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Gate location is the position where melt plastic flow was directly
injected into the mold cavity for the product formation purpose. The
gate location has strong effects on the filling flow and product quality
because it is related to the filling flow orientation of the melting
material flow in the mold cavity. Defects can be appeared on the
product due to selecting the gate location such as: weld lines,
wrapage, and shrinkage. Therefore, gate location is one of the most
criteria to control the quality of the injected product. This paper
demonstrates a numerical simulation experiment method to find an
optimal gate location for the plastic injection molding to reduce
defects and enhance the product quality. The defects on the product
were analysed and minimized by using a numerical simulation tool.
With the computerized simulation method, the optimal gate location is
selected, the product defects are easy to detect and control, and the
plastic product quality is enhanced.
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TU KHOA

Cdng phun

San pham nhya
Khuon ép nhya
Tbi wu hoa

M0 phong sb

Cong phun 1a vi tri dong nhya néng chay duoc phun truc tiép vao
Iong khuén dé tao hinh san pham. Vi tri cong phun c6 anh huong l6n
dén kha nang dién ddy vat lidu trong long khudn va chét luong san
pham vi c6 lién quan viéc dén dinh huéng dong chay trong long
khuon. Céc khuyét tat khéng mong muén cé thé tao ra trong qué trinh
¢ép phun lién quan dén viéc lya chon vij tri Céng phun nhu: duong han,
cong vénh, va hién tuong co ngoét. Do do6 vi tri cong phun 1a mot
trong nhitng tiéu chi quan trong nhat dé didu khién chat lugng cua
san pham ép phun. Bai béo trinh bay mot phuong phap mé phong sé
hoa dé tim ra vi tri céng phun ti uu trong thiét ké khudn ép nhya dé
lam giam céc khuyét tat va nang cao chét lugng san pham trong qua
trinh ép phun céc san pham nhya. Cac khuyét tat trén san pham nhya
dugc phan tich va giam thiéu théng qua viéc sir dung cong cu mo
phong sé ¢6 su trg gilp cia may tinh. Thong qua phuong phép nay,
vi tri cdng phun ti wu dwoc lua chon, cac khuyét tat trén san pham
dé dang duoc phat hién va kiém soat, chat lugng san phiam ép phun
duoc cai thién.
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1. Introduction

Plastic products are generally produced by an injection molding process. In the production,
the melting plastic material is injected into the mold cavity to form the required parts. There are
many injection molding parameters affected on the quality of plastics product such as machine
control parameters, gate location, runner and cavity structures, and cooling structure. The gate
location is one of the most important factors because it directly affects the molten plastic flow
into the cavity. That influences the quality of plastic product, such as the appearance or
disappearance of the weld lines, shrinkage, and warpage in the product. Therefore, it is necessary
to use proper gate type and gate location in the design of the injection mold. The optimal gate
location is the position located gate with reducing or losing of the weld lines, shrinkage, and
warpage in the final part. There are many researches on the gate location to find a best location in
the mold design process such as using an optimal method of the design constraint control with an
integrated tool of the computer aided design (CAD) and computer aided engineering (CAE)
software to select the optimal gate location to satisfy requirement of the fill pattern and warpage
[1], using a integrated method of simulated annealing and hill climbing to get the optimal gate
location [2], using an automatical predict method to find the optimal gate location [3], using a
genetic algorithm to find the optimal gate location in the liquid composite molding process to get
the minimization of the filling pressere to achieve advantage of the uniform filling pattern [4],
using a multi-objective evolutionary algorithm to optimize the gate location in liquid composite
molding to minimize the filling time and prevent the resin lost [5], a solution of using modified
hill-climbing algorithm to predict the optimal gate location for complicated parts [6], using a
genetic algorithm to optimize gate location to minimize fill time and dry spot formation in the
resin transfer molding process [7], using a branch and bound search method to find the optimal
injection gate location to minimize the dry spot size and fill time [8], using an empirical search
method to optimize gate location in injection molding [9] .

There are researches on the influence of gate location and injection molding parameters on the
injection molding process such as using a 3D method to demonstrate the effect of gate location
on the cooling of plastics material in injection molding [10], finding efficient frontier of process
parameters to apply for injection molding of a digital camera[11], using a genetic algorithm
method to minimize the defect of weld line in injection molding product [12], developing a
neutral network for surface defect prediction of polypropylene product by injection molding [13],
using an analysis of short shot possibility in the plastic injection molding [14], introducing a new
gate system geometry in injection molding to reduce the defects of plastic parts [15].

This paper demonstrates a numerical simulation method to find an optimal gate location for
the plastic injection moulding to reduce defects and enhance the product quality. The defects on
the product were analyzed and minimized by using a numerical simulation tool. By using the
computerized simulation method, an optimal gate location is selected, the product defects are
easy to detect and control, and the plastic product quality is enhanced.

2. Governing equations and simulation preparation

Governing equations

The melt plastic flow is deliberated incompressible during flow into the mold cavity. In
comparison with viscous force, gravitation and inertia are neglected in the calculation process
[16]. So that, governing equation including: the momentum equations, the continuity equation,
and the energy equation.

