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Abstract — The optimum mold design and the optimum process condition were constructed upon executing process
simulation of rubber injection molding with the commercial CAE program of MOLDFLOW (Ver. 5.2) in order to solve
the process-problems of K company relating to cracks, which occurs at the inner cavity wall of C. V. joint boots. As a
result it was confirmed that the real cracks occurs at the exactly same position of the cavity as exhibits the defects of
weld and meld line and unsatisfactory curing according to the result of simulation. In order to prevent the occurrence of
weld and meld line at the defect-position, the location of gate was altered to the optimum position of the cavity. Con-
sequently the filling pattern was established to minimize the degree of the melt-fronts confronting or the melt-flows
melding to prevent the occurrence of weld and meld line at the defect-position. It was observed that both gate-positions
to maximize the degree of the formation of weld and meld line and air traps are located, respectively, in opposite direc-
tion each other with reference to the optimum gate position. In addition, the temperature of mold was raised by 10 °C
and maintained at 170 °C for satisfactory curing.
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Table 1. Process conditions to prepare boots by injection molding

process
Process condition Description Unit

Mold temperature 160 °C

Melt temperature 85 °C

Injection time 25 sec

curing time 240 sec

Machine pressure limit 21.6(220) MPa (kgf/cmz)

Thermoset material Natural rubber (EDS 13/78 IRHD)
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Fig. 1. Boots produced by K company.
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Fig. 2. Locations of cracks observed in the boots produced by K
company and the positions of both gates and air vent from
its mold design.
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Fig. 3. Modeling for boots produced by K company.

Fsto] Z=(IRHDY} 780131 &-§-710] 85%1 HAT-E 71IA)7]
HESA A o] Bl

© 7Fa el 7] s o5shke vl
TR o, n, T, B, Ty, ¢ B 6,0 BEE ZH2) 0.1, 0.1815, 0.1 Pa,
9.86552x10% Pa sec, 5160.32 K, 1 2 0013t} whr 7w (a)7h
"0"Yd W S (shear rate), 1/s ©]7delA B E25(160 °C) A
120, 146.7, 173.3 % 200 °C ZH7+9] %04 Fig. 4(a)ellx] gl 2]

power law -4 71§ 545 Blch ¢ SR = 17l vlQ

SRS 7= 7ol TR RS oASehs WA

1.000E+05 Degree Of Cure = 0 A T=80[C]

W T=100[C]

@ T=120[C]
& T=140[C)

10000.

1000.0

100.0

1.000

T T T T 1
1.000 10.00 100.0 1000.0 10000. 1.000E+05

Shear Rate [1/s]

Fig. 4. Viscosity-prediction with zero degree of cure at various temperatures: a) Natural rubber (EDS 13/78 IRHD); b) Chloroprene rubber

(Neoprene/GW).
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Fig. 6. Locations of major(No. 1) and minor(No. 2-5) weld and meld lines indicated from the simulation result of the current injection molding pro-
cess for boots produced by K company.

Fill time
=19.98[s]

[s]

19.98 I

14.99

Fill time:
=19.98[s]

[s]

19.98 I
14.99
4

Fill time:
=19.98[s]

19.98 I

14.99

9.992 '

=1

9.992

4.996

MoLoFiow PuasTics INSIGHT Scale (80 mm) MoLoFlow PuasTics INSIGHT Scale (80 mm) MotpFLow PLasTics INSIGHT

Fig. 7. Fill time analysis from the simulation result of the current injection molding process for boots produced by K company.

Korean Chem. Eng. Res., Vol. 49, No. 1, February, 2011



IFAREIRS A 51
"'ef'ivlna: i’z':;c.izifsnl L 4od 2';f§r§ C““‘;’ill:zy i'z"sf'zirs'i
1.000 . 1.000 . 1.000 .
0.7500 0.7500 0.7500
0.5000 0.5000 0.5000
0.2500 0.2500
0.0000 0.0000
moldflow L—‘:;g R . éz
Coneioumissc e Scale (60 mm) Rl v Scale (70 mm) Noorionpiame waekt Scal,
Fig. 8. Curing analysis from the simulation result of the current injection molding process for boots produced by K company.
CASE 1 CASE 2
b 2| moldflow b ¢ moldflow R $
Motoriow Puastics TG Scale (70 mm) 0 | Movorow Puesnics TGt Scale (70 mm) 0 Motoriow Pusncs Isicit Scale (70 mm) °
CASE 3 CASE 4 CASE 5

1| moldfiow’

t| moldflow

Motoftow PLsTICS INSTGIT Scale (70 mm) Motofiow PLSTICS INSIGHT

Scale (70 mm)

Motoriow PuisTics IsiGiT Scale (70 mm)

Fig. 9. Gate position(arrow) for the current injection molding process for boots produced by K company and the altered gate positions(arrow)

for cases 1 through 5.
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Fig. 10. Weld and meld line analysis for the gate positions of K company(KH) and cases 1 through 5.
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Fig. 13. Fill time analysis from the simulation result of the rubber injection molding process for boots with the gate positions of K company(KH)
and cases 1 through 3.
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Fig. 14. Pressure time analysis from the simulation result of the rubber injection molding process for boots with the gate positions of K com-
pany(KH) and cases 1 through 3.
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Fig. 15. Curing analysis from the simulation result of the rubber injection molding process for boots with the current gate position(KH) and the
raised mold temperature of 170 °C.
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Fig. 16. Curing analysis from the simulation result of the rubber injection molding process for boots with the optimum gate position(case 1) and

the raised mold temperature of 170 °C.
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