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Abstract. Because of its small size, high frequency transformers are widely used to maximize
energy transfer. However, the leakage inductance and distributed capacitance of high frequency
transformer can not only cause resonance, but also lead to transient changes of voltage and
current in high frequency, which can lead to voltage spike, so that the switch tube is damaged.
For transformers with the same output power, high-frequency transformers are much smaller and
have lower calorific value than low-frequency transformers. Therefore, at present, many
consumer electronics and network product power adapters are switching power supplies, and the
internal high-frequency transformer is the most important component of switching power
supplies. The basic principle is to turn the input alternating current into DC first, and then turn it
into high frequency through a transistor or FET, etc., through a high-frequency transformer to
change voltage, and then rectify the output again, plus other control parts, and stabilize the output
DC voltage. In this thesis, we choose a more rational and cost effective winding structure, choose
a more appropriate core material based on the comparison of different core materials, research
on the insulation and cooling properties of transformer so as to improve the insulation properties
of the transformer, make it safer and more efficient. The study has important significance to
decrease the power loss of high frequency transformer and decrease the size of high frequency
transformer.
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1. Introduction

Rapid population growth has caused a shortage of fossil fuels. Because of the increasing demand of
energy, the power grid is chosen by the city and countryside. High-frequency transformers play an
important role in grid interconnection [1].

HFT is a major component of the converter, and HFT (high frequency transformer) has a growing
effect on the power density of the power converter. A lot of researches have been done on the high
frequency processing design in the current literature. Reduction of insulation stress, reduction of copper
and iron loss, and minimization of parasitic transformer components are the major issues to be solved
in this paper. The design of the winding, the insulation design, the loss of the transformer, and the choice
of the core material are the necessary steps in the design. Changing the core material, such as ferrite,
nanocrystalline or amorphous, can minimize HF core losses. The layout of the coil depends on a number
of factors, including reduced parasitic or leakage feeling and reduced skin and closeness. Compliance
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with thermal, electric, and magnetic constraints, while adhering to a defined design procedure, is a
critical factor in determining the final cost of a transformer. Therefore, it is necessary to choose a suitable
design method to optimize the power density of the transformer [2]. This paper proposes a new method
to control the leakage inductance. The utility model can be used to optimize the design of the transformer
and reduce the winding loss, choose the L type core material to increase the efficiency and heat stability
of the transformer, and put forward the design of the compact transformer with multilayer winding
structure, so as to optimize the high-frequency transformer. This is very important to the application of
high frequency transformer in many aspects.

2. Optimized design of high frequency transformer for power electronic transformer

2.1. Winding structure of high-frequency transformer

The winding structure of high-frequency transformer is divided into three types: simple winding,
sandwich winding and cross-winding. The arrangement of the coils and the distribution of the magnetic
field are illustrated in figure 1. The simple winding structure winds the primary and secondary sides
wind separately. The sandwich winding structure divides the primary side winding into two parts and
winds it in the order of primary secondary. Because of the cross winding structure, not only the first side
winding is uniformly distributed, but also the second side winding is uniformly distributed. It can be
seen that the maximum magnetic field intensity is gradually reduced, the total leakage energy is
decreased, the insulation thickness is decreased, and the sense of leakage is decreased [3].
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Figure 1. Winding layout and magnetic field distribution of simple winding structure [3].

2.2. Leakage inductance of three winding high frequency transformer

First, input voltage, core material, insulating material properties, temperature limit, and so on. Then, the
core section size, the number of the core, the winding, the thickness of the coil, and so on. Then, the loss
and leakage inductance are calculated, and the hot spot temperature is calculated. If the temperature of
the hot spot is higher than the limit of the temperature rise, then it is necessary to re-select the free
parameters. If the distance from the core to the iron core is determined by the insulation of the low
voltage winding according to the design scheme of the double-winding structure, and then the leakage
inductance is controlled by adjusting the distance between the primary coil and the primary coil, it will
be difficult to regulate the high and low voltage leakage inductance and the middle and middle voltage
leakage inductance simultaneously, since the location of the middle voltage coil will influence both
leakage inductance. It is possible to control the leakage inductance to solve the above problem. First,
the initial value between the high-voltage coil and the inner cylinder is determined, and then the distance
d1 between the high-voltage coil and the middle voltage coil is calculated according to the design value
of the leakage inductance. Then, based on the design value of the HV winding and the LV winding, the
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distance of the LV winding from the inner tube is calculated, and the distance of the LV winding from
the inner tube is calculated, and the distance from the LV winding to the inner tube is determined to
satisfy the design demand. If it does not meet the design requirement, the initial value of the high voltage
winding must be adjusted to the inner cylinder. So long as the design requirements are met, it is possible
to get the spacing between high, medium and low voltage windings. Finally, the leakage inductance
between the middle and low windings can be calculated. Proper choice of insulation thickness and coil
height reduces winding losses [4].

