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Abstract

The plastic injection process is useful for the mass
production of complex parts due to its low cost and high
efficiency. In this process, burn mark and short shot in the
produced part are the first effective factors in rejecting or
accepting it from the operator's point of view. In this
research, bushing 63 piece made of UPVC has been
investigated. Validated simulation is a low-cost
alternative to experimentally performing the process to
determine optimal values. Process parameters that can be
changed on the injection machine are considered as input
parameters. From the data screening method, the
parameters affecting the process are identified. By the
response surface method and variance analysis,
respectively, to fix the considered defects with the
minimum amount of clamping force required. Finally, the
predicted output values from the CCD method, when
compared with the simulation results, showed an average
error of 6.03%, and as a result, it confirms the accuracy of
the conducted research.

Keywords: Simulation of plastic injection process, Burn
mark defect, Short shot defect, Clamping force, Statistical
analysis.

1- Introduction

Injection molding is a suitable and widely used method to
produce polymer parts, constituting 32% of plastic part
production. Several notable advantages of plastic products
over metals are high corrosion resistance, high strength-to-
weight ratio, and ease of processing [1]. Clamping force is
one of the key factors influencing the selection of an
injection molding machine, as it is necessary to prevent
two halves of the mold from closing and withstand
pressure during injection. A lower clamping force results

in higher productivity and lower cost. The tie bars of the
structure are deformed elastically to generate this force [2].

Elimination of various defects in the manufactured part,
such as warpage, low weld line strength, and sink marks,
is necessary to increase efficiency and maintain consistent
product quality. However, the most common defects in
UPVC fittings are short shot and burn mark defects.
Evaluating these defects in the injection molding process
is complex. Within the authors' search scope, no research
was found that simultaneously examined these three
influential outputs on production efficiency. Improper
adjustment of input parameters on the injection machine
can easily lead to the emergence of these defects in the
process [3, 4].

The aim of this article is to find the values of process
parameters to eliminate short shot and burn mark defects
while minimizing the clamping force with Moldflow
software simulation and statistical analysis. The problem
inputs consist of six process parameters that can be
adjusted on the injection machine: melt temperature,
cooling time, packing time, holding pressure, injection
pressure, and injection time. The value of the last heating
element at the injection nozzle tip is the melt temperature.
The problem outputs are maximum mold clamping force,
short shot defect, and maximum melt flow front
temperature inside the mold.

These defects were first found in the workshop and
simulated using Moldflow software to see if the intended
defects were also present. Therefore, the simulation model
was validated and accurate. Using a validated simulation
as the first step in the optimization process eliminates the
need for trial and error to find optimal input parameter
values through experimental processes. A design of
experiment using the Plackett-Burman method was
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subsequently conducted to determine the effect of input
parameters on the output. After identifying the significant
factors, a response surface method (RSM) based on the
central composite design (CCD) type was carried out.
Subsequently, polynomial equations for each response
were derived using the Analysis of Variance (ANOVA)
method. Finally, a simulation with optimal input values
was conducted to evaluate the accuracy of the employed
method, demonstrating appropriate and acceptable results.

2- Finite Element Method

The part under examination is a 63 mm bushing made of
UPVC. Fig. 1 shows the part modeled using SolidWorks
software. Experimental tests were conducted using an
injection machine with a 220-ton clamping force. The
plastic injection process for the part with a two-cavity
mold was simulated using Moldflow software. The UPVC
material used within the software was selected with the
trade name Benvic IR705. The overall mesh size and mesh
around the gate were set to 4.5 mm and 2 mm, respectively.
The process simulation type within the software was
selected as Cool+Fill+Pack. The mold material in the
experimental process is DIN 1.2312, for which the
equivalent P20 tool steel was selected in the software.
Water at 25°C was considered as the mold cooling fluid at

its inlet. In the experimental injection process, the
clamping force is typically set to the maximum possible
value on the machine. Experimental and simulation results
indicate that a melt flow front temperature above 202°C
inside the mold causes polymer burning. Figures 2 and 3
show the simulation and experimental results of the first
and second tests, demonstrating similar outcomes and thus
confirming the accuracy of the simulation model for the
intended defects.

Fig. 1: Three-dimensional model of the 63 mm bushing
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Fig. 2: Short shot defect in Experiment 1
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Fig. 3: Burn mark defect in Experiment 2
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Fig. 4: Defect-free part Conclusion

3- Statistical Analysis

In this research initially conducted a two-level
experimental design using the Plackett-Burman method
with a 1/2 ratio to identify the significant parameters
among the six input parameters. Consequently, 36
experiments were specified for simulation. The parameter
ranges are presented in Table 1. After identifying the
significant parameters, one insignificant factor was
determined. For a more in-depth examination of the

significant parameters, an experimental design using the
response surface method of the central composite design
type was performed with 32 experiments and an alpha
value of 2.828. The value of the insignificant factor,
holding pressure, was considered constant at 64.7.
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Table 1: Input parameter ranges in design of experiment

Parameter Lower limit Upper limit
A 191.2 194.8
B 19.85 25.15
C 4.56 8.44
D 64.70 75.30
E 126.46 133.54
F 7.3 8.7

4- Optimization

The optimal input values were determined as follows: melt
temperature 188.0 (°C), cooling cycle time 29.99
(seconds), packing time 1.01 (seconds), holding pressure
64.70 (MPa), injection pressure 127.47 (MPa), and
injection time 6.15 (seconds). The optimal output values,
including complete mold filling, were predicted with a
clamping force of 128 (tons) and a maximum melt flow
front temperature of 194.6 (°C). A simulation was finally
performed using the optimal values obtained from the
statistical analysis, with an average error of 6.03%
compared to the output values predicted from the statistical
analysis. The optimal results of the statistical analysis are
shown in Fig. 4 in simulated and experimental forms,
which are identical.

5- Conclusion

The results of this research can be summarized as follows:

1- As injection pressure increases, a higher clamping
force is required, while low injection pressure leads to
short-shot defects. With increased injection pressure,
material viscosity decreases, consequently reducing
the feasibility of short-shot defects.

2- Excessive clamping force results in poor air ventilation
and short shot defects; this finding is consistent with
the results of study [1].

3- Increasing melt temperature and injection time raises
the probability of burn mark defect.

4- By identifying the critical point of polymer degradation
during mold injection using the finite element method,
this study eliminates the need for experimental
procedures—unlike previous studies [2-4], which
relied on empirical approaches to investigate and
resolve such defects..
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