Hong Bang International University Journal of Science - Vol.4 - June 2023: 109-116

DOI: https://doi.org/10.59294/HIUJSVOL.4.2023.393

Multi - response optimization of injection molding
process parameters using moldex 3D
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ABSTRACT
The research is an approach to multi - response optimization of injection molding process parameters. In
this author uses Moldex 3D to analyse the injection molding process. The experiments are plotted using L9
orthogonal array, which is generated with the help of DOE module in Moldex3D software. The process
parameters melt temperature, packing time, Max. packing pressure are optimized by multiple response
consideration of max cooling time and warpage. With the help of Moldex 3D software, the desirability
function analysis optimal values of process parameters are obtained. The analysis shows optimized
process parameters combination of melt temperature, packing time and max- packing pressure which are
250°C, 6s, and 140 Mpa respectively. The confirm run results show that by this injection molding machine
performance can be improved. However, the future work should be needed to analyze multi cavity molding

forthe part which is more appliable before we can make the real run.
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1.INTRODUCTION

There are numerous approach had been
developed which present the solution related to
optimization of process parameter. Ahmad et.al
focused on the warpage minimization. They
selected the ABS material and process parameters
melt temperature, mould temperature, packing
pressure, packing time for study. By considering
Taguchi method, L18 orthogonal array
experiments were planned. They found that as
melt temperature, mould temperature increased
warpage increased and packing pressure and
packing time increased warpage is minimized[1].

Akbarzadeh et.al considered the effect of warpage
and shrinkage with the help of Taguchi and ANOVA
approach and select polypropylene (PP) and
polystyrene (PS) material. The input parameters
were melt temperature, injection pressure, packing
pressure and packing time. They found that melt
temperature and packing pressure were effective
process parameter amongst the melt temperature,
packing pressure and packing time[2].

Ghazali et.al studied effects of parameters
involved in producing Nylon PA66 side arms that
lead to this warpage. For this they considered melt
temperature, filling time, packing pressure and
packing time as process parameters. Simulation
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was also done with the help of Mold flow software.
They found melt temperature and packing time
were most significant parameters[3].

Villarreal et.al considered simple rectangular
plague for cycle time and warpage as response
factor. They consider melt temperature and
packing pressure as the two process factor. After
optimization of process parameter they saw that
melttemperature contribute alotin cycle time and
warpage minimization[4].

Chi-Wei Su et.al were carrying out research to
optimize process parameters and adaptive quality
monitoring injection molding process for materials
with different viscosity. In this study, the viscosity
index, peak pressure, and clamping force peak are
characterized as quality monitoring parameters,
which guide process adjustments and enhance the
stability of the control system. Based on the results
of preliminary experiments, the appropriate V/P
switchover point and clamping force were
determined by analyzing the peak pressure and
clamping force for materials with varying
viscosities. The viscosity index and peak pressure
were found to be strongly correlated with the
weight of the injection molded parts for different
materials. These characteristics, along with the
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clamping force peak, were defined as quality
monitoring parameters for guiding adjustments
and increasing process stability in the presented
control system. By combining nozzle pressure
curve-based adaptive process control with
clamping force peak monitoring, the weight
variation of injection molded parts was reduced.
The coefficient of variation of product weight for
materials with low to high viscosities was decreased
to 0.031%, 0.020%, and 0.024%, respectively, as
demonstrated by the experiments|[5].

Gurjeet Singh et.al studied the multi - response
optimization of injection moulding process
parameters to reduce cycle time and warpage. The
injection molding process parameters, including
injection pressure, melt temperature, packing
time, and packing pressure, were optimized using
a multi-response approach considering cycle time
and warpage. After conducting a desirability
function analysis and using composite desirability
values, the optimal values for the process
parameters were determined. The experimental

results demonstrate that this injection molding
machine performance can be improved, as
evidenced by the successful production of
injection molded products using virgin
polypropylene through this approach. Because the
error of experiments were found approximately of
15%, the model is fit for the cycle time and
warpage|[6].

There were a number of researchers work on
factors that have high possibility influencing on
cycle time and warpage. This study investigates
three factors: melt temperature, packing time,
and max packing pressure which are considered
to have better responses of max cooling time and
warpage.

2. DESIGN OF EXPERIMENTS

2.1. Baserun

a. Model information

In this study, the author chose a plastic folk as a part
to analysis the injection molding process. The model's
thickness is in range from 0.15 mm to 3.865 mm.

