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A Study on the Filling Balance in Multi-Cavity
Injection Molds

Je, Deok Keun

Department of Mechanical Engineering
Graduate School of Pukyong National University

Abstract

The injection molding process is a predominant method for producing
plastic parts. In order to maximize productivity and molding quality in a
injection mold, it is important that each cavity in a multi-cavity
injection mold is identical. This requires that cavity dimensions should
be identical and delivery system of melt to each cavity have to be the
same.

Despite the geometrically balanced layout in multi-cavity injection
mold more than 4 cavities, it has been observed that the filling in each
cavity results in imbalances. Most of cases, this phenomenon of filling
imbalances have a bad effect on dimension accuracy, warpage, molding
appearance and strength of molding parts.

In recent years, some papers by Beaumont et al. in 1997 have been

presented about filling imbalance in multi-cavity injection mold.



In this study, experiment were conducted to investigate the effect of
variables in injection molding process on DFB(Degree of Filling
Balance) by using PP, ABS, PA, PMMA polymers. Also, the DFB for
"H" and "L" type runner layout in 2 plate and 3 plate cold runner
mold was observed and the DFB of hot and cold runner mold in case
of using glass fiber reinforced plastic was compared. On the other hand,
it was examined the effect on the DFB influenced by variables in
injection molding process using Taguchi method for the design of
experiments. On the basis of these experimental studies, this paper
presented a new mold called as 4BF mold that is useful to balanced
filling in 3 plate mold and established its feasibility through experiment.
Additionally the paper presented a new mold structure that has
adjustable length of runner core pin(RC pin) in the outside of mold and
verified experimentally its usefulness and possibility for perfect filling
balance. An externally adjustable RC pin mold proposed in this study
will be expected to apply the design of mold and injection molding for
mass productions of precision plastic parts such as cellular phone parts,

plastic gears.
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NOMENCLATURE

: Maximum melt velocity
. Radius of runner

. Distance from flow center line

Power law index

. Shear rate

: Shear stress at boundary

© Viscosity at 7=0

: Transition temperature at n=oo

: Melt temperature

: WLF's coefficients

: WLF's coefficients

: Reference viscosity at v=0
. Transition temperature when gauge pressure reaches zero
. T"'s variation by pressure
: Temperature sensitivity

. Experimental data

: Number of experiments

[cm/sec]
[cm]

(cm]

[sec"]

[Pa]

[C]
[C]

[K]
[Pass]
[K]
[K/Pa]
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(a) Filling process

(b) Packing process

(c) Cooling process

(d) Ejecting process

Fig. 2-2 Process of injection molding
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Fig. 2-3 Geometrically imbalanced runner layout
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Fig. 2-4 Geometrically balanced runner layout
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Fig. 2-5 Profile of shear rate within runner
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Fig. 2-6 Typical velocity, shear rate, temperature

and viscosity profiles
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Fig. 2-7 Temperature sensitivity of various polymers
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Fig. 2-8 Flow pattern of plaque type molding

Fig. 2-9 Effect of high sheared material on filling pattern
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High shear region
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Fig. 2-10 Different shear rate between primary and

secondary runner
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Fig. 2-11 Filling imbalance due to non-symmetrical shear rate

distribution
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2.5 7PFAE A9

Fig. 2-12014 B A Zo] FdFol B W5 7
o] AL 9= AME Alojo| LA = FTHEALY ANS AH
Hoz yehgr] g 21(6)9 #3FHUE(DFB : Degree of Filling
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Fig. 2-12 Inner and outer part in multi-cavity runner layout
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(a) Mesh by Moldflow™
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(b) Mesh by CAPA

Fig. 2-13 Mid-plane model and mesh for injection molding analysis
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(b) Filling patterns in CAE injection molding analysis

Fig. 2-14 Actual filling patterns vs. CAE simulated filling patterns
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3.1 FA ¢ APz #E #J5Ax 49
3.1.1 4dA =

TA o MmE FPFHEY WIS dotr7] A8 HEFA T
AA 4221 PP(LG M540), LDPE(H.Y Chemical), PA6(Ultramid 8202B)
9} vAAHA 32U ABSBASF GP22), PMMA(LG IF830), PC(GE
Lexan 1330)& A3 tid+A2 AAAG.

