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Abstract

The solidification of a thermoplastic during the injection process directly influences the productivity and quality of
the final product. This paper presents a study of the solidification performance of parts produced by a thermoplastic
injection process, verifying their dimensional, visual, and production behavior according to the variation of geometry,
temperature, and design of the injection mold cooling system. SolidWorks Plastics® software was used to perform the
simulations. Experiments were performed with a plastic injection mold to confront and validate the simulations. Given
the comparison of different cooling geometries, the simulations made it possible to obtain parts with a shorter mold
cooling cycle time. Payback analysis has the primary objective of determining which cooling system is the most viable
and has the highest return on invested capital. The results demonstrated a solution for engineers and designers to justify

maintenance or modifications to existing injection molds through numerical simulation.
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1. Introduction

Industry is increasingly seeking the use of polymers
in its products, as it has numerous characteristics that
allow versatility, low cost, lightness, and a multitude of
applications, from the aeronautics industry to children’s
toys. According to Alfrey and Gurnee!", heat exchange by
conduction is proportional to the volume of the injected
part. That is, it occurs more slowly in thick parts; in thin
parts, cooling will take place in less time.

To find a cooling system suitable for parts with complex
geometries, Mercado-Colmenero et al.”! developed a new
algorithm capable of recognizing the discrete topology of the
part, obtaining its depth map and detecting flat and concave
regions and delicate details of cool down. The design of
the cooling channel system is essential to achieve better
control over cycle time. Clemente and Pandol state that
the flow configuration is also extremely relevant in the
optimization criteria for cooling. In the setting explored for
cooling small scale mold inserts, the flow enters through a
channel and returns through secondary pathways that are
equally spaced and similar to an umbrella shape with smaller
secondary channels and higher return angles, resulting
in better thermal exchange of the coolant with the mold.
According to Jahan et al.l¥, the cooling system for injection
molds through shaped cooling channels can improve the
thermal performance of an injection mold. An improvement
in the heat exchange performance between the mold wall
and the injected part can also be made by employing heat
treatments on the steel surfacel!.
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Hassan et al.l! state that shrinkage or shrinkage of
the injected plastic is one of the many essential factors
in determining the quality of injection molded products,
through this rate it is possible to ensure proper dimensionality
to the product, allowing perfect applicability concerning
possible joint parts. According to Blass!”,, for the mold
cooling system to be effective, we must consider the proper
distance of the cooling duct. If it is too close, it may cause
cold spots, failures, or internal stress on the parts. Blass
demonstrated that the distance between the cooling channel
and the cavity should be between 25 and 40 mm. According
to Oliaei et al.l’], parameters such as melting temperature,
refrigerant temperature, mold temperature, and packing time
have a significant influence on the shrinkage and warping of
thermoplastic processed products. Hassan et al.l’!, reported
that the effect of the position of the mold cooling system
channels and the cross-sectional geometry are directly
related to the melt cooling process. The results indicate that
for the same cross-sectional area and refrigerant flow as the
channels, rectangular-shaped cooling channels provide the
lowest time required to solidify the plastic product completely.
The authors further demonstrate that as cooling channels
approach the product surface, cooling efficiency increases.

According to Steinko!, at least 60% of apparent defects,
such as shape distortion, dimensional variations, burr
formation, and surface defects, are due to system design
defects and/or improper mold cooling design caused by a
thermal difference in the mold. Park and Dang!'” suggest
shaped cooling channels, in which the cooling lines are
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spiral-shaped, to cool thick-walled parts. Park and Dang
results show that shaped cooling channels reduce cycle
time by approximately 30% compared to conventional
cooling channels.

To improve a cooling system suitable for parts with
complex geometries, Xiao etal.l''! developed a new algorithm
capable of recognizing the discrete part topology; obtaining
its depth map; and detecting flat, concave, and thin regions
with complicated details to cool. The algorithm performs
an automatic heat transfer analysis, considering functional
parameters to ensure uniform part cooling. Wang et al.l'?!
studied the behavior of plastic parts and their post-cooling
behavior using steam injection molding. It is an advanced
technology for producing thermoplastic products with
excellent appearance. According to Vieira and Lona!'®, when
considering polymer processing such as plastic injection
molding, the mold cavity temperature profile is directly
related to part quality and part rejection rates, which implies
that the online approach can be used to accurately predict the
transient temperature behavior of the mold cavity surface.

