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Abstract: Small injection molded articles such as lens and mobile product parts are usually molded in
multi—cavity mold. The problem occurring in multi—cavity molding is flow unbalance among the cavities.
The flow unbalance affects the dimensions and physical properties of molded articles. First of all, the
origin of flow unbalance is geometrical unbalance of the delivery system. However, even the geometry of
the delivery system is well balanced, cavity unbalance occurs. This comes from the temperature distributions
in the cross—section of runner. Temperature distribution depends upon injection speed because heat
generation near runner wall is high at high injection speed. Among the operational conditions, injection
speed is the most significant process variable affecting the filling unbalances in multi—cavity injection
molding. In this study, experimental study of flow unbalance has been conducted for various injection
speeds and materials. Also, the filling unbalances were compared with CAE results. The dimensions and
weights of multi—cavity molded parts were examined. The results showed that the filling unbalances
vary according to the injection speeds and resins. Subsequently, the unbalanced filling and pressure
distribution in the multi—cavity affect the dimensions and physical states of molded parts.

Keywords: filling unbalance, multi—cavity injection mold, delivery system, runner balance, injection
speed.
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Figure 1. Delivery system and arrangement of cavities. (a)
Delivery system and cavities and (b) arrangement of cavities.
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Figure 2. Dimension of cavity.

Table 1. Injection Molding Conditions

Injection Mold Injection
Polymer temperature(C)  temperature(C) speed(mm/sec)
PC 300 105 50,150,250
Zeonex 280 150 10,50,250
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Figure 3. 3D mesh type used in simulation. (a) Tetrahedron,
(b) prism, and (c¢) hexahedron.

Figure 4. 3D mesh in runner and cavities for simulation.
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Figure 5. Flow patterns of PC according to injection speed.
(a) Short shot experiment for speed of 50 mm/sec, (b) short
shot experiment for speed of 150 mm/sec, and (¢) short
shot experiment for speed of 250 mm/sec.

Figure 6. Computer simulation of flow pattern of PC for speed of
150 mm/sec.
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Figure 7. Computer simulation of temperature distribution in
runner for PC at 150 mm/sec.
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Figure 8. Computer simulation of flow pattern for various
injection speeds for PC. (a) Speed 50 mm/sec, (b) speed 150
mmy/sec, and (¢) speed 250 mm/sec.
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Figure 9. Computer simulaiton of temperature distribution
for various injection speeds for PC. (a) Speed 50 mm/sec, (b)
speed 150 mny/sec, and (¢) speed 250 mm/sec.
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Figure 10. Flow pattern of Zeonex according to injection speed.
(a) Short shot experiment for speed of 10 mm/sec, (b) short
shot experiment for speed of 50 mm/sec, and (c) short shot
experiment for speed of 250 mm/sec.
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Figure 11. Computer simulation of flow pattern for various
injection speeds for Zeonex. (a) Speed 10 mm/sec, (b) speed
50 mm/sec, and (c) speed 250 mm/sec.
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Figure 12. Computer simulation of temperature distribution
for various injection speeds for Zeonex. (a) Speed 10 mm/sec,
{b) speed 50 mm/sec, and (¢) speed 250 mm/sec.
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Figure 13. Viscosity curves of PC and Zeonex (Source: Moldflow).
(a) PC Trirex 3025 GRU30 and (b) Zeonex E48R.
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Figure 14. Variations of shrinkages and weights of parts for
PC. (a) Speed 50 mm/sec, (b) speed 150 mm/sec, and (c)
speed 250 mm/sec.
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Table 2. Average and Standard Deviation of Parts Shrinkage
for PC

Injection speed(mm/sec)

C;‘g_ty 50 150 250
Avg.  STDEV. Avg. STDEV. Avg. STDEV.
#1 2541 00018 2541 00018 2537 0.0006
#2 2555 00012 2555 00012 2554 0.0011
#3 2552 00015 2552 00015 2552 0.0008
#4 2528 00011 2528 00011 2525 0.0004
#5 2541 00008 2541 00008 2537 0.0003
#6 2559 00006 2559 00006 2560 0.0003
#7 2552 00007 2552 00007 2552 0.0010
#8 2528 00009 2528 00009 2525 0.0012

Table 3. Average and Standard Deviation of Parts Shrinkage
for Zeonex

Injection speed(mm/sec)

C;V(;t'y 10 50 250
Avg. STDEV. Avg., STDEV. Avg. STDEV.

#1 1.810  0.0007 1.813 0.0006 1.812 0.0012
#2 1.823  0.0008 1.828 0.0010 1.824 0.0004
#3 1.821  0.0007 1.826  0.0005 1.823 0.0004
#4 1.802  0.0010 1.807 0.0013 1.803 0.0004
#5 1.810  0.0005 1.812 0.0007 1.812 0.0017
#6 1.823  0.0006 1.828 0.0008 1.825 0.0019
#7 1.819  0.0006 1.823 0.0013 1.822 0.0012
#8 1.801  0.0015 1.803 0.0007 1.803 0.0011

I ERE T Ao} Fopa] FEke) d|lw) tha Ajo)r) Qe Aow

EREES

oV} o] FAPRRe] ABIEIY] FA} nigsRe] AuEl]) u]
3 A3 FE0] Z2 o)f= vl BB AnjElRch WA 230 o
ORI vp 25 AWE NG b 2 i ) uiE
olg} FeHAT). Figure 160 Au|Ee] &7} Yeh} gk,
Figure 172 ZH+5E E”\F F8] Anke PCS}F Zeoneexd) &5

= VRIS Wiz s AR o R AiN)E R 2580
SA) Uepke < 5 Qlek A9} CAR a] A gdoz

BlEAE 1 ofeh et e W Al e o 5 ol
z g

o ATE] AR F Aol et theke Ao o
6:] 0 010}5]_7] HOH /\%}%63 )\16%,]_ /Hﬁi H}Ho /“Zsﬂ }O:l
ESE Abade] whE Flo) AIFe] Wislel F) ofmat
eIk b

¥ A7E Bajo] et A543 qokehl et puk

(1) FPIAOI=AT B2 Aol 95 e} 2

5 o

o L ri

AR 4 @FE Bolon At MESE 21 BE
& ARk

(2) Zeonex?| A4 AlESEF A A9 vl sinEl7) |

o Bt IS A wape uF 507

Fiing_Pressure Filing_Pressure
10 U mpa
~pg 93792

134801

25398

£ 11ns08

16056

(@)
Figure 16. Computer simulation of pressure distribution. (a)
PC at speed 150 mm/sec and (b) Zeonex at speed 250 mm/sec.
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Figure 17. Computer simulation of shrinkage distribution. (a)
PC at 150 mm/sec and (b) Zeonex at 150 mm/sec.
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