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Study of Warpage in Injection Molding
Using Rubber and Talc-filled Polypropylene

— Influence of Molding Conditions on Corner Deformation —

Takahara, Tadayoshi*'/Furuhashi, Hiroshi*?/Maeda, Hidenori*’/Inoyama, Tatsuya*!/Koyama, Kiyohito*®

The most popular resin material for automotive plastic parts is polypropylene, which includes
talc for stiffness and heat-resistance. The anisotropic thermal expansion coefficient is well docu-
mented for talc reinforced polypropylene, but there are almost no technical papers for warpage.
Therefore, using this kind of material and molding with an “L” shaped cross section, the influence
of molding conditions on corner deformation is discussed in this study.

The results of this study are as follows;

1) Shrinkage rate in the thickness direction is a few times larger than that in the planar direction
(flow direction and transverse direction). By SEM observation, talc orientation for planar direc-
tion was confirmed. This talc orientation can hinder shrinkage in the planar direction, so the
shrinkage rate in the thickness direction is relatively larger.

2) Three relationships were confirmed; negative correlation between injected weight (ie. speci-
men weight) and shrinkage rate in the thickness direction, positive correlation between shrink-
age rate in the thickness direction and corner deformation, and injected weight was varied by

molding condition.

From the results above, corner deformation is examined when; molding condition changes the
injected weight, injected weight varies the shrinkage rate in the thickness direction, and when the
shrinkage rate in the thickness direction induces corner deformation.

Key words : Corner Deformation/Injection Molding/ Polypropylene/Anisotropic shrinkage rate
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Tablel Molding Conditions (Set-up value)

Resin Teml?erature of Injection Holding Pressure Cooling
temperature COOthg water rate pressure holding time time
Cavity/Core
T C cm’/s MPa sec sec

Standard 235 20/20 150 35 10 20
Low injection rate 235 20/20 25 35 10 20
High injection rate 235 20/20 275 35 10 20
Low holding pressure 235 20/20 150 20 10 20
High holding pressure 235 20/20 150 50 10 20
Low resin temperature 210 20/20 150 35 10 20
High resin temperature 250 20/20 150 35 10 20
Cavity temperature +20C *! 235 40/20 150 35 10 20
Core temperature +20C *! 235 20/40 150 35 10 20
*1 Only applied for corner deformation moldings
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Fig.2 Plane sharp specimen ; Molding shape for
shrinkage rate, measurement lines of
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Fig.3 Correlation between deformation angle and
mold temperatures (3 samples each)
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Table 2 Mold temperature (C)

Set —up value Measured value
. Difference . Difference
Cavity Core (Core-Cavity) Cavity Core (Core-Cavity)
Standard 20 20 0 31.9 40.6 8.7
Cavity temperature +20C 40 20 —20 44.4 43.4 —-1.0
Core temperature +20C 20 40 20 33.7 47.2 13.5

Deformation angel(deg.)

Fig.4 Correlation between deformation angle and
molding conditions (3 samples each)
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€ :Shrinkage in thickness direction
€ , :Shrinkage in plane direction
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original shape must change to the
dark grey shape shown above

Original shape (light grey trapezoid area)
change to dark grey trapezoid shape

Fig.5 Spring forward effect : mechanism of corner

deformation
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Fig.8 SEM examination of L-shape mold cross section
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Fig.9 SEM image of material orientation, EPMA
distribution image of elements, Mg, Si and O
(tale:Mg:Sii010(0OH):)

Fig.11 SEM examination of cross section of shearless
specimen (pellets melt on hot-plate)
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Fig.12 SEM examination of talc orientation
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L-sharp specimen

Specimen weight
(Cavity injected weight) (g)

Fig.17 Correlation between Specimen weight (cavity
injected weight) and molding conditions (3 sam-
ples each)
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