According to Kantor!'¥, analyzing the technical and
economic feasibility of automating a grain warehouse is
extremely important for determining the interventions and
improvements that can be made to the project. For this, they
evaluated the possibility of substituting the usual process
that is done manually and analyzed the main results that
would be achieved by implementing an automated system
and its financial impact through the analysis of cost and
return on investment. For this, they used several formulas
and considerations about the returned time of the invested
capital, called payback. Concern for the environment and
sustainable development, as well as other responsible
measures, are making companies look for renewable energy
sources such as biogas. Domingos et al.l'¥ presented a study
of simple payback for replacing liquefied petroleum gas
with biogas by implementing a biodigester in a hospital
unit in Minas Gerais, Brazil. The study aimed to realize
the initial investment return time through simple payback.
Mendes and Mirandal'®! carried out a study analyzing the
possibility of verifying the acquisition of an ornamental plant
pruning machine (Buxus), tested the financial viability, and
reported how long it will take to recover the money spent
on this purchase. The study was carried out evaluating
the productivity and yield of both current processes and
after equipment acquisition using Economic Engineering
concepts. The results were achieved, because the investment
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Figure 1. Polypropylene Lid. (a) Injected; (b) in CAD.
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proved viable for the company that, consequently, will have
a considerable productivity increase.

In this context, the SolidWorks Plastics® injection
simulation software (CAE) was used to enable the analysis
of the solidification step efficiency of different thermoplastic
injection mold cooling systems, thus allowing the simulation
of a more efficient cooling system, making it possible to
obtain an injected part with shorter cycle time and better
visual and dimensional qualities. The simulations were
validated with experimental tests to improve the accuracy
of new simulations with changes to a new cooling system.
Calculations of return on invested capital for implementing
the changes were applied and proved viable. Changes in the
actual mold were made, and the return on invested capital
was rapid compared to the literature.

2. Materials and Methods

2.1 Workpiece

The part made employing the mold is a lid (Figure 1)
that is made of thermoplastic material, Braskem Random
Copolymer Polypropylene (DP180A).

The lid is esthetically and dimensionally accurate because
it must be adequately produced to meet specifications.

2.2 Injection mold

The injection mold used in this study had 8 productive
cavities, as shown in Figure 2.

2.2.1 Gate

The mold uses hot runner technology. The material
does not solidify during the transition from the plasticizing
cylinder to the mold cavity due to the presence of electrical
resistances inside the matrix. For its sizing, some factors such
as material fluidity, shear rate and stress, product thickness,
injection pressure, and volume to be injected, among other
determining factors, were taken into account.

The mold gate has a 1.0 mm diameter, as shown in
Figure 3, a value used to allow adequate flow to fill the lid.
The gate must be correctly sized and balanced between the
eight mold cavities, ensuring uniform and cohesive filling
in all cavities. If the gate of one of the cavities is larger than
the others, that cavity will fill before the others, so when
the complete injection fill occurs, the larger diameter cavity
will be saturated with material, i.e., causing excess material

and burrs around it.
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2.2.2 Mold cooling system

The original mold cooling system was a “U” type.
The circuit was distributed in more critical plates and/or
mold components. Plate 2 contains two pairs of more
centralized, concentrated cooling inputs and outputs on
the sides of the plate, shown in Figure 2a, due to the high
temperature caused by the composite electrical resistances

(a)

in the hot runner, which leads to needing a greater heat
exchange rate with the coolant.

Plate 3 (Figure 4b) also has two pairs of fluid inlets and
outlets. The plates are fixed in the male cavities because of
this; it needs precise temperature control since it is directly
related to the productive and dimensional capacities of the
product. In Plate 6 (Figure 4c¢), the two pairs are arranged to

(@

Figure 2. Lid injection mold: (a) isometric view; (b) demonstration of the mold males; (c) floating plate opening (plate numbering);

(d) isometric view demonstrating mold opening; (e) assembled mold.

Figure 3. Gate location in lid mold.

(a)

Figure 4. Mold cooling system: (a) plate number 2; (b) plate number 3; (c) plate number 6.
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homogeneously cool the cavity, ensuring an adequate thermal
distribution to the product, as it is the hole responsible for
the external shape of the cavity cover produced.

The Plate 6 cooling system is also a “U” type circuit;
the differential of the plate cooling model is that the circuit
returns the fluid through the hose to complete the circuit.
The distance from one channel to another is 10 mm, with
6 entrance walls and a 4.5 mm channel diameter.

