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Cooling channel design for improving quality of
injection plastic product
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ABSTRACT
Injection molding is the most widely used technique for making the related plastic parts for consumer
electronics goods with limited lifespans, like mobile phones, which are growing more and more popular.
The molten plastic beads must be injected into a mold cavity, cooled, then part-formed and ejected. Filling,
packing, cooling, and ejection are the four key steps in an injection molding process. The length of the
molding cycle affects how economical the procedure is. The cooling step is the most crucial of the three
since it controls how quickly are produced. Otherwise, cooling systems are important for the injection
molding process in terms of productivity, quality, and mold-making costs. In this paper, three conformal
cooling channel designs are proposed for obtaining uniform cooling over the molded parts. The research is
conducted by using CAE software (MOLDEX 3D) to simulate the injection process and compare the results
of three conformal cooling channel designs with molded part cooling by moldbase. All three designs show
that warpage and cycle time improve significantly, helping to decrease cost and increase productivity. In
which the combination of a conformal cooling channel outside and a baffle cooling channel significantly

reduces the warpage.
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1.INTRODUCTION

Nowadays, plastic products appear in many
segments of life such as electronics equipment,
healthcare, construction, transportation, agri-
culture, wide range of use include outstanding
material characteristics like high strength-to-
weight ratio, stiffness and toughness, ductility and
low lifetime cost. Among many ways to produce
plastic products, the injection molding process
seemsto be the most common method.

The basic principle of injection molding is to melt
plastic pellets and inject them into a cavity in a
mold. After cooling, the part is ejected from the
machine. Therefore, the main stages of the
injection molding process are filling packaging,
cooling and ejection. Process economics depend
on the time spent in the molding cycle. The
cooling phase accounts for up to 80% of the total
cycle time and directly influences the shape
deviations (due to shrinkage, bending, warping,
etc.) of the final plastic part [1], so it determines
the rate at which the parts are produced.
Therefore, the cooldown phase is the the most
important step of three.
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Cooling systems, which typically consist of a
succession of straight-drilled holes as shown in
Figure 1[2], are required in molds in order to
cause the injected materials to cool down.
Straight-drilled channels cannot provide ideal
cooling because their layouts are constrained
by the cavity form (to minimize interference
between the cavity and channels) and drilling
technique (only straight holes may be drilled),
despite the fact that they are simple and
inexpensive to make. As a result, straight-
drilled circular channels are required by
manufacturing limitations even if they might
not be the best choice for the mold cooling
process.

In recent years, the cooling efficiency has not
been as high as desired when using straight-
drilled cooling molds. On the other hand, sharp
turns at the connection of two adjacent straight-
drilled channels (Figure 1), limit the coolant
mobility, causing a rapid pressure drop that
reduces the cooling capacity downstream and
increasestheunevencooling[3].
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The parts created via thermoforming typically
have a thin shell, intricately curved surfaces,
and/or deep hollow structures [4]. Due to the
deep hollow feature's propensity to cause
localized heat accumulation, differential
shrinkage and warpage are more severe and
cooling rates are substantially lower in these
circumstances [5]. This may necessitate costly
mold correction to guarantee that the part has the
desired accurate dimensions [6]. Conformal

)

cooling (CC) channels were introduced in the
1990s as a way to reduce warpage and accelerate
cooling. The CC channel has a constant distance
from the cavity surface and is designed as a curved
channel[7]. This reduces the distance between the
channel and the cavity surface and guarantees a
consistent cooling rate along the channel. CC
channels can therefore greatly improve the
cooling performance of the mold by minimizing
temperature differentials[8].

Figure 1. Conventional cooling channel (straight-drilled holes) in mold [2]

In some cases, with proper cooling channel
designs, CC channels can reduce the cooling time
by as much as 80% [1] and the cycle time by 60 —
70% [9]. Thus, it is clear that a CC channel
network's ideal design is essential for producing
products more rapidly, consistently, and
effectively. To achieve specifications for cooling
performance, mechanical strength, coolant
fluidity, and other factors, several fundamental

a. The sanitizer spray bottles

design criteria must be followed.

