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ABSTRACT : Injection moulding is widely used to produce a variety of plastic parts. Its process involved
various process parameters, which plays an important roles in influencing the quality and productivity of
plastic parts. In this case, the application of Computer Aided Engineering (CAE) software is essential to
enhance the quality of plastic parts in the injection moulding industry. This paper deals with the
application of Moldflow Plastic Insight (MPI) intergrated with a statistical technique using Taguchi
Method. The purpose of this application is to study the effect of process parameters on warpage deflection
in dumbbell plastic part. Subsequently, the result of CAE simulation was validated with the aid of
experimental data result. The Process parameters involved in this study were core temperature, cavity
temperature, melt temperature and cooling time. Based on the simulation and experimental results, it was
found that the most significant parameter affected warpage deflection is cavity temperature, followed by
core temperature, melt temperature and cooling time. In addition, the results show that the minimum and
maximum percentages of the differential of warpage deflection between the simulation and experiment are
4% and 10.89% respectively. Thus, this indicates that there is a good agreement between the simulation
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and the experimental data result.
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1.0 INTRODUCTION

Injection moulding is one of the common processes involved
in plastic industry. However, injection moulding is a
complex process due to many adjustments required, such as
the part design, mould design, machine performance and
process parameter setting. These adjustments are necessary
to produce good quality plastic part [1]. It is well known that
process parameter setting is the first interactive corrective
actions that should be performed to reach quality
requirements [2,3].

Enormous process parameters need to be controlled during
injection moulding. Generally, the process parameters
setting involved in injection moulding can be grouped into
four basic categories. They are the temperature, pressure,
time, and distance, with the temperature being the most
affected parameter on the plastic part quality [4]. Hence, the
process parameters selected on this study are the melt
temperature, cooling time and the differential temperature
between the core and the cavity.

Trial and error method has been widely applied in industrial
practitioner for the purpose of finding the optimum
parameters setting for the injection moulding process.
However, this approach is unsuitable due to the waste of
time taken for parameters setting and the waste of plastics
material, which result in a reduced productivity [5].
Therefore, application of CAE integrated with statistical
technique is widely used in injection moulding industry.
Proper interpretation of results from the simulation will be
able to predict the defected part of plastic and analyze the
relationship of parameters, leading towards zero production
defect [6].

Several researchers have studied the effects of injection
moulding process parameters on warpage defect. Using
experimental analysis, S.H. Tang et al. [7] employed the
Taguchi method and ANOVA to identify the injection
moulding parameters that contribute to warpage defect. They
figured out that the most significant parameters contribute
on warpage was the melt temperature. H. Oktem et al. [8]
studied the effect of process parameters on warpage defect
using simulation, and they found that packing pressure was
the most important parameter that is affected on the warpage
deflection. This is followed by packing time, injection time
and cooling time. In addition, Huang and Tai [9] studied that
the warpage consequences of a thin shell moulded parts
using simulation. Taguchi method was applied and it was
found that the packing pressure was the most significant
factor that affected warpage. In this respect, we concluded
that most researchers used either simulation method or
experimental method to study warpage defect.

The study reported in this paper, investigated the verification
of simulation and experimental study on warpage deflection.
The effect of process parameter on warpage deflection is
studied using dumb-bell plastic part in the injection mould
process that integrates the Taguchi approach as the statistical
analysis method.

2.0 METHODOLOGY
2.1 Parameters Setting
Homopolymer  Polypropylene  (PP), produced by
Polypropylene (M) Sdn. Bhd. under the grade name of
Propelinas G112, was employed as the raw material in this
study. The melt index of PP used in this study was
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11g/10min at 230°C. The injection moulding machine used
in this experiment was Arburg 420C 800-250. Two plate
injection dumbbells mould were used to produce the plastic
part in this study. Table 1 shows the controllable parameters
and the selections of level in this study. The selection level
of the parameters for core and cavity temperature were based
on the capability of the water chiller model W-05 and the
mould temperature controller model MX-6 supplied from
Active Machineey Enterprise Sdn. Bhd. Further, the levels
of melting temperature and cooling time were obtained from
our previous study using the simulation Moldflow software
[2]. Since four input parameters and three levels were used
in this study, the L9 orthogonal array was selected. The
selection of the orthogonal array selected was done using the
Taguchi method, and it produced 9 number of trial runs. It is
based on the standard orthogonal array applied in the
Taguchi method. Each run was conducted randomly to
reduce potential statistical error.