2.3 Simulation procedure

Injection process simulations were performed using
SolidWorks Plastics® software, which is an interface coupled
with SolidWorks®. This interface makes it easy for engineers
to work by making changes to product design and resuming
simulations in the same interface!!”"!.

2.3.1 Cavity fill simulation

SolidWorks Plastics® calculates the cavity filling phase
using the generalized Hele-Shaw model, which is used for
flow into a thin cavity (midplane thickness two-dimensional
(2D) formulation). This model considers a non-Newtonian
fluid incompressible under non-isothermal conditions!?’..
The relevant governing equations describing the flow of
Hele-Shaw fused polymer are:

%+£(pu)+%(pv):0 M
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where x and y indicate the Cartesian coordinates of the
plane; z denotes thickness coordinates; (, v) are the velocity
components in the (x, y) directions for time t under pressure
p; p is polymer specific mass; 1 is the shear viscosity; vy is
the shear rate; 7T'is the temperature; Cp is the specific heat;
and £ is the thermal conductivity. The z coordinate represents
the direction of thickness, and no flow will occur in that
direction. The shear rate is given by:

&)

The threshold and initial conditions for the Hele-Shaw
model are given by:

u=v=0,T=T, az=h (6)
@=O;@=O;6—T=Oandz=0 7
oz oz 0z

p=0 along the front flow (8)

According to Guerrier et al.*!), the cross viscosity model
is directly related to temperature and pressure dependence
variables:
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where D, is the viscosity at a reference temperature
(1.92686¢'® Pa.s); D, = 236.15K; T, is the glass transition
temperature of the polymer (108 °C); and the other constants
are A, =34.52,A,=51.6K,1=63,836 Pa,and n=0.19118.

2.3.2 Cooling simulation

Only after the mold cavity fill phase does Solidworks
Plastics® perform the simulations of the mold cooling
and solidification phase. The governing equation for the
mid-plane cooling stage is the average steady-state cycle
temperature governed by a second-order partial differential
equation, the Laplace equation:

2 2

o (11)

ox oy

where T is the average cycle temperature. This equation can
be solved with the appropriate boundary conditions imposed
on the different mold boundaries, i.e., the cavity surface,
cooling channel surface, and external surface!'”. Transient
heat conduction gives the field temperature in the mold as:

&°T, T aT,
n m]: PmLm - (12)

K :[aszr oy? ot
where T, is the mold temperature; k,, is the thermal

conductivity of the mold; p_is the density of the mold; and
C,, is the specific heat of the mold.

2.4 Simulation validation

To validate the simulations, a qualitative and quantitative
comparison of the lid injection process was performed.
The cover design was built in SolidWorks® with the same
proportions as the actual part. Additionally, the same “U”
cooling channels were reproduced in the simulations for
validation, as shown in Figure 5.

()

m 15.69
12.55
9.42
627

3.13

l 0.00

Figure 5. Validation simulation performed on the cover with a
“U” type cooling channel.
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For this type of validation, the simulation processing
parameters must be equal to the experimental conditions.
The processing parameters of this validation are represented
in Table 1.

InTable 1, P is the injection pressure, 7 is the injection
temperature, and 7, is the water temperature in the feed
channels. For each condition in Table 1, ten experimental
samples were performed to qualitatively and quantitatively
validate the simulations.

2.5 Mold cooling system modifications

With the validation of the simulations performed, new
cooling channels were developed in CAD to analyze which
geometry will provide a faster homogeneous solidification.
The geometries chosen for the cooling channels were the “Z”,
“Rectangular”, and “Helical” geometries. A representation
of these geometries can be seen in Figure 6.

The simulations were performed considering three
different types of cooling channels to compare which one is
more efficient, including the “U” channel itself. However, to
make such modifications to the actual mold, it was necessary
to modify the existing mold, which takes time and cost.

2.6 Cost analysis for modifications

With the simulation results, as there is the possibility of
improving the solidification efficiency, a payback analysis
was performed to verify if the modification investment is
viable for the company. This type of analysis can ratify the
amount of time that the amount invested can be repaid and/or
depreciated during the assessed period®>*.

2.6.1 Taxed revenue

Taxed revenue (TR) is the calculated revenue value, which
is added to the tax amounts inherent to the area of interest:

Table 1. Processing parameters for simulation validation.