Leakage inductance and distributed capacitance of high frequency transformer can not only cause
resonance, but also lead to a surge of current and voltage, which can easily damage the switch tube and
increase the power loss. Leakage inductance and distribution capacity of high frequency transformer are
mainly influenced by core material, winding structure, connecting method, winding height and
insulating layer. The size of the leakage inductance and the size of the distributed capacitance are limited
by the height of the coil and the insulation thickness. Reducing the leakage inductance increases the
distributed capacitance; Vice versa. This makes it more difficult to design high frequency transformers.
It is found that the leakage inductance is directly proportional to the thickness of the insulation layer,
and is inversely proportional to the height of the winding. The results show that the distribution capacity
decreases with the increase of the insulation thickness, and the distribution capacity increases with the
increase of the winding height. Through the comparison of 3-D fitting and 3-D characterization of
insulation layer thickness and winding height, the results show that when the insulation layer is 1.0 ~
1.18 mm thick, the results show that: The winding height range is 26.8 ~ 33.8 mm, and the winding loss
can be minimized [5].

2.3. High frequency transformer core material

More and more converter designs seek higher frequencies, thinner thicknesses, and higher power density,
which makes magnetics increasingly important. Because of the appearance of high frequency switching
elements, the size of the transformer and other magnetic elements has been reduced, and the researchers
have chosen to achieve a higher power frequency density by means of higher operation. But there are a
lot of advantages to doing so, but there are also unnecessary losses. The designer needs to optimize the
design for the most appropriate system performance. High working frequency devices are suitable for
maximum efficiency with minimum parasitics. The designers need to optimize the design and select the
magnetics carefully, because the right core choice can eliminate the excessive ground temperature due
to the loss of the core ground. Designers also need to balance the magnetic properties of the core, such
as resistivity, saturation, and permeability. MnZn and NiZn are two kinds of flat transformer cores. It is
widely used in high-frequency and high-resistivity situations, and has a dominant position in high-
permeability and low-conductivity regions. Manganese zinc has better properties at frequencies below
2 MHz. Nickel and zinc have better properties in the range of 1 MHz, and they complement each other
in terms of high resistivity and magnetoresistivity. Thus, the choice of nickel-zinc and manganese-zinc
is completely determined by the operating frequency of their use.

Iron oxide (typically Fe,O3) may be mixed with other metallic materials (e.g., Mn, Zn, Ni, Co, Cu)
to form a soft ferrite, and Mn Zn and Ni Zn are the most common soft ferrite. Due to its high resistance
and low resistivity, it is more and more popular to use soft magnetox as the core material in making
plane transformer. However, soft ferrites also have some disadvantages. First of all, SMMs have a
minimum saturation flux density (usually 0.2 to 0.5 T). Second, the Curie temperature of soft ferrite is
lower, which is the lowest in SMM. Thirdly, when using soft magnetic ferrites in inductors, the air gap
is usually required to prevent saturation, which results in edge flux and extra loss. Fourth, soft ferrites
are generally brittle and sensitive to mechanical shock, limiting their use in high-reliability scenarios
[6].

There is a difference in temperature rise between manganese and zinc materials with different
permeability and electrical resistivity. Due to the difference in permeability and electrical resistivity of
magnetic cores, the manganese and zinc materials can be classified as A and B and C and D. The
classification is as shown in Table 1.
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Of the four materials, the temperature rise of material A is the least. The transformer is placed at a
temperature of 25 °C. Nevertheless, when working at 1 MHz, the temperature of the material A is 34 °C.
Meanwhile, the temperature increases of B, C and D cores are 39 °C, 41 °C and 41 °C, respectively.
Therefore, 10W and 1MHZ are the most appropriate frequency and power for regular operation of the

core of planar transformer, because of its high efficiency and heat stability.
Table 1. Different core category characteristics [7].

Properties
Categories Initial Flux Density Resistivity Density
permeability at (Tesla) €9)) (g/ecmd)
25 °C.

A 800 0.41 9 4.8

B 2200 0.46 4 4.8

C 2400 0.46 4 4.8

D 2900 0.46 4 4.8

It is found that the loss of A class materials is minimal at 1 MHz and 1 W power. The results show
that material is the least stable among the four materials, and A material is the most stable [7].

Choose a suitable soft magnetic material to optimize the transformer core.

High frequency transformers (HFTs) have high core losses due to their high operating frequency and
low flux saturation. The efficiency of the HFT is limited by the combination of core structure, magnetic
material and winding. The new soft magnetic materials have the advantages of higher flux density, lower
losses in middle and high frequency cores, and higher resistivity. High core losses that occur in high-
frequency trading may be reduced [8].

