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temperature, mold temperature, injection time, and the number of gate positions.
Response Surface Method (RSM) was used to determine the most significant and
optimum parameters on the fill time. From the result analysis, it is found that the
injection time is the most significant parameter that affected the fill time with a 99%
contribution. The result shows that there is no interaction between process
parameters toward fill time which the injection time is the only major factor that
affects the fill time. The improvement increases by 0.07% after the optimization
process from 4.278s to 4.281s. The most optimum parameters to longer the
injection time are mold temperature at 60°C, injection time at 4s, and the number
of the gate with two gates position. Thus, the longer the injection time, it can reduce
the defect of molded part in the injection molding process.
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1. Introduction

Injection molding is a manufacturing process for producing parts by injecting the molten plastic
material into a mold. The injection molding also possessed high efficiency as it has a high production
output rate as well as being more cost-effective. Chen and Turng [1] stated that injection molding is
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one of the most versatile and important manufacturing processes capable of a mass plastic product
with high productivity as compared to compression molding, extrusion, etc. However, several defects
were found in the injection molding process. According to Amran et al. [3] producing complicated
plastic parts in net shape with excellent dimensional tolerance. Kitayama et al. [2], stated that
injection molding is one of the important technologies used to produce a variety of products. They
studied the defects and solutions of plastic parts during injection molding since it is difficult to set
the excellent process parameters in which causes many defects such as short-shot, shrinkage,
warpage and other defects. Most of these defects occurred due to a lack of optimization in injection
molding process parameters.

Filling time happened after the reciprocating screw moves forwards at a steady speed then
molten polymer flows into the cavity until the mold cavity is completely filled. Three phases are
involved during the filing time, which are filing, pressurization and compensation. The filling of
molten plastic flows into the cavity then follow by pressurization where the reciprocating screw
slowly moves forward to adding an extra volume of material due to leakage on the gap between the
reciprocating screw and inner barrel. Then, finally, the compensation phase continues where the
reciprocating screw moves forward to compensate for the volume in the cavity due to volumetric
change [4]. Short shot, poor filling pattern, poor weld lines, and air trap defects happened due to the
fill time was not enough. According to Andhalkar and Dulange [5], they mentioned that when the
molten polymer was not enough during the filling process, air traps were trapped by converging
molten polymer front and failed to escape via air vents passage. This will lead the part to become
short shot [6], poor filling pattern [7], poor weld lines [8], and sink marks [9].

Flow analysis software is needed to predict defects in the plastic injection molding process.
Therefore, mold flow simulation software is one of the new methods to predict the quality of the
plastic part. Tutak [10] stated that mold flow simulation helps in giving the opportunity of a quick
assessment of the design product at the stage of digital designing that allows any error or defects to
be eliminated at an early stage. The mold flow analysis allows the engineers to find a solution in order
to produce the optimized product without extra cost for building as well as modifying the prototype
that costs more resources. According to Vishnuvarthanan et al. [11], mold flow simulation software
provides a preventive and corrective solution to help the engineers to analyze the process, enhance
the quality and decrease the cycle time. Ali et al. [12] revealed that using mold flow simulation
software can assist the manufacturers to predict and avoid any potential manufacturing defects and
reducing resources used.

Further, to achieve the optimization of injection molding parameters, a statistical method is
needed to determine the relationship between factors affecting the process and the output of the
process. The application of design of experiment method applied by several researchers in an
injection molding for optimization process such as using the full factorial method [13], response
surface methodology (RSM) [14], Taguchi method with multi-objective optimization using Grey
Relational Analysis (GRA) which has improved the quality characteristics of the part. If processing
parameters not optimize, waste of cost material increases. These are due to the improper parameter
used as many types of research have proved those process parameters are the most efficient ways
to reduce the cost and resources [15]. In industrial practice, the selecting values of injection molding
parameters are based on pure experience or taken from machine manual and instruction from the
book and thus causing inconsistencies in quality. This leads to the existence of defects such as short-
shot, sink mark, air tarps, etc. In every parameter change, there will be always changes and
inconsistencies in the quality of the plastic part in terms of material characteristics [16].

