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Abstract
Gas-assisted mold temperature control (GMTC) is a new technology in the field of mold temperature control,
which can heat and cool a cavity surface rapidly during the injection molding process. In this study, a gas-assisted
mold surface heating system was simulated with different heating areas. The temperature distribution of the stamp
insert and the influence of the stamp size was observed. The results show that higher temperatures will occur at
the center of the stamp insert due to the location of the gas inlet. In addition, the larger the size of the stamp, the
lower heating rate that could be achieved.
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Injection molding is a popular technology for manufacturing. However, as parts become thinner and
smaller, they become difficult to manufacture using conventional injection molding, because heat transfers rapidly
from the melt to mold wall due to the thinness of the parts. Increasing the mold temperature, melt temperature, or
packing pressure increases the cycle time. At higher mold surface temperatures, the surface quality of the part will
improve [1, 2]. In the injection molding field, micro injection molding is being used to manufacture a variety of
polymer components, because of its low cost and potential for high-volume production. Most applications are in
the ﬁeld of micro optics (such as CDs and DVDs) and micro ﬂuidic devices. Production of other molded micro
optical components including optical gratings, optical switches and waveguides [3 - 5], and a variety of molded
micro ﬂuidic devices including pumps, capillary analysis systems and lab-on-a-chip applications [6, 7].
In general, for improvement of an injection-molded part while minimizing part thickness and injection
pressure, a higher mold temperature during injection is needed. However, maintaining a high mold temperature
during the filling process, while ensuring it does not exceed the deflection temperature during the post-filling
process, without significant increases in cycle time and energy consumption can be challenging. To solve this
problem, a variety of dynamic mold temperature controls have been explored in recent years. The goal is to
eliminate the heat loss from the melt to the mold, ideally producing a hot mold during the filling stage and a cool
mold for the cooling stage. The most inexpensive way to achieve a high mold temperature is to use water at
temperatures as high as 90˚C or 100˚C [8].
Another heating method is local mold heating using an electric heater [9], which can be used to assist
high mold temperature control. However, this requires additional design and tooling costs. Furthermore, electrical
heating is usually only used as an auxiliary heating method, and it is limited to increases in mold temperature of
roughly several tens of degrees centigrade. Other mold surface heating techniques, such as induction heating [10
- 12], high-frequency proximity heating [13, 14], and gas-assisted mold temperature control (GMTC) [15, 16] can
provide sufficient heating rates without significant increases in cycle time. In recent years, we provide a systematic
study on mold surface heating and mold surface localization heating of the processing characteristics.
GMTC is a new technique in the field of mold temperature control, which can heat and cool the cavity
surface rapidly during the injection molding process. In general, the goals of mold temperature control is to
increase the mold surface to the target temperature before the filling of melt and cool the melt to ejection
temperature. In this study, a GMTC with different heat area designs was simulated to verifying the heating ability
of the external gas heating method
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II. SIMULATION METHOD

Figure 1. Gas heating model
In this research, the hot gas generator consists of an air compressor, an air dryer, a gas valve for
volumetric control of the flow, and a high-efficiency gas heater. The function of the high power hot gas generator
system is to support a heat source, which provides a flow of hot air up to 500 °C with an inlet gas pressure up to
7 MPa. For the coolant system, a temperature controller was used to provide water at a defined temperature to
cool the mold after the filling process and to warm the mold to the initial temperature at the beginning of the cycle.
The valve system was used to control the water for cooling channels and the air for the heating stage. To control
and observe the temperature at the cavity surface, three temperature sensors were used to obtain the real time mold
temperature and to provide feedback to the GMTC controller.
In this paper, the hot gas will be used as a heating source to increase the cavity surface temperature of
the injection mold. This hot gas will heat the cavity surface to the target temperature. The heating step will be
simulated with the model as shown in Figure 1. The heating process will be observed with different heating areas,
as shown in Figure 2. In the simulation, 400 °C gas will be setup at the gas inlet with a pressure of 7 MPa. The
stamp thickness is 1.0 mm with the width and the length shown in Table 1. In the simulation, ANSYS software
will be used with the meshing model as shown in Figure 3, with boundary condition of gas flow as shown in
Figure 4. To investigate the influence of the heating area on the heating process, a parametric study with a range
of heating areas shown in Table 1 will be conducted. The comparison will be conducted using the center point, as
shown in Figure 5.
Gas gate
400oC, 7MPa

Stamp insert
W x L x 1.0 mm

Figure 2. Schematic detailing the stamp configuration (heating area)
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Gas Inlet

Gas Outlet

Stamp insert

Figure 4. The boundary conditions for gas flow

Figure 3. The mesh for the model

Table 1. Parameters for parametric study to investigate stamp size (heating area)
Case

W (mm)

1

20

2

23

3

26

4

29

5

32

L (mm)

6

30

7

33

8

26

36

9

39

10

42

Figure 5. Schematic of the stamp showing the location of the temperature measurement.
III. RESULT AND DISCUSSION
The simulation results in a temperature distribution of the stamp insert as shown in Figure 6. In this case,
the size of stamp is 23 mm x 36 mm x 1.0 mm, and the heating time is 10 s. This result shows that the high
temperature will focus at the center of the stamp, due to the gas inlet. The results also show that the heating rate
is about 7 °C/s with an initial temperature of 30 °C and a max temperature of 101.0 °C, measured at point C in
Figure 5.
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To observe the influence of the width and length of heating area, the length (L) was varied from 30 mm
to 42 mm and the width was varied from 20 mm to 32 mm. The heating process was simulated with the same
parameters as above. The temperature at point C was collected and is shown in Tables 2 and 3, and compared as
in Figure 7 and 8. Figure 7 shows that when the length increases from 30 mm to 42 mm, with the same 26 mm
width, the max temperature at point C decreased from 101.7 °C to 96.4 °C. This result is similar to the result
observed by changing the width, in which the maximum temperature dropped from 101 °C to 97.1 °C. This result
is attributed to the transfer of thermal energy of the stamp. When the width or the length increase, the volume of
material that needs to be heated will increase as well. To increase the temperature of the stamp, more thermal
energy will be needed. However, heating time and the energy supplied by the heat convection of the hot gas is
nearly the same. Therefore, the result is a lower temperature at the end of the same heating time for a larger stamp
surface.

Figure 6. Temperature distribution of the heating area
Table 2. Temperature measurement at C with different length of heating area
A (mm)

3

T (mm)

1.5

W (mm)

26

L (mm)

Tmax (°C)

30

101.7

33

100.8

36

99.1

39

97.9

42

96.4

Table 3. Temperature measurement at C with different width of heating area
A (mm)

3

T (mm)

1.5

W (mm)

L (mm)

Tmax (°C)

20

101.0

23

100.3

26

36

99.1

29

98.4

32

97.1
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Figure 7. Effect of the heating area length on the surface temperature.

Figure 8. Effect of the heating area width on the surface temperature
IV. CONCLUSION
In this study, a gas-assisted mold surface heating system was simulated with different heating
areas. The temperature distribution of the stamp insert and the influence of the stamp size was observed.
The results show that:
• The higher temperature will occur at the center of stamp insert due to the proximity to the gas
inlet valve.
• A larger stamp will result in a lower heating rate and a lower temperature that could be
achieved.
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