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Abstract: The injection molding process is a very common process in polymer industries for large production of plastic parts
used in commercial and domestic day to day life.so plastic product obtain are low is cost and high in quality. This research paper
is about optimizing the parameter of the injection molding process which will enhance productivity by improving quality.as in
this paper it gives the most optimistic parameter required in the injection molding process to obtain quality product at minimum
cost and time without defect .the part selected is from a company which is facing a problem of shrinkage due to which a large
amount of production cost is required for material loss and process. For this problem, a solution is to find out as using Moldflow
simulation software to predict early failure in a part which will be modified on a new parameter setting which is obtained by
software data. The Taguchi method with help of minitab software is used for optimizing parameter selected such as melt
temperature, mold temperature, cooling time. The software is also used to analyse result where s/n ratio again ANOVA are
helped to give most significant factor which leads to shrinkage in which a number of simulations is based on three levels of L9
Taguchi orthogonal array
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I. INTRODUCTION

The injection molding process is very common in the many industry for the manufacturing of plastic components. Quality
component obtains by good design, proper material, and process parameters. Process parameters setting helps to get a defect-free
product that you want within a time period otherwise it leads to increase production cost. If there is any difficulty in setting optimal
parameter than it will lead to a defect such as air trap, sink marks, shrinkage, weld lines flash. shrinkage is one of a common
problem that occurs in injection molding .this shrinkage is due to improper wall thickness, melt temperature, mold temperature and
improper cooling which lead to a lot of production cost .for this it should be predicted first before the manufacturing process.
Moldflow advisor is one of software in plastic industry applications where we early predict a problem occurs during the process
with specified used parameters which helps to reduce defect and improve the production cycle. Shrinkage is a defect which depends
on parameter mold temperature, melt temperature, cooling time is a various factor. These optimum parameters are required to give
actual results. Optimization is done by using the software, actual process, and with the help of the Taguchi method. This method
helps to identify the optimum parameter on which process should be done.

clamping  injection

Figure 2: process of injection moulding

Opran Constantin Gheorghe et al,studied the process of optimization of microinjection in the template given in the medical
application. Numerical analysis is performed by using Autodesk mold flow simulation In which different parameter which is
suitable for a process are analyzed such as filling time, melting temp, injection pressure. In this paper, the simulation of the material
filling process help to reduce cost through shorting time required for design and production which improve the quality of part. Junyu
Fu, Yongsheng Ma et al, represents the reduction of cycle time and production cost by analyzing design of cooling system .This
design done by using simulation software using Autodesk Mold flow advisor and compares with the actual process based on
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shrinkage calculation. In this, it compares the shrinkage rate of the real process and software ejecting molded part at high
temperature is common to shortening production cycle time and improve productivity, quality of part. H.Radhwa,M.T.Mustaffa in
this paper research about an optimization of shrinkage in injection molding by using TAGUCHI method .in this TAGUCHI method
help to identify the process parameter which gives less shrinkage while machining of process. This study helps to improve quality
by reducing manufacturing time and shrinkage defect. For this ANOVA is utilize to identify most significant factor which affect
process.
Il. METHODOLOGY

The stages involved in the project first start with the data collection from the company till the confirmation test. It was shows in

Figure 1
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Figure 1: methodology of project
1) Selection of Material: HDPE (HDPE 50mal180) is polymer with good process ability and having good mechanical properties
use for day to day life. They are used in manufacturing of storage vessel, refrigeration unit, PET Bottles, pipe by injection

moulding process.

Table 1: material property

Srno | Property value

1 density 0.924 — 2.55 g/cc
2 Melt flow rate 20 g/10min

3 Tensile modulus 7.60 — 43 mpa

4 Young modulus 0.450 — 1.50 gpa

Table 2: processing property

Sr property Value

no

1 processing temperature 82.2-274°C

2 Melt temperature 130 -280°C

3 Mould temperature 5.00-65.6 °C
4 Injection pressure 2.76 - 103 MPa
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2) Design Of Product And Gating System: Plastic Component Is Product Of Company Used In Manufacturing Of Rain Water
Harvesting Pipe. The Gating System Selected for This Study Is Tapered Spure System with End Acting as Injection Point on
Top .Mould Material Selected for Study Is P20 Steel.

Figure 2: 3d model of par

Table 3: design of part
Sr | property value
no

dimensions 158.97*%391*155.78 mm
Spure dimension | Tapered length -110mm D1 —-4mm

3) Selection of parameter: in this study parameters that are studied on the part are the (A) melt temperature (B) mould temperature
(C) cooling time by referring these are the parameters that are significant in injection moulding process. Table shows the
selected parameter with 3 levels.

