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ABSTRACT

Electromagnetic induction heating has many advantages such as fast heating, low energy
consumption and reduced environmental pollution. Using induction heating for rapid tool
heating is more economical and efficient than any of the current tool heating techniques. In this
research, using both experiment and simulation, the 2D and 3D design of induction coil were
applied to verify the heating capacity of mold plate. With the 2D coil, after 2 s for heating, the
temperature of mold plate can increase from 40 °C to 108 °C. However, the low temperature area
appears at the center of the mold plate. On the contrary, when the 3D design was used, the max
temperature reached to 89 °C at the end of heating period, and the low temperature area was
removed.
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1. INTRODUCTION

Injection molding technology has been widely used in almost all fields of plastic product
manufacture. The mold surface temperature has great influence for plastic injection molding.
With high mold surface temperature, the surface quality of part will be better, but the cooling
time will increase and accordingly the cycle time will rise as well. Maintaining high mold
temperature during the filling process and lowering the mold temperature to below deflection
temperature during the post-filling process without greatly increasing cycle time and energy
consumption are not easy. In recently researches, before the filling of the melt into the cavity,
the mold surface has a heating step for raising the temperature up to the glass transition
temperature of the plastic. This process was called “Rapid Heat Cycle Molding - RHCM"”, 1n
injection molding field, the RHCM has some requirements as fast heating rate, low energy
consumption, and the cooling step of the injection molding can operate easily. ..

For the heating process in RHCM, there are two main types of heating systems in use,
surface heating and volume heating. With the surface heating method, several techniques have
been researched. An insulation layer is coated onto the mold surface then a heating layer is
applied to the insulation layer as the cavity surface. The heating layer can be quickly heated with
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a pair of electrodes and the insulation layer is used to enhance heating efficiency and decrease
consumption [1, 2). On the other hand, for raising the mold surface temperature in the filling
process, a coating on the cavity surface with TiN and Teflon has reduced the heat transfer from
the melt to the mold material, which increased the temperature on the cavity surface to 25 °C [3,
4]. In another research project, on the heating surface, an electromagnetic induction coil with
different configuration was used to heat the cavity surface to reduce the weld line, shrinkage and
other defects of the part surface [5, 6]. Furthermore, an infrared heating system was also applied
for heating the mold surface. This system can heat the surface of one or two mold halves using a
suitable design [7, 8]. For the newest application of surface heating, the hot air flowed into the
cavity and heat convection from the hot air can directly heat the surface of the cavity [9]. The
advantage of surface heating is the high rate in heating, so, the cycle time can be reduced.
However, the user must have a special mold design when the mold is complex, and more
equipment is needed to calculate the parameters for a high quality product. For volume heating,
the most inexpensive way to achieve high mold temperature is to use hot water at a temperature
as high as 90 °C or 100 °C for both heating and cooling. If the mold temperature needs to be
higher than 100 °C, either a high pressure water supply system or a hot oil may be used [10).
The former may damage the channel connection and safety may be an issue after long-term use.
Also, the latter may not be cnergy-efficient due to the low heat transfer coefficient of the oil.
Local mold heating using an electric heating element is sometimes used to assist in high mold
temperature control, especially for a thin-wall product. However, this still requires extra design
and tool costs [11].

In our recent investigation series [5, 6, 12], with the requirement of high heating rate and
low energy consumption, we had suggested the application of induction heating combined with
low coolant temperature for dynamic mold temperature control. Figure | shows the principle of
induction heating for injection mold plate. In this method, afler the part was rejected, the
inductor will be moved to the gap of the core plate and the cavity plate. This coil will stand by
that location for heating the mold to the target temperature. After that, the coil will be removed
and the mold will close for the filling step of the melt. By experiment, the tire of 3 s to 4 s were
needed for the mold surface temperature to increase from 110 °C to 180 °C and 200 °C. The
shorter heating time required for induction heating is due to the fact that the heat generated from
induction is basically appearcd on the mold surface, about 0.1 mm in depth, due to the skin
penetration of the electromaguetic wave. In that case, the nduction heating speed was about
30 °Cls.
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Figure 1. lnduction heating for injection mold plate.
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The heating rate of induction heating method is total satisfy the requirement of the injection
mold field. However, the application of induction heating is still quite complicated. There are
many aspects that had a big influence on the induction heating process. The most important
element in the induction heating system js the induction coil, because it impacts strongly on the
heating effect as well as the temperature distribution of mold surface. For improving the
induction heating period in injection molding cycle, this research will focus on the geometry
design of the induction coil. This study will make comparison of heating effect with two types:
the 2D coil and the 3D coil. In addition, the simulation and the experiment will be corpared for
verifying the accuracy of simulation results.