The demand for using the trigger spray head is
increasing today. It is easy observe that in the
Covid-19 the sanitizer spray bottles (Figure 2a) are
very common and useful in epidemic prevention.
So that is a challenge to the manufacturing system
about parts production of trigger spray heads
(Figure 2b).

b. The trigger spray head

Figure 2. The sanitizer spray bottles are used in Covid padamic prevention
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On the other hand, all of the trigger spray head
parts are products of the plastic industry, and
some defects appearin components of the trigger
spray head such as the head cover. It can be seen
in Figure 3 that the bottom dimension is smaller
than the upper one, possibly due to warping. In

this paper, the cooling channel designs of the
head cover and are investigated in order to
improve the quality of injection products by
reducing warping (deformation) due to shrinkage
and increasing productivity by reducing cooling
time.

Upper dimension

Bottom dimension

Figure 3. The head cover image is taken from the real product

2. MOLDED PART ANALYSIS
2.1. The model

Thereal part has been redesigned using CAD software and its primary dimensions are shownin Figure 4.
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Figure 4. The primary dimension of head cover

2.2. Gatelocation

The injection gate can only be positioned on the
product's two sides due to its geometry; if it were
to be placed on the top or bottom, it would prevent
the mold from being separated after each
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injection. Additionally, the gate needs to be on the
other side of the product because one side has a
small thickness (1 mm). Even so, the placement of
the gate guarantees that the ratio L/t stays within
the acceptable range for PP materials. (Figure 5).
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Figure 5. Gate location and L/t ratio

2.3. Runner system configuration

Due to the relatively small size of the details, the
multi-component molding function should be
used, specifically employing a hot runner system
(Figure 6). In this project, a hot runner system is
utilized, where the main runner has a diameter of
8mm and the sub-runner has a diameter of 4.5mm.

Figure 6. Runner configuration type symmetry 1/4

2.4.The trial simulation

In the trial simulation, the molded parts use a
moldbase (Figure 7) without a cooling channel
(parts are cooled by the moldbase) for the purpose
of investigating the main factors causing defects
for the part, thereby correcting the parameters of
the injection process and serving as a basis for
designing the proper cooling channel design. The
moldbase dimensionis 320x320x310mm (LxWxH).

Figure 7. Moldbase without cooling channel

After the trial simulation, the parts are completely
filled in after 1.286s and no weldlines appear, the
molten core is completely frozen after 4.575s at
the end of the packing process. The cooling phase
takes 3.701s for the parts to reach the ejection
temperature. The sinkmark displacement and the
volumetric shrinkage are quite small, as shown in
Figure 7. The total displacement is maximum at
the end of the part as shown in Figure 8a and the
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maximum value is 0.868mm the differential
shrinkage effect on the displacement is signi-
ficantly greater than the differential tempe-rature
(Figure 8b). Base on the result of trial simulation,
main reason cause the warpage that is the
differential shrinkage. However, the volumetric
shrinkage is quite low and the molten core is
completely frozen, so the packing pressure and
the packing time are efficient for this stage.
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Sinkmark displacement

5.473e-03 (mm)

Figure 8. The sink mark displacement and the volumetric shrinkage

When checking the temperature distribution at
the EOP (end of packing), the differential
temperature between inside and outside of the
part, the top and bottom of the part, as shown in

0.840 (mm)

0000

0851 (mm)

a. The total displacement at the node of parts

0.004 (mm) gd

Figure 9, is about 20°C (to be considered). This
differential makes the shrinkage uneven.
Therefore, the need for a cooling channel inside
the partisverified.

Marp gy 0909
!v:w

0508

Differential temperature effect

Differential shrinkage effect

b. Differential temperature and shrinkage affect to displacement

Figure 9. The total displacement at the node of parts

101.453 (°C)

80.880 (°C)

79.089 (°C)

85.568 (°C)

Figure 10. The temperature distribution at EOP
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2.5. Cooling channel design
For cooling the part, the designed cooling channel
has three configurations:

1. The baffle cooling channel (Internal cooling to
reduce the differential of temperature between
theinside and outside of the part) (Figure 11a)

2. The conformal cooling channel (CCC) inside is
designed with the shape as can be seen in Figure
11b so that the CCC's path follows the internal
geometry of the part.