3.1.2 A¥%x 2 i
Al A48 AHEAR7IE LG7IACA AZE gAE 1408

Agba) AMEZlole, APFYe Jlaey 79e 2F JuA=d

FAFAEE SAFATH. Table 3-12 Pol AH88 FA9 4
272 Uehn Qor, Fig 31 494 233 2P i)
A e Roln, Fig. 325 AR AEE AEHEIE et
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Table 3-1 Injection molding conditions for experiment

Processing

.. Unit PP LDPE | PA6 ABS |PMMA| PC

conditions

Injection |, 30, 40, 50, 60, 70

speed

Injection o 70

pressure °

Melt e 190 190 220 210 210 280
temperature ~210 | ~210 | ~240 | ~230 | ~230 | ~300

Mold N
temperature C 50 50 60 60 50 70

_39_

Fig. 3-1 Experimental mold and runner layout
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Fig. 3-2 Injection molding machine(140ton)
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Fig. 3-3 Various polymer's DFB according to injection speed
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Fig. 3-4 Relation between DFB and temperature sensitivity
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Fig. 3-5 Filling imbalance in binary branch type runner
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Fig. 3-6 Filling imbalance in unary branch type runner
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Fig. 3-7 Various runner shapes
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Fig. 3-8 Various polymer's DFB according to injection speed
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= JAA B4 e vAn B AE BAL 2 se

gl 71 EA g, @A FFE 2 20% o)A HHE FAToEH FH
) 400% 74A Z1AH BAE FFAE F AY] & Aol 7
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3.3.2 4332 R ¥H
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(a) Experimental mold

gy FR—

(b) Injection molding machine

Fig. 3-12 Experimental equipments
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3.3.3 49 4% % 13
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Fig. 3-13 Filling imbalances according to various PA6 polymers
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Fig. 3-14 DFB according to glass fiber contents
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Foll oA"Y EA ge FxY F¥E 9. dHY FHLS F
gy g Hgted Z} AtolE =Tl Fejye FA7F FHEHL
BEET olAYHoZA 2y Alet AF F Y9 AF 4
H717F dagits FHol vk, =3k, HUrt gyl dEe] A&
F, 7z, 2y 34A 2 3 22230t gads FE
ol ok, ]l FAH(clamping force)= F=2Y "o LA
E AYgEe] AgH7| g7 F=2vad e ARG gad
ok olE A o] AEAH o] EE AL A8t A
g + At

gy dAs AdE @ ddd 2y 2F e AlE
AR §EAHL AT + Y& 39 74 29 =Y 4A

l

o FAEHA & F . FEURT o 52 FEAES AHEE
2 97] R 3 FAE Zogy Al2HgA AYE 22 ¢4F
Z48E 1ET Fart 7] wZdd ACEYAE FFAHIA HA
g & o, dEYs £ ZAYEE IR 3 AEES 2

Mz AL 5 Q= 2#8FF(stack moldy® ol E AL F 2
o,
a8y, Yy 5389 dAe B39 727 desit. gejy
=]
i=}

Azele 2709 Fo FEY Y EFE(manifold)®} =F(drop) S E

_57_



TAED. WUE=EE AEAHE7] =SdA AlNE 3de -
Ag Adste 71sE 3. Ay E=Es I HAEH

¢ 2% FAEEYHE 3 9. A=Y =FS HEdEF
(berrilium copper)® #S 11 FAEA ARE AFHH YUI=
A ARgE B3 48 e, 9dd Y ALHS A2 Wl
F2E §8FA4 9 e 99 g