Therefore, this study focuses on the optimization of injection molding parameters on the filling
analysis. Parameters selected for this studied are injection time, melt temperature, mold
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temperature, and the number of the gate. The filling time of injection molding needs to be studied
to determine how much time it takes to fill the mold and leads to inconsistencies in qualities. Due to
the many influences of many parameters, there is a need to investigate the relationship between the
injection molding parameters such as melt temperature, mold temperature, the number of the gate,
and injection time for understanding in-depth the effective parameters on fill time.

2. Methodology

This experiment was conducted using the Moldflow Plastics Adviser (MPA) version 2019
simulation software established by Autodesk. ASTM D638 was employed as a standard design for
the plastic part. The dumbbell part was designed by CATIA software. Then the part was exported to
MPA for meshing process, determine the gate location, select type of plastic materials, and
processing parameters. Table 1 shows the process parameters set up for the injection molding
process. The experimental matrix was generated using the RSM method with three center points. In
the figure, the water cooling circuit having a diameter of 6mm was located at the core and cavity
side. Since the width of the part only 20mm and the thickness 3mm, therefore the distance of water
cooling between them has decided at 30mm meanwhile the distance from the parting line was 20mm
as considering the size of the water nipple and water hose as shown in Figure 1 [17].

Table 1
Process parameter of injection molding
Level
Process Parameters Low Medium High
Melt Temperature (°C) 280 300 320
Mould Temperature (°C) 60 90 120
Injection Time(s) 0.2 2.1 4
Number of Gate 1 2 3

v

LJ

Fig. 1. Graphical of part, gate, and water circuit
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3. Results and Discussion
3.1 Flow filling analysis

Table 2 shows the result of fill time. Based on the table, the experimental run number 18 shows
the lowest fill time at 0.2063s with the combination of parameters 320°C melt temperature, 90°C
mold temperature, 0.2s injection time, and with two for the number of gates. While the experimental
run number 15 shows the highest fill time at 4.278s with the set parameter of 300°C melt
temperature, 60°C mold temperature, 4s injection time, and two for the number of gates.

Table 2
Experimental result of the fill time
RUN Melt Mould Inj. No. of Fill Time
Temp.(A) Temp.(B) Time(C) Gate (D) (s)
1 280 60 2.1 2 2.24
2 320 60 2.1 2 2.217
3 280 120 2.1 2 2.197
4 320 120 2.1 2 2.199
5 300 90 0.2 1 0.2079
6 300 90 4 1 4.261
7 300 90 0.2 3 0.2069
8 300 90 4 3 4.264
9 280 90 2.1 1 2.19
10 320 90 2.1 1 2.189
11 280 90 2.1 3 2.205
12 320 90 2.1 3 2.204
13 300 60 0.2 2 0.2081
14 300 120 0.2 2 0.2066
15 300 60 4 2 4.278
16 300 120 4 2 4.246
17 280 90 0.2 2 0.2113
18 320 90 0.2 2 0.2063
19 280 90 4 2 4.276
20 320 90 4 2 4.272
21 300 60 2.1 1 2.205
22 300 120 2.1 1 2.178
23 300 60 2.1 3 2.214
24 300 120 2.1 3 2.193
25 300 90 2.1 2 2.213
26 300 90 2.1 2 2.213
27 300 90 2.1 2 2.213