; Moldex [

Figure 1. Model information

After choosing gate location, material and analyzing the cooling system more suitable for the project, a
base run for DOE was made. This run would have information as follow:

{:} Set Solid Mesh Parameters v "ﬂ HAAO A
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Geometry Meshing 2
Project Name FinalProject(Expor..
Geometry Meshing
P | Run ID 1
Atftribute: | Part bl
Mesh Type: |3 Layers BLM = Heman ABS
Boundary layer offset ratio: e
Manual [0.400 Mesh Type Solid
© Automatic Solid Mesh Elem... 257,604
Note: Boundary layer offset distance
=Mesh edge length*offset ratio Past 54,074
Cold Runner 14,336
Defaul Moldbase 171274
Curve Meshing A Cooling Channel 17,920
Curve Meshing Surface Mesh Ele... 10,154
Aftribute: | Runner % Part 10,154
1 Dimension (mm) |
HHH Part 130.79x26.34x16.60
it HH Mold 200.00x200.00x23....
:E@ 3 . =
Part 171
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Figure 2. Model details and mesh parameters
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viscosity, PVT charts, and mechanical properties of
material. The material we chose is ABS POLYFLAM

b. Materialinformation
From the material bank of Moldex 3D, we can

easily take necessary information such as, RABS 90950 UVS5.
ABS POLYFLAM RABS 90000 UV5 A. Schulman
S
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Figure 3. Viscosity feature of material
ABS POLYFLAM RABS 90000 UV5 A. Schulman Tg= 99.850C
O»W E T T T T T T T T T LI T T T | T T T T T T T T T T T T T T T T T T T T T T T T T T E P[MPal
i—o
0.888 2 = i—s0
E 2 —100
g E / / —
(- - 7 . i =
3 0 E 3
>° E / / /
Q E E
!‘g _ ; & /// 3
0824 E /// i —,
é_—'__d___,_._—"‘_"_‘_'_-_‘_'____,_—
0.792 e i R e | e s S
10 68 126 184 242 300
Temperature [oC]
Figure 4. PVT chart of material
Polymer ABS
Grade Name POLYFLAM RABS 90000 UV5
Producer A. Schulman
Comment MVR(220.10)= 30 cm3/10min.D=1.2 g/cc
Moldex3D Bank Version 2021.1.3(Modffied)
Process condition
Melt temperature (minimum) 220 oC
Melt temperature (normal) 235 oC
Melt temperature (maximum) 250 oC
Mold temperature (minimum) 40 oC
Mold temperature (nomal) 50 oC
Mold temperature {maximum) 60 oC
Ejection temperature 99.85 oC
Freeze temperature 11985 oC

Figure 5. Thermal properties of material
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c. Process conditions

For setting process parameters, | chose the
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a) Flow rate profile

machine mode 1 in Moldex 3D, with all the set up
asbelow:
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b) Packing pressure profile

Figure 6. Flow rate profile and packing pressure profile of the run

Forthe flow rate set up, typically, a higher injection

rate is preferable as it allows a larger volume of

plastic material to flow through the mold in a
shorter duration, preventing incomplete filling
caused by melt flowability loss due to excessive
cooling at low injection speeds in thinner sections.
However, a high injection rate may result in
thermal decomposition of plastic with poor heat
stability due to excessive shear heating, often
resulting in aesthetic defects like yellowing,
brown-black stripes, and other appearance-
related issues[7]. As shown in Figure 6 for the part,
atthe beginning, the melt front has a smaller initial
cross section, corresponding to a flow rate of 30%.
As the cross section gradually expands, the flow
rate transitions to a faster 79% in the second stage.
In the latter half of the injection process, the cross
section begins to decrease, resulting in a lower
flow rate of 59%, which further decreases to 10%
before the mold cavity is completely filled.

DOE Wizard

Setting  Summary

DOE Information

2.2.DOE settingup

By applying the Taguchi method, the orthogonal
array has been highly utilized in engineering
analysis and consists of a design of experiments
with the objective of acquiring data in a controlled
way, to take information about the behavior of a
given process. The effects of several process
parameters can be determined effectively by
carrying out matrix experiments based on the
Taguchis orthogonal design [8]. In this project, the
process parameters ranges recommended from
Moldex3D software. L9 orthogonal array for three
parameters and three levels were selected. After
we have the result from base run, we choose the
control factors and quality factors for DOE set up.
For the melt temperature, there were three levels
of 220°C, 235°C and 250°C respectively. While the
packing time was set with 4.75s, 5.3s and 6s, the
max. Packing pressure was input of 140MPa,
150Mpaand 160Mpa respectively.

X

Name: [DOE 1

Base Run: |Run 1 - ]
Analysis Sequence |Full Analysis -C FPC W [ ]
DOE Method
Levels: |3 = | (2~5 or mixed level)
Control Factors: [3 B e-13)
Taguchi Array |L9(3*4) - 9 Runs, 4 Factors with 3 Levels -
Factors
# [ Control Factor Level 1 Level 2 Level 3 Level 4 Level 5
1 Melt Temperature [*C] 220 235 250
2 | Packing Time [sec] 475 53 6
3 | Max. Packing Pressure [MPa] 140 150 160
# Quality Factor Target Goal ‘Weighting % Delete
e
1 Cooling_Max. Cooling Time [sec] Global Smaller 1 50.0% m
2 Warpage_Total Displacement [mm)] Global Smaller 1 50.0% m

Figure 7. DOE set up
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3. RESULT AND DISCUSSION
3.1. Experiment results
After having the matrix experiment design,

Moldex 3D would run 9 processes applying each
set of parameters, then it shown the results of
these runs (shownin Figure 8).