The momentum equations as below:

6(2 6u>+6[ (6v+6u)]+6[ <6w+6u)] a(P)_0
x ”ax ay” Jx 0dy 0z n ox 0z ox
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Where: x, y, and z are the three-dimension coordinates; u, v, and w are velocity components
corresponding to x, y, and z directions, respectively.
The continuity equation as below:

du 0v ow
&+a—y+g= (2)
The energy equation as below:
aT aT oT oT 0 ( 0T 0 ( dT 0 (. 0T
0o = 00 (ugy + vy vy ) + 5 (K50) + 3 (K5p) + 55 (k55 + v )

Where: Pis the pressure; Tis the temperature; p is the density, y is shear rate, and n is the
viscosity.

Simulation preparation

Figure 1 shows the design of the model with the overall dimensions in the millimetre unit. The
model has a thickness of 3.2mm. The model design process was done with the help of Solidworks
software. The model material is high density polyethylene (HDPE) with the properties of tensile
modulus, drying temperature, drying time, melting temperature, specific gravity, vicat point,
shrinkage, and processing temperature as shown in Table 1 [17]. The analysis processes were
done in Moldflow software (a computer-aided engineering software). Figure 2 shows the
computer-aided engineering model used for the simulation of filling process. The model
constructs of the 3D mesh model with the element type of tetrahedra elements. The analyses were
conducted by using the melt temperature of 235°C, and the mold temperature of 35°C.
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Figure 1. The model with overall dimensions for the test.
Table 1. The material properties of high density polyethylene

Properties Value (Unit)
Specific gravity 0.94 (g/cmd)
Drying temperature 65.6 (°C)
Drying time 3 (h)

Tensile modulus 0.2 (Mpsi)
Melting temperature 125-135 (°C)
Vicat point 107.2 (°C)
Shrinkage 1.1-1.4 (%)
Process temperature 204.4-279.4 (°C)
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Scale (100 mm)

Figure 2.The three dimensional mesh model
3. Results and discussion

To get the optimal gate location on the molding part, the study based on simulation was
conducted with different positions on the part. To reduce effect of the gate location error on the
big surfaces of the model, locations were planned at the small sides with the small faces of the
model. To show the best affect of gate location in the comparison, the gates are the same shape,
dimensions, and using one gate for each study case. The simulation processes were done in the
conditions of fill-pack-warp in the study. Figure 3 shows the filling process of the different cases
in the test. Figure 3(a) shows the case 1 of analysis with the gate location at Gate 1. Figure 3(b)
shows the filling result of the case 2 with the gate location at position Gate 2. Figure 3(c) shows
the filling consequence of the case 3 with the gate location at position Gate 3. Figure 3(d) shows
the filling result of the case 4 with the gate location at position Gate 4. The analysis results show
that the fill times are 1.962s, 1.506s, 1.732, and 1.966 correspondings to the gate locations of
case 1, case 2, case 3, and case 4, respectively. Table 2 shows the results of the analysis processes
with the pressure, wrapage, volume shrinkage, and longest weld line of the case 1, case 2, case 3,
and case 4, respectively. The minimal wrapage is 2.224mm in the gate location of the case 4. The
minimal volume shrinkage is 21.72% in the gate location of case 4. The minimal weld line is
15.7mm in the gate location of case 4. The maximal wrapage is 2.252mm the gate location of the
case 1. The maximal volume shrinkage is 21.78% in the gate location of case 2. The maximal
weld line is 18.8mm in the gate location of case 1. The minimal fill time is 1.506s in the gate
location of the case 2. The maximal fill time is 1.966s in the gate location of the case 4. The
minimal pressure is 8.103MPa in the gate location of the case 2. The minimal pressure is
8.103MPa in the gate location of the case 4. The fill time and pressure are resonable in the four
case. The product quality belongs to the case 4 with the minimum values of volume shrinkage,
wrapage, and weld line. The products with high values of the shrinkage, wrapage, and weld line
will appear more defects than the products with lower shrinkage, wrapage, and weld line. The
analysis sesults reveal that the optimal gate location was found at the position of the case 4 in the
study. The optimal gate location is the location that it is easy to feed the melting plastic material
into the mold cavity than other cases. The optimal gate location also approciate with theory of
fluid flow in the mold cavity [16].
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Figure 3. The filling process of the analysis cases in the test
Table 2. The results of the analysis process
Study case Fill time Pressure Total warpage Volume shrinkage Weld line
©) (MPa) (mm) (%) (mm)
Case 1 1.962 13.37 2.252 21.83 18.8
Case 2 1.506 8.103 2.392 21.87 16.3
Case 3 1.732 10.08 2.240 21.75 16.2
Case 4 1.966 14.79 2.224 21.72 15.7

4, Conclusion

The numerical simulation method was successfully applied in this study to solve the problem
of optimization of the gate location. The analysis processes were conducted at the special
position on the part. The material is high density polyethylene used in the study. The product
quality will be improved as the factors of wrapage, shrinkage, and weld line are reduced to the
minimum in the molding process. The optimal gate location is easy to flow by melting plastic
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material. The result is appropriate to the theory of fluid flow. This method can be used to
optimize the gate located in the mold design to improve the product quality in the research and
practical application.
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