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EXTENDED ABSTRACT

Introduction

In the industrial world, the power electronic converter circuit is one of the most-used
ones. To give an example, it is utilized in the result of the solar cell or wind turbine for
regulating the output voltage. One of these converters is the boost converter. In these
converters, the ratio of input voltage to output voltage is determined by a factor known as
the duty cycle. The duty cycle represents the duration of the switch being on compared to
the period of one pulse, and its value ranges between zero and one. As the duty cycle
approaches one, the voltage gain increases and the output voltage becomes higher relative
to the input voltage. Conversely, as it approaches zero, the voltage gain decreases, and the
output voltage approaches the input voltage. If a higher output voltage is required compared
to the input voltage, it is necessary to have a larger duty cycle, meaning the switch-on time
should be longer. However, the structure of the voltage booster converter is such that in this
case, the output capacitor discharges more, resulting in a higher output voltage ripple.
Additionally, the charging trajectory of the inductor departs from its linear part, which poses
challenges in circuit design calculations. Therefore, it is not possible to arbitrarily approach
a duty cycle value of one, and there are limitations in choosing the duty cycle. To solve this
problem, researchers have proposed various methods. For example, the cascade DC-DC
boost converter utilizes two DC-DC boost converters and two switches. The Quadratic Boost
Converter (QBC) is another type of converter that has been proposed in a variety of
configurations. The converter’s dynamic properties are bilinear systems, and the limitation
of the control signal and the non-minimum phase of the input compared to its output are
among the problems of this converter. Changing the input voltage or changing the current
in these converters would change the output voltage, so controlling the output voltage of the
quadratic boost converter is also very important. The control of this converter has been
explored by many researchers using a range of methods, which include classical linear
control methods and also non-linear methods.

This research adopted a passivity-based controller to ensure a stable voltage at the
output of the converter. The passivity-based controller is a robust nonlinear controller that
is suitable for controlling physical systems. This method was analyzed based on the
potential energy of the system. Since the input energy of the system is equal to the sum of
the energy stored in the system and the energy losses, the energy stored in the system has a
decreasing trend, that is, its derivative has a downward slope. Therefore, to analyze that
system model, it is displayed in such a way that each of the stored energy, losses, and input
energy are shown separately. To prove the stability of this method, according to the
Lyapunov stability law, the Lyapunov energy function is considered as the energy stored in
the system, and the applied damper is controlled by the system of the decreasing rate of this
energy. The amount of damping added in the closed-loop system as the coefficients of the
state functions plays a significant role in the control's performance signal. This method was
used to control mechanical, electrical, and electromechanical systems. In this article, a
passive controller was used to have a stabilized voltage at the output of the second-order
voltage boosting converter. The converter and its controller were designed to convert 10
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volts to 40 volts. The first part of this article describes the second-order boost converter. The
second section investigates the performance of the passive controller. In the third section,
the application of the passive controller in the second-order converter; the design of the
control signal and the simulation of the closed loop circuit are presented. In the final section,
discussions and conclusions are provided.

Methodology

The basis of this non-linear controller is to apply a damper to the closed loop system,
which is changed in order to increase the degree of freedom in the design of the control
system in addition to the internal structure damper to maintain the output voltage constant
due to the change in the input voltage and the load change or simultaneous change. These
two parameters of an integrator were also used. Furthermore, the simulation of the desired
converter and controller circuit was carried out in MATLAB software and the performance
of the controller was compared with a classical proportional-integral controller. The
findings indicated that the proposed controller under the conditions of changing the input
voltage and load value maintains the output voltage constant and its performance was more
favorable than the classic proportional-integral controller.

Results and discussion

The circuit is simulated in Simulink MATLAB software. The input voltage, load and the
reference voltage were changed and their effect on the output voltage evaluated. In Figure
1, performance of the proposed passivity-based controller was compared to the classical
proportional-integral controller. When the input voltage changed from 0 to 10 volts, the
output voltage smoothly reached 40 volts with the proposed controller. On the other hand,
with the PI controller, there was an undershoot and long settling time for the output voltage.
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Figure 1. Output waveform of converter with passive and integral proportional controller with 10V input.
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Conclusion

In the present research, the quadratic voltage boost converter circuit was investigated
with a nonlinear passivity-based controller. According to the simulation results, this
controller maintained the output voltage constant with a small overshoot, despite extreme
changes in the input voltage or the load. In addition, the settle time of the output voltage was
very short when the input voltage and load changed. Compared to the classical
proportional-integral controller;, the passivity-based controller led to an advantageous
response of output voltage when input voltage, load and reference voltage changed. It is
recommended that the passive method be combined with the sliding mode control method
to obtain a more suitable response because one of the advantages of the sliding mode
control is the high response speed, which can lead to favorable results along with the
advantages of the passive method.
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