Table 4: parameter level set in minitab

Srno | Experimental factor Level 1 Level 2 Level 3
a Melt temperature 180 200 220

b Mold temperature 40 50 60

c Cooling time 100 110 120

I1l. EXPERIMENTAL WORK:
Minitab software is used to run taguchi method to obtain optimistic parameter in which design of experiment is technique to find
optimized process setting by analysing there effect on performance and solve production related defect .it involve optimization of
controlled and uncontrolled factors. the controlled factor in this project are five parameter that have chosen which is 1] melt
temperature 2] mold temperature 3] cooling time while uncontrolled factor which is known as noise factor which is need to be
control in this project is shrinkage. By using minitab software 19 array is orthogonal array with 5 factors and 3 levels are used. A
statically analysis of variance also used to find out influence of parameter on process. The s/n ratio is of “smaller the better” is used
to minimize shrinkage .the value of s/n ratio is calculated by using equation (1) and msd by (2)
s/nratio=-10 log MSD............. 1)
MSD =1/nY yi2 ..ccoviniiininnnnn 2)
Where MSD- mean square deviation
y- Both of studied result factor
n- no. of a test in trial
Taguchi’s methodology is an efficient tool for design of experiment having high-quality manufacturing system which provides
optimum setting of process control parameters? A simple quality indicator is signal to noise ratio that can use to evaluate the effects
of changing a particular design parameter on the performance of the products. Taguchi methods use a special design orthogonal
array to study the entire factor with only a small number of experiments. It gives simple and efficient way to find the designs for
quality, performance and computational cost.
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IV. RESULTS AND DISCUSSION:
Table 5: minitab orthogonal array setting

Srno Melt temp Mold temp Cooling time shrinkage SNRA1
1 180 40 100 0.940 1.25662
2 180 50 110 0.880 -0.06646
3 180 60 120 1.035 -1.19016
4 200 40 100 1.089 -1.19016
5 200 50 110 1.820 1.25662
6 200 60 120 1.940 -0.06646
7 220 40 100 2.320 -0.06646
8 220 50 110 2.490 -1.19016
9 220 60 120 3.200 1.25662

A. Analysis Result — s/n ratio Analysis

The analysis result of shrinkage from table was presented into form of response table of s/n ratio an in table. From table it can easily

be noticed the most optimum parameter for minimizing shrinkage defects.

The optimal level was selected based on highest point in fig 3 .the rank shows which factor affect shrinkage the most starting with

Figure 6: Response table for s/n ratio

level Melt temp Mold temp Cooling time

1 1.096 2.293 -2.107

2 -4.244 -6.353 -4.894

3 -7.315 -6.402 -3.462
delta 8.411 8.695 2.788
rank 2 1 3

mold temperature [b] in first rank and least affecting factor that is cooling time [c].

Main Effects Plot for SN ratios
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Figure 4: graph of s/n ratio
Table 7: Optimum setting for shrinkage
factor Melt temp | Mold temp | Cooling
time
Optimum 1 1 1
level
rank 2 1 3
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B. Analysis Result — Analysis of Variance (ANOVA)
ANOVA test was applied to determine the significance of each parameter in the designed experimental study. The
ANOVA results for HDPE moldings are given in Table no respectively. Since the one P-value was less than 0.05, this parameter
had a statistically significant effect on the shrinkage at the 95% confidence level. The ANOVA test was applied to determine the
significance of each parameter in the designed experimental study. The ANOVA results for HDPE moldings are given in Tables 4
respectively.

Table 8: Avova result

source DF Seq ss Adj ss Adj ms f-value p- value contribution
Melt temp 2 0.44349 0.44349 0.22174 5.75 0.148 38.56%
Mold temp 2 0.59261 0.59261 0.59261 7.69 0.115 51.52%
Cooling 2 0.03701 0.03701 0.03701 0.480 0.676 3.22%
time
error 2 0.07709 0.07709 0.07709 6.70%
total 8 1.15021 1.15021 100.00%

C. Regression Analysis

Regression analysis is used to define the relationship between a response variable and one or more predictors. The mathematical
relationship is formulated between shrinkage value and five process parameters selected for study. Regression analysis is done by
using MINITAB V17 software. This model is used directly to predict the values of shrinkage from a new set of input parameters.
The mathematical relation obtained from regression analysis is given below.

Regression equation:

Shrinkage = -6.90+0.03302 melt temp +0.0690 mold temp — 0.0125 cooling time

Figure 6: regression analysis result

The correlation coefficient measures the goodness of fit between the simulation data and predicted values. The R2 value is found to
be 82.98%. Also, the adjacent R2 value is found to be 72.76%.These values show that predicted shrinkage values have good
correlation with shrinkage values obtained from simulation. Hence the regression model is acceptable.

D. Conformation Test
For conforming this simulation values, regression equation values and minitab value it is get confirm with laboratory test by testing
heat shrinkage test of all 9 sample which gives 0.97% of shrinkage at optimum values.

Table 7: comparison between methods
Regression analysis Simulation value | Minitab value Lab test

shrinkage 0.569 1.003 0.94 0.97

V. CONCLUSION
From this study, it can be calculated that taguchi method was used to minimize the shrinkage defects.it is a very useful method that
can be used which provide efficient and economical way instead of trial and error method which contributes to waste. The
conclusion of project:

A. The recommended setting of parameters for shrinkage was produced by the combination of Al, B2, C2; D2.that was the setting
of melt temperature, mold temperature, cooling time. From anova table, it shows that melt temperature[a] contribute the
percentage value is 38.56% followed by mold temperature with 51.52% .the factor cooling time 3.22%.

B. After comparing simulation, minitab values and regression analysis value it is concluded that at this required parameter it gives
less shrinkage.
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