2.4. High frequency transformer insulation and cooling

The influence of different fluids on the cooling properties of the transformer is different. Most
commonly used in liquid immersion transformer is mineral oil, which is not only used as cooling
medium, but also as information carrier and insulator. Improved fire safety and ease of biodegradation
are the benefits that transformer operators are looking for in developing alternative converters. First of
all, the paper constructs a zigzag winding model, then takes the mineral hydrocarbon transformer oil as
the cooling medium, then takes the liquid and liquid hydrocarbon transformer oil and the synthetic ester
transformer oil as the cooling medium of the transformer. The heat performance of the transformer is
measured, and the heat performance of the three refrigerants is compared. Then, in the liquid cooling
mode, the mineral based transformer oil and the gas liquid based transformer oil were observed.
Comparison of the non-liquid cooling mode and the behavior shows that the liquid flow and the
temperature distribution are similar. Compared with other oils, the flow profile of the synthetic esters is
more uniform, and it has a delayed influence on the occurrence of the reverse flow. In the non-liquid
cooling mode, the winding pattern is a zigzag disk, and the synthetic ester, due to its high viscosity,
results in a lower inlet flow at the back filling conditions of the specific test, which results in an uneven
distribution of the flow of oil in the channel, and a higher temperature of the hot spot [9].

It is very important to ensure the safety and stability of frequency transformer, and it is more
important in high-frequency high-voltage transformer. Because high-frequency high voltage
transformers have a high voltage level, they have a higher demand on their insulation properties.
Leakage inductance and distributed capacitance are the main problems in high frequency transformer
design. By analyzing and calculating the main insulation magnetic field of transformer, it is concluded
that the insulation board is suitable for high frequency transformer. Because the insulation of the
transformer takes up sufficient space in the transformer, the size of the transformer can be reduced by
improving the configuration of the transformer so as to meet the insulation requirements [10].

As far as insulation and power density are concerned, one of the most important aspects of the solid-
state transformer is the design of the DC/DC converter. High voltage processing requires more volume
than conventional DC/DC converters because of the need for insulation. Proper selection of the
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switching frequency can increase the efficiency and the density of the power. The results show that the
ML27D core is the best in the range of 200 ~ 300 kHz. The insulation structure of the transformer will
be improved through the removal of excessive insulating materials and the compaction of the
transformer. As illustrated in figure 2, the distribution of the electric field in the air and the coil is highest,
and the field distribution in the epoxy resin is small. In the drawing, the red frame has no field
distribution, and the output voltage is 400 V on the secondary side.Taking into account the insulation of
transformer, it is found that there is no electrical field, which makes this area useless and takes up a lot
of space, which also decreases the power density of transformer.
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Figure 2. Transformer insulation design and E-field distribution [11].

To increase the utilization of space, figure 3 illustrates a novel multilayered winding structure, which
not only compresses the structure of the transformer, but also removes excessive insulation. This makes
it possible for the secondary winding to accommodate additional space. However, there is also a
drawback of this approach: it makes the winding loss of the transformer slightly higher. Generally
speaking, the benefits of such a new winding system far outweigh its drawbacks [11].

Secondary Side

Figure 3. Proposed insulation structure [11].

3. Conclusion

High frequency transformer winding structure. There are three kinds of winding structure in high
frequency transformer: simple winding, sandwich winding and cross winding. Using high frequency
transformer leakage inductance control, the design of transformer winding is optimized by using the
method of free parameter sweep. Proper choice of insulation thickness and winding height can reduce
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the loss of winding. The results show that the winding loss can be reduced to a minimum range when
the thickness of the insulating layer is 1.0 ~ 1.18 mm and the winding height is 26.8 ~ 33.8 mm.

The results show that the core material of the high frequency transformer is MnZn and NiZn, and the
results show that the core material of the high frequency transformer is MnZn and NiZn. Moreover, it
is shown that the electrical conductivity of MnZn and NiZn is not only high, but also has low electrical
conductivity. Moreover, there is a difference in temperature rise between manganese and zinc materials
with different permeability and electrical resistivity. And the manganese-zinc material is divided into
four categories of ABCD, and the four materials are placed under the condition of an ambient
temperature of 25 °C, and the study found that the temperature rise of material A is the smallest of the
four materials, which indicates that the stability of material A is the best of the four materials.

The paper constructs a zigzag winding model, then takes the mineral hydrocarbon transformer oil as
the cooling medium, then takes the liquid and liquid hydrocarbon transformer oil and the synthetic ester
transformer oil as the cooling medium of the transformer. Compared to other oils, synthetic esters flow
more uniformly, which has a delayed effect on the occurrence of reflux. In high-frequency high-voltage
transformers, it is particularly important to ensure the safety and stability of frequency converters.
Therefore, the requirements for insulation will be higher, and through the analysis and calculation of the
main insulation magnetic field of the transformer, it is concluded that the insulation board is suitable for
high-frequency transformers. Proper selection of switching frequency can improve power efficiency and
density. The results show that in the range of 200~300 kHz, the performance of ML27D core is the best.

Transformer high frequency is the future development trend, because the advantages of high-
frequency transformers are huge, and it is only a matter of time to replace traditional power frequency
power transformers. Therefore, all countries in the world attach great importance to the development
and manufacturing of high-frequency power transformers, and it is believed that in the near future, the
power transformer market will usher in tremendous changes.
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