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A B S T R A C T

This paper presents the multi-objective optimization in injection molding. The aim of this study is to
determine the best alternative for the best moldability index and better alternatives which are close to
the best alternative for an injected part in injection molding technology. Consideration of Taguchi and
fuzzy analytic hierarchy process (FAHP) with technique for the order performance by its similarity to the
ideal solution (TOPSIS) offers an efficient use approach to evaluate different objectives. Three common
defects which reduce the final quality of the injected parts are short shot possibility, shrinkage rate and
warpage. The selected material for injection is polypropylene. L18 orthogonal array of Taguchi is selected
and for gaining accurate results, Finite Element Analysis (FEA) is applied. To validate the simulation
result, the experiment is carried out for two circular flat plates with thickness of 1 mm. Finally, the
highest moldability index is related to trial 2 for both simulation and experimental results. This study
outcome shows instead of having one trial number which has the highest moldability index, there are 10
trial numbers with high moldability index between 0.6–1 for simulation results and 5 trial numbers with
high moldability index between 0.6–1 for experimental results. It is clear, by using Taguchi with TOPSIS
and FAHP if the best alternative is not possible to maintain, there are other alternatives which are very
close to the best alternative with high moldability index. The main advantage of the proposed method is
to increase the number of alternatives which in turn increases the moldability of the final product in
injection molding.

© 2017 CIRP.

Introduction

One of the most significant operations in polymer process
industry is plastic injection molding for fabricating plastic
products with complex shape, high precision and low cost [1,2].
Injection process consists of three main stages namely: filling,
packing/holding, and cooling. At filling stage, the molten plastic
fills the cavities via sprue, runner and gate rapidly. During the
packing/holding stage, the pressure increases to compensate the
material shrinkage due to temperature decrease and crystallinity
development which leads to an increase in density. Finally, at
cooling stage, the molten plastic solidifies then the injected parts
become ready for ejection [3,4].

Four factors which determine the final quality of injected parts
are mold design, part design, material and process parameters such
as injection temperature, mold temperature, and injection time
which directly influence production cost and its quality. Wrong

setting of process parameters clearly leads to different defects in
final products such as warpage which reduces the mechanical
properties of the injected parts [4–7]. Another parameter which
determines the melt injection rate and has significant effect on
molded part quality such as shrinkage, warpage, and impact
strength is injection velocity [8]. In manufacturing optical lenses,
process parameters will affect quality characteristics like light
transmission, surface waviness, and surface finish which lead to an
increase in scrap rate [9]. Also, in micro-injection molding and
ultra-thin walls plastic parts, other factors which determine the
final quality of injected part are process parameters at filling stage
such as melt and mold temperature, injection speed and pressure,
and packing pressure [10,11].

Another factor which determines the quality of injected part is
mold design. One of the main criteria in mold design is the size and
geometry of runner and gate. The runner delivers the molten
plastic from sprue to the gate which is the first orifice through
which the materials are injected into the cavities. Investigations
have proved that the undersized gates have opposing effects on the
filling behavior and residual stress of the injected parts; i.e. bigger
gates fill the cavity faster leading to lower residual stress [12]. In
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designing the runner, wrong geometry or size will change the
material properties of molten plastic which result in imbalanced
injection of materials into the cavities. So if the temperature
distribution inside the cavity is not uniform, it will increase the
possibility of warpage of, and residual stress for the injected parts
[13]. The gate type is another parameter in mold design. In thin-
wall technology, a gate at each side of the injected part is a suitable
replacement of a single gate at one side of the part. It leads to
higher shear rate distribution and then higher melt temperature
and reduces the viscosity of molten plastic leading to filling the
cavities properly. Thus, having two gates in both sides of the
product increases the turbulence of molten plastic in comparison
with a single gate only in one side [14]. The gate location in mold
design is another important factor which affects the quality of
injected part. A number of defects such as short shot, premature
failure, and warpage can occur after unacceptable selection of gate
location which leads to longer injection time and unacceptable
resin flow through the injection. The right location of gate leads to
minimum time for complete solidification of the injected parts and
minimum solidification during the filling stage [15–17]. Cooling
system in mold design is another factor which has effects the
quality of injected parts. Investigations show that the position of
the cooling system leads to changes in shrinkage rate and the
temperature of final product [18]. Also, wrong selection of cooling
channels will increase the total injection time which in turn affects
the manufacturing cost [19].