2.2 Simulation work

Plastic Insight (MPI) in Moldflow software was used in the
simulation to observe the warpage deflection on the plastic
part. There are a few steps that should be completed before
running the simulation using the Moldflow Plastic Insight
(MPI) analysis. Firstly, the part was drawn in 3D solid
modelling using a solid work software. The dimension of the
part is 162mm x19mm x3mm. Then, the 3D solid modelling
part was imported into the Moldflow software, which it
subsequently undergo a meshing process. The simulation of
warpage deflection began after the meshing process is
completed. The warpage deflection analysis of simulation
was carried out under the following assumptions:

. Environmental temperature was assumed constant.
. Water as coolant fluid was used to control mould at
core side for cooling purpose meanwhile cavity side was
controlled by oil for heating purpose.

o Only warpage deflection for Y-component was
taken into consideration in this paper. It is because warpage
deflection for Y-component indicates the warpage deflection
from original flatness of the part.

. Finally, the effect of process parameters including
the core temperature, cavity temperature, melt temperature
and cooling time on warpage deflection was analysed using
a matrix from Taguchi design as shown in Table 2.

2.3 Experimental work

This experimental work was done by changing the process
parameters setting using matrix for the Taguchi design as
shown in Table 2. To ensure the parameters setting were
properly in adaptable condition during the conduct of this
experiment, the samples of specimen were collected after 15
shots for each process setting, prior to the performance of
each run. The purpose of this collection was to ensure that
the change of process setting was in a homogenous state.
During this experiment, the mould at the core side cavity
temperature was controlled by using a chiller mould
temperature controller and the mould at the cavity side was
controlled by using a heater mould temperature controller. A
chiller was used to control the core side using water as the
coolant fluid at the early stage. The heater was controlled at
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the cavity side by using oil as the coolant fluid medium for
the heating state. Meanwhile, the melting temperature
and cooling time were directly controlled from the
control panel of the injection moulding machine.

3.0 RESULTS AND DISCUSSION

3.1  Simulation and Experimental Results

Table 2 shows the value of warpage deflection on dumbbell
plastic part in injection moulding process using simulation
and experimental method. Result shows that the minimum
differential percentage between simulation and experimental
is 4% for sample run no 8. While the maximum differential
percentage of simulation and experimental is 10.89% for
sample run no 1.

Figure 1 shows the example of interpretation warpage
deflection analysis that used simulation for all effects in Y
component for run number 1. Warpage deflection pattern is
scaled 5 times larger to understand and magnify the shape of
component after deflection.

3.2 Signal to Noise (S/N) Ratio for Simulation and
Experimental Work

Table 3 shows the S/N ratio that was used in the Taguchi
method to measure quality characteristic deviated from the
desired value. The results show that the quality characteristic
Gradually improves as the run number becomes smaller.
This is in line with the aim of this project that is to minimize
the warpage index within optimal process parameter.
Generally, the S/N ratio for simulation work is larger as
compared to S/N experimental work.

Table 1: Controllable parameters and levels

Parameters Level
Low | Medium High
Core Temperature 15 25 35
O
Cavity Temperature 70 90 110
(O
Melt Temperature 225 240 255
O
Cooling Time (s) 4 6 8

Table 2: Simulation and Experimental Warpage Analysis
Table 4 (a) and (b) show the S/N ratio response table for
each process parameters at the 1, 2, and 3 level for
simulation and experimental work respectively. Delta value
represents the rank of significant factor. Both simulation and
experimental work method show that the most significant
parameter affected warpage deflection is the cavity
temperature followed by core temperature, melt temperature
and cooling time. This result is supported by Z. Shayfull et
al. [10] who found that the cavity temperature was the most
significant parameters affected warpage deflection. Based
on the data from Table 4 (a) and 4(b), the S/N response
diagram has been constructed as shown in Figure 2 (a) and 2
(b). One of the advantages of the Taguchi method is the
ability to identify the impact of parameters on output
response and Based on the data from Table 4 (a) and 4(b),
the S/N response diagram has been constructed as shown in
Figure 2 (a) and 2 (b). One of the advantages of the Taguchi
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Table 2: Simulation and Experimental Warpage Analysis