The result shows that the lowest fill time contributes by the fastest injection time meanwhile the
highest fill time contributes by the longest injection time. For melt temperature and mold
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temperature, the parameters are varying. Both the lowest and the highest fill time contribute by two
for the number of gates. From the initial analysis, the injection time was the most affected to the fill
time.
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Fig. 2. Fill time result at (a) 2.240s, (b) 1.680s and (c) 1.120s
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Figure 2 shows the analysis at run number 1 of the sample in which the fill time measurement was
taken. The red color indicates a high value while dark blue indicates a low value. Based on the figure,
the total fill time at run number 1 is 2.240s as shown in Figure 2 (a). Meanwhile at filling time 1.680s
in Figure 2(b) shows of the part is in the short shot condition where the section of the part did not
fill. Further, Figure 2(c) shows filling time 1.120s flow of the plastic into the part begin to fill. Due to
the flow front meet, it can be predicted that the weld lines can be generated at the center of the
part. These weld lines can cause structural and appearance defects where many researchers have
done the investigation on weld lines [18-19]. Sedighi et al. mentioned that the area where well lines
were found usually weak region developed due to the forming of two meeting of flow front
recombined [20]. He mentioned that the best number of the gate was to implement the single gate
rather than multiple gate location.

3.2 Analysis of variance (ANOVA) for fill time

The fill time result was analyzed using RSM with the quadratic model as a means to identify the
correlations between response parameters. Using ANOVA, the significance of the model was
analyzed. The confidence level was set to 95% confidence level and the p-values of a model that was
less than 0.05 indicate that the model was significant.

Table 3
ANOVA analysis of the fill time
Source DF Adj SS Adj MS F-Value P-Value

Model 14 49.4200 3.5300 71176.43 0.000 Significant
Linear 4 49.4118 12.3530 249076.38  0.000
Melt Temp. (A) 1 0.0001 0.0001 1.72 0.214

Mould Temp. (B) 1 0.0017 0.0017 34.12 0.000 Significant

Inj. Time (C) 1 49.4098 49.4098 996264.41  0.000 Significant
No of Gate (D) 1 0.0003 0.0003 5.27 0.041
Square 4 0.0078 0.0019 39.11 0.000
Melt Temp.*Melt Temp. (A*A) 1 0.0000 0.0000 0.02 0.880
Mould Temp.*Mould Temp. (B*B) 1 0.0001 0.0001 1.38 0.263
Inj. Time*Inj. Time (C*C) 1 0.0046 0.0046 91.80 0.000
No of Gate*No of Gate (D*D) 1 0.0007 0.0007 14.40 0.003
2-Way Interaction 6 0.0004 0.0001 1.35 0.309
Melt Temp.*Mould Temp. (A*B) 1 0.0002 0.0002 3.15 0.101
Melt Temp.*Inj. Time (A*C) 1 0.0000 0.0000 0.01 0.945
Melt Temp.*No of Gate (A*D) 1 0.0000 0.0000 0.00 1.000
Mould Temp.*Inj. Time (B*C) 1 0.0002 0.0002 4.69 0.051
Mould Temp.*No of Gate (B*C) 1 0.0000 0.0000 0.18 0.678
Inj. Time*No of Gate (C*C) 1 0.0000 0.0000 0.08 0.781

Error 12 0.0006 0.0000

Table 3 shows the ANOVA analysis of the fill time using a full quadratic model. Based on the table,
the ANOVA analysis indicates that the term has a significant effect on the response. The significant
model term that has the main effect was mold temperature, injection time, number of the gate, the
interaction between both injection time, and interaction between both numbers of gates. While the
other model terms are not significant and removing the insignificant terms has improved the model
result.
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Figure 4 shows the half-normal plot that the injection time is the only factor that significantly
affected the fill time. The main factor, injection time is the most significant among the other main
factors and their interaction. This result correlated with Khan et al. [21] as the fill time was a part of
cycle time in which directly relates to injection time as the filling time corresponding to injection
pressure, if the injection time was slow, injection pressure also was slow and thus longer time.

Half Normal Plot of the Standardized Effects

(response is Fill Time (s), o = 0.05)

Effect Type
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Factor Name
95 A Melt Temp.
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o Inj. Time
= D No of Gate
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Fig. 4. Half normal plot for fill time

Table 4 shows the ANOVA analysis of fill time after the elimination of the not significant model
term. The result from the model shows that the model is still significant with the main effect of the
mold temperature, injection time, number of the gate, interaction between both injection time, and
interaction between both numbers of gates.