2. SIMULATION AND EXPERIMENTAL WORKS

The mold temperature control process using external coil induction heating consists of an
induction heating machine (JHTC-02) from INER Technology Co., LTD., a water mold
temperature control system, a control and monitoring unit for operating the heating / cooling
process and observing the mold temperature change, a mold plate (32 x 100 x 100 mm®), and an
extemnally coil system. The induction heating machine supports a high-frequency current flows
through the conductor and the mold plate with a full power of 80 kW. This machine can support
a maximum current of 1500 A, and the frequency of 75 kHz. Figure 2a shows the mold design
with the cooling channel insert system. This system controls the plate temperature, which
includes pre-heating the plates to the initial temperature at the beginming of the experirent, and
cooling them after the heating period by receiving the water from the mold temperature control.
During each case of the experiment, the mold surface temperature will be measured and
collected at points T1, T2 and T3. The location of these measuring points is shown in Figure 2b.
[n this study, there are two types of coil were designed: 2D and 3D coil. The coil design is based
on the mold plate size. The coil dimension and the heating position of coil are shown in Figure 3.
The inductor coil has the diameter of 8 mm. With both designs, the distance from the coil to the
mold surface will be set at 3 mm. To cool the cojl, a hollow channel is fashioned inside each coil.
The coils are made of copper.

To observe temperature at the plate surface, an infrared thermal imaging system (Avio
NEO THERMO TVS-700) and thermal couples were used to measure the mold temperature.
The experimental results were collected to verify the simulated predictions. In this study, the
mold plate will be pre-heated to 40 °C by the 40 °C water flows through the cooling channel.
The induction heating machine will then be turned on to heat the mold surface. The heating rate
and temperature distribution of the mold surface will be observed by the infrared camera and the
sensors. All material properties are shown in Table 1.

In all cases, the mold plate made of stainless steel 420 was used to study the effect of coil
design on the heating rate and the temperature distribution. Because the induction heating has a
high heating rate, therefore, in every case, by experiment and simulation, the temperatures at
points T1, T2 and T3 will be collected after 2 s of heating. These results will be compared to
study the differences in heating rate and temperature distribution when the coil design was
changed.

In this study, with the same heating parameters and material properties of experiment, the
ANSYS software will be used for running the simulation of the induction heating process. Afier
that, the simulation results will be compared by the experiment result to estimate the accuracy.
The mesh model of the 2D coil and the mold plate were shown in Figure 4.
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Figure 3. The coil designs.
Table 1. Malerial properties.
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Airat 25 °C 1.18 - 1 1000 0,0256
Siainless siee| 420 7700 5.50E-07 200 448 14
(SO 683/134) o
Copper (Cu) 8940 | L71E-07 0.99 392 400




Figure 4. The simulation mesh model of 2D coil.

3. RESULTS AND DISCUSSION

Comparisons of heating temperature using a 2D and 3D coil with the initial mold
temperature of 40 °C are illustrated in Figures 5 and 6. By experiment and simulation, Figure 5
shows the temperature of point T1, T2 and T3 with a heating time of 2 s using 2D coil. Base on
this result, by experiment, after 2 s for heating, the temperature of point T1, T2 and T3 is 64 °C,
108 °C, 105 °C, respectively. This shows that temperatures at point T2 and T3 are almost the
same. However, the heating effect at the center plate (point T1) is significant lower. The
different temperature between 3 points is about 41 °C. This is a trouble for the heating process in
injection molding field because it will increase the warpage of the molding product due to the
unbalance shrink in the cooling process. Figure 6 shows a comparison of temperature at point T1,
T2 and T3 with the 3D coil in the simulation and experiment. The same boundary conditions
with the 2D coil, in this case, the temperature of point T1, T2 and T3 are 89 °C, 78.5 °C, 66.1 °C,
respectively. Although the max temperature in this case is lower than the case of 2D coil, but the
temperature difference between three points was decreased to 23°C. This improvement is a great
meaning in the injection molding field because it can reduce the part warpage cleariy [12 - 14],
moreover, with the heating rate of the 3D coil (about 13.0 °C/s to 24.5 °C/s), it can easily satisfy
the target temperature of heating process in the injection molding field within a short time.

