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Abstract

Injection molding is widely used in producing various plastic parts due to its high

productivity and the demand for high precision injection molded products is ever increasing.
To achieve successful product quality and precision, the design of gating and runner
systems in the injection mold is very important since it directly influences melt flow into
the cavity. Some defects such as weld lines and overpacking can be effectively controlled
with proper selection of gate locations. In the present study, the design of gate locations in
injection molding of a dashboard for automobiles was carried out with CAMPmold, a PC-
based simulation system for injection molding. A dummy runner was developed to simulate
a runner system in order to increase the efficiency of the analysis. The numbers and

locations of gates were varied in the present investigation as that an acceptable design was

obtained in terms of reduced maximum pressure and clamping force.

1. Introduction

Injection molding is a manufacturing process
by which complex parts can be produced
quickly in large quantities. Product quality
depends on the material used, mold design, and
processing conditions. The overall mold design
must consider the cavity, gate and runner
systems, and cooling system(1'4).

Gating design is composed of the selection of
the number, type, and allocation of gates'.
Gate allocation is one of the most important
design tasks in mold design. Gate location
affects the filling time, temperature, and
pressure distributions since it controls the
balance and direction of polymer flow.
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Improper gate locations can cause overpacking,
high shear stress, poor welds, and excessive
warpage. To reduce these defects, gate must be
located such that the polymer reaches the edges
of the cavity at almost the same time.

Runner design is a two stage process. First,
configuration design involved with
constructing the runner layout is determined to
carry plastic melt from the machine nozzle to
various cavities. Second, in parametric design,
the diameters of the runner elements and gates
are estimated so as to completely fill the
cavities™"),

Configuration design involves determination
of the number of cavities, generation of local
configurations, and selection of a global
configuration. The local configuration is the
part of a runner system that connects an
entrance point to the gates in a part, while the
global configuration connects the tip of the
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nozzle to the entrance points of the various
local configurations.

In parametric design, the flow-paths are
balanced by sizing the runner elements and
gates such that all the cavities will be filled at
the same time and have the same pressure drop.

For the design of gate locations, a runner
system must be included in the simulation to
supply polymer to all gates. In this study, a
dummy runner system was developed to
numerically imitate the runner system. This
was included in CAMPmold®®, a PC based
simulation program for injection molding, to
design gate locations for a dashboard molding
example.

The main objective of this design of gate
locations is to minimize the injection pressure
and clamping force and to remove weld lines.
Several simulations with varying number of
gates and gate locations were carried out.

2. Dummy runner

CAMPmold is a simulation system for
injection molding that can analyze temperature
and pressure distributions, warpage of the final

partm, and fiber orientation in short fiber
reinforced injection molding®'?. And as

mentioned, it offers a dummy runner system for
user convenience''".

The dummy runner system was developed to
divide polymer inflow from the entrance to
each gate. The polymer must not undergo any
cooling d uring this process. For this, the time
for the polymer to pass the dummy runner must
be very small. This can be realized by assuming
the length of a dummy runner to be negligible
and the radius to be very large. This is
impossible practically but it is assumed
numerically.

In the simulation of multigate systems, each
gate can be connected to one point with dummy
runners and that point is set to be the entrance
point. As can be seen in Fig. 1 (a), the lengths

Entrance point

Dummy runner

(2)

Entrance point

(b)

Schematic diagram of dummy runners.

Fig. 1

of dummy runners are different from each other
geometrically, but they are recognized as
having the same length in numerical
calculations as shown in Fig. 1 (b). Therefore,
each flow front will reach its gate at the same
time.

3. Design of Gate Location in Injection
Molding of a Dashboard

Dashboard is an automobile part that is
manufactured by injection molding. The proper
design of gate locations for a dashboard is
particularly important because of the possibility
of short shots due to its large size.

A dashboard, 80 cm wide and 5 mm in
thickness, is shown in Fig. 2. For numerical
modeling, 3506 elements and 1933 nodes were
used. To describe the shear thinning effect, a
Cross-type model’® was employed and for
accurate modeling of density, the Tait state
equation’® was used. The material was PS
(polystyrene) and the material values used in
the numerical simulation are listed in Tables 1
and 2.
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Fig.2 Mesh layout for the dashboard panel.

The melt temperature was 230 °C, the mold
temperature 50 °C, and the injection rate 300
cm’/s.

The objective of the design of gate locations
was as follows: First, minimize maximum
filling pressure. If high pressure is.required for
polymer filling, some defects such as short
shots can occur. Second, minimize the
clamping force. In most cases, low filling
pressure leads to low clamping force but not
always. Third, remove or reduce weld lines.

Table 1  Viscosity model constants for PS.
Symbol Value
n - 0.2520
T* 3.080x10* Pa
D, - 4.76x10" Pa:s
D, 100 °C
D, 5.1x107 °C/Pa
A, 25.74
A, 61.06 °C
(T.p)
ﬂ(ﬁT,P)=:{70@E};:~
n,(T.p)=D, exp{— A, +AD'ET‘;:[FT*_(P})]* (p)]}’
T*(p)=Dz+D3p. .

Table 2 Specific-volume model constants for

PS.
Symbol Value

by, 9.72x10™ m’/kg
bay 5.44x107 m*/kg°C
b3, 1.68x10% Pa
bay 4.08x107 °C™!
bis 9.72x10"* m’/kg
bas 2.24x107 m’/kg°C
bss 2.62x10° Pa
bas 3.00x107 °C!
bs 100 °C
bs 5.1x107 °C/Pa

v(T,p)= % =v,(T _1 -0.0894 ln[l +B—?TSH'

_jbyt bZ,I(T ~b;)
YW= {bl,s + bz,s(T - bs)

b, exp {‘ b4,1 (T -bs )}
b,, eXP{' b,, (T —b )}

for T>T,
for T<T’

for T>T,

B(T)={ for T<T,

T,(p)=bs +bep.