Step P, (bar) T, (°C) T, (°C)
a 30 210 35
b 50 210 35
c 60 210 35
d 70 210 35
e 85 210 35
f 95 210 35

(s) (5)

- 15.62 lal 14.37
12.49 11.49
937 8.82

n 6.24 | sn

2.87

312

I 0.00

0.00

(@)

TR =(GR +RV)~-d (13)

where GR is gross revenue; RV is the residual value; and d
is the depreciation rate.

2.6.2 Payback (Pb)
To obtain the payback of the invested capital, use:

Log {1_ Inv MRA}
AS
Log (1+MRA)

Pbo (14)

where Pb is the payback; /nv is the value of the investment;
MRA is the minimum rate of attractiveness; and AS is the
annual savings.

2.6.3 Net present value
For calculating the net present value (NPV), the following
equation is used:
NPV = SRj(1+i)7 - $Cj(1+i)” (15)
j=0 j=0
2.6.4 Depreciation (d)

To calculate how much the project will depreciate
annually, use the equation:

where d is the depreciation rate and ¢ is the useful life of the
investment. The calculations were performed considering
the three different proposed and simulated modifications.

3. Results and Discussions

This stage presents the results obtained experimentally
and by simulation. Based on these results, a case study was
elaborated, verifying the obtained quality and the economic
viability of altering the original mold cooling circuit.

3.1 Validation I: qualitative analysis

With the intent to apply a qualitative analysis of the
cap injection mold, ten samples were run on the injection
molding machine using the processing parameters in Table 1.
The qualitative comparison of this process can be compared
with simulations performed under the same processing
conditions, as shown in Figure 7.

(s)

g 1314
10.52
7.88

| 525

2.63

I 0.00

() ©

Figure 6. Proposed modifications to the lid mold cooling system. (a) “Z” type circuit; (b) “Rectangle” type circuit; (c) “Helical” type circuit.
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According to the results, coherence is verified since the
results found experimentally are similar to the value obtained
in the simulation, as shown in Figure 7. Visually, it is possible
to observe the similarity between the processes. Figure 7f
illustrates the cap with 100% ofits filled volume, so 9.5MPa
(95bar) filler pressure is required. The fully filled lid has a
volume of 15.52 cm® and a mass of 14 grams. To verify the
filling pressure phases, Figure 7a demonstrates the step with
only 3MPa (30bar). This pressure allows the injection of only
4.9 cm’, which represents 31.57% of the total volume. Only
4.42 grams of plastic material is inserted into the cavity.

3.2 Validation Il: quantitative analysis

With the ten samples, it is possible to verify the variability
presented between them, as shown in Table 2, and also
becomes possible to calculate the standard deviation [6 (%)]
among them resulting from the referred samples.

Simulated Fill
Volume

Simulated
Cooling Time (s)

Y 334

Experimental
Fill Volume

Figure 7. Qualitative validation under process conditions: (a) step a; (b) step b; (c) step c; (d) step d; (e) step e; (f) step f.

The samples have a proportional standard deviation;
that is, the more filled the cavity is, the smaller its standard
deviation due to the better stability provided by increased the
part filling pressure. After performing the experiments and
simulations, some parameters can be compared to validate
the simulations quantitatively.

Simulations provide the parameters, which can also be
collected experimentally, in a general analysis of results.
These parameters can be observed in Table 3.

Consistency between the results of experimental fill
volume (Fv) and simulated fill volume (Fvs) is verified
since they have the same tendency and proportionality of
fill. As the injection pressure is gradually increased at the
rate of fill, the volume cavity behaves evenly. The values
of Fvs are incremented every five %. That is, there is no
decimal precision in the simulated results, which means
the filled volume values had little difference between the
experimental and the simulated ones.

Simulated Fill
Volume

Simulated
Cooling Time (s)
e X3

Experimental
Fill Volume

(C))

©

()

Table 2. The filling volume of the samples and the corresponding standard deviation.

Fill Volume (%)
Samples
a b d e f
1 31.57 52.64 63.14 73.64 89.42 100.0
2 31.33 52.58 63.24 73.54 89.28 99.90
3 31.27 52.48 63.04 73.56 89.26 99.83
4 31.67 52.78 63.00 73.74 89.22 99.82
5 31.72 52.85 62.97 73.70 89.52 100.0
6 31.76 52.50 62.94 73.58 89.48 99.85
7 31.82 52.45 63.35 73.44 89.52 100.0
8 31.28 52.35 63.19 73.84 89.6 99.81
9 31.25 52.78 62.98 73.82 89.48 99.92
10 31.15 52.63 63.25 73.81 89.50 99.75
o (%) + 0.226 0.132 0.124 0.114 0.106 0.080

Table 3. Qualitative validation under process conditions: (a) step a; (b) step b; (c) step c; (d) step d; (e) step e; (f) step f.