In the last few decades, researchers have employed various
methods of optimization in injection molding for reducing
different defects rate. Warpage and shrinkage are two common
defects in injection molding. When the surfaces of the injected part
do not follow the actual shape of the design, warpage occurs. When
the density of polymer varies from the processing temperature to
the ambient temperature, shrinkage occurs. For warpage and
shrinkage prediction, neural network method has been applied
which has significant reduction in defects rate [20–22]. Taguchi is
another method employed for improving the quality of injected
parts. In determining the final dimension of injected part,
shrinkage optimization plays the main role. Taguchi identifies
the best level of each process parameters for minimum non-
uniform shrinkage of injected parts [23,24]. For reducing the
shrinkage and warpage in thin wall product, Taguchi experimental
design determines the optimum set of effective factors in injection
molding [25,26]. Two other methods which will determine the
effective factors in increasing the quality in injection molding are
Fuzzy logic method and technique for order performance by similarly
to ideal solution (TOPSIS) method. In injection molding, an
automated process parameters resetting via fuzzy method is
identified to decrease the observed defects [27]. Weld line is one of
the plastic defects which decrease the mechanical properties of
injected part. To have a control over the weld lines locations in an
injected parts and also a decrease in simulation time, fuzzy logic
theory is proposed [28]. In injection molding, to evaluate the

moldability index of an injected part, the combination of fuzzy and
TOPSIS is proposed to find the best setting of process parameters
which has the high level of moldability for producing the product
[29].

Based on the literature review, it can be stated that although the
integration of FAHP with TOPSIS and AHP with FTOPSIS are useful
methods for quality evaluation of injection molding, they are
unable to cover all significant alternatives, resulting from limited
number and level of geometrical and process parameters.
However, to the best of the author's knowledge, there is no
published work using Taguchi with FAHP and TOPSIS or Taguchi
with AHP and FTOPSIS in injection molding technology. This paper
develops a new approach based on Taguchi with FAHP and TOPSIS
for quality evaluation of injection molding process. The main
advantage of the proposed method is to increase the number of
alternatives which in turn increases the mouldability of the final
product in injection molding. In this study, the analysis of warpage
and shrinkage rate as two main defects in plastic products are
investigated. The analysis of short shot possibility is also
considered as another defect which was investigated by the
authors in another research [30].

The mold design and process parameters are two main factors
which have the most contribution in related defects of the injected
parts. Hence the best set of process and geometric parameters will
be determined to eliminate the related defects in injected parts as
the contribution of this paper. Two different types of gates are
selected as geometrical parameters namely: round gate and
modified edge gate. Modified edge gate with elliptical cross
section was investigated in the previous research by the authors
[31,32]. Warpage, shrinkage rate, and short shot possibility are
considered as three objectives and filling time, part cooling time,
pressure holding time, and melt temperature as process param-
eters and round gate and modified edge gate as geometric
parameters.

Proposed methodology for the quality evaluation in injection
molding

A comprehensive methodology is developed herein by applying
FAHP along with TOPSIS and Taguchi whose aim is to optimize
multi-objective process in injection molding to determine the best
alternatives with the higher mouldability. To address the above
aim, the proposed methodology consists of four phases as follows:

� Problem description: to define three different plastic defects for
quality evaluation.

� Application of FAHP with Taguchi: to weigh significant
parameters and increase the number of alternatives through
the injection molding process.

� TOPSIS: to calculate the varied weight for optimization purposes.
� Analysis of the results: to find different alternatives of injection
molding with high moldability index.

Part qu ality

Step 2

Shrinkage rate analysis

Step1  

Sho rt shot  possibili ty

Step 3

Warpage analysis

Fig. 1. Criteria for quality evaluation.
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