Table 4
ANOVA Analysis after elimination of insignificant parameter
Source DF AdjSS AdjMS F-Value P-Value
Model 5 494194 9.8839 179837.88 0.000
Linear 3 494118 16.4706 299683.18 0.000
Mould Temp. (B) 1 0.0017 0.0017 30.79 0.000
Inj. Time (C) 1 49.4098 49.4098 899014.01 0.000
No of Gate (D) 1 0.0003 0.0003 4.75 0.041
Square 2 0.0077 0.0038 69.93 0.000
Inj. Time*Inj. Time (C*C) 1 0.0058 0.0058 106.42 0.000
No of Gate*No of Gate (D*D) 1 0.0007 0.0007 12.98 0.002

Error 21 0.0012 0.0001

Figure 5 shows the three-dimensional plot of the relationship between mold temperature and
injection time toward the fill time. From the figure, it can be seen that the fill time is directly affected
by increasing injection time while the mold temperature remains constant and thus does not affect
the fill time.
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Surface Plot of Fill Time (s) vs Inj. Time, Mold Temp.
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Fig. 5. Surface plot of fill time of injection time versus mold temperature
3.3 Mathematical model for fill time

The mathematical model was generated to illustrate the relationship of parameters toward the
response [22]. The predicted fill time can be calculated by replacing the variables with Mould Temp.
(B), Inj. Time (C) and the No. of Gate (D). The coefficient of regression for each parameter was taken
from the estimated regression coefficient. Thus, the final mathematical model for predicting the fill
time is expressed in Equation 1 the uncoded term.

Fill Time = — 0.0115 — 0.0004(B) + 1.0328(C) + 0.0469(D) + 0.0084 (C *C) —
0.0106(D * D) (1)

The fill time results from the experimental work were compared with the calculated predicted
response where the comparison is made by calculating the error as shown in Table 5. Since the
parameters of each factor are different for each run, the error calculated can be different. Based on
the table, the experimental run number 13 shows the higher error, 6.681%, and the lowest
percentage is zero which is occupied by experimental run 12 and 24 respectively. Figure 6 shows the
visualization of a comparison between the actual and predicted values of the fill time. The average
of the error between the result simulation and calculated predicted was 0.85%. Various researchers
found that the percentage error between experimental and calculated were below 10% [23-24].

3.4 Optimization parameters of fill time

Statistically tool in this study to determine the optimized parameters based on the set target was
performed by Minitab software. The options are given whether the target is set to minimize,
maximize, or a specific range of target based on the given response. Figure 7 shows the optimal
parameters for fill time in which targeted to maximize the injection time where the result found are
mold temperature at 60°C, injection time at 4s, and two number of gate. From the figure, it shows
that injection time the highest delta which injection was the dominant factor impact to the fill time.
The optimized parameters have 1.0 desirability to achieve the maximum value of fill time. Based on
the optimal set that has been given, the predicted value of achievable fill time is 4.2821s as shown in
the figure. The percentage of improvement increases at 0.07% from the highest fill time at 4.278s at
run number 14 to 4.2821s after the optimization process. It shows that to maintain the longer output
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of fill time the input parameter of injection time should be set at a high level meanwhile mold
temperature at a low level with two for the number of gates. Bociaga mentioned that execution of
output always influences by the input parameters selected, for example, changes in injection
temperature consider the effect to the shrinkage of the part as well as pressure consider effect the
hardness and part weight [25]. He also mentioned that the longest fill time can increase the plastic
hardness and part weight as well the mechanical properties can also increase.