3.The combination between the baffle cooling
channel and the conformal cooling channel
outside (Figure 11c).
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Figure 11. Three kinds of designed cooling channel

3. RESULTS used. In which case, the combined design case
The temperature difference between the inside shows the most effectiveness in reducing this
and outside elements, as well as between the temperature difference (the difference in
upper and lower parts of the part, is significantly temperature is only about 1.1°C) as can be seen in
reduced when cooling channels (Figure 12) are Figure12c.

re re rea
Max 197 561 Max 197.588

178.733 178.708
60.287 (°C)

1 159.9f

61.174 (°C)

— 14 )
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60.339 (°C)

B 122.2
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—1 84.147 —{ 84588 ~ 84308
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Min §6.473 Min §6.345 Min §5.988
a) Baffle b) Only inside CCC c) The combination

Figure 12. The temperature distributrion of 3 cases at EOP
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In comparison to the cooling of the mold, the cooling
time takes around 78% less time (about 0.8 sec to
reach the ejection temperature), as shown in Figure 13

Cooling_Time to Reach Ejection Temperature
Final Cycle
Time = (EOC)

Final Cycle
Time = (EOC)

[sec] [sec]

Max 0.809 Max 0.878
! 0.702 0.761

— 0.644

—0.527

—{ 0.410

0.293

— 0.162 0.176

0.054 0.059

Min 0.000 Min 0.000
a) Baffle

Cooling_Time to Reach Ejection Temperature

b) Only inside CCC

and in all three cases was constructed, the baffle layout
provided the fastest cooling time. It is likely that this
case had the least flow length since the cooling system.

Cooling_Time to Reach Ejection Temperature
Final Cycle
Time = (EOC)
[sec]
Max 0.860
0746
—10.631
— 0516
1 0.401
=1 0.287
—0.172
0.057
Min 0.000

¢) The combination

Figure 13. Time to reach the ejection time of three cases

As the temperature difference becomes uniform,
the volume shrinkage is reduced. As can be seen in
Figure 14 the figure, the warping improves
significantly (75% reduction compared to not using

the cooling system). In particular, the combined
design configuration reduces the most warping
(only 0.215mm at the point where the most
warpingoccurs).

[mm]

0.229 (mm) 0.215 (mm)

a) Baffle

b) Only inside CCC

c) The combination

Figure 14. The total displacement of three cases

4.CONCLUSION

In this research, designs of cooling channels for
injection-molded plastic parts have been
proposed. The results show that using the
proper cooling channel will significantly reduce
the cycle time, leading to increased productivity
and helping the product's cost to improve com-
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petitiveness. The article also shows that the use
of CAE software in simulating the pressing
process of the product saves time and money for
the trial production process. Besides, it helps to
optimize process parameters and adjust the
design to significantly improve product quality
and cost.
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Thiét ké kénh lam mat ndng cao chat lwgng sdn pham
nhwa ép phun

Pham Tuan Nghia
TOMTAT
Céng nghé ép phun ld kj thudt dworc st dung réng rdi nhdt dé tao ra cdc san phdm nhwa lién quan dén cdc
sdn phdm dién ti tiéu diung c6 tudi tho gidi han, nhv dién thoai di déng, dang ngay cang tré nén phé bién
hon. Nhwa néng chdy phdi duoc ép vao mét khudn dtc, Iam mat, sau d6 chi tiét hinh thanh va dwoc déy ra.
Dién day, bdo dp, lom mdt va déy ra la cdc budc chinh trong quy trinh ép phun. Pé dai cua chu ky ép phun
4nh hwdng dén tinh kinh té cda quy trinh. Giai doan lam mdt Ia quan trong nhdt trong bén budc nay vi né
kiém sodt téc dd san xudt cdc bo phan. Mdt khdc vé phuong dién néng sudt, chét luong va chi phi lom
khuén, hé théng lam mdt la rdt quan trong déi vdi quy trinh ép phun. Trong bai bdo nay, ba thiét ké kénh
lam mdt phi hop duoc dé xudt dé dat duoc swlaom mdat ddng déu trén san phdm ép phun. Nghién ciru duworc
tién hanh bang viéc sir dung phdn mém CAE (MOLDEX 3D) dé mé phdng qud trinh ép phun va so sdnh két
qud cta ba thiét ké kénh lam madt vdi qud trinh Iam mdt cda sén phdm ép phun bdng khuén duc. Két qué mé
phdng cua cé ba thiét két ké déu gitp cdi thién ddng ké @6 cong vénh cia sén phdm va gidm thdi gian chu ky
ép, giup gidm chi phiva tdng ndng sudt. Trong dd, thiét ké két hop kénh lam mdt bén ngoai va bén trong cho
hiéu qud nhét vé gidm dé cong vénh clia sén phdm ép.

Tir khéa: Céng nghé ép phun, sdn xudt sdn phdm nhwa, kénh lam mdt pht hop
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