Run Core Temp. | Cavity Temp. Melt Temp. Cooling Warpage Deflection (mm) Differential
': (c) (c) c TI(:;e Simulation Experimental Perc((:/zl)tage
1 15 70 225 4 0.745 0.836 10.89
2 15 90 240 6 0.898 0.972 7.61
3 15 110 255 8 1.043 1.103 5.44
4 25 70 240 8 0.528 0.567 6.88
5 25 90 255 4 0.681 0.716 4.89
6 25 110 225 6 1.023 1.082 5.45
7 35 70 255 6 0.368 0.396 7.07
8 35 90 225 8 0.672 0.700 4.00
9 35 110 240 4 0.836 0.892 6.28

Deflection, all effects: Y Component
Scale Factor = 5.000
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Figure 1: Deflection all effects in Y-component

Table 3: Signal to Noise (S/N) ratio of simulation and experimental work.

Run No 1 2 3 4 5 6 7 8 9
S/N Simulation 2.557 0.934 -0.366 5.549 3.336 -0.198 8.685 3.459 1.553
S/N Experimental 1.556 0.247 -0.852 4.928 2.902 -0.685 8.046 3.098 0.993

Table 4 (a): S/N ratio response for simulation work

Level Core Temp. (°C) Cavity Temp. (°C) Melt Temp. (°C) Cooling Time (s)
1 1.0416 5.5971 1.9395 2.4818
2 2.8957 2.5761 2.6784 3.1405
3 4.5657 0.3299 3.8852 2.8808
Delta 3.5242 5.2672 1.9457 0.6587
Rank 2 1 3 4

Table 4 (b): S/N ratio response experimental work

Level Core Temp. (°C) Cavity Temp. (°C) Melt Temp. (°C) Cooling Time (s)
1 0.3170 4.8434 1.3231 1.8168
2 2.3818 2.0822 2.0559 2.5361
3 4.0456 -0.1811 3.3654 2.3916
Delta 3.7286 5.0246 2.0423 0.7193
Rank 2 1 3 4
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Figure 2: S/N response diagram (a) simulation (b) experiment

method is the ability to identify the impact of parameters on
output response and optimization of process parameters from
SIN ratio response table and S/N response diagram. The
highest value of signal to noise among the levels S/N
response diagram represents the optimum level of the
parameters. Hence, it is found that the optimum parameters
for simulation work are the core temperature 35°C at level 3,
cavity temperature 70°C at level 1; melt temperature 255°C
at level 3 and cooling time 6s at level 2. This combination
for optimum parameters is similar as run no 7 for initial run,
which shows the minimum warpage deflection. Futhermore,
as shown in Figure 2 (b), the experimental work result shows
similar results with the results from the simulation work.
The optimum parameters for experimental work shows the
core temperature 35°C at level 3, cavity temperature 70°C at
level 1, melt temperature 255°C at level 3 and cooling time
6s at level 2. This result shows that simulation and
experimental work provides a good combination for
predicting the quality of plastic part. It is supported by S.
Sannen et al. [11] who also stated that there is a good
agreement between the simulation and experimental results
in their paper.

4.0 CONCLUSION

In this paper, the effect of process parameters on warpage
deflection was studied using Moldflow Plastic Insight (MPI)
with the integratin of the Taguchi method as the statistical
tool. It shows that the most significant parameter affecting
warpage deflection is the cavity temperature, followed by
the core temperature, melt temperature and cooling time.
The verification of warpage deflection between minimum
and maximum of simulation on experimental are 4.00% and

10.89% respectively. Thus, it shows that the result of the
flow simulation work can help industrial practitioners to
predict plastic part defects and consequently enhance the
plastic part quality.
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