Table 5

Comparison between experimental and predicted for fill time

No. of Run Actual Predicted Error (%)

2.24 2.222 0.810

2 2.217 2.222 0.220
3 2.197 2.19842 0.064
4 2.199 2.198 0.045
5 0.2079 0.196 6.071
6 4.261 4.254 0.164
7 0.2069 0.205 0.926
8 4.264 4.263 0.023
9 2.19 2.195 0.228
10 2.189 2.195 0.273
11 2.205 2.204 0.045
12 2.204 2.204 0
13 0.2081 0.223 6.681
14 0.2066 0.199 3.819
15 4.278 4.276 0.047
16 4.246 4.258 0.281
17 0.2113 0.211 0.142
18 0.2063 0.211 2.227
19 4.276 4.27 0.140
20 4.272 4.27 0.046
21 2.205 2.207 0.091
22 2.178 2.183 0.229
23 2.214 2.216 0.090
24 2.193 2.193 0
25 2.213 2.21 0.136
26 2.213 2.21 0.136
27 2.213 2.21 0.136

36



Malaysian Journal on Composite Science and Manufacturing
Volume 4, Issue 1 (2021) 28-39

Actual vs Predicted

4.5 B Actual ™ Predicted
4
3.5
w 3
il
£ 2.5
= 2
T 1.5
1
0.5
0 (] (] m m
1 2 3 45 6 7 8 91011121314151617181920212223242526127
No. of Runs
Fig. 6. Histogram of Actual versus Predicted Fill Time
Optimal Mold Tem Inj. Tim No of Ga
. High 120.0 40 30
D: 1'0.00 Cur [60.0] [4.0] [2.2121]
Predict  Low 60.0 0.20 1.0
Fill Tim
Maximum
y = 4.2821
d = 1.0000

Fig. 7. Optimization Plot for Fill Time

4. Conclusions

This study aims to find the optimum injection molding parameters using Moldflow simulation
software analyze by response surface method. Defects on plastic part due to the unoptimized fill time
always happen such as short-shot, poor weld line, and air-trap cannot escape because too low of fill
time. Therefore, the first objective of this study is to determine the most significant parameters such
as melting temperature, mold temperature, injection time, and the number of the gate that affected
the responses. From the result, it is found that injection time is the most influential parameter on fill
time. The second objective is to investigate the interaction between process parameters toward the
response of fill time. The interaction between mold temperature and injection time is completely
reliant on injection time as the injection time is the only major factor that affects the fill time. The
increase of injection time causes the fill time to increases without any significant interaction from
mold temperature. The last objective is to optimize the parameters by using a single optimization.
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For the fill time, the target is set to maximize as means to decrease the defect such as short shot,
poor weld lines, and air traps. The optimal parameter for fill time in which targeted to maximize the
injection time is mold temperature of 60°C, injection time of 4s, and two number of gate. After the
optimization process, the fill time improves to 0.07% from 4.278s to 4.281s. The melt temperature
was eliminated during the process of optimization since it influences very small. This optimization
process will improve the quality of the molded part with a statistical method.

Acknowledgment

The authors would like to acknowledge Universiti Teknikal Malaysia Melaka. UTeM for providing
facilities and financial support of this research under the grant FRGS/2018/FKP-AMC/F00377 is
greatly appreciated.

References

[1] Z. Chen and L.S. Turng, "A Review of Current Developments in Process and Quality Control for Injection
Molding," Advances in Polymer Technology: Journal of the Polymer Processing Institute 24, no. 3 (2005): 165-182.
https://doi.org/10.1002/adv.20046

[2] S. Kitayama, M. Yokoyama, M. Takano and S. Aiba, “Multi-Objective Optimization of Variable Packing Pressure
Profile and Process Parameters in Plastic Injection Molding for Minimizing Warpage and Cycle Time,” The
International Journal of Advanced Manufacturing Technology 92, no. 9-12 (2017): 3991-3999.
https://doi.org/10.1007/s00170-017-0456-1

[31 M.A.M. Amran, N. Ildayu, K.M. Faizal, M. Sanusi, R. Izamshah and M. Shahir, "Part Weight Verification Between
Simulation and Experiment of Plastic Part in Injection Moulding Process," In IOP Conference Series: Materials
Science and Engineering 160, no. 1 (2016): 1-12.
https://iopscience.iop.org/article/10.1088/1757-899X/160/1/012016/pdf

[4] Jay Shoemaker, Moldflow Design Guide: A Resource for Plastics Engineers(Massachusetts: Hanser Verlag, 2006)
page 2-3.