Manifold Hot runner

Hot runner
spacer

Hot bush Heat

Fig. 3-15 Hot runner system
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78EH 2438 AH&" 23S Fig. 3-163 o] Z7|7) 440X
600 400mm©] ™, 2] (hot-runner)”” A|=Elo2 FAFO] glon,
71t H o2 # S ZE By WEEA 8AREE TN,
Ay Ago] A8d" FAE ¥ZAZA FA F LG ChemicalAl9]
ABS HG-173% PMMA [H8302 At&3ilon, AAH FARE
PAGE AEsle BT 371 FAE AHEEUTH FAY HEd:
F%5 AlEHC)ANA HEHAY APEAE IR AL
o, AMES AFEAE7IE LGYZIAIGA AR 1408 AHEAE7)
(LGH140N)E AL8319th.* Fig. 3-172 ZHEFE 2P L S39
Ayt vjsd A AHE UeRd Folh,

gy g3 #¥5H A9Ede Avge ZAR vEde
ANAE W HAPFY FAE F43t9 DFBE Attt 235 A

l

rlr

=
55 FTHESYA 7P 2 FFE WA Aoz EHA JdLe

2098 4GAZ F7F A7IHA AP, £2F, dAEE 22
0T, 230T, 240C9 39AY AP2E=2 HAFT F LFsA.
ztzbol A3y Zo diste oA P F A HAe viA
AYEL gl Jdx 349 AFEFY FAE Hds] d¥FA
%9 "oy AME-skolT.
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Fig. 3-16 Experimental hot runner mold
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(a) PMMA (b) ABS

Fig. 3-17 Filling imbalance by hot runner mold

3.4.3 494% ¥ 1%
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AEzA F AQAESEQY 80%llM e 23128 Fig. 3-1991 YERA
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Fig. 3-18 DFB vs. injection speed (ABS)
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Hot-runner part

Fig. 3-19 Runner and cavity layout in experimental mold

(2) PMMAF A Y] #8FAHE

Fig. 3-20& PMMATA 9] #38FAEE Yetd 2 Lot ABS
29 ol AYPLErt FRFE dHFALI solAE AE
¢ & Ak 2y ABSFAY ARG ddFAEY WL
A Jebdth. PMMASR 9] AAHQ #FFHAEY g2 ABSETH
A el ol PMMAF A9 2EUZE(T,)F @& A%
lastd b 23 vEhia JdARE, B APl AR PMMA
Ao g A3t TghE FA8A Fotd I o7& 377}
A2 = T3 FF ATHAR FAEY.
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Fig. 3-20 DFB vs. injection speed (PMMA)
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Fig. 3-21 DFB vs. injection speed (PA)
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2oy F300Ae ATARe ol el FPANE e S
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o] Mi3lE ZrAFo] ARHor FHAFAHAEE F/HAY A7t
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2 YJelgtEd), ole e An:= 74 A9 2xugEe 379
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Fig. 3-22 Comparison of various polymer's DFB
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3.5.1 4348
AYEY #dF Ao 71F FFE A PAE 43 AAE
37) A& G7A 7S B AdE FAsT.
7R 7jHe AL EFE Aojd F Av dFHol A A=A
g Fohfo] o] AAES] FFHS HUE st FFo FFHS
HAE 3t Ad oy, B Ao Az dFHT FAG F
Ago] e JFL EASNT. olHTd 7iH Fagk Aol SN
J ol wet FEEA,
FEA, FaxEAHoR UE F Jdvh. B dTFME FZFIA
o3 e FHFAEE SAXNE dAso, Hdgsts #$F
o2 Ago] FYPHJonz FUEH 4L AHEEUT. A (8)
& gNH] FolA FHEALS YeERA Holth.