For estimating the heating uniformity, the temperature distribution was observed by the
infrared thermal camera in experiment. This result was compared with the simulation result in
Figure 7. According to this figure, the lower temperature is located clearly at the center area of
the heating surface when the 2D coil was used. This ternperature distribution is very difficult to
apply for the heating process in injection molding ficld, especially with the flat product. On the
contrary, with the 3D coil, the heating effect appears as a rectangular area with the higher
temperature locates at the center. This temperature distribution is a great improvement, and 1t
could be easily applied for the heating step in the injection molding field. Figures 5, 6 and 7 also
show that the simulation can predict the temperature distribution with different coil design. The
improvement of temperature distribution with the 3D coil could be explained by the change of
magnetic fluid. These cases were studied by simulation and the results were compared in Figure
8. At the center area of 2D coil design, the magnetic fluid is perpendicalar with the molding
surface, so, the heating effect is very weak. In the other hand, the magnetic fluid is parallel with
the heating area when the 3D coil was used, so, the heating effect appears on all this face. The
magnetic distribution is fit with the temperature distribution in Figure 7.
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Figure 5. Comparison of temperature at T1, T2 and T3 on the surface of plate with the 2D coil design.
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Figure 6 Comparison of temperature at T1, T2 and T3 on the surface of plate with the 3D coil design.
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Figure 7. Temperature distribution with the 2D coil (a) and 3D coil (b).
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Figure 8. The magnetic fluid comparison by simulation.

4. CONCLUSIONS

In this study, a mold temperature control system using induction heating with two designs
of coil was established. The advantage of 3D coil was evaluated. Using both experiment and
simulation, temperature at the heating surface was investigated. Based on the results, the
following conclusions were obtained.
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The heating rate of point T2 and T3 will be higher when the 2D coil was used.
However, the temperature at point T1 is lower than T2 and T3. With this coil type,
by simulation and experiment, the lower temperature area appears clearly at the
center of the mold plate.

In general, the heating rate of point T2 and T3 is slower when the 3D coil was used.
On the contrary, the heating effect at the center point was significant improved
with the 3D coil. In addition, the temperature difference between 3 points was
reduced from 41 °C to 23 °C when the 3D coil was used.

In both type of coil designs, the ANSYS simulation can predict quite accuracy the heating

process with the temperature value of three points and the temperature distribution at the mold
surface
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TOM TAT

ANH HUGNG CUA CUQN DAY 2D VA 3D BEN QUA TRINH PIEU KHIEN NHIET DO
CHO KHUON THEO PHUGNG PHAP CAM UNG TU

Pham Son Minh

Dat hoc St pham K9 thudt TP. HCM, 01 V& Vian Ngdn, Quén Thii Diee, TP. HCM

Email: minhps@hcmute.edu.vn

Phuong phip g:a nhiét bang cam (mg tir (Elecl‘romagneuc induction heating) ¢é nhiéu vu
diém nhu: 16c 49 gia nhiét nhanh, tiét kigm nang luong va héu ohu khéng gy 6 nhidm méi
trudng. Hién nay, diy 14 mét trong nhimg phuong phép hiéu qua va tiét kiém nhét trong qua
trinh gia rlhlet bﬁng dién nang. Trong nghién ciu nay, bﬁng phuong phép thuc nghiém va mé
phong, thiét ké 2D va 3D cua cudn day gia nhigt (Induction coil) dugc sir dyng nhim dénh gid
khé nZng gia ohiét cho bé mgt cda khudn. Véi cugn day 2D, th&i g:an gia niiét 2 s, nhiét do bé
mit khuén da tang tir 40 °C dén 108 °C Tuy nhién, ving nhiét 49 thip vﬁn ton tai tai trung tim
cva bé mét khudn. Nguoc lai, véi thiét ke 3D, nhiét dé cao nhat tai cudi qué trinh gia nhiét 12
89 °C, va viing nhiét d9 thip di dugc khic phuc.

Tir khéa: khudn phun ép, didu khién nhiét d6 khudn, gia nhiét bing tir truomg, thiét ké cudn day
gia nhidt.
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