DOE Wizard
Setting  Summary
DOE Table B &
- - > Cooling_Max.
Melt Temperature | Packing Time Max. Packing s st Warpage_Total
Control Factor rcl [sec] Pressure [MPa] Quality Factor ggg}llng Time Displacement [mmJ
Level 3 3 3 Target Global Global
Min 220 475 140 Goal Smaller Smaller
Max 250 6 160 ‘Weighting 1 1
1.Run3 220 475 140 1.Run3 4.04823 0.419851
2.Run 4 220 53 150 2.Run4 3.47051 0.454029
3.Run5 220 6 160 3.Run5 2.73831 0.493978
4.Run 6 235 475 150 4. Run 6 439574 0.314759
5 Run7 235 53 160 5. Run7 3.78884 0.358704
6.Run 8 235 6 140 6.Run 8 3.2401 0.295546
7.Run9 250 475 160 7.Run9 469423 0.316491
8.Run 10 250 53 140 8.Run 10 4.15409 0.232856
9.Run 11 250 6 150 9.Run 11 3.50332 0.269387
Run 12* 250 6 140 Run 12* 3.47496 0.237206
Prediction
Setting 250 6 140 Predicted Value | 3.47496 0.237206
Figure 8. Experiment results
Quality Response: Cooling_Max. Cooling Time [sec)
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4200
3900
3600
Ram 12 DOE 1 . Optemired Ram
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Control Factor
Figure 9. Quality response: cooling_Max cooling time
SIN Ratio Response: Cooling_Max. Cooling Time [se<)
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Figure 10. S/N ratio response: cooling_Max cooling time

As shown in Figure 9 and Figure 10, melt temperature and packing time have most influence on the max
cooling time, while max packing pressure has less affection onit.
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Quality Response: Warpage_Total Displacement [mm)
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Figure 11. Quality response: cooling_total displacement
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Figure 12. S/N ratio response: cooling_total displacement

As shown in Figure 11 and Figure 12, melt temperature and max packing pressure time have the most
influence on total displacement, while packing time has less affection on it.

3.2. The confirming runresults. set of parameters. They are 250°C, 6s and 140 Mpa
After obtaining the optimized parameters, Moldex for melt temperature, packing time and max.
3D would carry out a confirm run which used those packing pressure respectively.

Run 12

Cooling_Max. Cooling Time
Final Cycle
Time = (EOC)
[sec]

Max 3.475
3.012

2548

2.085

1.622

1.158

0.695

0.232
Min 0.000

228
X s
soommL___1 Moldex 3 352

Figure 13. Cooling _max cooling time
The max cooling time is optimized of 3.475s compared to 4.201s in the base run.
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Run 12
‘Warpage_Total Displacement

228

X 5
soommi 1 Moldex3L T s

Figure 14. Warpage _ total displacement
The total displacement is quite low, just 0.237mm. It isimproved compared to the base run of 1.08mm.

4.CONCLUSION

Based on the analysis results, the product meets
the requirements; however, to apply to the
reality, we should use the multi- cavity for this
kind of product. The DOE results show that melt
temperature and packing time have more impact

on the cooling time while warpage is affected
more by melt temp and packing pressure. The
best level of melt temp, packing time and Max
packing pressure for the smallest cooling time
and warpage are 250°C, 6s and 140 Mpa
respectively.
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Toi wu hda da muc tiéu cac thong s6 trong qua trinh ép
phun khuon ép nhwa dung moldex 3D

TOM TAT

Lé Van Canh

Nghién ciru la mét cdch tiép cén phuong phdp téi wu héa da muc tiéu cdc théng sé trong qud trinh ép phun
khuén ép nhwa. Trong nghién ctru nay, tdc gid st dung phén mém Moldex 3D dé phdn tich qud trinh ép
phun. Cdc thi nghiém dwoc thiét ké va thuc hién dya trén mé hinh Taguchi truc giao L9, dwoc khéi tao nho
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modun DOE trong phén mém Moldex 3D. Cdc théng sé cua qud trinh nhw nhiét dé néng chay, théi gian gii?
dp, dp sudt giir téi da duwoc téi wu hda dwa trén nhiéu muc tiéu ddu ra bao gém thoi gian lam ngudi téi da va
dé cong vénh. Vi s hé tro ctia phéin mém Moldex 3D, gid tri téi wu cua cdc théng s6 ép phun dwoc xdc dinh
théng qua viéc phén tich ham mong muén. Phdn tich cho thdy cdc théng sé téi wu gém cé nhiét d6 néng
chay, thoi gian giir dp va dp sudt giit téi da lan luot Ia 250°C, 6 gidy, va 140Mpa. Két qud thuc nghiém xdc
nhdn ciing cho théy réng qud trinh ép phun duorc cdi thién. Tuy nhién, céng viéc cdn nghién ctru trong trong
lai & cén thiét c6 sw phén tich qud trinh ép phun da Idng khuén cho sén phdm ma cé tinh dp dung cao hon
trwdc khi dwa qud trinh vao thuyc té.
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