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Abstract

Along with social progress and continuous improvement of microwave energy
utilization technologies, the use of microwave ovens is becoming increasingly popular.
Because of the good penetrability of microwave, microwave energy can be sent into
the objects directly, and food can be heated from both internal and external. Thus, the
heating time is greatly reduced and the heating efficiency is improved. Besides,
heating food by microwave not only produces no soot, carbon dioxide, and other
harmful substances, but also can minimize the loss of nutrients in food, which truly
embodies the modern concept of healthy diet philosophy.

This paper introduced the development of microwave oven, traditional
microwave oven’s shortcoming of uneven heating and the two commonly used
methods to overcome this shortcoming. One is to place a rotatable food tray driven by
a motor at the bottom of the microwave oven cavity and the other is to place a
rotatable field mixer driven by a motor at the top of the microwave oven cavity. The
two approaches can overcome the shortcoming of the microwave uneven heating to
some extent, but additional devices should be placed into the microwave oven cavity,
which not only bring inconveniences, but also increase the risk of microwave leakage

After in-depth study of the mechanism of microwave heating, it is founded that,
the electric field distribution is the main factor that determine the uniformity of
microwave. The electric field distribution is mainly determined by the shape of the
microwave cavity, resonant mode, frequency fluctuation of the magnetron, and
medium disturbance to the microwave oven cavity. This paper had in depth research
of characteristics of microwave propagation in media, multi-mode microwave cavity
theory, the dielectric resonator theory and resonant cavity perturbation theory. It is
found that microwave dielectric in non-resonant state can gather microwave
electromagnetic field and improve the number of multi-mode resonant cavity modes ,
The higher the dielectric constant is, the stronger the capacity of microwave energy
gathering is. And microwave dielectric in resonance state has obvious resonance peak
which can capture microwave energy to enhance the strength of microwave
electromagnetic field in and around them. The two states are complementary, which
helps achieve good field shimming effect of the microwave oven.

Combining the theory of microwave heating with the above findings, this paper



presented two new methods to improve the uniformity of microwave heating. One is
to introduce reasonable designed microwave dielectric ceramic to the existing
microwave oven cavity, and the other is to change the working state of microwave
oven magnetron from fixed-frequency to sweep-frequency. According to the first
method, fast flexible defrosting plates, un-resonant state and resonance state field
shimming boards are developed while according to the second method the
sweep-frequency microwave oven is invented.

The feasibility and rationality of these two methods are proved by simulations in
HFSS software and experiments on real samples. The research achievements of this

paper have already been promoted and applied in a small scale.
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