With such objectives, numerous simulations
with varying number of gates (1-3) and various
gate locations were carried out. The results are
given in the following depending on the
number of gates used.

(i) 1 gate

Three cases as shown in Fig. 3 were
simulated and compared to determine the best
gate location. Fig. 4 shows the filling time
distribution for each case and Table 3 lists the
maximum pressure and clamping force for each
case. The maximum pressure is always located
at the entrance point.

For cases 1 and 2, the finally filled regions
were located to the left and to the right,
respectively. Such filling patterns led to high
maximum pressure and clamping force. In
comparison, the polymer flow was more
balanced in case 3 such that the maximum
pressure and clamping were relatively lower.
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Gate

Case 3
Fig. 3 Three gate location cases using a single
gate.

£l T Jsxc)
Max 4279
Mn; 9,981
(sec)
A0.2F3

£=2.01%
F:2.544
G=4012

Finally filled area

Case 1

A Time [sec)
Max 4.204
Rt 0.900

Case 2

il Fine: foc)
Max: 4262
saint 9.360

Case 3
Fig. 4 Filling time distribution for each case
using a single gate.

Table 3 Maximum pressure and clamping
force for each case.

Case 1 Case 2 Case 3
(I\f};";; 38.44 36.15 28.45
(ldzc)lamp 1870.68 1845.37 1070.95
(i) 2 gates

Fig. 5 shows a case in which 2 gates were
scattered to the right and left. This resulted in
20.24 MPa maximum pressure and 1228.09 kN
clamping force. The maximum pressure was
lower than that of using only a single gate, but
the clamping force was higher. This was
because the normal vector of the region where
high pressure existed was inline with the
clamping direction. In this case, a weld line
was formed in middle of the part as shown in
Fig. 6. To remove this weld line, four
candidates as shown in Fig. 7 were examined.
Table 4 lists the maximum pressure and
clamping forces for each case.

Case 1 gave the best result but it was worse
than that of using just a single gate. This was
because the two gates shown in Fig. 7 were all
allocated near the center region, such that the
balance of polymer flow was less effective than
that of using a single gate.

Fig. 5 Simulation example using two gates.
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Gr4.056 ¥ - L Weld line

Fig. 6 Filling time distribution and weld line
formation when using two gates.
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Case 4
Fig. 7 Four gate location cases using two
gates.
(iii) 3 gates

Fig. 8 shows four candidates of gate
locations using three gates. Two gates were
scattered to the left and right to decrease
pressure and the remaining gate was positioned
to remove weld lines.

Table 4 Maximum pressure and clamping
force for each case using two gates.

Casel | Case2 {Case3 |Cased
Pmax
28.89 33.38 31.64 32.33
(MPa)
kamp 1366.36 { 1779.68 | 1608.22 | 1710.34
(kN)

Fig. 8 Four gate location cases using three
gates.

As can be seen in Fig. 9, all four cases failed
to completely remove the weld line. In case 1
two flow fronts with relatively low temperature
(130~140°C) joined at a small meeting angle.
In the other cases, the flow fronts joined at
relatively higher temperatures (140~150°C) at
large meeting angles. This decreased the size of
the weld line"?. In particular, it was expected
that the weld line in case 2 would be very small
or negligible.

Table 5 lists the maximum pressure and
clamping force for each case. It can be seen
that the maximum pressure and the clamping
force w as the lowest for case 3. However the
size of the weld line was the smallest in case 2.
Therefore the best gate locations could be
selected somewhere between cases 2 and 3.
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Table 5 Maximum pressure and clamping
force for each case using three gates.
Casel |Case2 |Case3 |Case4

Pmax
18.58
(Mpa)

Fclamp
(kN)

20.93 18.59 19.04

1172.01 | 1222.46 | 1168.87 | 1185.81

Table 6 Maximum pressure and clamping
force depending on gate design.

Number of Prax Fetamp

gates (MPa) (kN)
A 1 28.45 1070.95
B 2 28.89 1366.36
C 3 2093 | 122246
D 3 18.59 1168.87

Table 6 summarizes the maximum pressure
and clamping force depending on gate designs.
Here, A is the case 3 using a single gate, B the
case 1 using two gates, and C and D cases 2
and 3 using three gates.

From these results, it can be seen that the use
of more gates usually reduced the maximum
pressure and clamping force. This was because
as the number of gates increased the volume to
be filled by each gate decreased. Also the
required clamping force became lower as the
maximum pressure was lower. However, the
decrease ratio of clamping force was smaller
than that of maximum pressure. This was
because the area with high pressure increased
although the maximum pressure decreased.

For a final decision, therefore, the runner
system and various constraints of the
production system must be considered.

4.Conclusions

The design of gate locations in injection
molding of a dashboard for automobiles was
carried out with CAMPmold, a PC-based
simulation system for injection molding. A
dummy runner system was developed to make
simulations  available = without  actually
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Case 4
Fig. 9 Filling time distribution and weld line
formation for each case using three gates.

constructing a runner system. The numbers and
locations of gates for the process were varied in
the present investigation. In this procedure, the
simulation objective was achieved in terms of
reducing the maximum pressure and clamping
force and removing weld lines. It was verified
that the balance of flow is important in
reducing molding pressure.
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