Hr
i

H| (signal to noise ratio) 4], S/NH|= 54

n=- 1010g(—};_ =) (8)

o 7] A
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3.5.2 49 #AA 2 ¥
B Ay AMgd AEAYY = LA Az A 1408
Ao #3E AIEAEE AHREen, 43 S92 7EeE
o3 #¥E ZE i Add FHAHE HHIE FF & A
o ddsEAE H8 £AYU  ABS(TR558 ADE AHE-38H3iH.
APxAL dubAR] ABSY AIxUA FA2E 235C, 282

b4

T 65T, AIEEE 60%, AFEYE 60%E 1A FHoE HAAHI F
Azt HY 21& 49AR WMSAA, 2o BEE FETAEE
ZAL8IA Y. Table 3-22 A¥AYH =48 e .

t

Table 3-2 Experimental conditions for design of experiment

Factor | Unit | Code Molding conditions
Mold T | A 55 60 65 70
temp.
Melt | .. | g 25 230 235 240
temp.
Injection | o | 40 50 60 70
speed
Injection

% | D 40 50 60 70
pressure
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Fig. 3-23 DFB according to experimental factor
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Fig. 3-24 Effect of each factor on the DFB
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Fig. 4-1 New runner system for filling balance in 3 plate mold
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HARe gusiiz dosls FRE AT ofE HuUdRA
dy free T3 Y F(vettical rumenE AuAl Fo=A
Beaumont 57}  A|Q+eH Melt Flipper M¢F Ze &HE AAHAA #
FTEE FAsHA 3t 7z AnlEY] BIQJE ACEE B3 #3F
Ho] 74538tAl 8t7] Ageltt.

Runner ejecting plate

E——Wﬁ J\ - -y
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Puller bolt

Fig. 4-2 Schematics of 4BF mold
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Fig. 4-3 Relations between DFB and injection speed
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Fig. 4-4 Relation between DFB and melt temperature
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Fig. 4-5 Comparison of DFB between 4BF mold and 3plate mold
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(b) Symmetrical shear distribution by runner core pin

Fig. 4-6 Effect of RC pin for filling balance
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Fig. 4-7 Experimental mold for runner core pin
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Fig. 4-8 Improvement of DFB by using RC pin
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4.3 239 Hi3¥® 5%
4.3.1 249 2 329 59

Fig. 49 229 #y3zojd T3 (adjustable RC pin mold)®]
ZE Jehd Ao F | Fig. 4-9b)9 RC pin2 HYUAolE 5 9
HolA 24T & AEF . 2y Zoju o MAdldol= &4
U X (wrench)E ©] &3t} ¢£Z07 15 HA7H 1m¥ ANHEE
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B FY72E U AME 239 AA AFAUA 7 FAER
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2 AFo AFgE AEAFE7)E LGIIACA AFE FAE 140
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(IF850)E AM&-3F3iot.
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Insert length of RC pin

(b) Magnification of section "A"

Fig. 4-9 Adjustable RC pin mold
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Table 4-1 Experimental conditions for RC pin mold

Factor Unit pp PAG6 ABS PMMA
Mold C 35 45 45 40
temp.
Melt C 205 240 240 235
temp.
Injection % 50 70 70 70
rate
Injection % 60 50 60 50
pressure

4.3.3 49 4% ¢ 13

Fig. 4-10& PP, PA6, ABS, PMMA 79 H33H=2A 3
48 ZFHo] & EF APZH3dA 2388 RC pind sm¥ G
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RC pin Agdolel we} Z+ 3¢ DFBY Hujgkez 97%-
99.5%7F EAFHe AL AT & AdYen, ooz xHHY
RC pin FE73E fasitdn & & Aot =& FAEE Hd#}
o] tt2n, HdizgtollAY RC ping HY ZAol7t &S 4 FA9
THEE(ned SEDAETYANAY 2ol 22 AT ZFAAFE
A Zpol7t BA oz vEhd AFety 44y,

mAlg zfolo) 7] s A E ARAGFA = HAZ TR H]
3 ddETAEY Aol x5

A87b5% DFBY @ 27 HE A¥9EF9 AFAEEd et

2 #

geta oW, #F AT 42 Ao
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Fig. 4-10 DFB according to insert length of RC pin in various

polymers
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