Step Fv (%) 6 (%) Fvs (%) Eft (s) tps (s) Sft (s) trs (s) Efct (°C) Sfet (°C)
a 31.57 +0.226 35.0 0.70 0.47 3.0 3.04 90.55 92.09
b 52.64 +0.132 55.0 1.20 1.09 5.0 5.12 93.75 95.74
c 63.14 +0.124 65.0 1.30 1.18 6.5 6.91 96.55 98.45
d 73.64 +0.114 75.0 1.60 1.48 7.5 7.74 97.70 99.40
e 89.42 +0.106 90.0 1.75 1.63 8.0 8.09 98.62 100.14
f 100.0 +0.080 100.0 1.90 1.79 9.5 9.67 99.80 101.68
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The experimental fill time (Eft), and simulated fill
time (Sft) follow the same trend, which is proportional to
volume. The time increases when the injection pressure value
is high. The results of tpe and tps present similar values,
demonstrating their consistency. Regarding the experimental
final cooling temperature (Efct) and simulated cooling final
temperature (Sfct), the obtained values also show cohesion
since the rates of increase are linear. The temperature of the
part rises in proportion to the increase in the filled volume
of'the cavity, i.e. the more material is injected into the mold
cavity, the higher the temperature of the mold cavity.

3.3 Analysis of modifications with alternative cooling
systems

After validating the parameters and results, the solidification
efficiencies and cost-effectiveness of various injection mold
cooling systems were verified using SolidWorks Plastics®.

3.3.1 Cooling time

More excellent reliability of the values obtained for
cooling is set in the software to ensure some parameters for
all simulation steps, such as coolant temperature (water) at
30 °C and maximum melting temperature of polymer material
at 210 °C. The maximum cooling time values obtained by
the simulation ranged from 13.15 to 15.9 s for the helical and
“U” type circuits, respectively, as can be seen in Figure 8.

Figure 8 shows the results obtained from simulations in
which it is possible to verify coherence between the value
obtained in the simulation of the “U” circuit, original mold, and
the value obtained in the injection molding process standard
sheet, 15.69 and 16 seconds respectively. Additionally, the
most efficient cooling system is helical since it required a
shorter cooling cycle time for solidifying the injected part,
dramatically reducing the cycle time.

As shown in Figure 8, the system that presented the
least efficient result was the “U” type system, followed by
the “Z”, rectangular, and finally, the one that presented the
best result, helical.

3.3.2 Part temperature after solidification

The results obtained from the simulation software
for the lid temperature after the cooling step ranged
from 101.68 to 93.66 °C for the “U” and helical circuits,
respectively, as shown in Figure 9.

Figure 9 shows the results obtained in the simulation.
These results verify coherence between the value obtained in
the simulation of the original “U” circuit of the mold and the
value obtained by a laser thermometer, 101.68 and 99.8 °C,
respectively.

The most efficient cooling system is the coil, because it
obtained a higher heat exchange rate between the injected
mass and the cooling system refrigerant, requiring less
cooling time to reduce the lid temperature inside the mold,
causing cycle loss and increasing productivity.

3.3.3 Mold temperature after cooling

The results obtained by the simulation software of the
mold temperature after the cooling step varied between
49.54 and 42.2 °C for the “U” and helical circuits, respectively,
as shown in Figure 10.

Polimeros, 30(1), 2020005, 2020

Figure 10 shows the results obtained in simulation,
proving that the most efficient cooling system is the helical
one, since it obtained a higher heat exchange rate between
the injected mass and the cooling system refrigerant,
maintaining a lower temperature than the injection mold.
The more stable and closer to the coolant temperature, the
better the quality of the injected product will be and the less
time the machine will need to cool down.

3.4 Payback analysis in constructing cooling systems

The results found during the simulation stages showed
that the helical cooling circuit presented higher efficiency
because it required a shorter cooling time for the part.
The manufacturing costs of a new injection mold cavity
cooling system were evaluated by checking the system
cost and payback.

