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Abstract: Plastic injection molding (PIM) is appropriate for the mass production of plastic parts having the
complex geometries with a single production step. Sometimes, the difficulty in tuning the best process conditions
can cause defects in the thin plastic parts, like dimensional shrinkage, warpage and short shot. In this study,
optimal injection molding conditions for minimum shrinkage and warpage were determined with design of
experiments technique viz. Taguchi method, and statistical technique ANOVA (Analysis of Variance) method.
Step by step of Taguchi method has been explained. Granules of Polypropylene (PP) are injected in mould design
for thin specimens under various processing parameters like melt temperature, injection pressure, packing
pressure and packing time. S/N ratios were utilized for determining the optimal set of parameters. Python coding

has been used for optimization of parameters with the Genetic algorithm..

Keywords: Plastic Injection Moulding, shrinkage, warpage, Taguchi method, Python
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1. Introduction

Plastic injection molding is a manufacturing process
used to produce a wide variety of plastic parts and
products. It is one of the most common methods for
mass-producing plastic components due to its
efficiency, versatility, and precision[1-2]. The process
typically employs a reciprocating single-screw
extrusion machine. The machine is wused for
transporting, melting and pressurizing the polymeric
materials, which are fed into the machine in granular
form. The polymer melts within the barrel by heat
conduction through the barrel wall and via the
dissipation of heat generated within the sheared
polymer melt. During plastication, the melt
accumulates in front of the screw, which is driven back
against an adjustable pressure within the hydraulic
system until a desired shot size is achieved. This is
followed by injection where the screw pushes forward
to force the polymer melt through a runner system and
into the relatively cold empty cavity of the already
closed mold. In order to compensate for any shrinkage
caused by the cooling of the melt within the cavity, the
melt in front of the screw is held under pressure so as
to force more materials into the cavity. When the gate
into the mold freezes off, no more material can be
supplied through the gate and product cools down
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further without compensation for shrinkage[4-6]. The
mold temperature is regulated by water that circulates
through channels in order to maintain the mold cavity
walls at a temperature between room temperature and
the glass transition temperature of polymer (for an
amorphous polymer). When the product is cooled to a
state of sufficient rigidity, which in most cases occur
when all regions of the part have cooled down to
below glass transition temperature of the polymer, the
mold opens and the product is ejected.

2. Methods and Materials

Injection molding represents one of the most
important processes in the mass production of
manufactured plastic parts with complex geometries.
The surface quality and dimensional stability of thin
parts depends on the material characteristics, mould
design and tuning of process parameters [3-4].

There are several researchers that have studied the
effects of injection molding process parameters on the
shrinkage of moldings [5]. Since many process
parameters affect the shrinkage, parameter
optimization and experimental design are needed to
produce high quality parts with good surface finish.
Some researchers have been conducted on optimizing
shrinkage in plastic injection moldings. In thin-shelled
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plastic component production, few researchers used
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significant. Two interactions viz., mould temperature
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with melt temperature and melt temperature with
injection pressure also have p-values less than 0.05,
which reflects their statistically significant effect on
the part shrinkage at the 95% confidence level. The R’
value and adjusted R? value for shrinkage model are
90.21% and 87.45% respectively.

Thus, based on the predictive equations, the following
mathematical models (in coded forms) can be
proposed for determining the values of shrinkage (%),
and warpage (mm) for PP.

Mathematical model for virgin PP

Shrinkage = 229.7 -1.686 A (8)
+0.0788 B -2.766 C
-0.338D +0.01187 A?
+0.01070 C?
+0.00278 CxD

Warpage = 138.7 -0499A -0.788B (9)
-0.802C +2.598 E
+0.001348 B?
+0.00451 C?
+0.002563 AxB
-0.02229 CxE

3. Results and Discussion

3.1 Shrinkage and warpage of virgin PP were
successfully analyzed by using Taguchi technique.
It provides an organized and efficient
methodology for the optimization of the
parameters. The standard liner graph was modified
using the line-separation method to assign the
parameters and various interactions in the
orthogonal array.

32 Melt temperature, mould temperature and
injection pressure with their interactions was
found to perform significant role in minimization
for shrinkage, and warpage for PP.

Same results were obtained with python coding with
Genetic algorithm.
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