[5] V.V. Andhalkar and S.R. Dulange, "Injection Molding Methods Design, Optimization, Simulation of Plastic Flow
Reducer Part by Mold Flow Analysis," International Research Journal of Engineering and Technology 4, no. 6 (2017):
1742-1746.
https://www.irjet.net/archives/V4/i6/IRJET-V416330.pdf

[6] Z.Yu, L. He-Sheng, K. Tang-Qing, H. Xing-Yuan, C. Zhong-Shi, Z. Wei and Z. Kai, "The Study Of Short-Shot Water-
Assisted Injection Molding of Short Glass Fiber Reinforced Polypropylene," Journal of Applied Polymer Science 137,
no. 47 (2020): 1-12.
https://doi.org/10.1002/app.49555

[71 Shaozhen Hua, "Experimental and Numerical Investigation of Jetting Phenomenon in Injection Molding," Journal of
the Brazilian Society of Mechanical Sciences and Engineering 42, no. 4 (2020): 1-13.
https://doi.org/10.1007/s40430-020-02278-6

[8] M.K.Fadzly, N. Ainur and N. Farisha, "Experimental Investigation of Plastic Part Defect from Plastic Injection Molding
Machine." AIP Conference Proceedings 2129, no. 1 (2019): 1-6.
https://doi.org/10.1063/1.5118157

[9] M. Inui, S. Onishiand N. Umezu, "Visualization of Potential Sink Marks using Thickness Analysis of Finely Tessellated
Solid Model," Journal of Computational Design and Engineering 5, no. 4 (2018): 409-418.
https://doi.org/10.1016/].ijcde.2018.02.003

[10] P. Tutak, “Application of Moldflow Simulation in Injection Molding of Plastic Tank,” Journal of Applied Computer
Science Methods 9, no.1 (2017): 79-88.
http://archive.sciendo.com/JACSM/jacsm.2017.9.issue-1/jacsm-2017-0005/jacsm-2017-0005.pdf

[11] M. Vishnuvarthanan, P. Rajesh and S. llangovan, "Optimization of Injection Molding Cycle Time using Moldflow
Analysis," Middle-East Journal of Scientific Research 13, no. 7 (2013): 944-946.
https://www.idosi.org/mejsr/mejsr13(7)13/16.pdf

[12] M.A.M. Ali, N. Idayu, M.S.A. Aziz, M. Hadzley and S. Subramanian, “Optimisation of Process Parameters in Linear
Runner Family Injection Mold Using Moldflow Simulation Software,” ARPN Journal of Engineering and Applied
Sciences 11, no. 4 (2016): 2475-2482.

38


https://doi.org/10.1002/adv.20046

Malaysian Journal on Composite Science and Manufacturing
Volume 4, Issue 1 (2021) 28-39

[13]

(14]

[15]

(16]

(17]

(18]

(19]

[20]

[22]

(23]

[24]

[25]

S. Azim, S. Noor, R. Akhtar, T. Habib and M. Hayat, "Optimization of Process Parameters using Full Factorial Design

in Injection Molding of Polypropylene," Proceedings of the Pakistan Academy of Sciences: A. Physical and

Computational Sciences 56, no. 2 (2019): 67-75.

https://www.paspk.org/wp-content/uploads/2020/01/ES-668.pdf

K.T. Chiang and F.P. Chang, "Analysis of Shrinkage and Warpage in an Injection-Molded Part with a Thin Shell Feature

using the Response Surface Methodology," The International Journal of Advanced Manufacturing Technology 35,

no. 5-6 (2007): 468-479.