With the original “U” type mold cooling system, the
total injection cycle is 22s. As the mold under study was
composed of 8 productive cavities, every 22s, lids are
produced. 1,300 caps are produced per hour, and the machine
works 24 hours a day, so 31,200 units are produced per day.
Monthly, the machine works, on average, 17 days with the
lid mold. Due to the high contingent of molds, there is a
need to produce other products in the same injector. Adding
maintenance stops and color changes, the average monthly

Helical ]

v
~
=
= i ]
el
£ .
g “Z 1
g v '
S
S e
0 2 4 6 8 10 12 14 16 18
Cooling Time (s)

Figure 8. Cooling time variation.

Helical

Retangular —)

“z ]

g ]

Cooling Channel Type

QRS = S S R R B R i

88 90 92 94 96 98 100 102 104
Part temperature after solidification (° C)

Figure 9. Cover temperature after solidification in each type of
cooling system.

Helical

“u» ]

Cooling Channel Type
N

Real e e e e A

38 40 42 44 46 48 50 52
Mold temperature after solidification (° C)

Figure 10. Mold temperature after solidification in each type of
cooling system.
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Table 4. Estimated production for each cooling system.

Cooling system  Cooling Time (s) Total cycle (s) Qlll,:l:ttlst/)l]l of %‘;‘::;g;f 181:::/1;35{1 QP:::;?:{ZaT
“u” 15.7 22.0 1,300 31,200 487,500 5,600,000
“7z 15.6 21.9 1,315 31,560 493,000 5,624,000
Retangular 14.4 20.7 1,390 33,360 521,250 5,910,000
Helical 13.2 19.5 1,475 35,400 553,000 6,200,000
Table 5. Results of values for payback calculations.
Cooling system “r Rectangular Helical
Inv R$6,869.00 R$8,952.20 R$14,159.60
GR R$2,800.00 R$37,200.00 R$72,000.00
d R$ 555,75 R$729.35 R$1,163.00
TR R$2,444.25 R$36,670.35 R$71,037.00
Income Tax R$262.26 R$3,934.76 R$7,622.27
AS R$2,537.73 R$33,265.24 R$64,377.73
Present value R$15,720.16 R$206,057.30 R$398,779.10
NPV R$8,851.16 R$197,105.10 R$384,619.50
Pb 42 Months 3.5 Months 3 Months

production is 487,500 caps (375h). It is possible to make
5,600,000 lids annually, according to Table 4.

Changing the mold cooling circuit to type “Z” increases
production by 24,000 pieces per year. Production capacity
increases with the rectangular circuit, allowing the production
of 310,000 more lids compared to the original system
(“U”). The system that showed the highest efficiency is
the helical type, where the simulation results showed that
it is possible to reduce the cooling time by 2.5s, i.e., the
injection cycle can be obtained with 19.5s. It would be
possible to produce 1,475 pieces per hour, 35,400 injected
caps per day, or 553,000 per month. 6,200,000 lids could
be made annually. Changing the cooling system increases
600,000 caps over a year.

Comparing the most effective (helical) and second
(rectangular) systems, the annual increase in production
practically doubles, 600,000 and 310,000, respectively;
that is, the helical circuit is the most efficient. The market
value of the cap is $0.12. Annual expenses for electric
power, machine maintenance, and molds are R$250,000.00.

According to the data shown in Table 5, the helical
system is the one that demands the highest investment
value. However, due to its efficiency, as demonstrated in
the simulation stages, the return on invested capital comes
in less time compared to other circuits. The helical system
becomes more attractive due to the year-end gross revenue.
It is directly related to improved mold cooling efficiency
and reduced injection machine cycle time.

Given the data obtained and elaborate calculations, the
helical cooling system is the most attractive because the
return on investment occurs in less time compared to the
“Z” and rectangular systems.

4. Conclusions

The simulations carried out make it possible to analyze
the efficiency of the solidification steps for different
thermoplastic injection mold cooling systems, demonstrating
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that the helical geometry cooling system is more efficient.
The remarkable points are:

1. The simulations were validated with experimental tests
showing the accuracy of the simulations of the new
cooling system;

2. With the validation, it was possible to numerically
simulate different cooling channel geometries for the lid
injection mold, to compare the different modifications
proposed;

3. Calculations of return on invested capital demonstrated
that the helical circuit obtained better performance, both
in terms of efficiency and product quality, as well as in
the shorter return time of the invested value;

4. Given this, it is highly recommended to change the
injection mold cooling design. With the change, it is
possible to increase productivity and product quality.
This demonstrates greater precision in decision making
for changes and modifications of new designs;

5. The results showed that numerical simulation is a
practical tool for engineers and designers to justify
future maintenance or modifications to the injection
molds already existing within the company.
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