] S P pCe) 3
ol oF 4vll, PPo] A9- Hrh of sul P HA A
7t wet 7 S eddEE S 4%
th &5 2UelA] DFL gko] 2~4%¢91 o]+ ©]
i EJ%—E— E7Hoﬂ ik
SA3 =

puAM I al

D
©
2
d

o
o
Y
Y
=
i}
©
2

9\"‘
% b iy o
otz gy
k¥ OB @ o

tlo
ol
ol
32

_>.i
o
*%
-L
o,
tlo
f
:N-u
i
tlo
ox
of oot
T
g
ofN i

1%|

[l
!
.

&  [PC]SCIG20
—a— [FR] HI 700

50 o o0
Iniection Speed (mm/sec

[Z13 24] Al&£50] ©E pCcet PP DFI

4. A&

2
oy
rr

o AHE] F3OA F
HESIL AMEAd A iEE%I
oS st A HES oAF
| T2 pC, PPY| T3t A
olry] A&l AHEAE AP} A

o
oz
e

o
mlo

1~Jrulmrm
o,

g
et oo

o
o fu 2 2 o?},

12 oX
EV = )
oy
o 2 o

ol
-

¥ ox WE O o
£ i 2 g
>

o
3L
o
)
Ay
o
=
_{
2
>
lo,
e
=1
e
ot
=
ey
1
lo
2
o
fru
[e3

1587



Eubgol A e Ad f s 227k o A Ye
thar 2EEgrge] At ol S Eatde] v Alsh
HeR A = Aol
el
[1] 3], AR Aol dgzzdol JFE- vl
A= G, SEAAL =, F3 S, pp 1-2, 2003.

[2] N.G. McCrum &, “I1EA}g 827,
pp-1-8, (1999).

ford University.

(] 395, wEe, EY 34, Fehew 438 9
7] A FZAA, EAET JAEHH, pp.224-227,
2003.

[4] Jack H. Young and J.P. Beaumont, "Mold filling

imbalances in geometrically balanced runner system",
Journal of Injectino Molding Technology, Vol. 1, No. 3,
pp.133-143, 1997.

[5] J. Coulter. K. Takarada, J. Beaumont, and M. Myers,
ANTEC, 52. 1098. 2006.

[6] Yang Weimin and Xie Pengcheng, China Plastics, 18,
93. 2004.

[7]1 P. S. Cook, H. You, C. V. Kietzmann, and F. S. Costa,
ANTEC. 51, 526. 2005.

[8] C. C. Chien, C. C. Chiang, W. H. Yang, V. Tsai, and
D. C. Hsu, ANTEC, 51, 55. 2005.

[9] K. Boell, J. P. Beaumont, and B. Young, ANTEC, 49,
430. 2003.

10] J. A. Cypher and A. M. Neely, ANTEC, 51, 3363. 2005.

11] H. E. Casaldi and T. Michel, ANTEC, 47, 3112.  2001.

12] Beaumont and J. Ralston, ANTEC, 45, 77. 1999.

13] H. P. Park, B. S. Cha, and B. O. Rhee, Transactions
of Materials Processing, 15. 47. 2006.

[14] C. M. Kang, Y. D. Jeong, and K. T. Han, Transactions
of Materials Processing, 15, 42. 2006.

[15] J. P. Beaumont, US Patent 6,077,470. 2000.

[16] J. P. Beaumont, US Patent 6,503,438. 2003.

[
[
[
[

[17] Charles A. Wiechard and Ga Tucker, US Patent
4,620,958. 2003.
[18] D. K. Je and Y. D. Jeong, Korea Patent

20-2006-0012494. 2006.
[19] N, Katsttoshi, JP Patent 0020563. 1993.
[200 H. T. Kim and Y. R.

10-2006-0079007. 2006.

[21] H. T. Kim and Y. R. Jeon, Korea Patent 10-2006-

0075199. 2006.

[22] AlE, 495, “T5 AHlE

Jeon, Korea Patent

Z=

3uf] A ALE

E
=

1588

PollAe] T By, YY), A1, A6
<, pp. 177-122, 2004.
7 & hDong-Hak Kim) [33]4]
e 19861 2¢ : AUt 3}shE
b‘L_‘rL].( ’6‘]—}\].)
e 1988 29 : KAIST 3}8+&3t
FH(F A
e 199311 8% : KAIST 3}3h¥3}t
I(FEA})
e 19981 ~ @Al : &g
sk st ke
<TilEok
AEAFE, RS 9 ol 5
7 7} Y (Kang 1 Jeon) EREE
*2009'd 29 : AW L=
shahgaka} (3
e 2011 29 ¢ AP U
stekaatat (F3HAAh
<TAlEok
LEAFE, AFEEE
= TH(Seung Kyu Noh) (434