https://doi.org/10.1007/s00170-006-0739-4

Mohd Shukor Salleh, Hanizam Hashim, Mohd Zaidi Omar, Abu Bakar Sulong, Soufhwee Abd Rahman, Saifudin Hafiz

Yahaya, Mohd Warikh Abd Rashid and Salah Al-Zubaidi, “T6 Heat Treatment Optimization of Thixoformed LM4

Aluminium Alloy Using Response Surface Methodology,” Malaysian Journal on Composites Science & Manufacturing

3, no. 1(2020): 1-13.

https://doi.org/10.37934/mjcsm.3.1.113

R. Mahesh Naik, P. B. Shetty, K. Kotresh and L. Avinash. Prevention of Defects in Injection Molding Process in the

Manufacturing of Ballpoint Pen, International Journal of Recent Technology and Engineering 8, no.3 (2019): 4932—

4937.

https://www.ijrte.org/wp-content/uploads/papers/v8i3/C5590098319.pdf

F. Marin, de J.R. Miranda and A.F. De Souza, “Study of the Design of Cooling Channels for Polymers Injection

Molds,” Polymer Engineering & Science 58, no. 4 (2018): 552-559.

https://doi.org/10.1002/pen.24769

M.A.M. Amran, M. Hadzley, S. Amri, R. Izamshah, A. Hassan, S. Samsi and K. Shahir, "Optimization of Gate, Runner

and Sprue in Two-Plate Family Plastic Injection Mould," AIP Conference Proceedings 1217, no. 1 (2010): 309-313.

https://doi.org/10.1063/1.3377834

A.A. Dzulkipli and M. Azuddin, "Study of the Effects Of Injection Molding Parameter On Weld Line

Formation," Procedia engineering 184 (2017): 663-672.

https://doi.org/10.1016/j.proeng.2017.04.135

R. Sedighi, M. S. Meiabadi and M. Sedighi, "Optimisation of Gate Location Based on Weld Line in Plastic Injection

Moulding using Computer-Aided Engineering, Artificial Neural Network, and Genetic Algorithm," International

Journal of Automotive & Mechanical Engineering 14, no. 3 (2017):4419-4431.

https://doi.org/10.15282/ijame.14.3.2017.3.0350

[21] M. Khan, S. Afaqg, N.U. Khan and S. Ahmad, “Cycle Time Reduction in Injection Molding Process by Selection of
Robust Cooling Channel Design.” ISRN Mechanical Engineeirng, 968484 (2014): 1-8.

https://doi.org/10.1155/2014/968484

Jeefferie Abd Razak, Noraina Alia Mat Noor, Noraiham Mohamad, Rosidah Jaafar, Mohd Muzafar Ismail, Ramli Junid,

and Poppy Puspitasari, “Process Parameter Interaction Study for Epoxy/Kenaf Composites Preparation via Two-Level

Full Factorial Approach,” Malaysian Journal on Composites Science & Manufacturing 1, no. 1 (2020): 11-26.

https://doi.org/10.37934/mjcsm.1.1.1126

A. Goyal, V.K. Pathak, S. Ogra and A. Pandey, “Investigation of Injection Molding Process Parameters Characteristics

using RSM Approach,” International Journal of Engineering, Science and Technology 12, no. 3 (2020): 16-25.

W.P.N. Nabila, , S.M. Nasir, M. Fathullah, N.A. Shuaib and A.R. Irfan, "Optimization of Warpage on Plastic Part by

using Response Surface Methodology (RSM)," AIP Conference Proceedings 2129, no. 1 (2019): 1-10.

https://doi.org/10.1063/1.5118205

E. Bociaga, “Effect of mould temperature and injection speed on selected properties of polyethylene mouldings,”

International Polymer Science and Technology 28, no. 6 (2001): 96-102.

https://doi.org/10.1177/0307174X0102800621

39


https://doi.org/10.37934/mjcsm.3.1.113

